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Chepter 1
CHEMICAL REACTONS OF SULFUR AND NITROGEN MUSTARDS

Byv 17'imI t. R ~eine a

19.1 INTRODUtCTION secendary, andi tertiarv *'lifilatie amino groups,
UUI~PUU5UEL(MI(AL,~~i~es o a cemial grn. lterof*V41Uc nitrogen .U.ins (as in imidlale, proline.

li.y ISMMCA rr- fahmclwt or pyritline), sulfide gmufj)1, anfld organUic andu inr-
TO Itl a eonselurnce of chemical reartiemS inwli'h heaget prtcipte' i th' l~t. Aknol.ganie phlosphate compounds4. Tlle derivatives thuswhid th awt prtiepat int~wlinfy. knwl-formed are, iii almost every came, exeedingly stable

W'itti olf the' nature of these reactions, therefore, ('ompetmnds. Hence, uinder conditionis eompatihle
ehogidIv'of s~istncein 'Itd'~tailt te pty~ioWgt iil, el life there appearse to lxe little chance to e11e't.

eat nechanism of tlac tion of the war games. in the r,.movul of the foreign residue thsts introltuceil. T'is

physiological merhanism was undertaken primarily tttiflsveydfentfmthtfu ohtl
in the hope that the infeormation thats gainefiwuld for the arsenicals.
lie of amcistaunee in the fleitn of me'asirim to protect cmlex reanttempt unergonie by the teia in iva

persiotnel exposeid to vesiva nts, anti woie also 1w, Ut cmlex ermt o hadrge informth io n ts inevrvil
aiet in the formintatiem of a ratiemal thempy for vei cheia etiems neywl these Wratno aUtotfgeina
cant. casualties. sheimplrci it yties. n Th lchpt therefiotne will

In mem- ceecrete tenm., it was hopret that a xUIU- sie in vitro exclsie ld wih aptleerthem fofc these
%tanee might be fune whit-is pnueisel the elesiralble gfe nerl eclusealym with pariticularo o ems
priiperties as an antisUlfUr for antifutt'slgrmuastatle neahmclrwinwt atclrepai
which have tiren olemon-trateet for 2,3-elimerrapto. e eei-sivligcopud fbeega nterest. Since water is an important constituiti f* pnipanol HAL) ias an antianlernieat (see C'hapter 71 l egi-a) sysftms much attention will bie elirce'.'l
Thse liseihemical ~rireiewh whuich kl to, the discovery to the transformations undergone by the stulfuir anti
of RAI, in Englande prior to the-..ntry of the Jiniteel ntoe utrsi ae.Ialltei setml

l~taes nto orl WarII aze the foe, grut3 ~l elievetl that many of the effects of' vesifunts Are, a
fluie-net the work em thle slifur andt nitrinten miss'-
tarlzi. It nay lie statrid at the otutset, however, that riouset enye et rtishis phaseoit of the s thb
this appromeh him not met with s'uccess'. No)antsillflir ject. will lie treatel in Chapters 21 anti 23. hlowever,
or antinitrogen muiitand, in the sense that RAI, is an th entosfth'eicn.wh mnacdad
antittrenical, has becen found. Mon-over, on the 111111911 peptiflem, which shotld cast ;-.;,eh light on the more
of presnt knowledige, it appears utnlikely that fime coimplex reaIctions with proteins, wvill be examinedl in
will hfe folund. Meore it 1':cvtme peueilile to draw this * some dletauil ir. this chapter.(sec~tiill neatve ealeutsiern, however, muceh work
01I fill asepects of phyffiologiesil meehitnism, 'as nc-

C~ItiV~i.19.12 CHEM~IICA~L tEAC"IiONS OF'
Thle investigations to) het stummarineel in this eheip- .NITIIOEN MUSTAKIDSYl ter have emonstratld tlint the slfur andi nitreigen

mustirds are potetit find relatively ilaimspeeitcr atky- 1921Transformnation% in Water
haiting agents. In atelK414.-A solutiotias, undter physto. The transformations tundergone bky mecth.0-bio.
looei cimeitioms oft pil andi temperature. they air (0.ehlormiethylamine (11N2) in aetuess soluation are

emleof Acting with a vast fitUmlIe' of functonl given in Figure 1. Te sequencel of reactioins given in
groups n-Mieing in a host of enmpiminelsi whie in- the scheme is iwipportecl in. three types off experi-
t egrity is vital to the e'eemonky of the living Mel. mental evidence natmely, (1) kinetic stuiesr in elilite
Amoing the groups; with whtich the vepirantsi may rt- seolutionts lop to almenut 0.01.1),.4.1 (2) analytical
art at, sislfhydry grouips, carbecevl group", primary. studies of the reactions uneergine bky t1X2 in wueu-

Of1w bu..k low MWe juwte foir MAWka Rffffb Ne (Ni, lcarlsmnate %ohiftienI (pII 8) and in unlIniffecce
Ves~~~~e. ~aquous z'olutimi, Am.32al.' 12~ 4ae (3) iso-

V1A-1



3% MI-IA . KAEIOSO ULU N NITNRIF.NMUTt4 112O

CI11A 3 1 ('113 ato fteehlnmtimft fW2wt

pilo.lonhtie aidec rom slthon aio f s

/ ' Tnngwnyits 2 l ato as; ai ersaN.-sat

(1/ 301 minutes at pil 8611v lflwry lfos4 a evanti
(Ii \k /t eretnt ep osi o antgftle

CHII,Of Tm mMsI2 nlI2t-llmoIX

j~m I.i TItiI)I of
(1 3  CIII CIIA hydenrolieso nnlai bpr illte r 0 her2 mM

/(11 Tmsrtv.4C olA
(1l 3 CI1OOf Thes l -ibert of greaer amtof CI thn"'[

(IV (1 3 W1,('IOII s ev~en e r thefrino Ioons 10ntin-

+M(11,0)20111 tie mnt ol 11\t2rnr nitro\ g(-en 11)m re nt I ilt
latin i crstalin fom ofthe w'esiv trns- in Infr eqrom Table v 1 htt e ivlft tierui

fomaiprdCtso 12an td f hi erasdmrelyatr2 moewtot.a qlv
prope. ~ ~ ~ ~ ~ ~ ~ 2 0.s..I945..US.. The kinti stde r le.dmntoni h unon fqaeraynt

.ktaIledN in(1t 20o 1.20zu the4 other evdnegts hsfndn n0a9sta orin h

tion f neal 0' \ql of/-IjI Cl- an h pernc f tislae :nwwe ths thmelFt ropmew tIhw
taCIgIX\ ml munso I Tbe AI ilb An the edofi 3n hIa narly nte themls, th Imuts

noe fo igueI Cha hils h rsltt otee (1 lowee lisenlun of dit1hohion Walt

rswthyl~~ethylenimimiThe ioi(. hecyliation of pout isudated a mLfnts er me-thyol. -
(l2IsV)jsil aeo hecnesa of1W~tII-1 iswu ien.-amnfor ithe taontof upiermcntan-

alkyamies ito eterwyric nsurds." Asing th ilihyilry niycvl eiustnL %,U'linwthym.lx-
tlimal evidence ~ ~ ~ ~ ~ ~ wee thr theo rfoi and nenrly qea11taiv h,'1(.yr~ytyii iiam idi reirn tie
iimvn~im of11Y to he th',lenmimimormi - urmout f 2f piler n.'Th iineloron It illr

proied bn enlin giorsin Tablhe 1 irn te thip-n:- notd!m Tble'4Iisthatlsthethyosla iernisi

k-lfte inmChmptir2 r'Np t he soltion. Tevid e- xmi'., is o frme iniapec titaeti uounfi the

is fnwme-i Iteow.intrnieliaes ing thyeniumitm rngsant

............... tra i 8Oiarmnte clrephl mito ae onroietrlitocta
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prcst-nrfl( (If llie-arlornate, bult, its wilt be' shown later, concentrutiom. As will Ile shown hiter, tlt-~ tatint' situf-

is a1 m:I'r jpresi~ltt *f tOw reacetion of IFX2 in tan- :Itiol) is not met inl aged unbu~iffered Palutiosell5if 11N2.
buffered soltioin. 1Wtwo pipeIIzinhimO dlerivatives Additional evidlence for the validlity of the selwnwtu
V and VI, have also) been synthesized.13 givent in Figures I was providedi 5w ~a Studyi of the )

The uists of thiostlfate as a reagent for ethyleni- propierties of the various compoullnds given in tile
moniuim compouemnds wa% sugge-sted 1wy oitservio- schbeinw, all of which have lieen jis l. ThusI-, tht-
tions 1W onf tise reactivity of woiittions oif 11UN2 with immoium ion (1), the isolation of which was men- UAW
thiigsufatc. The" kinetics of the reaction have breen tirnedi abgove, when sulljectetl to hydrolysis in aqile-
stitdied,"' anti the predlte' (hluinte salt) isolated1.' It oils bicarboinate gave analytical figures (Table V;
will be noteim front Table I that the qulaterniary nitro- compatible with the tnechanism (Figureg 1). Thito
gen content of the solution (0'- - WI) deess not produicts of the hydrolysis (If I were isolated ts 0
change greatly during the transformationsI of 11N2. picrylsuilfemates andi figund to be- tile linear coin-
Trhis (l:,nternary nitrogen maky he either in the form pouned (VII), andi the cyclic complouind (V*I).' it will
(If thlt inumitim ions I andi III, or the (411fliatilfds V., lie fl(tegl in Figure I that the eyclizatiem of IIN to
VI, or VII. A otudy of thle isollatedl produe'ls has re- form the imnium ion (1) ist written as a irevrsible
vealed that these two types4 (f iomplioundls can be reaction.1''1*4 Evidence for the validity of this co(n-
distinguishedl ily their reactivities toward tbiowul- cept it; i,.ovidcd bky the kinetic studies4 reporeel in
fate. Thus I a'nti III react very rapidly with thio- Chapter 20, anti bly e.xperimgents with the isolated
suilfate, consuiming I equiiv within 10 minutes.'1 In pigirylstulfonate of 1. It has been fotand that, after
the cas (If 1, the grajctii proceeds further, the re- treatmertt of the latter with dilute IIC(1 for 20 houirs
manining l-eblongethyl grouip ccieanti a second at 2.5 C, IRK2 picrylsuilfognate is formed andi can be-
egluivaleint (If thioteeulfate is corsigmed wvithin thle site- isolatedi from the reaction mixt~ire.6
eeding 110 mninutes. Compounds V, VI, andi VII don Theeh!rohyd-(rin,metyl--hlroetliy-0-hydiroxv-

not consuime thiosulfate withbin 24 hotirs at 25 C.' eitbylangine (P!;, hat. been isolated from Wge unbuf-
The chloroohydrin (11) also rea-tcts with thiosullfate,#' feted solution- of 11N2 asl a salt, of picrlsuhfo)ic
piesuimabily with prior cygohi: itiom t4I 111, 0.64 equiv ac-id.''6 The chhorohydrin has alim beein syvnth(-
being aoinsuimed in 10 nolnutes. Consequiently, the sied." On hydlrolysis in aqgueouls bicarbonate solu-
h-minute thiotnulfate titer of an aged sollution of tion thle anal.ytica m (Table 2) indicate that 11 is .

TI1N2 wouild imesure part (if the chlorohydrin in transformedi according to the reation sequiencest
milditiom to the imiomium ions present. In agedl hi- given in Figure 1. From the hydrolmsite the 1-
euimate solutioIns of 11N2, the amouint 'If cbloro-. rwet~yl-l-(-hydlroxyethyl)ethylenimniuim iotn (111),
hydrin presenit at a given time must. Itg Amall, flow- andi the cytlic compouind (VI) have been isolatedl as
ever, andh the 10-minute thitmlsulate titer will give a puerylsiulfonates.'
suffiriently act-uutgot meonurg of the imgmiuum irn Thie hydrolysis of the picrylsulfonmate of III was

T~att 2. llytilrmiyeii f Irnn~'f.rtitn prnieltr of ultthyl-bic(-elnnwthyllamint (11X2) in iirlecontte

Cnnerntmltom o~f not 'tix jwr millilite-r: 0.02 muI of 1,ictylo~itif ell 1. 11 , or IIl; 0.11 MM elf NAII( ).
Tt-mixrntasrr 25 C'; p!i 8 (uttl.. os~wrwier nota'd).

0I liliwrnhel jw'r guM It' filmIa,.4mn uw1 M SnAs~ routnted in 10 ini pwr mMt
Tin* 1 III11 1l it III 1flit
Mite mgeh Mi meqti' Meqemir Memiv meoriiv M Mpliv in equliv mneqiiv

20 0.01 0.62 0..lu) 0.01 .. 1.07 0.19
60o 0.27 0.99 0.44 0.20.12 0.9)2 OA)0.91

1:1 0.111 ... 0.79 ... (1 6.94....

210 OX ... 0..19 ... 0... 0.26 ... 050...1

420 0.94 .. 1.37 ... ... P.210 .

2.40D 1.M 0.01 ... 011111

sim 'ha- sndest ei usm 732 *-1 to- so. X 1 aft". 20 kh'ma. fffr~om in 0h. -%gohai seem I ha lot lwwo in SW 4a 1 SA l- In. 57 Olean vo 1.0t.. 11..
I1us-r gesattat pit in 9h- l.. .drde-ata ..pa-vnsoe sm _ it .4...o. o-.. os *Ima eva-mO- j.,rsmt.esWa .4 fit in tie.. .t... ahtor.J.,im ..atstas.



:192 CHEMICUc. REUMOVSN OF SUL.FUR %ND) NITit(X;EN lI1t'iTi5,

Aiso itlil (Table 2). T'he data indicatedl that. III taincil. Acorlingly, the i'rlii~i~t istiation
was trnnsformedl into VII anti methyldlipthanolamine lprotMdtire was appliedl to the following IS-houir agedl
in 20 hours. Kith substances; were isoilatedl from tihe sl4hitiomu of 11XN2' 13 0) at I pe-r ent solut titi of t In
laydrolysate as pie ylgolfrnates, the namunt of VII Inv e bose, (2) a per vibiit sollitioni of the biase- (,oi-0
ciirrestiontlin ti W6M per cent of the theoretical maxi- tiflifg I equlv oif MW(' (from nieutrallztion of
nium. CUiotnul VI was not. olitained.6 IX2-IICI). andi (3), a 1.56 per rent ( 0.10 3I) solu-

It should lie pointedl out that, after hydrotlystis oif tit of the hIxse containing I cqjuiv oif Na~i. The )
1lN2, the relative amounts of the various end prodl- results4 of these experiments ar given in Table 3.12
1101s given in Fgure I will varey depending: upon the It will Ixe noted1 that the presee of NaCI andi or an
eiictlttiiiii of 11N2 e.mployed. In very ilute, sobt- inlcreaseN in initial concentratiorns of 11X2 ie.-uls 14o an
turns hydrolysis to met hyldiiethanolamine predlom- ineaise in the amouint of the dimter V, anti a di'-
maute,' ((lapter 20). As the crnventratiorm of 11N2 is eenoe in, tihe extent of hydrolysis. T'he amouint ot
raisted, however, lonnaltiom of clioponds sunch ats V, unchangedl 11N2 remains fairly constant.
VI, or VI I is increatsed, and hydrolysis is reduced. Prior to thep isolation proceduire, the agedl milutions

The ptossible, usoe of the nitrogen n . :stards as water were, analyzed for C(1 anti II* liberatedl, anti 2-hour
cntaminants made it impe-rative to stody in some tliosilfate titer. A conipariim oif tlip analyticall anti
detail the reactions of these compiounds in unbuffered isolation data (Tabile 4)13 should reveal changes in

aquous1uionA.Ia.i.~m.It~M.MOa Part ieularly wats the compiosition of the, taged solutions proisaed lkv
this the ease since it hatd been found tat, upoitn the exptermental liroceiltires incident to the isola-
Ptanding at room temperature for 48 hours or longe-r, tions. The data in Table 4 indicate that all of the
I pier cent iumcous solutions of 11N2 exhibiitedl a i'arliim-lioid chlorine has been accounted for, but
neurotoxic action upon administrattion to excperi- thatt there remainsp unaccounted for mimne quiaternary
mental animals.17c, I- 32a- n~ rtyn-t containing material which ri-tcts with thin-

Tht* aging of I per cent aquteoue4 solutions (if 1IN2 suilfate. Thsis; material is proixably thep imonium ion
wast foliowed bky determinatiott of Il andi CI librau- (11. Some miethyldiethano~amine also has probc-Jbly
tion andt thuosulfate titers. Thep solutions reac-hed a escapedl isolation.
stradyv state in from 48 72 hours, andi thi. toxicity Fromn the restilt: given aliove, it wouild appecar that,
remainedl unaltered over a periodl of wk3" the compition (if 48-houtr agedl solutions of 11S2 is

1he compiosit ion of I per ent solti ons oif I IN2 agedl known within narrow limits. 'flue toxicity of( -tch
for 48 hours wits studied, andi it was fouind, by Irac- solutions maay be apcribted to the preencer of the
tiernation of pieratMs,2 that the solutions cintainedl ehlorohydrin (11), uinehangedl II N2, andi possily also
25 p-r rent of the ulimer (V), 1.5 pter ncut of oin- to a small afmount ofi the imomium ion (III51t12
changedl I 1N2, andl .5 pe-r cent oif the citlorohydlrin For the detntaminatiom of watermSilpliivi, therefore,I
(11). lAtter thewe figures were amendled toi 257 per cent Jproreduires should be- (irectedl ti the removal or tie-
of V, 20 per cent of unchangedl 11N2, 35 per cent of strtion of these siubytane.
the chlorohydrin (11), utnd 21) per cent of methyl- Studies similar to those given in detail for 11N2
dietiuantilamine.y 43 Tile Pu for the last two vom- huave. alsto been pterformedl on several oither memborts
"xinds weir on.ed analytical rather than isolatioin of the nitrogen mustard steries (for kinetic studiies Wc.

data. It was fouind, honever, that pierylsulfemic acid "2hapter 20). Thymay bie suimmarizedl briefly as fol-
wanta better reaget thtan tierie arid for time isolation lio: In tuhe ease of eiy-ie~clmeiyhmn
of the comupments of agedl solutionis of lIN*2: cleanver (lINt), the same serit-s of reationt givent in Miore I
spraticms andi mitch highpir total -dehls were o41- have bteen fouind to oeu..I.lS~It ist notewoerthy,

Tuvii.a3. (nrimpofit icon 44 49-hutr ow"I osuut wf~inv~t i.h) 1-&ubts-choinvei hyl)ninp (11.%2).13

Cirnqowisto im~eIaed

(.,i~Is OIl \101 1)eIiiwiuveli (11)wioe.i RMiIne. I nv . T111111
eWr e'eflt iarernt Iw-rce'nt loere'w'nt ire' jwerte'nt

I Aiwrcnt 22 .11% 2 1111
I Pr-4Pnt 31 4!; 3 If1)
1 .511Pe~n 44 Wi0.3 $ 9! 3

limp0



CItIEICAI. REACTIONS OF NITROG'EN% MU%'T4RI)S :

T.~us* 4. Annlysk' f 45.Isort mil PwrnifiImus4 met hyt-ipO hiir lIw:y)ni(IIN2)."1 (Valtw'. in pwn-nilmw'w0 w idi-

tesawl from vt~,itm #hitit iven in Taml 3.)

(Cfntah~of (1litwiuied Carbrnn-trnntl(i IilwraitI Qutienwary\ N ,unw~inflirn'

of 11N2, \4(1 ,w-rm4HNl.2 permut IN2 jarmM tIN2 (0- - IV) 1wrnit 1%~2
1werent mequift merquiv Mequiv inequlv in eqtiv

I .fIWini 1.M1 ISO1 0.06 0.34 0.97J~
(0.84) (0111) (0.612) (0.22) (0.80)

IPffwnt 0.101 1.01 0.44 0.31" 0.73
(010) (0.104) (O.rMj) (0.31) (nWI?)

1.56 Pnewnit IA0) 1.00 f LIUi0.411 O.iM
(0.14) (0.95)) (0.40) (0.44) (0.55r)

however, that INI appearA to form fltrin I)HOx- estabtlished on the basis of kinetie 4aee Chapter 20)

uctit, analogous to V or VI, mt'h le'ss readily thtan anti anuly tical stuies." 1The following t ransfornuttion

does 1iN2.6-lo-O The following tninsformation prod- prothiets of II1N3 have lKen ioatefd, andi their chemi-

tictsbathaven isotlat"~i from iged soluttions) of IIN , cal and toxieojogival properties Stuldued (Ate Chap-

anti their emnical and toxiroliogical p 'iiti in%- ter ZI): bBclortlw)ld x4tIZmi' pit.-
Vesti~ated (sre Cha~pter 22): l-ethyl--l-c no- rylsflfmt',' elrwhv."~iylo~'lY~l
etisyl thyletiimonitim pirrylsialfonate,' ethvl-O$-rhlo- ylenimomium ptierylsufonate,' bx(g-lylrjnyetlD-

roethylp-hydriwyethylamifle picrylsdlfmat",6 I- 0-s hloroethylamine pit-rylsuilf-nate" andtiiphntite, 4-

ethyl-l-(-htydovyethvl )ethylpnimemiulm pierylsul. I, I- ix($-hydyt hy.,Pkl)ethylflimPflitim pieryisulfot-

fmnate.6 IN- dinieric coutiound, N,N'-diethvl-X,N'- ate,6 aund triethanolAmine picrylsulfonate.' Two

bix(P-ehloroethy)fPpizilhuim dichioridle, has nest cyclic producets have ails ken obtainedl in low y:ield.

been e'htaineid after hydrolysis of INN in watter, hilt 11w are the dimter of tIN3 ,NWN.rfli(

has becen isolatedl fnim agedl me-thanolie soluations of chioriw'thyi)pper"ittlhium ichloritle a (synthevis),2"

I IN I.1 Formatioi ofi theturer is noticeaLbly slower anti X,N -bix~hib Mety), .i(~yi'X

in the cnw of i~IX than in the enw of( 1N2.0 ethylbppraiiflhii. diporrylotuifomate.6 ike IINI,

Thiv n'tttiofli in water (if other homoligs of IFN2. howei er, MiN 5h11 ltl eney to form dimeric
have also been studiedl, although not in sti great te- piitiets, the lireponderant reactlions beinxg tbo'.4 of 0
tail (ve (Chapter 20). The behavior of Ohe PIc-prpyl lytiroiyssii. In unbiitfemi' ueohitiot the hydrolysis p(f

111ni isopnopyl comitsifaly has lieen fouind tat re-semble IIN3 slotw,, flownl and attains. a steadk stae in 48-

iINtI ruather than iIN2.4' h1u, bioth coimpounds4 72 lir~wintmc 1he principal proluct in suchb an

show little if .tn tendency. t41 form 4d41imr irn~iclt. awail solution, an rvealedl by awnailieal and isiola-

nna dichiotidle has been isolatedl from agedi metha- anine,".!lb2 altlamaihi.hdoyhy)hlW

nolic 3ioltitiotis of ra;mpl-bix(-lalaothvl)aminc, Ptisylamine has also been irolated as a licmte.22

butt fix- ewn-Afsioiing istsv -pIvl comapitn-i caild not

top initele to dimeria under these eonditions.42 19.2.2 Reactions of #3.Chiooe1

The tmnsiforwnationms undergonme by f1a(fl-ehlom.- Groips with Comnpoundr of B%Chemical

(Ithyl~aminev (11'.3) in water haive iin smtuadiedl in intirwit
aietil.''A: Th.sbtne ifr fromi I IN2 As will be shown in this sectior, the- nitrogen inns-

anti its homsologs in tat itpwsse a markedly tarls are capable of combining with a with- variety ttf

lowt.r molbility in waer Qualitjttivi-y. however, rhemitcal grotipings. In every maw in which a euwtifin

INS behaves in an manner analogous to ;IN1, with has been investiat44d in detail, however, it bas beent

the4' ew1pplton that tlm,'t imonuuem ifon* am' formedl fouind thi:tt eycibtioti to the imonim form must.

suaiccessiveky firom thle three. fl-clorwsthyi grmiptc. tarcur as time flist ste-p. ('onseajisentky, whepn state-

Mhe first -iniinu feutm, I,1i~~l~nty~ty. ments are madle in the following pages cotvt'fling th lip

e-nimoniumi ton, is extremely mreacive, udergoing reactivity of the nitrogen mustards, it is always a4-

hydryis ow reartiom with othor grou (.g., thio- 3mmcdm that it is the ilirnin Fornm of the v"seat

0ulfter vrr rapidly.' 1" -. 4 For this reasorn, the 34db- whieh is actually involvedl it, ankyreci. ppt

rdanf" tt"% not lace.n isolatedl. Its fewrnltit has been forthi'.atswnmpli'm conyes fromn kinetic P.tudic-sof the-
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I ( retiom if tile nitrogen rmstartim with itins suc~h ais alanine sat p11 9.5 wits isolitteil nlmd fomanel tII hilve fll-~
-ve a otiied by a stady of the re'netitm of 11N2 iblf vi(.t

with the aminuo giisan of alonine, Igltamir ac-id, And
glye'ylgtlytine.' It was found that in the reaction vithm(i,
nlanine, no Amino nitroge'n disappears until After thilt-lNI~l'J~~l
first equaivalent of CI- has Iten lifberated. T1he rate of
tilt apponirawee of CI- is unaffected by the preiwe

I' of alanine. The formatiotm of h1-, however, eoineides
wit I tie diuppearanee (A simino groopsand is faster fin tile reaction of alititine with 1IlX2 ait lilt 84, howw-
in the prese'nce of atlanine than in if - aihsenre. More- ever, thet producmt was bvelievedl to have thle tructture
liver, it hats, been, shown that ahinine ati a number of I X.6
other milbsttnes increase the rae ofthe fixlisappear- A i
LUee elf !Iot It imoflhtan formts of If~. ,IvtNcMA.,, +/h + ~ ivl~

It his iueu fenil that time ittngen mustards re.wt i I / II
retoily with the hnisie nitrogen atoins in a wide vari- CM121 1  I I(CM I
ety oif coinpoenels. Thus, reaction has be'en tiotedl (i1s (its
with the primary amine' groups of amino acidsg and
peptides," with the secondary And tertiary amino The cotusnd was not isulated, but its conittit~ttion
grou;e of aliphatic mne~. and with the nitroge wa.I surmised on the bastis of analytical data (l11 and
Atlin of cyclic ami *es.' -%-I C'I- li0erutlam, dileapem.nee of aminot a'itrogeu, mitll

The rewu'tVn of( the nittogen nittistarels (1iNt, tieiosititlate consalmptiarnj obtainedl in tlie eoorsi' oif
11IN2, and IlN3 witha ihe Amnino groups of aifliflo the reaction.
acids anti peptides wait studied by determining the The ailiity of a givn nitrogen meastavr' to, react
extent of the disa.ppearanee of amint; nitrogen witat with sondiary or te'rtiary Aliphatic amines, or with
the siul of the Van Slyke nitroos acidl methodl." The- eyrle amines, wa% meastired by one or both of two

*following treino Acids andi riptides were investi- mielboods. Jr. one method, tile thiotoulfate methol, 2 1119
gated: glyeine, tilanine, serine, tiareonine, gtamie thle amine tend the nitrigen maistatil were hield in
waid, lygine, arginine, his' ime, 0-Midene, phet'yl. auparour. aeohtirni and the unreacted nitrogen muastard
alarine, tryptophane, methiomine, aund gtlyrylglyrine; deteranineel by thioilfate titratiott at. any desired
tyrosineamide &-etate and benzriyllsine amiek. (for time interval. In the seeemd methodl,' thle nitroge
l1N2 only): leurylgtlyiine anl leueylglyeylglye me mustard, togcther with alanine antl the steerulary,
(for l1INI andi 11N2 only). It was fe'umnd that. tile tertiar, or jelcie itmine uinder investigation, was
three rnitrogrn mustareds rettet iinulily with the aminoi allowed to react, in aiqueous soluation ait pIt 8 lot 21

*gnrAp of almost All thle -2tsnie examined, thle hours. At tile end of( this timt- the( extent of the. disatp-
extent (of tile realctiem hvleg inease at mite lAM- pearanne of( alanine amino nitrogn was measmared
line, ,llt valites. At pit 8, thle rettetivit (if thep thre -nil ewimptred withm the resilt obtained when flie
nitrW'gn mustards wits abouit HIK same. Undler tile aminep mnder investigation was abaq'nt. If the amine
coditiotns employedl, betwern 0.35 Andl 0.5) ewgaiv hieing investigated rearteel with the nitrogen mustared,
of the- amino groeap reacted pe- equivalent of thle the amont of the latter avatilale for reaction wtith
P-ehleurocthyl group. The amino groutp (if peptidett Ahanine uiould Ie %ecreased andtimie exta'rt of the dis.
was somevu-tt more' reative thin that or simple ajppiearntnc of uniao, ni-rogoein islel Ise reicel.
amino arids. From these experiments it was also) corn- Thogs, the reactiont bertween a nitnrogn muastaird anul
chluded that the nitrogen muistardls react readily stith ahanine was used tot dt-tennine whethmer the nitroge
the. imidnavile uirogn of( hiotiaiine, andi that. i1N3 moastarel reacted with at gtiven iulistaure, anti fearther
reacts witl, fthe solfide stilfuar of me'thiotmine (see tot obtain sin estimate of thle rate of thist retion re~l:t-
p. 396I). At pit 8, hoeusever, the nitrogen vesicantso do tive to time rate, of the reaction oif the( nitrogen mus-
not appear to react with the phenolic hydineoxii of tard with alanine. This emelni gretil, calleel tilt
tyreiine or thle iwdole nitrogen of tryptopeae.i esenpetitiern method, is4 similar in principle to) ft(-

liN- Proohueet of tihe rm'etion of 11N2 A ith ploen-.l- ocie uwqee in studying time chenucval reawtiern.4 of 11.11"

* .- It
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It waft.6 found that tertiary amines, both aliphatic of 11X,3, the Pro)(hacts (If the reacticiti wit h soliim I,'.
anti Myclic, re64t mome completely with the nitrogen etyldeliydropthenylalanine and Mewlin wtllh
miistatiloo than 'lo toreudny fir primary amine.0 olrophenyhlinylkehydmnphenyvianine haive een iso-.
In thf, aiiphttw Wenes the iwttiwlictlon on the nitro. listednd ~f'ixud toIxtriaryl derivatvefof tleths.

interferes, markefdhr with the rmetion."f T7he replace- and hippitrate have not Ieen isolated, hat the- extent,
moent of (ne methyl groutp by an ethanol tr acetic tol es~erificatiom (2. per cent, tunder the crndititent'
acidI milira*l oi"i not inhibit the ft'artjitm.1 1hw empiloiyedi) has been tletermined lIyspoiltio
proohct. of the reaction of 11X.2 with methylietha- eqluivalient.6 For IINI anti l1122 it hait been foxindf
nolammer was iwsolated and fouind to have the Ati- that reaction with carbxyvl grouipo dlite not t-tir Pso
hmire X.-1 readily, now are the reartiem proxlucts4 t sltle ast in

It(XhiI, IIA~t~tl the case of I1N3. Thatw, kinetic studies have' ohown
\+ +/ ~ that tlhe findt ethytenimonittrn iffn derived from 11X'2

N.litN1\clVj11hN reacts ith pmopiolate in afltieou4 Polution at pit
HWMCItIcu, I I 1 (111-0110! 7. ' ThIle resulting "ster tof niethyloliethunolamine,

(It, (111, (its wait found to lie unitable, however, ofipamifying with
MX such rapidity that little or no estter could her detected

In the cyclic oeries, soevertil subsltances of great Me- in the reaction mixture after 24 hous. The carbonic
activity were enrountertd.10, The most. reartive comrid reoIester is apparently evn move unstabsle in dilute
pouind-, atppare to be thow e otaining t 'o or morew aitivig toi.tii.' Stich eMtem are formed anti hydro-
nitrogen atom% sepatrated by methylene grmop, miech Ltvamd at a rat# much greater than the diret hydnoty-
so4 fiethyle-ne tetramethyletne tetramine an he a s of the imonium ion of HN2. In effect, therefore,
metkvlcn tetraunine. Th9c main product of the re- !hemt carhoxylate ionsi eatalyas the hydlrolysis; of the

aeimof IIN2 wtith hixarnthoylone, tetraminte in imimium ions.' It may he mentionied that no rnponi-
aetli fiWole~ esiters coutld lie deteeted after 18-24 hourt;w;water wax founud top be X1.21 when tINI or II N2 were allowed to resetivith sodlium

(1Ct,(~~Wt,(II2 (Cf,)~X),aretate, or soditm hippurate.6 In compietition experi-
('II, mento with alanine an the referenice miulmtanve, no *

MbI evilene for reactitsi of IWI'tlte'with 11X2 was fotine.6

Frirn the biochemicatl pirt of( view, it is gif inten-At It *ppttird, however, that hippitrate reacted
thtpyridintiwe fn h pyridline nitrogen tis ightly , anti that rarlmobenuoxygtitamic *--id and

thate it sf, an rdne th tne w in U nd nc altol"uxymixat ice ai reacted appreciably, with
finatanc e cta r cit xinhe, ni tmgnic a c i n n to- 11 2.6 Its the latter casci' it. sem st prtohable that It 1Is
tinaniid reac rai- $t the nitronmistarso the r'arl.-sxyl of glutamic acid and the P-earbls-
fnrti pyIN2din Ilerliv o ti The nco in ic aoried of aat acid which are involived. In eontra't to
havrIern itf2 and oud to lridie th ttictnic IIX12. earbhletnomyglutamic acd does net compete
haX been w ix aed and fonsa P t h e rthie s trr at'all -ith alanink- for reactioIn with IN t. Thse rc*-

XIIwhee I reresets ithr le pyitlne ug rsilts summatrisrod above make it appear probable
I he -3-earlotmppyridine gi9ISip.5 that the ,mler of metivity, of the nitrogen mitar-J

(Itohward mcaI x gropi is: I IN> t1N2 > IINt.I
W ICUN1 1MI + Tere is4 Abundant evidencee to Indicate that all of

IiO~(IbXlfCI 2 ~the nitrogen mustards- react readily with sulihydryt
gre~ipIII* Theretiomg of( IXI, tN2, anrd t1N3

It should lhe noted as well that the nitrogen mtt4- with thiomailatu' have recoeived particular atten-
tards r-et reooliy with the imino) nitrogen 4f proline, titm.'"so (Pow the kinetics of the reacticon, sfee Chap-
itntl with the imietase nitrifgen off aretylbiotidline ter 20.) 11w reactions of( IINI, I1.M. anti IIX3 withj ani lnudna'... tewlern willh tiamin, ndlewoine, thiosulfate, pnaceeo so rpidly that'even in dlilitte
aakenylir. notol, ainsierniino-i, and saretcint- h1s mrnuflsmr the inluin 10101 ('0m1bin1 4111intl.ttlVIO
Am:c ben t4*rvfd.s. U witha thiomilfate awd hy.Irilysis is oppriv-fd. Il#-fer-

idener hIs Iwen Aitaitted tiat the nitrogen mui'- mi.~ ft the higth reactivity of tliosulrate hau.4 alrvadyv
fi nn nwart witlh cartin, xoitgwp.- in the raw' bxn m.-del (p. .191 o. It\') andi 11X2 combiine with



.0,C"FWICAL REACTIONS OF PVLF1ft AND NITROSGEN tMTANDS

2 equiiv, anti 11Y3 with 3 eepciv of thitilfate. The the monecstibtituted derivatives of ipoath i% I andU
pro~tiet of the reaction, the Hunt.' salt, has been 11N2 reacted morm slowly withi mucoacs thiostlfati'
isolated in each cawe.* The behavior of thiocevarate than did the corresponding chilcrohyelrinx. 'Moreover,
in qualitatively similar to thAt of tlcitimilfate.1 The the IINI derivativ"emmmnuned thioulfate mome
nitruge. cimustarels nisic react very readily with the rapidly than did the correspoding 111N2 icrivativts
cciflyelryl groupa or rytitelne, glutathione, am[e It was Ai fiernd that tring hyelrolvs-ls, VV % aip
bixgP-mereaptcetlyl) ppftlflde. 2 Tne priiduct tit the libieratedl more slowly frown the monotctiltctid
mrt-ionm hetweet I11N2 anti rysteine was buiat'eIl anti 11N2 dlerivatives than wis tile easee wit~l 11X2
found to lie the b44a-Systrinyl ckerivative.2 With chlorohydmin.
rAotsitm tolieriethioscilfnte, 11N2 gives the cur- On tlme asisof the work suninmariuci inthisseetion S
respondiing biin-thicsclfimaite ester.$ it is apparent that the :aitrien mustardls can react

As; a "esut f stuadies with free aminto acids, it wats with a whip variety of cell .'oustittients. lie reativ-
statd im p. 394 that HIM3 mrets with the sidiofur ity of tic.s., vesiceants witih aminoc gycecps, sulfhyelryl
nie'ticlenlne. iiecwrver, the e'vidlence coeeminc the greucis, curlbixyl grouips, sulfide groups, atnel imnil.
me . -*:tv f lINI and i1N2 towardl nethirniae nzdcle groulp., indilcates that the. itreigen "11114111"1
sulftr is4 efquivoc-al.' On the other hund, bky utilizing in virt) mayv attiack fre- amin acids, iceptitets, anti
the cwcepetitimn methodl, it rouild het shown definitely proteins ( including, of cectirse, enzymes and hew-
that all tim. of the nitroeugn muistartels cecembineel mom) in a istin-lcer f wayof. The vesirants ay aliso

ith the sulfur of thiodiglycol, presumably witlh tlce mreat with essenttial cenzymes sich ats ciicolinaaccidte,
formation of a stilfonicam salt.' The nitrogena muss- piiloxitce, ani thiamnin. lie atbility of ftc. nit riw(i
tards aim) rraftt with inorganic Pridlild-A, polysulfideo, mecietardls toc comabine with organic ani it.)rgitncC
and lisullfie.""51 phoesphate is of biochemical interest ande points to thle

In view f the importance of plc.pophate andi phus- possibcility that, the vesleants lacasy interfere %%itli
phorylated comptitnils tip the ecemcmy of thie liviarj normal celluclar activity not only icy combcinintg with
cell, it. is f interest that tice ni.rogen muastarle hatve cell eatalysti% but Icy reacting witht e.mential sub-
licen found to) react with bpoth inorganic andl eorghsnih straies ats well. ltreetitm with raricoxyl groups coul1d
phecsphats.* 11" lie extent (if the reiactiom was meaLt- also) operate ir this mranner. It shioule: ie meuntioaned
atred by determinaetiocn of inorgau~i pltosphate,Ib that, reteleic acids contain liotit plteceplatv andu amineo*
andi icy the -lanine comnpetititin anetie.171" The f,,l- gripee, anti Ihence these suebstaces als-c maty be artedi
lowing i'ompotminds wert* foundl Wi mreat with IlN2: uiim bk, the nitrogen mustards.
X112111)(1, NtupOr. sotlicam giyerophooplcnte, fre- In view of the wipe range of chcemical grotipis whieh
tfwe-i- and fniefose'-11-phosph~te, glueeose-3- and mayv enter into combination with tic. nitrogen muas-
gheurp4-pheu .hatc, eytiiline diphotqphate, anti adle- tareis, it is nt sterprising thlat these siditaasces tare.
nasin. trcpicosphate. Theopityihine giumcsiele aend potent cell poisons. Moreover, em tl ic.ttesis (it currenat
eem-nyrilpscse were mnittive. knowledige it wesild appear that the nature' of the

When o(me f the fl~rhloreeniyl grotip'. of a nitro.- dihemicail linkages fiwmel is siuch that cleavage f the
Men mus-tardl reacts wii .t ieen fucuctitfmal grewip, A~ vesicant reielice undfer cemeitions comptitilhe with
is to lie e'aperetril thtthe eihemical ncattire ol tic. cell life ce'ns unlikely. Althaugc systematic investi-
ganuup whcich is intreiduceel into the nitrogen mitsfarl gatioms f the stability of nasmeroecst nitrocgen anusfaril

' .1 influtence the reactivity of the seemend ehltrewtlkyl dlerivatives are' lacking, no inelicaticas of inastatiility
grouip. The vaieility of this seupposition was stipporteil harve !ccn, rcorteel, with the exceptos of a few tof the
loy expinwnts with ,nucosulixtiftaterl derivatives fh estem es ferre'i tac aieive. The %tability cfo tihe rme-
IFNI awd 11X2.5 IsThe derivatives were prepareh boy puenlp not specifically investigteff may lie itferreil
allowing the ehloroethyletcylonimomiecm pirryl-eal- by analeigy from, the nittare of the linkages invoiveil.
ftimate tof IlNI or 11Y'2 top react, in aretume tinhation
with time dlesired rcumiocenil. The pripielucts were ico- 19.2.3 N Oxi&%r of Nitrogen Musturdce
latril ax pieryhsulfomate. T7he focllowing monsicsiti- 11c. nitrocge mustards aire rapidly oxillizedl Icy
tuteel derivatives were examineel: the pyridline andi peraridfs in aquicueis solatiem at weakly alkline pil
methyldiethanoLaeninc derivatives- of HlNl and l1X2, values.' In arcid seclittiem tic. oxidation is rnael .ower.
and the nicoitinic* acid, ltexamethylene tetramine, aini All the protcccts of tice reetioms. thu- S exidei" fi
thi'eiiglyeol derivative, of 11Y2. It wait fouu'c that INt, 1EX2, and IIN3, hcave limesa isolated c.& thceir
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hydrochlorideim" The high yieldf oftainedl (78-85 pwr The."eturevi of reac~tions given in the fiptre igsimin-I
cent)S iikdicat*t that oxidlation of the- nitrogen- stom tar in manny restpeets to that- Iriven for 11X2 in Fig-
praredh much umr rapilyv than does b ilrolysh6 of uor' 1, anti support for Figure 2 is derived from the
the O-ehlorathyl gronpt. Thm stability of the P-P4hlo. mwn three types of experimntalN evidlence prettented
nwrthyl grou of the N oxides was investgatedi kiy to substantiate Figure 1; naunply, kinetic dat, anti-
nmasring the liberation of IV+ anti (1- anti the con- lyticat ulata on hydrolysates (if 11 (Ill. andi (T litiern- C
sumption of thiwauilfate in bicarboinate itolutim.' It imn, etc.), aPnd latti obitained! hy the- ilatieon of fli,'
wsfisnid thathosth IIN2 nnd l1X3 N oxideitliberate rompotinds given anti the study of tiwir properties.
(1- andi If+ anti cmiumme thiosulrate, IIN3 N oxide Mention should he mimle, however, of three notable
being the more reactive. The reactionm are much differenem between the behavior 4f 11 anti that of tile
slmer than those oliservedl with the paret nitrogen nitrogen ,nust.,rtls. In the first ~Ilare, the eyelic
mutardst. The final prodlucts of the hydlrolyim, which ethylencoufonium irns, XIII tind XV, which ftcord-
have not been identified! with certainty, do4 not con- ing tW one theory ame formedi fr.e..i It anti its chioro-
mime thiostilfate. hydrin (CII, o.hternityl p-hiydroxyetliyl sulfide,

XIV), air extrelnely unsttable, do not zctnmulate in
solution, andi hence have never becen ittolatedi. I neir

19.3 CHEMICAL REACTIONS OF his existence i4 predieated1 (n indirect evidence derived
(8-CVILOROETIL) SULFIDE (11) largely fromt kinetic investigationst ("' Chapter 20).

Ir, the second place, dithiane aulfouium compounds
19.31 Trnosfnnaionsin Wtcrhave not Wsen detectedi in hydrulysateit of It. It will

The transformnations undergone bky bi(p-cliloro- he reclle, however, that cyclic piperauiniunt deriva-
*ethyl) sulfide (11) in water are given in Figir 2.11"h tivem are mimetimes formed dhuing the hydrolysis of

CICII 1111(1CII 1 (101 0111,0 C112,014

MH (ill) (XIV, (XV) cru)

(XVIi (XvIII

*4 (104 IIAI

Inwritic 2. Trnntmtonx of bim(ti-cIIrnxvhyI) ismir~k (11) in wate.
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398 LFU.IICAL REACTIONS OF SULPI' M~l 14R;~~I~A~

the nitrn amist,et*I In the third latce, the linear with m-plolwxativ, purified keroene, or j1e'trot'ion
silronlum isalts formedl from It Qi.c., 'ompniernde other, and the atrstKOiNuolittimn of ('11 and ..ulfoniua
XVII anti XVIII), ar, reacive, toxic euthstanee.., sivaltue was then extracted with chloroform tot remove
whereas the anias quaternary ammonium cont- the CHi. The I may bIe 'WOetered by ui'neal of( the
pound.. formed in the cawe of the nitnwgr' mu..tarid.. ehloroftorn ain1 ratuo. CHf bas been skyntheasiaiee by kc-
are mtnle anti relativelyv nontoxie. action of thiemyl chloride with 711 tunder careftilly

The kinetics of the hydrolysi of 11 in very dillite controled4 comdltioase, anui fromn Vinyl ehloride land
aqueotim i elutiom were ditilied in World War 1, and inonothioglcol.16 f. the lilated fdrm C i (l4iite
these sidii% have been greatly extended in World unstable at roora temperatre, opontaneoudy under- -

War If (et,' Chapter 20). In dilute teolitimee If hydro- going partial polymerization oin standing in alcoholic
lyses expluieively to thitdiglyeol [bIs(O..hvdroxyrthyl) nolution or in the alwee of milvent. 11w PrIAlliet
sulfide, T(;] atad I Wl, with the intermediate forma- fomnwd tinder thete cotadition.. has; been stated to be
tion of the seuttonitum ions XIII and XV, and of CHI the di-CII Pseul'imium sealt, XIX.'d
(XIV) (54cc Chapter 20). On the other hand, it has Vbeen emaontrateil " that when the ratio of water .lIAl+Wto is%1 semall (abotit 31/1), only a simall quantity of (1111ISMIt4
T% I iau I11(1 tire formedt , most of t he I Ibeitio rein- 8/ 10 0
verted to a mixtitre of seufoiun echloride. These c- -. (IIVIC

perimonts, however, were pprformed tinder cumuli- (.i,(I1110
tious quite elistssimilar to those' obtaining whent Ifre-
acts ~ th water iin~er plmy..ol*igic atl itioni..

Theme are. howeve, frany (lath which indicate that '.hen frisar ad atomid at dry ice temperatutres.,

uefoni'm saits are formed when ItI. isyefrolyueel howev-er, ('11 Is stable.'" In ispropyl ether or rhlno

with 50 volumes, of water for 24 hour.' at 20 C', the In dilute atqneus sMohitiota, freshbly Prepaede ('11
reiting clear 'eoltitiop. was toxie and contained otmly hydreulmve- to TO ard IlL'1 at a unimoleeuilar rate
abotit 78 per cent of the theoretical am-innt od 11(0 which 6. 40-50 per cest. faster than that olsseere for *Ito he oxpseeted ans comnplete hydrilysis o( 11.1 On 112wd.Jd. fStimie of CHI which have been aged and
heat the newutrallw'd seohition at UN) C fore 2 hotim hav undetitin polymerization, hovrw, sehow an4
however, the remainder itf the theorr-tically puwile initially inome rqpid reac-tio figlowedl by the normal

H1wits Oilerateil, anti the toxicity was de4rued'i ydoltic rmtiom, followed in himn by a veryv much
As will Ile shouwn later, the seulfoniumn sahs formed slower reation.'".k nh, s"uttenve of ovents i-4 inter-
during the hyeldroy.it, of Il eeenpume on heating at prrIted tit indicate roismeriun during a'ting of seomne
10D)C in aqeseous sohition. wit!. 'he Formation of (111 to iv XIX, which hydrolyzes. iAoilky to XVII,
I eiqiiv ot arki: for cezt It smlfomivin greaup. I 1ene, the' the latter in turn decomposeing setowLy to TXO. More-
amount of acid produsceel on heating an hproyseat" over, on hydn~sai st of pun- CHj (0.1 JM) in Maqos. 'at 100 C ise an Index oif the extent of 14ulfiima MIt solution, the librration of IP4 in. slo-w than the Niter-
formation. On this. lxui%, abot 22 per cent of( the atiom of M1, indlicating the presence in the hylmlys
Chlori"e of the oriVhigi It is. fnurd SA $uilfoninin chlo- mixture of considetable quantities of sulftmitim chio- 1
ride after hydrlyi.% of It with 50 volumers, of water rides." "he stilfonitim, chlorid0 4 ight 041nty-in an
at iin pra tue. If the ratio of water to 11 ise in- ethyltueeseilfiima ring, a%. in XV, or they might Ise of
ueasse to 2nF? voluimest, I he extent isf silfanitim mlt the typew represeente by XIINI ifewntiation of

5formation drvpst; to about 16 per cent; if 1041W vol- them two typet of uslfimiint n-apeaewl ran hse nde
times of water are sissel, the extent of 9qslfimitim salt on the as of the thiostlfate reaction. Compsounds.
formation falls to 11bout 5 per rent.' 141101 JIM XV sehihel11 ret 4tiantitftijVely with thin-

tuppsrt (osr Viguse 2 ha.. alsen been derived byv irus- stalftte in 10 mintittes, wherea suclfoiniuimt ralN of the
lation of many of the intermedliate.. lisited awl a stady type- XVII sehotilil not renet mcasuly with thio-
of their propertes.. Thu.%, CH (XIV) has been imbe- seulfate in this. time interval. If XV were presAent in
lateNi from partially hydnlyseel wupyomse .esiluatie the laysrolymete, *.hert-fore, the iO-trisuite tbie,'sslfatt.
oif !L~~nUnchatire' It was remnvid I extraction titer of an hyehrolvsaie ait any given time Ahesuld Ise

SERE
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t:IMMICAI. REKACTIOINS or bix(d-cn;.oRowrovi.) sui.viw. (it)

greater than the amuount of earloon-isititod chlorine df thieisulfute. 'I'e srtpond stage 4of tile. trtejt(,tijl is
(it.-., unchangedl ('11) reining in the .eulhitit. coimpatruble in rate to tile lijiratiem tof thle ,wteitiel1
Ativiliv it was foundf to for slightly kw*m, inflicating voqnivilent of( acid In the aim""c of thiotiite. antidC
that the thitutulfate rnitimption-was alattiluitale proliabiy involkes the stilfitnium group of XVI. Th'le
tot unehanged (Ii1 andl that XV didl not arecumutlatir ablility of uulfoniwun compoutis to devompifooe with
in tfw hydrolite ft a mneamurable extr-rt.'t The the liberationl of thio'ulate-renetive Krops is f11*is-

ofmiriim comnound pormsent in hydprolysates of ('11 t'uselt iw'ow.
is almntit certainly XVII, which is ftorneti byv reactiont ThW siformilum comouotnds XII anti XVIII hasve
of ('11 with T(. It has been shfown that reaction bet- boith Iteer isulatrid fromi hydrolyeAte. ef iA After
tween ('11 anti T(i call armor in aquetouis wolutiom." hytirolyir with 50 volumes tof water 24! per cent. of
Moreover, then ('11 hydroly"r in the prmesne oif the original H was rettwvemel as the pieryilfonate of
TG;, If - ftoliatom ismoarkely ril~ el, wheom% C(V XVII, anti Id per cent as thie diehieiridle of XVIII.
liberration prooceds in aretmiance with the kinetirg The totiol amotint of *oulfonium eompouimnds isoiltedri
of rompjetition (sice Chapter 20). represtents aouit flO per Cent, of fte amount 4~ t.I-

The suitlfonium suits XV'I, XVII, anti XVIII have fimiitm ot'stintateod tot be present in thle hyedroi-
been tqibject titoinw-h aIttil.'"" £1 6 Compouind sate."( 'iompn XVIII wsas yteie in goodl
XVI has not been itiolatedl from hydvirolysates of( 11, yell by ithaking It at rom tempewrature with ani
buit itsesisteneeatta prectorwirof XVIII can scarcely neouxst .ohition of TtL'T1U reaction proceids mnore
be- dtibteil. In thle first plaice, it is hardlly conceivale reuFlily in water than In nionaueuvs or poartially
that 2 olecles or I; eot~d tract simalltantrtusl3 tlurous owiatiosas. With respllet it) the chemnical,
with I mtloeeule or If. In miditiorm, XVI hapt been propterties obf XVIII, this complound was found to be
tsvntjwqizetl 1w allowing e4ttivaient mollar quantities .30 per cent decompemeedri with thle libleration of acid
of I I nti 11 t4) react in ethanol andi has been fouind upop standing Ili dilutte atlucon., solution for 3
ft pe~'sess the proptertiesepcd" hs the chit,- weeks." It is readily tiecootim ote wnen heated in
ride of XVI was an unstable oil which, ton stantding, diluite aqueious soiutiorl.1-. At p11 8.9 or 9.9 at 31 C,
thmenvootc tot yield XVIII anti to regenerate femre the salt liberates no awitl in 24 horst, whereas itn
If.*" Th icry~slsieate -if XVI wast itfolatedl in 0.03 NV NaOff 2S per cent tof the theoretical acid Ui
t'rvstslline formn, however, anti provedl tio boe quite liberatedf it, this periodi of timne.' When incubatel Ii
itabloe.'1 In aueoums merthyl Celloovo!ve, the pirryliaul- aqocewa.o bivarismrate at 37 C and pf17.11, a slow liber-0
foliate sof XVI tiemompssest in twit stages with the atiom of ani twisurs (I etjuiv in 90 houirs)."A If thio-
overall libieration fit I eejutiv of chloride itm anti nearly sulfatde i% alsfo pnesent in the reacti-in mixture, a re-
2 eqluiv of acid. The first stage, in which I eqjuiv oif action ioccurs which consmes thiioeuifate." The
chiforjtli' andi I eqjuiv of aritd are libieratedi, has a half- speti tof this ractif m is tmly siigltil. greater that the
life timte oif al)out 3 Ntiors; whemea the Prood stage, liberantien of acid fromn XVIII in thle absitence of thifn-
in which the seceontd equivalent of aritd is liberatedl, sulfate. In the presence tof qcysteine, XVIII rrets at
has a halt-life timte oif abount 2 tdays." At the endl of r7 V t form the bia-8-cysterinyl derivative to( It
the first-stage reaictit, tie ,ervsuAftfmatp of XVII (XX)."
wait iv'olatmd from the reaction miixture, thus supprtr- Nil,
Ing the ractionmsetlitenefromt XVI ftoXVIlam given IK J(KI(Kl
in Figurve 2."" /

fIt was almo fouand that in aillecous solution the
picryiqalfonate of XVI reactedf with IN* ft yield
XVI I!, iss woqil boe prtnlieti fromt iRm 2."4 It was
of iine interet ft niote thtat XVI pirrylsuilferate Nil$
reacte reittdily with aqlueous thicutuifate." Thle n- M
lu-tiofl prewee4lt4l in twot stages, I etjuiv of thioosulfale

K ~being etcnsunwd in ablout t; hount, whereas otmly 0.6 T1e other product of the reaction I-. pjrooahk TG,
:uddiinal eqjuiv tof thitmilfate was ,"mitned after although it has not bteen isolated. Th'le foranatiemn of
71 hopurs.- Tis first stage oif thle reaction urndoubtedly XX, cvopied with tile obswervations reported aboove,
itelves. twjtle .111rde oy Knoipl andi toccurs at a mit' mke it appear that the oilfemitiom grouips of XIII
cfomponrble Moit thle 6iberatim if CI -in the abeene. poises, too a lesser degre', sme of tile reurtive idt-
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kvl~tiolg propertips as'oaiatetl Witli the Ok-chlonxaatlhVl ait ions of p11 tad tenhlN'ratttra. III ft- earlier woark,0
groups of 11.16 11,.' sar. aconsileratiamis also hoild fair there-fore, 11 2:ti1foiiW apjipatnrad Ito a' is Irvin' reanativr .1
the otodfamtiurnm rup of XVI anti XVII. ;%i will la' sidbstance than dia1 If.
own in Chapte~r 22, all of these -4dlfamitim salts, It hate now been-flemamstrateal that if is eispable of

particiularly, XVI, possa'ss it noteworthy toieity. It reacting with a wide variety of ftnttiaiaiad gru"2H
appeairs praibll that thtis toxieity maty ie it re-fiasa- 'flt reactions have been-i shown to inivolve' re'jitivea-
ticies of the abiility ofr these salts ft aecompism under 'nent of the chlorine atomsof It; that is, to hpa lkvla-
phpysiola*gia'al opamahiit with the formation of re- tjii reactiorts. Asit resoilt of kine'tic' iuva'stigttionS
am-five., taixie pratetoi." Wha'-.her oir not sailformini (twa' Chapter 20) thip following farts ra'lative li. tit,'
its ad( ft- types given in Moigre- 2 are actually alkylatiam reartioss aor II have lioe'g estlabi~Aw~:

formd froms If in Pri imdsill uindecialecl. It rematin-4 (I) The rate of the reactifin Alf I[ Wiit variouts stub-
posiblhle, thereore, thint aoine of the phyiialogcal stance,. (aniaons) is, like- the hyalrolysis ritte. unirnola-
effacts 41~ It sin- at consecitiatwe of fte propertiesa af ular. (2) 1Te rate of reaction of It its at aonstant ale-
#hese siolfoniiim aompuuinia. -pendeant tupon solvent anti tentperatura', anad iale-

pendlent oif the subtance with which 11 is retketink.
192.! ~ ~ ~ ~ ~ ~ ~ ~ ~ W Iecinlf .h~watv ;ois (~ Te rute of the reactiam is miarkedly slowed boy

withComnounls o NiwhemcalInteest noitiair solvents. in (infer tai interpret ft"- faratswithCoapouns o Rio irmcal nteest it has been paistulateal thint 11 reaa-to in two stepso.2t44
Until the- work aleieriba'dl in this spetiomN hal sen In lte firsat step, ome of its 0'ehlairoethyl groupis he-

performeal, thep chemnia't bas-is fair the remarkable cormaa's a.*tivateel. T'his activation praicem is meataur-
physiila~qiaal activity aif 11 remaitineofl aisraure. 11 was abily slow antl oreus ormly in the presee of water
recognusprf ftibe a generail ell paitaam, liut the mnanner Paother polar solvents. ;t hats variouisly beent norriba'al
in whirlh it might exert if.. ttoxia effect-A was not appnr- top varha'mitim ** or ethylenesulfoniumi I." in fairma-
riateda. Amamrg the, many theories H propoaeal tai ne- tiam. T7he oteama sep is imrineauaniably rapiad anal re-
rint for lte ftiiity aif It, two may bie rneniomeal. tilts4 in the ro'atiam proahuet. 11e first step, therefaore,
Accoraling iti (me theory, the It( I generratedl within is the rueetnining aine. I lowever, varioius cons.
cells by hyadrolysis aif I I was re-Asamislile fair its vesi- pasials differ in their affinities fair the aa'tivateda If
cat aetiam. A teonprd theoiry poiltallatel thep oxiola- stialeettle. Thus, in very dilute naliteasls miltiias 0
tion aif It he vimn to the sulfamte,a"i-Oiste sulfamte being hyalrailysis tai thiaialiglyeol (W() ocrsr almaufst ex-
cosisalerel as the vesiaant agent. The first tipory elusively. If aither sulistances an, present in soilutioin,

was finally abanaonel iwen it was fasind liht fte however, they maty eomly-te wvith hiydrox~yl ians fair
amounts oif 11 rattuireal to praialuwa' taixie effectsA tire, the activatedI 11 mailecule. The extent, of the suceest;
so) smll that the 11(1 praialuaeal on hylrailysis Wamla1l aif AL sublstsnce in eomnpeting With vater faor act ivatial
bie instiffia'ia'nt to aaalse appreciable changaes in pfI. It alepenals uponm the relative availaliihity o~f th* eler-
The ,aaeondl the'ory is nti laonger lotilkeej upms Withi trums of the competinig siobi-ttsnee.2-.W Tue re'lative~
f.&var for seaveral retutons. lI the first plaa'e, it has affinities of variouis iauhootaana'es in eaimtiing %vith
Isomn rala'ilata'a that the pa ential re 11uinll to aiiza Witter fair artivated If hava' been terniea "comnpe-If to thep suilfone is greater th3in thn! to be ontiaipateal titiain factfirs.'"" A list oif flit- coimpetitlion fatur:
in noinnal aells." lit the mevormal place, it hia been fair a snmber of oaslittunae ina given in Talel 5.
found that animals renaleredl hypersesitive tollI tan' .Isaensealieneearfthe inachanisinottflinaa looave,
nait hyperme'usitive toiftie slfa'neY Finally, the sail- several conclusioins hiaciime tappatrnnt. Sister fte rate
famne thecor has been aisaanrloml loeaoaijse it nai lamga'~r tof rprtiam oif Illis fixecl, fair given eamahlitionia, thap rate
is reqcuiredf tai explain tsha facts. Iarly wairker-s hail caitant for ft. aisappeanraca aif 11 is inalapenatilent
not apprealateal lte great emicail reactivity of the af thep nitfure oif thep substance with which it is re-
O-'hlamwthyl gramips oif 11 oindler physingirsil eon- aa-ting.2bf Tus naii oine o. tha'sIt ase' listed its
dlitioms of soolvent, pil, nal temnpeature. Prior tom Tale, 5 cauimsa' mtistaral lot rewris min' n'pilv "thnWoirldl War If ainly aI Few reaations involving ft- it is hydrlyzeal by water. Thtu' dl~eas aof ro-tat1iain
fl-llorawtlavl gnuils cof If hail been reptirtvIl. 'liest- Withi different rgatthritfam, an. in pialoortiaiu
n'ac-tioms, Wilit amin'',", 447 nal with alkali swal- ta thu- prashiats aif their caincentrati.-Pus antl f1;#ir
ftdes 1 anal ev.anitles." hnol hoe stuialia'al floor the moist caompetitioin fartors. 2 lit oIn ;xtures, therafaire, tithler
pairt in niiaitaajiia'igs slvatats, anal itnalr dastia cain- thipg beinx aai-ial, grmups aif high ararmhia.ititin tauator



will int iffe'e' ret first. Since there is not evjidetiee tit elf tile' reaetijel ill lieilillgl"E'oil11 elf It witll ' l tlelillillI
indif'aA' that if "rewt.ei 'r i i~ t''aiin stlt-' orf tiohelji(el tidt( alk. I te'rvaalI hamve be'el

eithler than the it " elliifl~ lb~~'. it appearsat that pti-paredlandte feacail to hauve the ge'ne'ral stt'tte't1ilr
in riev, ra-artitinf Elf Il'iete'rs in the mejiaeoxis phase bty (liS( II2(II)t8, when, It may be' an, alkyl oer a&

sni~stittltiielf i cliehiiflt' tian.1 pie'lll Knouxp.", Tie stability' of cmltllitlds elf tis
4:) ~Ate'Enin'~g lot .)III- ilyjltllei'4, tit;- Past.4 W;th whic~h tyjx' (tof whiech tithe E3't('iln IN1NIU't is tu' ,ebotthld be

a givena'it 3ljlf (neat n.4'e'e',ili' an neiil) e'an mreat with reIti~ ra.I en'aII'iZjl l 4'4 -( -

11i,4 i"t fourielin (of fte' e'Ieetr',t ai'ailaoHiiity elf tite hiakage' re'ejteinrlnSeti' Ie'eltllll. It h1u1. larvatl 1 4141114,
aieln in tqtetion.2 Tme greater the ek-e'tnin avail- hoiwever, that time linakage is inmr' labile in erta~n

ailiity', tlat- meore re'hly shotild tile anim ele.n t anti elerivativest,~ II- smlfemne (ew elivinyi salferne'). Ffor ex-

the highelr shilodllaI fa t-i r'Eljwtitielf fNetter. T1he tungle, biiey3steinmyletlmyl) stllf~e~f, afte'r tre'atnient
evienee suplating this hvplhts is has lael elix'tm- th silv'er oar nienuly stilts at mildlly alkaline' p11l

mnottrei in de'tail,! and l ne'ni Nt $or given hereIW. Sttffie- valumes, gave. it poesitiv'e nitnrel ulssiole test fell' sitif-

it tf) saE*y til111 %%itii tilt l' mu of tIli,' tilt' lt it i% 1lesiile illErl griolwp. iie finding wttulllt indeic'ate tihat

tel, give it lati~ltlai e'xphlntim fl Eftill' E'enl-titimf c'ilavalge Elf the C S ('-linkoge had Etar reel

fauctew olata given in Toblae 5, land tot preiiet. raughly (ere alm) t%4ge MIO'. With bixe(e'idseitwletilyl) Ailhleit:

tt-e .'mwitlm fte'talro 4l unies. Ameitig the farts litwe'ver, at similar renre'iern floarot nelt ovnut e 't't

(l'11041t0'el by #tim' ilVt'ilthEN 4 Jan. tile fle"INlY high with so greait eleM lIt r'emains5 trtue, therfoel',
coenpetitien fmutors Elf slfllir e'el atlindi'n Meieruti, that m)E far as .. ,' knowi nolmi, the artoetets dl til, rel-

suhl Its tility'phte', t.iiphasphlntes, thi~wit'el, le'titll elf It with still'hydr3'l etetunes mare '4tile

tiipheaMs~h, and tiiells. The data given in Taile 5 matte'r ierneitioeln lf pl and temperatmte 'Elmpatiilc

few eararei'lie ae'ils; finds rntefitl intempretatiom in with ell life.
trrnns eof the influlene elf elhe'r funetiemnal griolas~ in Exeu-pt foar the tda given in Table 5, tile mu-e'a'te

tile mioe-lte tem the eicttel availailiity elf tile el 11 iti rganie o)r hiergaltie pheispitate hale nfot

ca'lwxyl greatitts. Similar analysles have be-en ('arrleel lIEn stteiif~ il, great. &k'44. Thle renetiehm eif 11 with

lait felir phetils, enells, tuflifeq, anti iflell'g iE' ies intorgalnie phialmulht4ta biexe'n imtvstigaetl ' 11" uttit

suceh as piluosphate' tit, phiasphate oter elf thiemliglye'ol lists been synth-.

Freini the llielehemfieal peoint elf view, the grumps sisrel." The high e'ompetititin fae'trn elf piosptit,

listiel in Table 5 whtic'h are elf meist inte'rest are' the itelw'er, etlpleei wvith thmeir ide eiistlitinut andi

lsmlfll3'eryl gl'Etlp, its ill e'yste'ile e~r gllltatiiet tilt' iinjElramt fnetinmis ill tile' an~ittial eligafism, ie'neer

~lyrnihesphate line[ pittlsJ)lla~te' iOns; tile ell'gfltl tihem-' lre'till elf great biex'imemnle'al intere'st.

pielplutte enljalnels lstle'h its ad~eny3lie' tiid 4lr Tile, l'e'aeitlf elf If with pyrieline mand its ee'iativo't'

Itlyerdlillal)hotile; tile uitrelgel attempts elf pyi'tlive' tinas Iteesh sttteieel m'llimmtiit fillie'tt)1'13 tE

Iiml~ ",. anti4 iene"- pnre'mzly elf nietiinamiele andl liies, it hi;la r iiee't ta strato'il that It remats wit~h

pytilelpin: raIrixy~l glnlltaits it, ir.itrt'ttt, eivalate, niceltinie acid anei its atanide til felnn plyriin'ium r'eln-
femmarate, acetate, anti payrlvaet'; thle irnidlazee lattncht.4 The prlelu't elf the reactiern el 11 with
grieup elf histitline; the sil'le sailftmr olf 'r; andl pyriehitir has loern' isullat'eh 1*s th i rlt' imitlell asned

nie'ticinel'. and1 tilt alinelo gne'itls elf antinel ate'ela, a.,, tihe di'niylolfonate unt fierneltl tilt' N bii(pyrit

:teiptlrs, ptirinee aine) pyrinieiinee. Tiese' vzmrietl diniiim) ecEiltnd.lM" ilis sutbAtie'e, in e'eitrast
re'art'iem %% ill bie e'emneiee'l ill me~' f le'taii. ftl ftle anlowmlagues smifeme deriv:ative, %its fotmne We laid

Of all fle natully eN'e'elring ri'Elxflpel listt'ei in stauhlll :n atilecaus soltitlitn tit pi1 7.5 aunti 2 5 C.at No

Tahile 5, t1110' e'entaining stlfhydryl grenle hanve the' aide wits lilarateeI. ut the seuistaee (ldalt fitract

igheist elmuletitiett ftiole'tl. XcitaIIIe in this ,'elipert with theieloeelrflte oar tit- Istilfhydlirll lt e'yste'ine.

is t'rgeothlicoine' whichi, sdillil twaf prrewtly ktlinvn Attenttel it 'jt'iti' tiht - ne'tiyl ,'ulfirnirnt ftilt ioy
tel, he iel'y eistrilyntel, has been felelnel in niature. nmu etim elf Ibix(O-pyfillitlne'tlylJ stulfidle with
It will lol aliellfl at e',Iteine ethl eote haus n higilEr ne'thy3l 'ielie we're ,ltlsllEessfod.,"

4'epnilli'sit; tit fator tilm e'ste'it'. It ha% laren EA- Et'ieone'e hate lomiEN ,d'e'eree (see- ('iter 21) that I
,'e'tvel, MOlotlel', thait gliltatiiierne' is les reacittive' hlth in Pres anine int rilgee If ii':itts withl tite' 'ali'x3l
thlmae e'v:.te'ne. Tile' e'elmj)Elllld ftlrtm'e fl1 It111 Xd 1'dllih Elf PreltEItris-. Few thlis l111AMIlt- 1010' t''elef 11

2 'ellio' elf e'vsteille hall larval iltteei 7' anei lanienel tol ttjii simple, ra*rlonvy'3ir su'ies tit felrmn i-e',els elf ''Q
hiave tihe Atrt Etin-i X X give'1t ft M~W Imp I". i~nreuht't has be'e'n tile- s'ei,;i't off e'eltlsleithlC '411iai. It lits
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Sm.: 5.(ompctlltfi fartlm tif vuti -wi stilltzsnce ftw 11.

mNllptam tnpttiom fammq Ifrenf 8athlmix (40mINWt s fillt.,e It.fen-n.

Imthkicouatfifm 1),01 .14 p-Tahm t thbairnatelk 510 4h

itn120,O11 I4c Tkoiie 4.502

Ilcuane dithlnphtompphtmate Thkohydiscylic mW ~ 410 2
itm 120.010 U4k atemcpltiowwI 400) 2

Methane*ihuh~pant Pethylamint *0 ipil 13) It
kom 105,0110O Mhblc n-Ilanetl.i sate km 3110 2

IlUIyl Idithillithmihtu Ism 74,1110 WlfC p-TI~tirt a. tamalekm 3R0 2
Ethyl 41ithkopu.pliale:4m 613,(M1 M4k.r hly 1 n e tan 300 2
o.Aminittnnnml 50,111 Moor Ethyl gmemrcan 2110 2
Thicilimnotte km .501m 47 methitmim. 210) It

Istivethylenedithkicata- vionmul 2110 (pit 9.0) 11
"at!- 44110 47 venowa 4.11(pit 1.3) 11

3imntothyldlthkorarhamate 40.30 48 Imethylamlnte 25m (pillS3) It
1Ethsiw' nNWmnthionomPh~hate Cyusthw. 240 (p11 13) It

kmn 30.410(21,M0) .54be (48) Trypbqnpbmw 210 (pit 13) 11 -

MOOMathilIphRWOplte km .11011 (I2,VI1) -A (48) P.Vruphnbte km 11 W~

kin I6400M I.Yuslna 147 (pit 13) It
mithana dlthl~acai ate 34,flhl(20,410) Me (48) 1)MOuwmhae ion Ito me
I~ethyl dithlocai'arate 33,(M0 U4a,e Imklaaaf 110 I I
Metibnne Inmathk~phnaphn. I I1Iaotlmate kmA

Mire km 30,410 Mb (i ht m 2
MhethyIphenyidlthitarnr,. Adconlate km 75 Mec

mate 29,9100 48 PIPatphate km 75 Me
Thkuualfate kmo 27,41M 2,54*.c Pht M 75o (piE 13) 11
(1vmwth.t-dlthkqphnN Tricurhellylieark! 73 2

PhNmoulhyhuslfld V,1110 Me Isinidle 71 (p11 13) 11
MohIo" III~mfrt.Iktkllne 67 (p11 7) W. I I

note~hnuIllkara 224111 4A Aemmunsi6nW
Mwl~llndtkicnltnme 22,20 49 (yrligopwphatellm 54 me

Ethyl scnthate 20,410 Ma~be Py"ilne 34 Mec
Orlyl xPuibate HOW41 He Vitrse'maleka 41) 2 *
Ethyl 41iikj~m.aek ,:Mo V.Ite FMralto km 44 2, Ma.v
Ilydrimyl kmn N10 SAC OXalate km" 44 2, Ma~e

* Vhnirw xanthate 7,800 541sr Malcate km 43 2
1*11tmneoodithioqbttoplymate Arminine 42 (p11 7) 11

km6.7M1 Ime CyiflJ.Idaotaek 3on 2
Dlthicmistte km .1.20 Mam~ makmtr km 32 2

I~hkilvae m5,141 Mte Atim(f-I.-royrthyI) miffille
Dimethaner lithktl&OPINI. Ithilediglvetil) An0

note "im 4,9W0 Me A*4.alae km 28 :
Thkq~ae w 3,21 .M011 p.Tolianwmeulflnate km 2IP 2
iekthyl flithicsPhuPIbMate Itacemateo km 22.4 2

km 2.4110(5'.741) 54k (47' Clowi4e km 21 23.411"'
('yvteine ethyl estert 1,7111 516r~ Adipate kcm 20.6 2

.alite k'm 1..'300 2 (;Itatamte k~m 20.4k
Thionk~ll VaItr 1'.,10 Imn.b, moiac at 19.2 2
Fititl.iemne 1,220 21, 4x eallellcn 1 i
Merenuotmah exter 1,4W) Me Aprowlmte kir 10 Me
('..Pfein 1010) 54nRc Ala"ylalanlne is Me4
I!i.Inswillf km 1040 -we Tartnte km 141.4 2
I.Ilualyl tritbktcrnmrnnteiom 1004 Mec Tyna'inr 141.0
mcea.plopqwnwevI k~m Mm411 mly'r juainte km 10.0 2
FtliyLqe all.v pin WM Ma.I,,e p-Aminutenarntaflniecrk 15.01 2
DInirmwnptt.Jiwne 780 59are UpBenamkllitu 14 Me4

2.-Iinmpt~pi~ini 7M Me Miacnthat 12.1 2
A.. law A40 II I Arrtylalanine U)S 54P
llrmtmethykneswtrnmitm- 740 8Ik.Irarrylair ko 101.3 2
*t1,kmiallc imttr 7M1 W. (;iaotlirff km 8.6 2

lii mvnteim6711 2. -W Levuljante if on .5 2
oi~rOm -fil) U10.4 Arinte ktm MAP5 2.11I,54n.e

£ * ~~~,, alls-MIA hop tw',, ,a.Ih to- forforl? this tlw rfimliffse. TOW h;-.sim,. is on Watte.r"A 1"Monw.. $hot nam ft,, ,
t ', hat-P on",au

t no.t;4.. hot .,f.,-.ns4t,. ffttw. c, irm riew ins tow, mlftu' 1402. ha., ht,, nomogdt.,l.' a,,tIsI,, 4afa .nd , ~rn i, Ii nup



TAXSa A (CerONUMevI)

uinh0aatec- Cornjwpltinn factor letce tlwtafr (11IMn1jw t Neitfwtt llttittvt
MrWhyhmkwa hydnichliwerc RA(pit 1) It Ethyl lrette kmn 2 U
141lfate im 7.3 %, me Phd*Ate ia 1.1 2
Trwrtislavhin 6.7 -4a'r ('lycha. 1.6 2, IMR
(rntWIM1t IN 6.1 2 Aecctahkr 1.3 11
P.NivlpWnalp utin 4.2 2 flodimn fosrnalifrte mal.
Tvitlate (amhano jsstai) 4.0 AIaRaltt 1.4 2 4
Pyniaia kmo 3.4 2 I Pierle I1M 1.2 2
Stonoehlortworttle kin 8.0 2 Jlactate 411 1.1 2
Ve.rnate kin 3.0 2 'thnac kmn %).2 2
Alanine'(t'arboxyl anotp) 2 Ma U(luwua. 0 2
Alsuihw(amlsuanlop) 2 MaRTaamfnt 0 2

lhsua~.d2 MA it-knayl atalfunate e2
_____________2_ Me a-layl thkmalfate

been found in the cawn of acetate that H reartit only aettidt" WOUki be eXPcted to haVe compietition
with the carliotylate anion, so that at low pit %raluis factoni equal among themia*Cbj andi eIual to oxalic
etert' ftinatwm itn negligible.2 ' At phytsiolial pit, acit. As may lI* noted in the table, tlii' itt fouind to
how-ever, all thr acid', which havo been invAignted Ie the came'. Among the- hydroxy .llheaslc acid,', the
wilt he prement largely nas the dimmoelasteal volt, st) tha.
in vivo reatiinst(if It with carbioxyl grotipat is a likely Tusus 6. Vottigwtltion factors and dibmvelatkwa esmalanlr
theoretical poieiblity.2.' oif carboxyllc ck.

1he electron-d1onating strength of a grouip Rt is an - .enptki Iwolta
itmportant factor in determining the dinxiciation con- AMi factor couant
Ptant of a earhlill arid, II('(K112 The stronger in
the ek'trtrun-io.nating atength, the greter will I* A X lip

Aecti0.17the tendiency of the anion, lt('M-, to form a cov- ('molp 6.1 0.22
lent hooid with hydrn, anti the weaker sill he the lActIc 1.1 1.;.0
acid. The dintociation conistants' of organic acidti am, (uerwccl . 9.
therefore, uinful gits in azWfusinX competition fac- Aminomertic(lboviaa) 1.6 4.n
tomi' Hoeeno exact parallelism existst liecause, of Pvruvic 3.4 Wo6.
the influtene of other factorst which din not affect din- ltISCFYiec 10.3 0.3

A mraliurn etmitlants andi ctmipctitito fatrs to the 85Vlln (S2.2

Mane extent.' Th16 fact itt brouight utt bky the data in K2 x 104IO
Table 4; !in which the competition fistrt and dliam. (;haaarie 1(12 a An
eiatioln camtlautit are inclus'.ed for coimparison. It maky t~mrclsic 3.8 23
Ie noted by a comtariinm tor the dats fuw lactic anit Mnep 16.0 if"K

EOmaiI 21A 41.0pyruvir acidst with thase fof laydrai-rylir anti evulinic. Ml*Ic 21.1 0.21
SWidit that the c'rrapetition factora am' influencedl by lunusrlc 21.9 22.o
the distanice from the erwxpt 4 i aaou CItaip 2.3a.
reiapimiblle for decreasing the elertnon-dimating MnIlc 8.0 7.5
istrength of thte anum.1 A coimparativelty pometful. of.Tartaar'c 912 410
mihtotituaet gnRop its the free carbotxylate in, which Mi"c 6.1...

Muiac 9.1 ..
4iferatett in determining the steconad ulistitciat ion con- _____________________

sltant WK, of at uila atit' 11wl' h filpira in Table, 6
tin attiple, glutarle, ,tctrinie, minmir, anti oxlir aim quaiilitative agreemernt exits bietween tihe ex-
acidst indte. the riam' in coMpetitim factor as tlWv petted Plectvitnittracing effect of the suaabttient,
parlixyl gops csw.oe nt'arer Uy~ethpr. The cmju- group anti tle 'idslaw(of the crinpetitioin fucttor, buit. ,..

gaited system presuent In nialel, fumarie, anti citm- there it. nt crrelatitm bs'tween K, aind the comnpeti-
cemip aritbs it an efflicnt nieehaniaqin for tanusrinittintg iio factor. Tlae relatively high eomipetitiiin fititoui
the effetct of one carblt- to tho' other.! Thewe anit o)f ettaic (83) andi trierrballylic (73) a-idt maky bxe ex-
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pi.ljstiei bay thle praxim.ity oaf the varlmoxylaite and ilacove. Milenslitl of 11 ithtesls~tizytst~e-
:1onxrtrloyaeuills it A given f'nrlme~yl, thus nint'iuide hmAs alsoe IWI'II nsatc-l

intn-siig die 01le'ctroim-elonittiig stmithi cif tie 'III(.atlility (if I! tea me'e with am1ine'-s hasl' IcN111
latter.2 known. As far batck at' 1912 the( rt'artieon of It with

m1t foillowing reuerm of thiecciglyeul M,'% have aniline and liensy'Iauimne, were mlledm antile j)inxl-
loo-en pro-pirel: thr ehliftrnte.,? fliprilNimttde,82 fli- oto of the tl'NL'tion t15 lentifleel." $uI'ae'euc'ntly the'
1atctyrate, Iivashmte,62 iliapirite,"! ei-p-nit rigiento- invest imatiemts 'uere widenel its itichle numerous
at*',j fliin'tame"' ' 41 elihippearate' anl l ilie'ytnte'.1 reamceiose lh'aluig amino grouim. With the jarimairy
All blat the last three of( the stibstances Iistel were utliies in hot atlceabclie sithiulisns, thizauains (i.e... thin-
preptro-4I tintder vareis tlrastie' temelitioris soo that mearphahinef) (if the g~enrl type
tlwir isolation is oaf little mignifle-anec teo the present(h 1

elsei' tean T lasnit tim"' eroflplfleh' weir' p Iineml/
bay reaseting If with all ae 'ctesl it( othe miliom Xl
uI1ts eaf the aids. Vniler similsr e'onoitiopus the fearmat-/

themo e-At',te'rs wits neatel fromn 11 anti the moecliim umnts l hI
eaf citrsic, miteelnie, cinch atetrie ifwis, altbotigh the i" were ettineil, in which It maty Iv ain alkyl racliei
ac'Iiom piceuets wvere neot iselatil.' Thlicueigb'red (methyl, ethyl, propyl, ximlyl, amyl, etc.) eor a phentyl
esters oft aretylilehyclroplaenylalanine undt aietie'3 c- eor hesy grotip.l.O.4 4 l With meonlm amines
hvelrophenylilairsylelehyelreaphenytananine have Omito tinder thle saime 'emelitieans, sotibstanees of the. Amtue-

C'urtain fae'ts relative toa the stability of htily

cool eim-etaste have becen noted1.4 At toCin neutral/
*t(tiis acelutienm- he' un sno aloiioli2hirm, btiWA N il t4Csapemiifivi'ntioim

a'tllemifirattim was notedl in 24 hotirs, wheon'a' if the have bteen oltaineil. where It is an alkyl grup."9
pit was raiseo ito 9.9 oir 12.5, mittioilientiom iii 21 With pipeorieline anti pyreline t;w bix(pileidiniiim)
hours wvis 5 per ent aned I() ;ar en't memplete, ne- oir pytielini~am ethkyl uihhiee %voe imotlatecd..-15- In
spectively.' Ho~e reactiont of I1 with glycine ethyl eser in hot,

Thle ease with whic'h It rain ret wish the suilfiti alm'holie solution, thirc eliffeire'nt eompesmneks hate
silur of eemtptnels a'it as r; or methicanint' nty beven obtainvid. Thiese air sulfielo-biN l~thylanlino.

he' juelgrel by the eesonpe'titiotm faa'ttem. oft thews sult- ethyl neetatell, 1.4-thiaaaaa. -e-etic aCKSlMM ownd
aStnee (mqe Tabire 5). The renetines of It with TMe fl.yelmxyethyhslol thlmnno'heai.
have alnw!y been elia4eus,-4e. With mthionine, 11 1.ner mildler experimental cemedliptiu which ame of
give" at milfemium salt of the ,tmrtic Xir NXL greater physiolotiteal intt'e't, thle metim oaf 11 with

a-preapyhimine anl diethylaunine led te) a mnixture of
Citspitniluert. 2 With triethanokamine, the biat(trithanoIl-

IkNVCt~ Ib(t, f'eI t4tAh2 I(NI ammetmicm) derivative wasM jMISedaitl.4 yfllwn
I + + Ithe eln npemane eof amin;o niirugen in the V'an

Mit S ,NH 'lyke apipairatus, it has% been feemonstr'il thlat
rerswith the atninea grouii of amino awiels and

liis t slitpiminfl has lwc'n ise'te'etl as its tetr~ag- pCepticheA in A(ticous1 11111116011 at pit A Anti "1e1)"
hae'nzentesulfsnitte. 01haigina1udcei oate the tenippratir. 11 alsoa reac'ts with the aminoa grvimupo saf
ouilfiiumsii acat et-comiaca-ee with tit(- lilve'ration oft brain rephaliias."7 It aehoutil ihe pointed aut that izcer
awiel.' 1Te preactiets cof the cle'e'canflositiot air m-tlii- physiolagleal e'enflitione (pit 7.35V) moasit amines arc'
canine', whie'h is re'genenrel in 1.,rgc' ammanis, anti toe) higly clismooeintitel to) be present teo iarge extent

't~-ve~eaw~~amnealtct rie. ie ainl Ii~methylthia- out the( free 1--wc. Thie'- tire, thenrlnr, limitationtinot
ethivi sufilee, heaith eat whieh nre eltaincel in rc'li- tile preuhueelallity oft 11 retiiag with amill nca reui
tiv;'ly loaw yieldl.' 'fc leamtion eof thle bitter twit it rim. 2

'easpeaeiiielas ,eev,'-. however. Isa c stallsi thle Ate- 1thenre is intich inehirto' oviee'ree ft indulie'te that 11
inem ef th1' orginail S1uilleanium salt *55 that givena tflztV iet with thle imiolsale' gicetat sf hti-ltline. 'liw
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high Eclmpetilitn~ ftr f hilstitline its ((Inlptreil tot MEIEleI ex~terinients prpsewaeid tot skipjiorl tii4 It*v-
other amino. afiif is onie htiiieiition. AdlditiEinal evi- Nitt he si4 were alsointended It* show that tilp steniiie
Elen(1 is priovided by tlie dee-rease in enolor givpu tt y effects o~f It "are diue it) itE vt~rriage- ii tile bl ia tielt-
histidline in thep Paty idiazto reation (test for unsu6- comliounmd (211 protein) whiech releauses 11 to reat.
slitilted imiflample) after treatment with 11.17Th ii ith sensitive hotly consstituents, YU jproiliiitig tile
mwattifjog.% of Ilistifine andil iMitlazole with $-ehloro. n-tniiifol tEIxi1 effetcts." * $lS'eIMjuetatly it-.1 MAsNtI
thyl biityl and hienkyl 14ulfidtes Notn lie stuitiihd 1( that lMNN e(Impiotinls dlid f'ot det-ompost, in this
the :pnxints isolated Imp pige 413)."? mainner.ltu Tihus, o- treatmnt Eof phietteil with

Amiong the grouips oeteuning nattirally Withi which methyl 0-ehloroethyl stilfidle (methkyl-Il ), .ommilltd
IimlKs not ap~lear to mezet tinder JphvsillogifaI (-on- XXII is olltailtedl whidh is stable to boiling strong
Elititlus f pil ire the indole nitrogen Eof trypti.- alkali. On rmullion Witli unother alkyltiting aw-tit,

phae,"17 l tt(-viaidogrop o aginine,'" a. nmely methyl iodide, thep stilfrnitin sailt X X II I-
tilt phen..hi hiyelroxyh Elf tyroaile. Rteaction with) the stilts, whiehl is iinstaible at alkaline pli values ill wve 91.
IthenflatC itll, illi (if %yrosinp I 1114 nif various
phenols"I has bteen noted, bilt at jol I 7.3i the phenol (1112
griill is largely ufliixEite'il.2 , \

F'rom tip' foE(inltg it ran bep open that 11, uinder $(IAi,)il
physiologdlal coflitiolns (fi sollvent, p~it, anti temper- CI
attire, is capable of reacting With at wtide variety of (XIIt) XI)
naturally o~frrrinlg functiolnal groups. Ther list of

tutlt gr(oiips ini thle CaseP f I is qualitatively indi*- A similar complound wats olltaihedl from phtenol andi
tinguitshable from thait alreatly presented (im Pawi MN; buityl fl-chlororthyl sul1fidle (butyl-Il). on 41istihla-
for thle nitrogen mustardls. Minor Equatitative vari- tilrn with 2N KnOlI, XXIII yielil(E phenoll (85 pr
ationg maky hep ntu', hoe)'ver. Thus, ait pit 7.3V- the cent)i, XXII (q per pent), (Iimethylsulfidir (.39 per
nitrogten mitstardls atppeaL to reatet moreal'iiy with pent ?, ftet3'iene, and( a Small amount (fi methyl
amitto groups than dtoes It. On tlie Eother hatnd, If iodcide. ap lnit3l-If dleruvative dfempof~se5111.
appears to react more readily with currhoxyl groups larly.
anti with Auifidle thtan tit) the nitrogen mustards. In The Ilydon theory has been appralimed in this (0111-n.
thist rpsitert 1 1X3 rtuembles If, however, more11 elosely try,1u andi thle foillowing rmdIluis dIrawnl: Since in
thin it toes IIN Iofr IIN2. the (t1'clmptixit (f XXIII only smaull amounts Elf

As was noltecl Fo~r the nitrfogen mustard11s, fleriva- methyl itiffide antilahuge amounts of phenol ate
tivet' of It which might lie folrmed in vivo aure all formnil, the matjor piart of XXIII de's not decon-
ittable compioundlsiiler efinditiont erlmplitible with lifis a-comling to llydiotias sicheme,
cell lif. lDirpit evidlence in supplort (If this staitement
has lx'en (Il4aincil wihenever the stability of an 11 21f protein ---* If protein + 1I,
derivative hats becen investijr.0cd. In thle ease (if thoe
flerivativfes not spe'ifirally tifliefl, staltility rall bep hlid dIeompozites in a dtifferenlt manner toI vieldl prowl
inferredf 1w anailog Withi othier stlistance' Elf similar its which doI not pifliifes alkylating prc-.ertie-s. Thep
AI 11 et I Ie. alloWc-de'5E'fllil prodlucts (fi tflie decrlmpofyition (If

There hits been (E hyIXothetiCalI type Eof 11 (le'lvtt- XXIII were isolatedl after dlistillatio~n with 2.N alkali,
tire, holwever, concerning tit'- stability f which theme i.e., t.nder experimental ('o)nEtiEns known ito decum-
hitt Itern much slitrilaticl. Ar a woIrking hypithtcsis PwP~ W.iffmilim bases with, tipe formatiorn (fi dialkyl
it wits siig'stotl by Ilydln 1'*'~ that If rmbines stufides and unsaturated liy'lrocarbions. T1is (leplim-
with prolteins tit form (211 protein) E'omplronnlls Elf lioition is fuinrmntaliy oli~erent fr-)m the tite
the following tvlN'4, where Pr (lenolte proltein: toriginhlly proposedI by Itylm fir 211 sproteins. It

was1 ('(ichelicl, furthermoirp, that thipexperimenta~l
(Ih$it?(IAI *Il~~lt~iIA1 evidence flr the existence Eof 211 protein eomllx indts 4

In.I & ir I or il ritro is lacking,m fluff thpt., hie ljothli-
(II, (11 c~al (eom1JitnEI5 doE nolt vxIIIinl thie olh)Srved pilysio-

Pr~t~VI,'(it(llPr I(Kl,(ti,(itttr fdrial blehiorEWof I I b-tt Er t lan (Io theli kneow,, Ehfiem
+ + isiul ehai 1rtwtenstt (fo 11 itw.lf.
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19.3.3 Rear lions of fl-Chloroethyl Compouind XXIV, ra-dhneylsloim@
P.I1ydroxvethyl Sulfide (CII) chloride, wit- pre-pamle la tri-atmi-nt of flit- corrr-

The fact already~ divinisswd (pag 3118), that CH is vionhling hydro.yethyl derivative with thiernyl
an intermediate in the hydrolysis of H, madie the ex- chloride."
anunation of its alkylating properties of some inter- ClCHg~ClI, 0-
est. In all ewA.'~ in which they have been examined,
the reactions of the -hlorortLyl grouip (if ('11 are
similar to thti 'a Le. s14-1 1t haslen esatidCliVool, (III
that Of mreats with anions by replacement of the (XXI')
chlorine atomn to yield compotinds of the general
structare II(X'I,2CII,.t4IClIP_ Ther kinetics of Oompiound XXIV sand its tranasformation product,
the reactioto ame similar to thave of If: i.e., (11 reacts bix(O-chloroethyl)vinyl sulffonitim chloride alper to
according tUP the competition faster merhanis'm." lie the only compouinds known in which tht- sulfur of
NMoe'oer, am' may het seen front Table 7, tht compe- 11 in alkylated. In fact, there ame several reports in
titiom factors of various' otihstdancs foi ('11 do not the literature which atter to the resistance to al.
differ widely from those determined for H,. kylation of the suilfur of -chloruethyl Pulfides'.T7 '7

When diasvolved in water, XXIV liberates 3 equiv
TASi.3 7. camputitlo~a factnr. of vaiaus milutsoomp few of 11(1 to form the trivinylsulfonium ioni XXV,
It and !4r (11.'" which has been isolated from the reaction mixture

Mtownophlwphate 3.4 X 10' 4.2 X 10M \4.
Thkulfate 2.7 X 10' 2.7 X UP -C~~t
Cypteim 1.2 X U(P 0.9 X IM?
Thincyanate 6.7 X HP' 7.9 X HP ~ C~f,=CH
(ltori 2.1 X flY 2.4 X IV'

Afra~e10 5.2

The I elimination is atepuise, the internediate
It has keen shown that ('11 mrets with the amino bix(P-rh6,wothyl)%inyl xulfonium, compound Waing

grouip of amino acids anti peptideot,"4 with the stilfur almo kien isolated. T'he rat,- of the 110 elimination
of Te 1440 anti methionine,"4 uith the imidasole is %-vy sensitive to pff, being inerease-d as the pli is
grotip (of hintidine,' with the pyridine nitrogen of raised. At p'1 3.0 for exaph', the half-life time fior
pyridine andi nicotinamide," andi with the earbotxyl the liheration of 2 equiv of 11(1 is abott 25 minutes.
grvop of sodium acetate ""IM and sodium hippo-i and Or' thirdl equivalent of IM( is not, liberated. At
rate.14 Monuaetylthioditlyeol has loeenotynths'im.. p'1 9, on the other hand, 3 equiiv of 11(1 are pio.
The products of the reactioni of ('11 with cy-,steine ansi deaceul in 10 minutes. Moreover, at pH 7.5, the Mae
with valine have beern pwrrjr 1.21P In the former cuse, of 1I(0 formationt is marked~v dependent tapeu tht
mrtiom invijived the sulfhydryl gresap, whereas with nateire andt concentration of oither subsitances' in so-
valine, alkylat of the :umin') group oretirmil. Thle tuition. Thus, an eqjuivalent (if boorate or bicarloomate
61,.utt %or a (*If glycins' comlsxotntl was mentionedt depresses the rate of IICI liberation almost (M-fold,
tin paw 404. whereas aretuite and stilfate dlepress, the rate iiithtly.

Thi' effect appears to fie relatrid to thie extent of thc
I% -I Chemical Reactionq of.Sulfoniuim fdissociation of the valts in question at pil 7.5."4

Salt Relted o iiIt may bie noted that XXIV mreats readily with
in Section 19.3.1 it was shown that, on hydrolysis thiosilfrate, as doues the trivinyl derivative XXV.1"

with modleruate qutantities of water, If gives' rive t4) Compotind XXIV also mearts with cy'telne aenti %ril-
several different esilfemlaun stilts. 11w intemrsting pyritlitee." In the former case, 3i vouiv of sulfleydryl
chemnical and to..wroligiral propertiest o( these viulfo- grtpot elitppitur, Wsit bis'(cpdieitnykthyl i stilfide ig
nitim de~riVftives prompted an inves-tignition of the forned. With 2 equir of tcyxtein.' the 4tilfitle' is nout
properties of other sulfemtitem eIompotindo, of this' obtined. Similarly, in the case of pvridine, bis(a-pyr-
tYpe. idiniuimmthyl) suilfide is formed. !t woudl uppe-ar.
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therefore, that milbstitutiom of the 3 chlorine atoms 0
of XXIV by cystiie or pyridine lead to the forma- 'C-Ci +_ cj.N+I)(
tirn o( an urnstabhle, Pulfonlum valt. which decompises \ /
to yil the sulfitde."' However, when treated with (illicit,
alcoholic Na()I, XXIV yields ftns(flethoixyethyl)- Xti
stilfmitm chloride."4

O.('hlorofthyl-1,4-dithianp suilfonittm chloride / '\+ +
(XXVI) was prepared by chlorination of the corri- MVCII,1NC&Iti + oil- (1,
sponding hydroxyethyl compound with thionyli
chloride.' XXI i

/+ \ '+ The forward reaction doem not go to comple'tion at
~CIkif1 S*~tI1=il 1  pit 7.4, bit, rapidly attains4 an riitilibritim condition.

(1I,(iI, 91,, A study of the divompotior.w of the pyrldiniwn
IX.XV, 1)it cXV1 ompouind XXIX revealed tijat the equililiriuint at-

tained lky the forward and the revems reactions %%As
The behavior of XXVI in aiqueouis &~Aution itt in tJe same. Moreover, it can he msen that XXIX, in

many restpects similar it) thlat of XXIV", 11111s, the course of its decompostition, tshould give rise to a
XXVI liberaiten I 10 to formt the vinyl rompouind vinyl grotip, anti hence should act ait an alkylating
XXVII which has been isolatedl as its pierylsuil- ap'nt. Indeed, it was founrd that, XXIX consuqmeN
fonate. As was noted in the case of XXIV, the elimi. thiUetilfat4' andi reactst with the amino group of
na~tion of lI(l from XXVI is sensitive to pi1 anti i- alanine. In the reaction with thiotulfate, the inner
depretwed by the presence of bicarboxnate."4 slt XXVIII is; formed. It shotild be noted that the

Both XXVI and XX VII react with thiottilfate to behavior of theme Pulfonium salts ist in many respects
form the inner salt XXVIII: similar to that of stilfonca (wee pag 412)

A third. milfoniun nilt of some, interez4 8,48.rudo-
0: (I~iC~i: thyleii-1,4-dithiane divulfoniumn dichioride (XXX) 0

S \4- was formed by the reaction of TO, with concentrated
SC l('igA03 11(1 at 100) C."9

Evidence has been ob~tained which proves that the' Cbel
first step in this andi all other alkylating reactions of X)
XXVI is elimination of 1101 to form the vinyl comn-
pouind XXVII."6 At phI 7.) the reaction of XXVII The compound was obtainted as a double stalt with
with thiu'ulfate proceeds to completiot.. At higher zinc chloride and as a dipierylsulfonate. Upon treat-
pi'st, however, the reartion stops short of comple- ment with silver carbonate XXX is tran..fonned into
turn. Moreover, when the reaction produict XXVIII the vinyl compouind (XXVII).M
is kept at alkaline pi values (a1 9), it decuam- On the basis of the chemnical data reviewed in thist

t piss with the liberration oif grouaps titratable, with anti a preceding tecction of this chapter, a cerrelatios
iodiine."4 has been made btetween the chemical reactivity andi

The 0-ehlomorthvl anti vinyl olfernitam sults XXVI the toxiiy of a group oif 141lfonlium salts."4 It lou.4
and XXVII bioth react readily with pyridine to form been concluded that the more lnnouiaous Palronim
the fl-pvnidiniumn etl'.v,4-dithiane sultfonium sult ss'tgsimll posse.'. a rehattively Ntaile AltrOnilsam P11lur
XXIX, which has bieen obitained as the dirhlorade atomn, anti do not txwirww any reactive alkylatimig side
andi the dipicrylsulfonate)' .t" may bie sra in f'qna- catins. The more foxic sulfunium salts, om the, tier
tion (1), the re'attion is a reversilel one. Proof ffeW the hand. Pach 44on e'ither a reactive ride clanin, ort reversib~ility elnf thle raetiern rets upola the followingt a relativelY tirtable silfomium sodafoor atom, or
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curmic %, H. %crif~s O iffouittal thtat eltvtiyl 1411liottt1' fl:Wts ~it 11 itititc gli 1tip1-,

SULF)'IMl, AND) lDllNVI. SULIDIE (i if sutircne reads uihatnint, groupsm more rapidlyI 11w elienil-stn* fir tilt eoxidlatilm pinghtets (if If has than fits I% (rei soltion of fill sulrimne'." Thtet'
bfeenl cttieliell very epde'nsivelY. Thle interest i It of thle martioms of It stilroee with xlye;itte ort thio-.i
sillfo,~ife :jil 11 soilfeme, and their transformation siiate in aittletls solution is no greater ltti tilt,

tproxicts givinyl stilfoxiih' atnd divinyi sulfome, ltilts rate of the :-limillatipn fir ll( I fromitfithe stifoe~( in tile
lIee't matnife'st. for the most plart in an endletvor to atiietwt of fill", t'eal-tants."~ In fll-' ease of thu,-
4s1(4 Somte light otn the validity of the "Ptilfome the'- stilrate, consideruble zimotints or I 10' ane fortnel in
t." It will lit- ni'rallfqd that, neeernling to this thel- 1.1w early stages of thll reaition betfore tiny dliseap.

(pry, 11 miist lie oxjtilI in the skin to the silfoni', ;wnarunce or tlaisti'uato has t4tken pince'.1
fte latter beting till, iesie'ant agent. "1we sailfone ti-
orywt diLS-mllmief prt'vioitsly 0 (i4eim 19.3.2) and the 19.. Ictions of 11 Sullone, lDivinvl
reiticein fopr its rejectiarn were piwnted1 out. Never- ~ aoeadI it~d t t
theless, 11 suillfeme (and thle relatedl 'c lo uflnd- whidh-t~ im c
itin- the siuhjet of this .fitulm) hlis eerntinoeel to ne- I I stilfirne uplwurs it) x- very stable in pure water.1
eeive muc(h attention bieeame of its vesicny, tox- I'ven oin shulditig for many days, the pil efo the soit-
il'ity, neii I'Ioe (elwMieIlj relaionithip to II. fil o not very low, unti silver nitm -a gives a newi-

It ttfoile ist formedl on oxidation of It with it five ~r fatint pioiitivi' test for C'I-." if tile ,,ll of ain
variety of oxidizing agents,"1 such as- 11,0. or nitric aqueous4 soliitioai is ruised, eqluivalent. amounts' of
acid. IDivinvl sul1foxiele m1y b- obtainedl in exeellent. I[+ and CI- are liberatedl anti dlivinyl suilfone is
yield by heating If sualfcixide with afqueolts sollitim formed.L"" ' 11w Pliminat io of I [CI is cat ilyzed
carbonate for I houir.31 11 sulfone may be- preplared, boy Oil[, andi depressed greatly in the presience of
either from 11 or If sulfoxide. hi' oxiclatitm with biarltonate.16 In water at pil 7.5 7.8 and I C, -

age-nts such as piermangansite, chromic twil, or per- 1.0; equiv of 11(1 are formedf within 3 minuttes. In
adids. Thei conversion of I I suilfone to dlivinyl stlfee the pree~nice of I eqloiv of NaIIVCO., only aboit
maiy be ItePomnplishlt with ease in a variety of 0.37 t4qsalV Of 11(I1 Is liberted4 Within .10 m11nute." **

* w s."""'""' 7 'On treatment of( 11 sulfone It hatt becen notted that the elimination of 11(1 from
with trietbi-lamine in ii b ensene, 2 rnole of 111 11 sulfonep is slower in inger solution eontaining
are eliminatedl and dlivinyl Pulfone is fornwed." A1 phosphate tioan in hicaurinate.' 0-('hlonletlaylvinyl
similar reaiction eirs when an ?aqueoits sotlution of suilfone (prparedi from It sulfont' by trm'nt wvith
1i stilfotie is hatedl with calciuim earhionate,'" or I efquiv fof iiethylamine in drn- lk-narne) liberatedf

4when !I siuffme is kept tit roomn tempexrature in bi1- 11(1 in lunger phtorephate more slowly than flid

The em'-u witht whieh 11 sulfone eliminates lI('l to lDivittyl sulfome aplears tit IIe relatively stable in
form elivinyl stilfotne, coliplmd with thle great chemtial aquteous solution. Since, ats will Ix. shown later,
reacitivity of thep hatter, alas led1 ft the no~w wiledy flivinyl sulfone rene's readily with thiil~lftte, the
aret-Pteel view thalt if suilfone is relaively unreartive duispeiratie' f mreaive vinyl grotips on aging the
andi mititt be' tansfoet.e into divinyl sulfeme prior stilfeme in aiteeluis Ipiendionmae (pill 1..4) was followedf
14o undergoing renetion.14&.49.d" Aiot fer this by determining the derease in thinsuillfate titer."%
rontettiom' derives froisi several considierations. To. 1y thtis MV11tas, ILa lit"'peara1Uee' Of abouit (I lpt f4't1,
beginl with, in e'very case when eomIpatruble datta at"- of tile' divinyl sulfoni itt 04 hours was notedl." Aflfli-
avMlilalPl, If A116111' andaldiiinyl iqalfemi' viele the' tion oft water fitc.livinyl sulfoine is replortedl to yield
same reaetion proihtt ritlia given 'qili.tance.1" Eve'n taieouatue stlfone, presiuably Ithrasigh thifialiglyeol
with proteins, it lets been foutnel that treatment with stalfonm.."
11 stulfole anal 'ivinyl sculffine vields immunollogim. lly In nmarkedl eontri:'t to If sttlfone, II stlfaoxidie' lilt.r-
similatr produclts."i le firmnemt suppiort for the :-im- Mge Il( I only ve'ry slowly tit pl-vsilincal p~li %Idl-
erept that If sinlfone is transiformeaol into eivinyl oeti.1.2i3 " Tiw te' f(of I1(1 tpres! ition is inere'aw'.e as
salfoite priorlt ft ttndergo~ing 4che'mic-al reawlilln inc Cle- thle pi1 is raised1, atid is fliaI'pranaea in the pre'tac'M' 'if
riva41 fruin stuidies4 fil re'etioin rt'.It htas Ile'cn hiti'rliltiita'."1i l'It hea4ti-d With alIqilce1ta S114011,
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It ioulfoxwl xivft Awl to) thioxane *1qfitdte. 111W h111 tit( rinkttittl Witt% VySteitie h11,s lIM411 'uQjgested4
tendlency for ring closure it)ofveutr in urh Iesll tog it ilitimtitative tool for lt- detenniutation andu
the sultuxide than itith the selt:,e, so that fm hent- characterization of divinyl %qdfou.4, It should hoe
in$( Withi nfilteotS Na.C0l1, 4li~inyl 1411ufxidC is 111441 that, 01n treattilet of bill(Cy teillylethyll Itl-
fe ornled. L"tone witl% silver or nwcrettry salts att rnooleittely

talkaline' loll iiu, thet sulflaydryl groat 5 of eysteiviv
iQ.. Reactions of 11 Soollone, IDivindlar nwierenul, tis dalinyl slen.Ib Witli

Sni1foneo, 11 Sma~fois!e, andl IivinyI ji-ninqpoethatioul, divinyl sulrone yielils bi{g($-d
Stolfo~oche with Satilryi GroiE)II wtnlolytbt~ty14ifte' In eo)ltrttst to the

It lhag I"n knoWn for many yetirs that It siattene Illinte stalt oif divillyl au11soe, this prothlet (IlK'S lt

1 111111 roulily Witth sulfilydrl o4mpooatill Kelri lilsenlti relct'ing sttly$tlaer2(t 1,11l8.5i.3
'lrt'eetin oft 11 stilfo(li- iithI sutfhydryl groups

W~illi goulium thiopheinittesf and mtercaptitles (i.e., the hits not IcN studlied extensively. Witli soilittn tti(3
stilfhydryl vomspunds in alfeohotie Nit~ll at l(Kl C, phttetse' in 4tivoul, Ii ustucts of the strueltre
colonithul oit the gt'twrtl stnitttre

0

if
0 -ire ftoriiet." W~illi stitint plienteu, condensation

dos Pot, take place "I It has% been found that diviIWI
are tuitiiii'."44 Analogntis reacetions roetur with sio. sutfoxide reh' With stoiflydryl groups its yield (.tim-
diasm phenates and aloolts 19  ~vinyl sulfcone potinds of tilt samne general stniettore.1"' t2 In till cases
under similar condition.- reacts in the stone uinner the reatimsn- appear to he miore sluggish than atrc the
to formn the same- prOducts. rorresponingip mwtiomK of diwinyl sulfeine. 1Te re-

MillstI ultone stnd dliviny! ioultone retsct reackily action 'if the siulfoxid- Withi thiolihenol, which 'VIL-t

Withi Itauulfate in aftufrotoc milttitm at loll 7.5 to) first reportedl not ito forur," rijiires the pr'eenee of
form the wame Ilunte "atlt."6 In the initial stage"' of catalytic qtuantitiese of a batse.31 Ittiones with 0o-
the reaction o'f If stilfoe, 11(1 neeltilulates in the- thiolletiti aidit mut c'ystiw have imbeen oltti(,-
itoiatium nuore rapidly than thiuuslfate tIisusppt'ars. -wurvftl.21 Thw ratei of the reac~tions of divinyt sitf-
indlicatinit the transformation oft If sitlfone to flivinvi olxide With thiosueltate, cysteini', motif 0-merseaijto-
side.f1 l&liei reaction of. It sulfonte is miarkedlly ill- ethanol in atni s solttionm have heen xtiuiedl." A~s
W~ihed by hitearlrnnnt', whereast thet retietium oif Wag fituitiott etite case Withi the sultime. Its' rates
cdivinyt -riutfowi N not, it clear iunuhcntiuin that hipar. tire markedly wleabtive ft til, inereasingc not flit- pi
bumnate uteeruases the rate at Which vinyl grillngt are n-A-.. The retirtius for its' P,.usttu,., hoWc'ver, tirf
formned lls (ti"e not titter flit- restetivitv di the vinyl mouch %lower than tire those for the lfone."

i grsuieue' they air prei-111. 1 The Ihete salt fortil
in the ru'artien With thiostaite is uin~tatde in alkaline 19.1.3 Reactionot of It Sot moe. Iivinvt
solutioni. MWe kept tit lhI 18.7 for 24 48 hoturm, there Statforl. If Stalroxiule, andi Iivinvf
is a hlivrtition ifu grutteps (thiuusaelftitu') %viih eumatilme eloiewilNir en sRaet

Soofoioe it Nitoe'osBe
It has be'en fWind that the reartion of flivinylTvrieir' fI 'elueau hvnlstoe

sulfone with Ptulfhvulryl groups it, very sensitive to Willi nrous-ot- nitrogsenous, hnse have been sltadied
slight chueinpu'i in lol." I" l'or examplte, lilt roeactions ( (teni'tIihy must( u~ndetr it variety cof confubtisent. T1 e
Wilit Itiuiplwnl to formn bia(phentylthioethyh solfonse early Work revetsteolt hat, with primuary stuff1 wul-(ll
is eetulvzect liv nitrogu'notis basts for hne-arloonate. I,"~il eiis vleuiza se htznemui~~l
In aucuttet gslion thle rate of the reaction of fivinvl erivi~vcsar isttallv oband s. ch gofitis:

siofett' Withi the sthydhyl grouips (if eysteine for cil-ll (~l
S 0iuiereatptoiuttiitttui inelr railly uts tilt- loll +

igio4.11 Milo eyut ie ycstu'inly'll-fv) siulfume is 4 I' Nit 4).s N i.
tornieil."' This compsoundf is go insoheble thast it (hIAlt, (hliilt,
mepinrtes~ ulnumst uantitatively front solution, tend .11i.10"11 Ofi'e..tT0,,,~u tw'
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With tertiary amines, on the other handt, flisubsti- absee of anmino ni.1. With prolitie, thp. lotMijne
tuoo (itti('lhy derivatives reslt.?' (X XXI; wistas nol

Teinvestigatiotms which establishedl theser meneral
nales are in the open literature. For the mos~t part(X.t
the- reactions involvedl subsvtanesi (primary anti Iteartiotm of divinyt sttfon.' with the following rorn-
uereoumlary atiphatie a~nti aromatic arnini-) of little pouinds hais alsoi beepn noeted: 0-i anthranili' Swill,
physiological interest, anti were performedf uinder X-meulkylantI,.anilic :mwad, creatine, piperidine, gly-
d~nistie experimental condititi, the banse andi the rylglyrine, N-methylooilranilie adid, anti tatrine. 'No
sulfone hetuing heatedl in nuiteomis or alcoholic alkali. reactiomn between ilivittyl sitifone and the followinig

* however, with onie exception, the peneral rules thus conluits took latce: "" glutcosanitte ior its lkviio.
Pelatesl have been fil 3 cirminn hv the more Chloride, malcir anhiydride, N,,\N-tlimetliyluuttlinnlie
recent work. It has been fiottnil that aniline gI%-es twid, eht'JX.itylnb nla.Ii, nt
Wol a t ttu m ten"alsho 9ta 111 N rietion f dikl til~ ewt certain ter.
the tlrumes reactedl with phenylkydrauine to yiel thuy Ixv has beoen studgied in sonme' detailf." With

/ 112012 jkyridine, bix(O-pyridiniumethyl) stalfhme dichloride
(.,NI tif" isfon-l'-- In water at phi 7.5, the reaction to

form the pyridinium derivative protmeecis rapidly,
(III, bitit dites not reach completion, an eqjuilibrium eon.

andi that no reartimn occirred with acidl chlorideps, ditlim being attainedl." 7he rs'venee reaction, flit- tie-
ammoni.-, hydrazine, phithalimide'. benzidehyde, or compositioin of the pyridinitin derivative was also)

*frmic acid.6" invesAtigatedl andi found it) readh the sitme eqjuilibrium -

Thlere were also indlicatin, in the on liter tit". valute, thus proving the reversiboility of the, reaction 0
that the mmln uw,.rated with the amnino groupio of [equa1tion (2)]."
atmino acids. With glyeine ester in alcoholic Na2( 4 , (111 Alt,1

ety-I -timt--aeat--doidor I ,4-thiazan- ( C1. 1,
4-acetic acid-l-diuoxitt had beenvi olotaineiI.'I" On+ tIN+11
heating glycine or phentylitlanine in aqlctwitett Na( O , vut (II
1,-t4thiaxan-4-acetic acidI-ditoxide andi the coer-- +
niomiling lphenkylpropiti(*i a*eilderivative ne-tiltedl.7

More recently, however, ',wats shown that both II0 + 2011- (2)
sinlfome anti divinvi sulfome reacted rapidly andl ci- +
pletely at -39 .37 C with the aminf) groxipe' of Amino 'iHM41
avidls ii.uteo I" icMarbotiate sclution."' The prodl- 11wit ;myridinim derivative wIAs O%%nthe44S(iuc bV re-
igets of the retiom with glycine, uanine, plenylala. actfing a mixture of pyridine andi pyridine bydro-
nine, andt tyrsiwine weir tprepiaredl andi fotnd to lip chloride with divinvl stilfone in alcoholic soilution tit
substitutedo thiazan diti'ddes."' Ideticael prodlucts room temperattin'.16 It was found, ats wits to) loe in-
wen. tlti,.eel (minr It sidltesn andi divinyl stalte.?' ticipanted fro equiation (2), thtat the piosition oft the
Moreomve(r, the same derivatives resltedl no matter coqttilitm is. determinedl bflip thell1 of fltholtion.
which of the three- methodls of prepnratiemn outlincid high pitl valuies favor the reverse- reatrtioin, wlhee-ts
Mtive wer.e mploycd4.13 Itate studies indientedi that lower pilt values fav-or the torwardl reaction." lro~m
divinyi suffon.' etiminnil with the amtino gitl) of equiation (2) it nmay loe predlirted thait in tititis soo-
tiij, acids moire rapidly thaa t dite 11 sulfine." lit lutiots bix($-pyvridiniutnwthylJ sultoine Ai11ste4d give.
the e.%,* of tlie latter, fl4th ombinatiom with ant;nci risew to reactive vinyl groupsl" As Wt.m.4 e-ic;.eel, rv-
grouptls thuf noit pnrce faster in the presence of action svith die stilfhvshryl grnop of rysivine, tipe
tamintwivsl that did the elimination tof 11(1 in the aminco grnotp of zilanine, and ul ith thiosiulfate wou,
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,qotpoI." WVith py~teilae, bji4(CYiteinylethyli sutlftie and it nitrogenI intrdm, and, therefore, 4'xdiit,4
wasI forneiI.4 For ptirp,-oos of teomparimam it flity Ise mem of the profttim of Imill Asii. ii f 4lnNl~
noted! that bW$(-pyridinitimvthyb ilfitie ii' stable(-
Uinder these romelitioms, no reaction with, eysteine vw (IbI IIl

An qirliri m ractio nia(WIAto that 01li- 0 ibv4 '\vIx C4(

tween ihivinyl stitront' and! nieotinie arid1 or flicltiti. (XXXIV)
amiule. Wit It the~ latter two eotnrntnds, however, the0

% iilibrium wapt further toward the left [efluation (IIC12
(21] thsa wtw found! top m, the emile with ikyriffine."1 0A5 Nil

Attempts heave been made( to primmII the j)Vifitict
(of thle moowtiorm 4,f dii inyl stilfe,.e with the following(I t iAII

bue:"Ietthpy-ij4-hloroethiyIlamine, mnethyl-bim(0- (X~
eliliru~'tiyltai IHXi, *i44*hlothyl )arnine. ethyl- In auittrotis nolittjolt the -lilortietly! grompsf by

* lietlItmtiohttn~ne, me-t hyldlie-tlhnolaniine, Idiethaifla- drilvuze with the intermnediate formalism of eothyletti-
mine, qiuintsi, nIu~tnlwn n tyhie monium rinjps." Even after hydrolystis of theip*ihlorgi-
11w experimental conditions emoloyri were tile ethyl grup, howrever, the substance rea-ts with

*tun it s thte employed~ iii the ttynthesis of the pyri- evysteine, indicating the presmence if it reative vinyl
dim- terivative With f lie O-l ruthylamnines, ethyl- grulip. no heblorinatel proxloet reacts readhily with
fliethanolaniine, inethivltiethanitlamine, quinoline, thiiutlftife, roinsuming 3:iluiv in 24 hounum"
and nicotine, mreutitm prooltietm were not. ollitaeu."6 Tb. fiact that divinyl milimeetx with proline it,
With blne, It dervativeis( ufli h ttfst, XXXII give the lietuine XXXI ham iv Men mentiommd berfor
wits otsttint'tl, and strychnine yielded XXXIII."6 It has lien noteil that, thin sulobince is uniftabile at.

(1 (- p 1  .." It eom es- thiosulfate and arets with tht
*+ + sulfbytir.l grop of tcysteine ft forrm the diryloteinyl

(tI~t~N/2tCI) (ItKItI 2Vir.0, derivative of divinyl xulfonve.
14 4)44q *me reaction ltetwn 11 tmlfoxitle and nitrogenousn

bnsa.,' hastio;nt been studied in great detail. In alco-
* VI?(iIN(VI.0, it ~holie soduman ear!bonste iution, primary nliphattir.

CtI amines (miethyl, ethyl, buityl, henikylamine, Pe.)
(XXXIIx a x' Yield the. sublsftiuted thiazi oxides.7'

kept in aueious soliution." In fte cats' of XXX!U ft(e
iconsuimption of thimiulfter ituto Ie attribtedi to It\SC

decompiosition of the compotind with fte lilleration(lK ,
Of alkylitig groupsq. (ompinu XXXIII, however,
still rptatie- one vinyl girotp which might rro- uit Sr dr3' ilkyl aniinem, on file other hand form

tlii~zulfae. )Il~ chain compotunds oif fte general stntrture:11
A I h~ivin3*l sitze resorts with itlianolunine hydro- 4

4l'!urude in :ihnliol to yield his(-uyroxythyl1-1,4-
ti siztiimr djoxit tehioride.& This -Aubstzure' 4lO)Wly(i2(iV(l~('. 1
lilso-ttes stlkylating groups whlen ke-pt ini 11411144ii1 Wit!, at tertiary aeiw, triniethlinine, ltim(trimetliyl-
tslstiom sit jp17.5 its the pnrence of cysteine oir thite- :wunioeniamthyl) sutlfuxide dichatoridle, restlts.7'
,os1lft. I% Wuitli e'v.'e-iiw 01f. fliew-it.,invl *erivativp oif lDiviiivl musiths. like diviayl sitfeane, mjut with
uliv-invl .Ali i6 feirmesi. Whuien tronateel uithi thiemyt pyridine in 114q1stiA sola.tiem, althoughKI the rat ttieln
elileorilp. the hivilronxve-thl~ ee'mj'ssind is chlornniteil extent of fte mit, lion i-1Mit4 1uch 111.11 ilIa 1a tha of
to yirld eithr XXXIV or the isomeritc XXXV.1, IN- ' sulfeonf*.1' As wa ollserv'd wit!, fte s',lfeon, tlhe
The"' is seoine evielnee to) inelictef tit-t XXXV Mill'ion of thle Siulrexiel.' u.itlkypvidiaue uplif-ar-A ti lIn
4'Ni-t- in aI1lSoi eltiOlt. Contponind XXXu i.s a ru.ver'1'lu oie, the poIteiti*ta of thes equilibrim befing
Noll lii meme'swill,,tit Wotol dlerivative oif divinyl sifim oletiurinieeil by the' jill of fte nuwdin. Wiith methyl-
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itnn iiy iitxfeyo1l N-1:efl1ltai t 4- ii'la til iflalyeither rezat -if Willi .4me tssitt-
D Iitirmwiof fo i4 emoved Ity the virnatilt~t.in.

4114 -it,' I (19:3) istlpttpg i striking smilarity in ~ l~I(l IIKACI()N
Im'havior IM'-tween 0.,.utw'itatlm saterne' unti On.ui- %Nt) 4RII fl (11AII.lt1 M lrl)I.S
Stitlte4 ti lfontiatm mullts." I'Tese similarities may loe lit the( coursse of tite work oin vesleanuts, the Awnsa-
PtitmmahlsImt a-4 fo~llows: '1 The 0-IllM'otihii titlfrn"~ istry of meveral sulmstaiue.m's of thle general formula
anti smtteroniim stilts limse fBCI 1w elimination Wilit thft(lit- II64114(1 (it - alkyl, 11hti-iyl, or lienitl group)
formation (if renective vinyl groups. Tite eliminatioit hazs beein investigatted. Interest ill these ,-te mine-
reationif ;.I each case ist similatrly infiluenred bV handed mustarils liss IN-vil st amilatedl lIf t wit etii-
ettiasigei loll anti by thip presence of sitits (hicar- siderationg. lb tlip first plaice, the( 4chemistry of these
INmnate). 111c, 'lfeoniim sailts anti It stitfone apwoiar s t stances lits beien investigatled in order to nAser-
to mreat readily Withi i numbie- of stu5lwtne to form titin, if poibl whether their pooir vesicant power
p.tinlisfiii .-if erivatives. In euici(-time, however, re-lative toll 154. "it-inteti Willi differencles in 4.hs'mlicad
rhemiet4f reaction is preetelhi the elimination of mreativity.b* In thep secoendt place, studies ott ot-
lh( I andtite formiltioln (if reaictive vievIl grolups. hiatdil vehviczu'ts wen, undertaken in ft- belief that,
'lir. is, fin tublition, at striking slimilarity in the lIe- they would letul tit cfheistry of gtut4'r simplicity
Isavior of the vinyl sulfonium andi vinyl -ttilfone and eitual significance to that Which coumld be t-p
grotups thus formned. Both grotipet react readily with rivedl from it study if It

4 1%pyritline in tulueous seltlou at. loll 7.5 tot form It hast been fouind that ,te one-handedl veteie'nts
p-pyridinium dierivatives. lI both enses the Irruption hydrolyze ait a unimolcular rete as was obsoervedl
iot reversible, and the sped of attainment of equii- for 1I.11b li'hu abisolute vaaue' of the hydrolysis rate is
libtrillm. 35 we!lias the nuisitlon of thep ecguiillbrilum, 1.e different foor each compoundl antd depitelds litinli te
similarly: influencedl by loll. Furthermore, the pyri- natuire of theiI ru.Tutehyllssrts
tlin;tim derivatives. in bofth enifes are unstabIle, and dest-ending order urr: et-hyl $-chlons'thIlyl sulifidte
ehecompusme with thep formation oif reactive alicytating etl-),propyl IS-ehloroethyl suilfidle (proptyt-Il),
gmrous which miine readly with sulfhydiryl groupsx, If. phenyl 0-'htoroethyt sulfidle (pls'nyt-i1.
amino groups, etc. Vinyl -AuilfOnliuM andl vinyl sulfont' It hais been found that tithe uaahstnces listed above
groups reaet similarly Withi thiosuilfate. In boft.1 ease-s liehave like 1i in rruetions inv'olving the 0-chtorti-
the( rate of reaction incease with rising loll sn-i is ethyl grouip, stibstittion of ft-e'hlorine' tieurring
unaffected by hieurlionate. At. loll 8.5 0.5, however, bly at unimoleecular pifeess atcemling ftf (themtxw-
bocth thiusiufate dlerivative-s devompeose with t:.e tition fator principle.- Xfori-nvcr, flip eetworiltihn

i libhirtion of substances titratable with iodine. faictors for ethyl-Il1, prioyl-Il, pheniyl-li, andu Is are
Finally, it bst be'e'n noted 0th0Iteetic 104d is I'im- the saume fr it given iona, e.g., aettate, chloride,

mnatedl from flifteetyltltio',1glyeol methylsulfoniunt thtitieanate, thiosuilrate, and :oohohslae
piciylsulfocmate and also from di.-PAetylthiocliglycol Sincee the( eompletition fattors rfer to) hydrolysis
sullfone by treatment with aqueousA bittiirnate, andi rates in wateraus it rference, tile rlative rates of re-
that, in looth ca:Pes, the resultinit prodaitts coume actiorn of the four vesiants4 !:.Stecl Wilit Al of fte
tliyo'alate3" ablove anio~ns is the( same compredl Ns, their ratest of

For the' g-enra proiblem sIf veiiation, ;t is of soime reacition Witli water. Thienldt ztb.,ateftiont rates with;
into-reet thitt derivattive of dlivinyl sut1fonle ain,, 11 nions varies with fte vesicanut. in thep stini' order its
sutton.' are fatr Ilion' itaimle Ow tire similar tierivat- fth ydrolysis rates Aii witwler givenl atove, i.e.,
tives of 11. It i-4 :IN) of interes4t that some of the stat- tylI> op-i>I > iie l-." Thps inter-
f.,ot. compoumnd., clecompome tot yieldl reacetivea:lkylamt- mediiatp pi-cition fof the highly ,ifI it, IbII;
itut groupsm. It sems nt? unlikely, therefor, that 5, of otherwise relalively INN) vesicstuts4, itiliratei
itsi' it-i primltirts of tIN' reaction of dlivilivI siulfone that there is as; vet not satisIfiu!Orv ehIIPMisalI11141 m it
with rellutlar ron,.tatu,*ni, woueld uanilerg, is similar explain the eroiside-nolI.- dlifference'o in physiloi~lrl
-khefiniiicrition.", tShoidle itruit a1 ciecoiimlsitioti INf.ulr, jsmtelttiy whitl e-Xist 1sf-t ceeln If turd thet , $q.an- 114Ifif'e
it 001114h! hlpfetmnw pelifKhl. for I moleea (of sutffme to) vesi,'.ants 4 ( Chaapters 5 anti 23 1.
nsast ill 1s1aee4e1ie4n with, wverat funcIItionsil groups in Tnit. reaution.' off Isatyl $4-ehlorix., IV lIv-i 5,lf ii t h.,l-
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1lan 1etkvl 0-4-hlonlethyl sufi e -izyl-Il ) with dlioate that Itutyl-lieublesMl h va;rbiox~l
amfinlo aol haebeis~owlilsm ltail."T WVith group to tuorin tito ter t

kyltltioieth*vleistuine, whereas with tipe motnanino, 19.6 CIEI~LREACTIONS OF l.2ui..
moalowarlsrritoxlifo amino ieids retction otwoiirs on W~ (.111IA)ItETI I YLTitilo)Eri i N K (Qi)
fte siino group %%ith lt-e formation or monto. or %ND)A~$ IIOIKTIITIIEIY.
disuihisittiti~l Iw-nizvl-1I del~veg of ft-igo.eitwral II C)
formnul,Is 11C I'1SC11 2I 19.6.1 Transforniations, of l,2luis.
fir ~ . ~( ~ ~(0.Chloroethvlthio)etlhane (Q) in Water

(CICII!( ll?)2 ip Theinepties of tile hydrolysis of Q in ohibit sobat-
MomositubstititlE derivatives h~ave been obtaineol tioa tire repiortedl in Chapter 201. Uiter thes- vonoli-
witlh itinine, valine, isoleurine, andi phlAvtlanine.7 tions complete hydlrolysis tot Q gly4col oracn (Fijg-
IDisuhstititted derivatives have licen obtainedl witlh tire 3). When thip ratio of waser to Q is4 mreoe tot
tn-ptophane, itlthouigh the inulole nitrogen doi's not ;A)l volumes, flie hydlrolysis of Q is slow, date ft its
appear tit reou.' A mixture of mono.. andl diismabsti- extremely low rate of dissolution, il( aifter 2 :1 flays,
taild uerivativ"c resutlted from thep reaction of lien- shaking, when 2 equiiv of CV have biven libieratedl,
zyl-Il with glycine, leneine, andI tyrosine.T In the only : 'out. FA) 85 per penit of tlie If- to hie expietedi
Pase, of ty'rosine, reac-tion ofcurs at both thep amino on complete hydrolysis. or (Q hast been fornwd. This
land the phietosliv hvoiroxyl grout). It has been notedl finding inodicates that. sulfonium stilts are~ jwin-Att. ill
thitt. thep monousbstituteol derivatives are stbeto ft- hdrolysitte.12*" The fact that the libertitionl of
Isiiiiing in an lI('-rormic ariff mi:ture of the type If+ cnntiliteti after the liberation of (C1- is complete
MOMethnet employepd to hydrl)yze ptOteins.'7 Thie milke" it probable that miome of the( sulfomium salts
flisilgltitigtedl tyrosiine :.nd tryptophant, olerivittiveg formed thiritig thep hydrolysis of Q are unstali-"
atar stable ill alkali fin prolongrid standhing~ at room If aqiueous bicarbionatte is saubstituted for watter, the
temperatutre or off short iiemating to lt' , C.17  hytirolys-is appe-ars to Ite sometwhat slower, anid flie

*Bukvl-lI gives the samec tvlpes of d~erivatives with extent of stalfomnium salt formattion is less."!
thle moruoamino avids as toe" benzvl-Il. With lys4ine, After hydrolysis of Q with either wate-r or tuilicoltti
thep e-lautyltluioethvI derivative' has bieen obitainedl by biearlionate, it prec-ipitate is present in the reac-tion,
heating tlipr opper salt of lysine with buttyl-Il in mnixture. 2 1hM. ilnsohiIe proih let, ob1tlaiil4 in 311,5e
akline solution. "M'e renolioni oft littyl-hl with thep cenvt yield, wasi shown ft be a higher hloomolog fof Q
imidazole group has Lvcen studtied in some dletail."7  glycol, 1unatyeeenomfdnsa'oil(XXXI).,?
With imiioilole andi it molies of vrsient, disubstttit- The -iame compound was preparedi by reacetionl of Q~
lion c'tiur with the trration :sf a qutaternary tt. with 2 rijuiv of ,8-nieroapto4rthauio, anid the idc'nttity
A momositstttrted oerivati'eP of imidavole h:taso of the isolatedl pruluct and thle synthersied cmomn-
lieen obtainedi. W;th~ listiti in fte presee of cx- piotnol was estalbshed ly romptirison of tlie melting
es hmt-11, at trisublstituttion prtwohiet contating points of( the( oiaretyl land dibieniosyl derivatives.2

fine oqtaltArtary nilrimen aitonm is feormedl.' Appam- lime forrnuttiom of pna'hlnttauld-eu-ho
ently two butyl-hI n~idl'tes lave reactedf with the was presumed to occur neeording to fto mectionl
imida"Zole group andi it'. w'dh the a-lititio groalp, si-q.uee given in igim 3. Arrourding tot this selmenin
sine benzllvliistoiie itol a isubstitult ionl jwiul- thep diol would lip fosrmjedlby hyuirolytiv vleavagie of
utet. WiVth, glvcvltryptusphanto there i.. evidenep to, in- tlit- suairomi olt of Q chdorobydlnn with Q glyrol

+ +1101 4 + 110

Q IA,tolvon1 (j KI"OCll2j4

4a.+

(11A114 4(IIA114h (1f (1A1 2 (lIciIiI

riiw:..Trin~~.wnt.U~m~ #of2i~-~i,~ubt~i,~I r (()I its waf.r.
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e't l groi. Ei1the'r aif the otlier two C-Irlacan-seIfoir haveI te st reettire X X XI

I) loonoeoo'te tne su~lfanim group migcht barezak, andl then- 'flit IlavalrolilS 'f XXXII IaMaS 1114-11 iavestigntaVfl
on-e 1411114ena other $sealnium al'ts tMeAssabl wivja'h eiotal in .5Ixtjr cent stefoaa' avid fundaa tit IN, a'eaaile'a'ully
:analerivo similar a'Ieav~ige. In a'itha'r i'aee Iiixlhar ora ftimfer ftn that tirt i iihgitii aeiniiaiiti fromn 11
lowa'r hiameilfi"a f tlie Aicl jaeiAtede %%eftuld reuan'~' ttd T(.1 ;*! am~xotiai X X XII nlsai i'e'u's wit IfI tioe-
Ae0teaallv, the 1:ieah jiolted 'a I t4 tailolact 6 SC( lew, suate, 2111l oe Ilt' gia till' 'activity ik Iti'att'r than
infdieatiuag v'aaatiminsiitiofl with oither multistjauaal(a, thalt of the :aaaieaglioco 4I I et 11i1i4aa.11 In filet, Iilts

;arolutfohlh haemldWaa. 0 glya'oI wtim nalso ielte front lace,, jmAsnteel ouat thut th' I lfi irnu Poalls oft II,
fll-i Iavdroak'ete ira 20) 25 ;wer p'ent vyi.Itl.'12ie andD(-'iUeKtithlNhvI pflhr T*r wihm 2

-1 Giav ifivttW li pnll' in the'ir rottes of halrolysia ouc
ig.6.: Re'aetions of 6-Chloro, thih Iflmi reuactivity teiwnIal thiliaeuulfute, the ae:aetaityv of flue,
(if Q with (:0elaufwanils oft lioehuenmiiah IM erest pimwnt vei'tats i'ttws, for looth thle chloritand~me

livi rene6tionsi tif Q~ with, it variety eat finottinmal the oinhfaauiun a'ianoiistnls tile reiuwlivity Ii deaseenal-
gro~ilas wits inmvestilata'ah 12 in moot-it flit- soame mullinr ing oreler i-4 (J>T>11.YU'1 Vwfrternmere', thit- vesi-
ats it- flone ini tlie' ('It$'of thle fit rifaii miut--mros. li %;tnt'y anad teaxie'ty of thep ollileare e'eaijasitimls tie itt
oelnaeeas bieuarlieiute tit Till it witos foutndl thate Q Ilhe saime oirla'r.
aeauuninae's wito flie amino groeaias tif naama'rimsamino A~s if reminlt oif theme studaiae, it woiuldl apifwar Old
zwuels,12 namelyk, glycile, itlanine, htistifline, auginine, he rowv Q iidl reamat wit ia the same tyies eat (ana.-
kysiuaa', ghtitarie :itel, sa'flie, )hiefylsin i tipe, methica tiomal gromups :s woife If eir tlop nitropin ninsitirelo.
nine, uiadl thile jac'itiale Ivali~yghv'iae. Vliae exte'nt oft 0 iifte ars froina HI, hoeitver, in fte mlailit3' etit ai xi-
fte taeoin wsm in'remsed l b rilising flea PuH. 1*1- 4lz'tiarn preacluct. 131.1t1 tilt elfa)iIalS anll thip (limeit]-

elenea wits ibtaineel fair it reac'tioan of Q wihm the seal- 1:eiae of Q tin, rmnrkml~ly reeistuint ti layeralyaais
ficle groalafori ma't hioine.12 either fit watter or in oaimeans bic'arlrnaate.60 A newt-

Bfli nte use' cit a'unjeitiam mi-thodl, a'npickving tive test for CI- iim obtainedl even after Q~ ehiaamlfene
glye'ine its a refee'm'e comnipoundl (.Ae page 403), it head lramuttinael fair 25 dlays in aqaeoaut Iaiearhontte
%%-si noteel thitt Q~ cominue's rptiffily with jriblazeile, .ahaii.
the jkyalehina' fitn n re it alk;yridina' itself, nia'eitinie' 196. TWnfr ain o i(-ho

umd ndl nicotin.omidh', tlip inline) nitrogen oif jaroline, traylnetl Ether of binWatelr-
fie tarblax glimt,) fat soilim itetate andl in- eIitlwtot ter(' i ae
lieumoexy glitamil acifd, tille hphi aute gucamap t Thie kineileeA aif tie iayclrolysis (at 'r in eluata' aai-

XaM IPt)4 air medhium glya'vroacapasha ' aclithe tionm hzave )oen inve'atignteh in seimefet.-til (ieee ('hatp.
souafjele somltuar of thaioelioflaI (T( ;).,2 (I sehiw, sauna' tar 20)). In more coeentrataei solhutlins fix.., I Ifwr
wheat Iess' titivity tawi li thetrtiaryv nitrogen eat arent suaspaenionhs) T is r.'pawta'd tea yirldf a mixtaice oar .

aliphetia'i anuicee" oreia its I rie'uhlinn or triethil-l o sitir iiam aeits whia'hi, lanai it hat-life time' eat
amiame.11 Empnikvoing thiitilfata e tilell reera'uaa' mil, hiydlilysis e'stimitteal toa lip' 314 61*13 a.", Sineea T and
,'tae', it wc' feauana that.t f'toeeianhnae with hlexa. its hydraolysis preahirat-A e'aeit rnemtmin twi aeuultea
mpf'thalene te'ta'aniaie ' itoni, tlie iossihailitie's arei grent foir flie' tfornmation ia o

0 at re'nelily ivithi SIculhavell greiap, its exetn- iaeva'rem flitf"'e'ai lf Aiuiiam milt". R ff trutIient ear T
;ulifite'eIt laysta'ina' er thaieasaidte.l: The'- greaciret-A eat w~illha atm 21ei s soluitioni ait T(s, the soilfeanitim malt
thaamea' retioauae, th'lie iyste'inyl deariv~ii'a' emie1 tle (XXXIII) wits oeiaiuael aSi it Hela'iaeakita.'' The silb-

llaitite stilt cit Q~ have fulfilu isoaeihmla.? '1hat' kinetio " for m'tnner hayalraayi' sleiVly.t 75 pe~r (,list fit f eloy, meill
te th1ioamilflita' n'aeetioit hnve lie',, ,atauliei, 1111l it lilts eoaastinmp'i tlaiaaaale te' (e Secation 190.20.'

boe'a noeted thuat the' prooAiu'c eam wais ft-e ('uWe with , I 1e(ci.('hl: c('i,(tpiI
ia;tim ainit re' andl itiome-noleah.It f thicaseiltate reeen- 4.'aAt. +'I)1A1)IA.t'

TIh'e ofahue fa Ilie, rae ati f Q~ 'aith thioaaliglveetil li mh itX.tia(I('14
hla)(II~I (11/ I~otI 'ha re'artiin!a eaf the 13-f-blorela'tyl groep-. eat T'

a. ~~~+ wilth arniiia eat Ii'hemiaa iiiterest tilajaeear ntat
54~ ~ ~ ~ ~ ~ ~~ ~~I hav'1.41('fl'(hA.4 ea hi o pe ian inva e'stifvtal. T'hea n':at ieiia uolty Ie'

uxieIm 11 x~ft hil-A-fl e'xjaa'ated tea ;narallcl mhia.' #ot 11 canal (1.



Chapiter '20

KINETICS OF REACTONS OF SUL~FUR~ AND) NITROGEN MUSTARDIS
BIt Ratrne,1 Colo"

til.I*ai~.*. lhog b' tt irINvwi e' IU 11wla.t of t e' ictro s maitslfr.. mowoar, the-
heeatau'of her a~gl~haileetophyeibigeal meht yhimityoan tem irwti~ (?Aith t ' ~tnt

nIl:.f KwiN'm, o it , hatirt not f thy sufu a n atn fa reogdntoe inott o
Tapemtheqitpn inatvis, at tectalmkyinatin thia~rn f iear (nf cyc~mlic pfeiatint'tn contai nd

Waitr, iatw sipplii',mat~l, nd trran, aailaqu 84iatteti-y ifmtpe. l'nim daterva'tis eanbethevi utication fte Ugnt4 aiii ntigc I'Mtttt1i fljatin i .)cn44t'1~hain.
Kinllat k tina Wata mar I ie ra'camr i r i l th n fol- (4 In v the nil of the eipont iltw' hnd nlfair

loin tras.tep~ mlhechnit(m fu r e nieri hiv Proctll anelf&d4 wc uimf mn more tanif.Mmfvr tclem
1xthwilAi nit hlttlW'ticni utntoytairli nd a lt'A('ll, it- etl oitint~ e two te vaio n mietwithttetm wine

representf th.qlfaar isori nte atont: they .xwai" rn ti rat-terha niin renctito flat'it

cyi lit- cna'tinawih iati inam iat off a1 ift-4 to theigeatr an ie iy f nitrge reouaiin t
Witerfoll ipli" maerelani trranant uim 4ulan tepv ime s in1a ialater tate mit'oncn tiw'
the otlpiisttio ofthear-titin etoaxerati~trlimpoant. in ithe ated. ftor im-

II$ki I1The ration may be "cycli wit .tih fit t Intie of the. two carn. of compoanail...Ter
lowlli tw-Or in-elnnim fr tle irtonf ofli cy clit11c Whichm itin, on tentrogn otneaib

tith, 1mi1ion. and ith yarlistas .hard nIM 1 141"4eo. phiptl-ac)t(I ewlo 14m tftel il

*reliosn:stemlu rntonain Saytepl.A i-c anthr "rtinn: the o raef linappmur-
fuar o iuthes n im catiof tare with th narteaRe A.c'trto 11P reel~ thIXa avidvaio toX ancnn h

*~~~~~~wlt tiI a'til w-ith -as t7a'timto( CI * cylcsafnmmrti fth ilu a:ana lw
+ nfoitili acemm maa e t i aipfelae t nt , It bcf iti the

-~ liA1IIf~ rae offomain nf time. Thisa ~is i theatiltf ule
I7AIIHI 14lcl + m mt peirtknt (am te atimva inflerentratioameef til IIX

stei i. Ile tnitio (i ti(- ycle oiti vam ansit kI,. im th c.thtit utec efmunmani4 Theaw
with in-4anti wit aim IItahrutbXIm ii c onium vaflttio of the nMit~ratC.'iltt mar..

Ileinsan:tv liamles idfAm t'atim inw ttet ionbai the nti't of ratt'nuf
i~f X- in eqmaaetu or thiim ofiu he cyic vatnio with airs of

('I (; ~~aid uit* tul I istim reersl o stp A, ennmitntion rit iX IIX, liannX in iwrtaitndl ex-

M i IA1 in X --- b- ltiotil (2n) an12 iti 4 2 fi CVeloity 1eo.'tantin PiiaOr thmeitAm ftrs 14almas fill

+wateape ftXi qain(c r cne- biaitmap. i t ofte apmrtaiketet J~V Imuticm rolec
A ~ ~ ~ ~ ~ M1: Iit. +it 11Stiir o Iin A -14-': +eg. py I fie (and ply tileteii tn thiaust ao,~niI iomn tttin)X, iIXo

RaifAics 11 (eg. mctaioitan. 4112I s- ilrtdony In" inerest tte that the lmi at" t iamrio-
fluealas of bi' eton of ime haW iitsilil' tdu5 ' plm a t t inisatoI, ut t heii' nlative itijamal hi

Crwi- r in ii m+M l tktervra fse A). ta'awt i or.4 it , i aiti Xta samlif- nas -tail ex
oIl l, .64 a~'q: nt i " 420nuia -. ugm uf~p ientu t.npe I ltt . t ntsiril. In in h i';'ada ttnnof a)1 ifrtur ite r-ataja

ip. Invm- l motn k-ocda ktitv it qri~f oai f-t-. . t riltfI vd aky t rbu e f t il(evilm nd n m14 'lsei so141fi iA it itnne .l * - lb rttd on - n nt. f it ot h t h ol a instl0h mthe~~~~~ ~ ~ ~ ~ ~ 0afo h-w-n ftl hit iiil y" i ioactitufte vtii u -uiI-yhg



411RK41tflONS OF SULFURi A4b NITHNE;V '1tLW ltIS

lit ee~.omniniug iVNL'tiolfs of the itrogen miustants thereon, anil byv the( ntiur of the hal1ogeit &u sot the6
aP1Wll41ci('Jift. Tht' restilt from tlip tat that solvent.1' As, ind~irittted in Ithe ('ilajtiontliov~r~e, the
the nitrogn mitstards air weak batses, which can pnwe,.. was known to he irversible, but the kinetieks
unlergo the iniltial reetlirn of cyclizatiom (step A) of t-he hack reaction do not sm to haive been stiulited
only' when they are in the forn f thep Undharged Now ini the early invcstsgatirn4, except ftir utnsuesswful 0
nmolecule. Inasmuch ats reaE'titin (21)) (including lay- attempts "' tol teterritit". the eqjuihiiriuni coinstanit in
d1relysis) libierati-4 11 , thli kiiiet irP o f the nitrogen the g~-hlslruptlylamine system. Th.:- failure was prob-.
1111istailts iai iiiiltffenmf w4itoms may bet'ome highly ahly dute tot interfernce bky side reuetieons (polyineri-
compl~lex. iztionis).* It is, in fact, knownt that. ditnerisat ion andio

In the detailedl review which follows, the nit rtNW-i polymneriatioa (tn take place ati becrome Ettianti-

mustards4 are comsidcn'd1 first because the theory of tatively importnt in (*onventnifed solutions and ait
their reaction miechanismsA is batsedl ti more complete elevatedl tempx'ratures.62 %

and din'ct. eidence than is aivitilahik' for thep sulfuir 111P nitrogen mus1tardsl Which have been of greatt-
compotinds. "st interes. ros potential chemical warfare agents flor-

ing W~orldI War It ar tilt tertiary itiinei; of tihe gen-
4.0.2 04:11OROEIMAMIF.4; N en type ((1('112CIL1)SNIt WhVre It is4 VitiwiO an
2O.~~.dfOROEfIYIMINE IN kvl or a P-chloroethyl gti p. Coen.sjitently thep

IloIX;ENEOVS SOLUTION niest (letailefl recent studties concern these, tertiary
A tendency toward intormoleetilar cyelizatiemr j... tiins bu~t primary anti seetmdary hiniogi-nitd'd

the initial rnection in it ialar solvenit is a rltanacter- alkylamiines have also) receivedl Wime attention.
ijt-w( propE'rty of primary, seco~ndatry, and tertiary Since oer haltogenatetl alkylatmineg in gpneral the
aikylamines in whiech one oir more alkyl gnrnjps an' p)'i,",* of ryeliitioni cimitit in at displacemient Elf

hitlogenatedl in the beta toomepi postihm. Te trait- the alkyl halogen IIy the lImic nitrogen tom, the
fortntotii yieIls halidle, aund a mtore or Ieset stable hattieity oIf the nitrogen aMn is a factor determining
heteryelie eomuoumind. Ito thfe ramp of primary andI t14' eaose -If thre fdiMPlaaement.I Moreover, cYclimatiOn
ifeeomilary amines, the hIeterocycle mav hie -it her an etutnoEt occur when a proton incomes etinliniteil
imine Eir an imor irn ion, depending upont the phi. with the nitrogen atom. Consequently, in the ease' of

Tertiary aminett yield exclusively the immritam iom. the nitrogen mustanis, whic'h are all mnore o- k-,s4h
JIM in1Vcstigatifms of( the past several years upon the weak bases, thep reation rate will be- a function (if pH1
tertiary fl-chlonx-thyitmines have ccmfsielc'ral)ly pm- in siolutions Elf modrate and lo1w p11. For the. saome
t4'ndeIE' the EdeIEEriptiom Eof thpe Ehemitry andi kinetics retson, thep st1P Ef the nitrogen mutdals, lit the ith-
Of this interesling grf upl Elf CeolfiInds,2 II..9- 111 anti lsfenr Elf stiffivieiit ecess5 Elf strng addl, suffer stome
In tpirticutiar have dlemonstrated the pormsiderillp rip dipmoctitin tit the free banst which uiill pyrlite tit its
activity Eof thep cyclic ethylpniim'lnium irng s ikyl- charaeteristie Mrt. 'Ilis areotintit for thes hndling that
ating agents. I ieir hlvdlrwchloriles in water sollultiot hyfdnolyae, blut

In the (ItE Elf thep ,?Th'umrp halolgenatetl aulkyl- onily at a very slow rate. For example, it has lieen
amne, hekinetics of the ev lizatiom prmces in '11alcui luuelat a 0.13, tiohitiom Elf the 11 drochlondife

aquotts and pirt-aqu'e~uis solitierns hOul been stulieI Elf inethyvl-hig$.chkfi-lrktvl)mnine (IN , In h
rather extensively biefore thep war." 111w foln'anl Juro- prese'nce Elf at slight exesz Elf 1101, Elcdm)lxr* at it
emt tof ring formittoom, uinder proper esmilitioms, was unimletilar rate with, a half life Elf 4pp)oxinnIte I
estabilished ats a strictly firilt-onler ru'ariiie aina- 3 years O (disticiatiornti o the- bse, cyelimation, andi
feeted hskv momlerate conentrantions Elf salt, alkili, Elr slmetip-unt hydrolysis were inehiffcdi in the esti-
Gov i. nal eoltaminailtm: mte~t).

+ In a natural water containing a Elissolvedl nitro-

Lai-I'.N1 .14.l)Nl en mutstard, oir in .an agedl solution Elf a nitrogen mtis-
-, tarul in dlistiill wate'r, unconitmllet at-idltion 11

oc'cuirs, 1isuiadly as at result f the liydlrPlyS41 ; the
cyclic intermnediate. The E'rncnt.itioln Elf residual

(I~(I.Al +~free tomine is thits alteredl, thenM'by coolphsating the
ime rate Elf evciitisim -ias shown it) her influoencedl kinetics oIf the initial cyclizationi react un LUiE al o Ef
by the hIthtl of the side chain, Ii3 the %illstitte-nis suibsetiuent reactions. Thie resiilt in suich unllffeE'E

SI111717



mtittiE~lmo 6 a c'imjiles -4iifting eqaajililwionm of com-+
smoentg anti reactions which are extremely diffirtift + +

to formulate, In mitt-h rases, the end proaiwics att (41111- +
filbritint wilt depend more or 1esm on the initial e-on-
rentrutiern of tlip amine, its moltability, n w i f- I 1 (I'I,+ 1111l4I1 b ien tii

. # (%Velir ititiwian (20')
activity of each component of the m V.tem as con- +
alit ioemE' in the progressively changing puit thring
flp MR-f~ilm.f. I1,XII(1t2 + I12N( l1124)11 --4*

fit kinetic stuldies flhe complications mentioItel+
ablove have generally been avoidedf in part lky inma- In thec ame oif aminies conltalining two or three 0-eho-*
tiring the metiom rate in the prese-tce oif ex'SKI5 rothyl grtpo, thep reaction meqtience is undergone
ulkali.1" IPiwedurs I.4fr emnployinig bulffer" to main- iy rach stich grtuip in cesi.
tait constaint li hatve tlie illoavtultite' of itii In tihe following presetntation, 4-yehizat.ioii (1In), mt.
thueitig buiffer anions which may, mod~ify the milpmle- tvel of eyelizatitin (Ia), hydrolysi, [(241), j, slpcial
qtae'it reactions of the cyclic imonium ton. A theo- came of (2101, diineriuatiort [(2e'), a special case, of 5
retic-ally more matisfiawtory antil flexibple methodl 1" (?.u, utaiinoflernutoscrtnr-
maintains conotan'.t iflnit itIifferE b'y meauts of aclit; of typews Mit and Mo., incltuding (2r) ito at
miieVE mtietO..uliitio)11 Elf alkali tunder elp-etro - sithlcm]steIieimt ul--iie
Ile'trie egmitrol. Under theoe conditio~ns, the EJIpuIrvei l ctlcs. i''Eii~lt'E oi~ctaey

rate of' c'yclimation is, propiortional top W-' fl('glI' of 2O.L.2 Cyciization
arid iissiwiatian (at) o(fithe ammonitum ion Elf the Tli oliserveid rate Elf the forwaril reation of the
amnine, thits: iftrf mue rtstais will their analogs, in water at con-

Ofurs, mr tommini, k, k, io::Jrjhtattt pi hast been fount!f ftl E'onEwrit otrletly to that
+ [1 ] o( a fimtuitrmler pit wes in ditift(* (tip to 0.01,1f) icolts-

where ki is the rate coristatnt at pit conditions iuder thins4 of the amines, andi tothue complicatedl by higher

whiiA t he amnmoniumi ion is fully Elimmiaeitl (a -1), ordier mreations; at higher comccntrations." The aver-
andi K' is I% apiptrent disstociation constant If the P Iind (eaiEf activationi of this reathmiti in dilute solt- *
amm~mitint ioni as an arid. lioio approximately 22.8 keal mole for thep two

tertiary anti the two) pitecimlary ,,onn(P-chloropthyl)-

eo.2.i General Fortalation of Reaetions amines examined, and 24.5 ± I keal !mole for the
oeven tertiary bix(P-Adlaethylhunines (ope Table I).

The more or less mystematic kinetic Atudies which hleactilm (lit) caut be conceived 23 ats proreedling
arm the manin eonceili(of this survey wepre cimimucE'E throuigh an intennetoaate caronion lt)a stage:
tinder three general typi- of cxperinita condlit ~ins:.
(1) in unbufferif water hteld tit eimstant gill, with the
amincu' At low MAXIUS5 0.03~3f) cimncentra tjcms; '~I1 ~~I~tqtt~t~l( IX I~h + t
(2) in btivarlionate-bffemel water (pit 7.5 9.5), uste- (it 0i" 1)I

ally with Itheli amnes tit relatively high (0.04 0-153f) The' hypothetical E'lmpinlitnd, lit, ohil hyilmlvue
concentrations; andtwi (3) in unbuffered aetcme- dlirctly thlrouigh an KI~x process, andl titrire 1.'I-
watt-r soltution, with the aminies at relatively high denee ttenilinAp, tupport. this mechanism has 1Xeen

conicentratiiln.1-7.I "I Thei dlata etablish with high offervid." However, earertli Peetroinutria' measure
pitliitility that the mreatioisof the tertiary Pchliitiu ients failedf tip porrtlionita' this uJitrvitt.lL0 The
ethyllimittes billow the genenti schteme otittinetl in 41he IWVfslj~fcI aid lionllilii iuatt is tloilile*. formedl, but its
intrthtieiit ( 4ection 20.1). For theme' cwniptinds great vows of ilitramleE'iiWzr e'yElititi through thep
step A may Ite wtit ten with its4 velcwity eimstdaits as: indhtn fle (if tdie electron donating centit i itrogen

+ Ison) shotild Walve' praet'iilly It1mriId ipith iont avaiil.
+ ithuale foir the mutch slower lnoli'culsir reaction w~ith

tt,\ 114 hXclu N 1ht .i + (I- Is I water.
L -, In sigmement with thep evidlence that tite rate of

Undler tite P".perinwntal contd;tiE~mA the pomkibile li- cyclimatim ils detertiittil bly 1,114 thermal activastion
tatultaneonqe andt~ -mert-A..ve Mrentioits in s4tep B are: of the tanilarged aminep, it w~a ,!,'.wn, in the( casw of
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418 REAClONV OF SULFUR 4NO !41TROGIVN Mt-STUiND

TAvIat 1. hiiftv aIf initial cllatatlnn oaf certann~-'aoratthiW Tile crsmimimids itilt arrnpoetI i' i r' 

Incemtlig stability its wate'r at 25 C.
t'qnw. - .OWS-C.153

COmp. -OAfll)50.02.M in Witer In 064.7 ;wr ee'nt neelont
Act ivatilm - fwat

Pn4. YIn 23 C 17 2.1CVV

eowokunu pit -74Iteiatlye, k

N-01,0II20 23.0 0.7 LIM 8.20) 0.611 01114

(iIC(it(1

N-CI110 24.8 &.5 0.112 4.6 0.113 0.16 . .

N-'i'II 24.0 6.4 0.627 3.01 0.065 0.24

('iItCI.

N-CIlCIS 23.0 16.6 0.537 25 0.10 2.7 &.0 0.20

(iIXI)

N-'I'II 24.7 4.2 0.31 t.~ 1.0 0.44 UP5? 0.0vo55

CIIIA'I(iI

\N-('hI,'I~IC 24.1 5.3 0.22 1 M~ 1.0 0.44

X-('II-ciI(1 24.1 6.2 0.016R 0.43 1 0.991 1.41 5.1) CIA)

N--I~!OI 21.1)? 7.3 0.0"61 0.313 0.f,7 3.3

x-ci.4ac.to mt' aoiw.t i ... .... 41.4 0.13

0 1-xt%- 4 lwlosriimm tri sto i os tw uma to.wtwOlv.i e 7 1"i n u$ "A4wo- fit olo X. 1oo 'AnO.it C01 I II I~t

- t~loj'14



$4311o0HRTUTrIAMtNES IN H(JOwIMM 1' SOLUTION 419i 1
______- -TAULEz I (rmIonelft)

01fle. O.M-OM.V InwateruI t.? pe vent -4). kmt,
T tlah In W.7tter nt'*en

4-erl in _________ _________________ Vnwse
1

waeter .WL.OfN~MI wts
CkgImI4 Anl :10P kti -i PH 7 Ifriiive k,(en~nnlpiK (sn' I t (mill) IS n t

NC141822.1? 9.3? 0.4119 0.042 0.00 F25

('11,120C

II',%2, that the &-ate' waa not inflitencedl by a change in The effect of change in water comcentnition u~pon
the ionic strength of the medlitm." the ryclizatiom of flN2 ;n unbuffered acetone-water

The tsecific rates of cyclizat ion as oloid in fin- solut ion at 25 C is atunmariued in Table 2A'* It. may
* buffereld aiumucouns outiomi at constant pit 20 andl in

MU. per rent aetine-water soluition 10are stimma- T.%Ptn 2. Kirmeirs o eyel ylatico.. eel' m.4hyIWfchh.nith.ix-mi (11M2) In cim-aegehigs.
rincd in Tidle I. Tabuilateilalso a..ethe tkegreeof dial _

smntion (a) and the half life U.,) of each couamwine.idiie.~s~~ Arlivaliviv cmcrgy Lg
in water uder physiological ronditioms ol' pit andtic e .a 5V (f.I ew/si)(me'

fensrtoe(pit 7.4 ml .37 C). let. prreiee rate Int 3.3
A210 17.210

7.5-8.5 indicatedl stibostutially the sosme ordlers of 27 4M0 17.15 11.73
magnitude for k, ase those fouind in unblufferedl aiejue- Mi5 lflIt 24.1t 14.1St
ots soluthmr tit cemtant. pit. The values for k, in M P iullweg.(AM#*~sg.ee~ treih l-fwe at rqmlaug:
Watter hisellude implicitly a factor for the hsack re- * ., Khi
wton,' omit till- Inflivatifffli are thiat this tac *-o Ta6.I
negligible. ~l.ra~m "upim 11IN%2 in A and .10 per Ile notedi that time agctivatio energy of INX2 in Ppn
rent ethanol-water soluttionst yieldedv foir k, the vanlue water is eeeeetiilly the r'nme' a that for the removal
0.07 OARt min-I t. 25 (1, anid 0.31 min I at 3M C. of chlorine fron a primnary odlkyl ebhoidle, hilt tha lul "i
The onmler of labiility of fill homoliguin tertiary the writer rooneentratiom is iliminittheel, the proet"
O-ehioriuethyhsines- in Water 1%is nmpnrable tos that althouigh much slower, becomes ieee. tempseratulre-
repWted for &is4-elcmwthyh seuIMe 111) and three dhenknt..'M
of its homofleeg 11d (seee Table 7).

In rmtome-water soiutiern, the magnitudfe of X-1 -0.2.3 Reversl df Cwliratilm
W~t fond" 1 to be largeir in the followingt cases: in Thm- formsation of 11N%2 roan the lImethyl-I-(fl-
fir' e,.' o a %acrmr Ilrow-, lW'cnte~a it isA a blefter chlisru4hylehvenintimium ion (1iii
elec-trte demnor: in thme casme of a It-"s hinfdetvtl lm.t': vI
and in the case of an amine, with mome frredovy of ro- +
tatii which io not froze, thius reilting in lese en-.~ 41
tropyv eceas to formnation fof lt- ethyleniniulm
14mn. $1rn1:mr gneral dletlawtimns may- he drawn frnt 1Vb1 .
thme dtaf obitaincd in wrater, although Tnable I di%- fill,
vloiare tin ovncrontaslsle irregularity in thme olksrilu.- in uiaceseis -euiutiom was', stumli.'d in thlutil.21 INiS
lion of the value.. tof ki in etime-water --'laition its preeo, time' reve'nal fr tI,,. 4cyrlixitt.en flrion (18t.,
nomp:rn'd with fi ithe onfing vahuwe ;f wiliefes yieldled a bsimleulag rstle contstant whulieli Was

aeeltim.strongly influnee-fi 1wv Ihe ionliv strngth01 (jl (if till!

SFCR I.T
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420 HKFUMONS fbi st'i.ruK 4tN %ITK(X;.'N MUMTtHh5

,uohation. as flefinted by the ftull.twing eqjuation appli- mental danta an-l found tot x- 1.5 and 1.)1 n'spetivi-lY'
Pat&e at 37'C; -0.875 is the- logzritlum of the biniti- (i 0. 1). In spite' of thip teinpet-it ure diifeennil,
leenlar mrat constnt, ke.., - 0.13, extrapoielatedl to these valties are of a higher irnker of iagiit title t linti

0, andi - I .076 ie the- applit-ible It-ebye- thost filined or calcutlated for water solution sit 317 C.
IlfleN cnstant: Large, effeets of this kind wold Ili expectedt ill t11

14% k 0.971 - AM~es 4- 1.-Vlp ntions beitwmen ions of difl'ent sign wheni tihe (i.
1he distinctive effectf of the icmie strengrth uplon the all effects duep tot interiomic attraction Ivisild IN- ill- I
kietics (if this reaction with Ch, as Wel ats with rea.*d. l'or N,-ital$chnehya in in 66
.%0;- (see Thal 3), ide(ntified III uni.;taely its it per cent acetone-watpr soltiim, I-L is stated1 to IN,
singly argeda positive io.k This id ent ificat io iso vej.Iw.1'
in harntny with theoretical tledlctiotm from eon- Addition (if chloride joti (as XaClb rtanis thip ill-

sitiom of the istlated pirrylsolff"ate elf fit., poll 82.0, 30 C, anti x - OuoS-. to, tlw da~ta con~ttlditvt e..ueetn n fo h oio aef aeo ylzto fo1N nwtr t
ilte equoilibriuim tcoottant for the reversib )In- to tlie folloning emirical litnar relation in whichi

ac-tiirn (In), in thle c(ua' of 11N2 in water MAW[L.l at -0.1152 is the logarithm of ki extrapiolated tip anro
.37 (1), was fotund to e, K., -3.68 mule/ ait pa - 0, chloride coometaf i:
at't 6.57 at pa = 0.154 "physiological saline). 11wa tax k. -0.9352 - 0.991 r(I-JI
latter value corresjiteds to 97.6 per cent reactioti in
favor of Ill at theoretical eqjuilibritim.", The valites 20.2.11 1 ilydrolysin
ofi the haaek-reartitm constants of the othe-r -hloro- Reaction olf the etwklenimomium ion with wafter
ethyhunines which have been stiedim many his (e- proceedls murh mon' slowly thtan the initial cyclitui-
tilil ( fom the data given Weow C" we eation (24) turn.11t 4 1" 'niThoughth floug. pli 3.0-8.4, the rate
anti Tables 3 andi 4]. of hydrolysis of III reained1 monstant within thep

In 66.7 per cmitt ietone-water wlittiorn, k-1 was expeirimental error.30 1The kinetics of thiN rilkAliir
aso fouind to he ensitive to thep iomit' strength of thep hydrolysis; of the ethayleniitim ien have not been *

solution.71" oehli4i-hrity~mn (ix I) aequately antilyzed. Fromi the practicatandploint,
andi 11N2 at 2.5 (1, the va~tes of k.., were Eetertnine~l hlN2 can he- drcontaninated byi treatment with ex-
by graphic-al anti mechanical analysis of the experi- -ewsauimstis alkali for 1 -2 honrx.0

T.,4imi3. Kinetift tit rpeins of imimitim bores tol nitnwgn movitnnL, with 11A$07 -, anti 11(w7. The tabulatedl fiirrn
ti-the toimnlemwar note ewb'tntis r, 1 frsecticm (IV, anti ks fowr maethom (2ua). Tb.' ellmnewiton of ti nemisnnts nret

liler/nu&' mlin.

Ilimneottr rates ciman~t In water at 37( Vimoolanr 0a.%
anti tantiailf pit"
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The relative stability of evhe imonium ioans in loll tIl"Ontrolil, thep followinig p~eao.cii~'cl
penerai permits the dirct e-valuiationl of their rates vallues for k. were reloortedfi..tjtllIrhtb) JII
of Ivdll~yii' unde'r ilitable conditions' Datai Are (11N,3), -. 0.0 Imin'; liNt, 0.40117 miii 1; l1N2,
avilitle forirven oft tlwi tn'Ant low concentraitions 0.01 min ."0." Thaws Values, corriveaeel for th lipein-
in aanl'afi-et uiqirtcs m'Altiirn tit. ctatitant lit."' ceit ritin oaf water, art' reesartleal in) Table':3 anti show
rheit binaclelar rate constatnts at .37 C are given iii the expeeteil order of nuitntIds, evll'ji that the'%

Table 3. They tafirni thet- rport thai for thle hydrlyis'A rWe of lINt AeeMs4 it) be, 11-Iitii'x't'elv
I1011 10111141Ioh -chiratv~tyciohi aiwi, of high.1'

thet~jN+ D limerivzation
F-1Thlt climerization pr vts (2e) ill tahlt ions' eeantain-

lt-X~~ib~~iJ.. ing water can be fornittizteil a.- ani initial .aolvur
('lI(lI~ aetlition, followedl byv eylitation with the( elimination

the hydrolkysis rates in wvater increase in the ftollow- tl- ~itw' +
ing onzer: .

(IV) EiV)
Thep activation energies for the hydrolypis' in water (l(t

Of the I -(D-ehlearoziethyvl )thvllenimoiium iNs of lINt, \+ ~ +
lIN2, antil'orplIi(-herthtaiewe XII,-.. tit+ \1i, + ct
20 ± 1 kea) 'mole within tdhe tempwrtiture' range, otfc.tCI(l
37 WOC. 11w heat of Activation foar the~ hydiolyP6 dios'kat
of the -ehll(-ylaytylthkmmim *ue
iam wat; funde tit he 27(± ±2) keal'amik within the Becautie of Waorable cemfigitratiotm, the trangforma-
temperature range f 25 rf C.Y titan of the linear (timer to the cyclic eliner is' n rapid

* B' twern pfi 3.6 anti 8 5 Cp = 0OM0), the hydroty- priaeiO.2-3 The direct diinensatou of two cyclic
P6is rate (if Ill in water remainedl emstant,1- indi- irsionium is (Vs) has been, is'trstcdl,' hut. eiectra-
eating that very low ronrentrati.ms of O)it- hai a statie eins'iteraitiorAc woull appear to make it a let..
negligtible effect on the procriii. Change in pt at low likely merhaultt. However, since chloride ieui Is

ini strengths shouldi not affect the hydrolysis rate, ity'nallyv present in thep s'ys'tem andi promotes the( re-
loutt at high ionic strengths (p = 0.1 0.5) the hy-r. nawieaon of V tit IV (reversal or qwtiiatifn), it
titolysisi rate of Ill wast retariled 12 W1 per eent anwi might Appear that direct flimeriatatian hall orcurred.
passeed thrus''gh a mInibition.", In 66;.7 per rent. aretone-water ieolittions, &,. at

A full tlew-ription of the overall kinefics of N- 2.5) C wait foud to lot 0.40 for 1IN%2 0.0R fair I Nt,
wnetaylehtts~tyl-0h~.1ro~yetyla it ire ilute anti apparetly Very much k's' tfar R171 Nui-

aelucetons molitlea at ,dr.1; nil 37 C waoo olitainedl cal vaies' oft k., for ilitions' of nitrogen muottartls in
with the Aid eof thie exiperirnnally eletermintel vion- putre water Are unavailable, but the relative valites
stants', pK.*, ki, anti k. (k-l. assunwel no~i'en" may he- inferrel from the ilata presuentefl in Tables 3
By coenlviningt these ditas with the evorri-Ipemdling anti -1. Their data, are in aerenl with the oliervittiomJ
values of pK,, ki, andi k. (k-., founid eliilep for thast 11N3 ito mutchk-ms prone to elimpriar than is
I1N2, the overall kineticsfr ycizatim and hydroly- 11X2. In siditin, thep foarmer atoreadwily tnflers
eAs of( the latter viointooound at pif 17.6 andi .37 Cetaul wibstitution of fine of its *ehlorine Atom.. Thesie ulit-

lu-fuly tetrilet!--as a seerid-t of fivar sqaccevsive fperes' are aserrilidAb to the differences betwee-n the
psetito'-tiiimoleeior reactions'. In strengits' the two liuses, IfK. NI bing eeiotvrtifly 1

thi-' tit-weriition the as-umption was nit that. thep weaker than llN2 (see Tale p .* In ipetieral, fte
twit sucese'itely forawee ethylenimmiumn ions re- higther homolotf HN1N2 e'xhihit. lt." iin",rimitieon in
act-if to a negflgible deg"e undter the cicperimetital aeioeois solution than If X2 itself, anti its. at rpsult
conuditiomn.' with the end producrt, rnethylethanusl- theoe conipmoteils veottes greater .'tger stalaility.er
amine %PK. 8.31. Thix assumptiem was miubs- hlowever, it has' beepn piointeid out that tilts exient i
flowinty verifivil analiiiuialyv.' flimrizaieim of th;' higher honiologs in it given situ.-

it W.7 peer evict avetone-water wislstitn at 25 C, otifmn mauy hep limitied Icy their ..aahibilitice 11 or~liy lte
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l,:mlancre lopietwee their rates tif satotiand thle rates tygs's (21)) andl (2e') andl li the( spervial Itype (2f;, te
ofr formation of the correspiondling ethvlenimonlitm fof great impoitrtance Fur I Ie( elatilation (if jihysiologi-
io1ns.41 It shouild hep notedl that the fata of Tale~s 1; cat mechanisims andi for thep design oft proxcedures to
3, anti 4 wete.' htani uinder conjditions of POncen- neutraliar, toxic ticrivative,' of nitrogen mustard'4
tration that ma&. dimprivzatimn a negligible facto,." which have gainedi admittance' tot tissues- and liod~v

In certain eases. the kinet'ics of dlimprizatiuin doexs fluids. 'The corresponding q-ttetions of tit(. sulurt
not. follow tlip normal secomd-oiiler course. As an ex- tnistais are likewise tof impiortanee anti are dis-
ample, in ptire liqutid 1.N2, the dinteriztiom rate i6 etiss'il latter.
statedl to Is'- of w-rwi order."' This "tiult it; evidently In general, the ivetivity (if jt itnolitim ion, tts
tile ti the fill't that the dimer is finite insoluble in meastred by the velocity constants of reions (2h)),
this niedium and leaves tlie effective concentration (20), (2d1), (2f), andi the reversal tof (lit), should he
f l1Y2 constant: hence thip .imerimation rate would rece lky the me structural and energy facetors

have to lhe of arro order. Ther catalytic efferts, of small that. enhauwe thep velocity of the t'ycliztttitm procer.
amouints ft Witter andi oxygen upion dlimerittation in ats metaired byk,.I However, certain appatrent ex-
liquid Il1N2 have been notcel. 31 In driedl sobltis of reptionms tot this inverse relation atre reveatled iv corn-M
lI N2 in beniene, the dimprimatiom rate was appar- piarisim of the data, presented in Taibles 1 and 3.
ently of fte fOr-At order; in abosolutte ethanol, also, The aidfito of $203 andi of Ill'0 to at number
11N2 was found to dime-ixt, at a first-ordler rate oft the homologous cyclic imoniim, ions in water at
( 4 = 0A min I at 2. C'; 1.6 - 15 17 kral).23 In 37 C ws' swhdid in soime detail, and thep essential
anhydrouis henarnep and alcohol, the effc't it low results for ja = 0 andi 0.154 air shown in Table 3.20
dlielectniconslant woul lot- tot make the dimerizatuion m 1 tl'sifte derivative (Monte saill) of 11N2 was
Prof* es(2) faster than the firstt-order cyclizattiom fou"f ito tit- stahku in wailittion.0'" 'liv' crsotinding
prswes (lit, aind thep latter wvould therefr- become dIipropioniie acid ester was reltively unstable (it '- 3
rate-determining. Hence a first-order kinetics of houirs at loll 7.4 al 37 0',211 andi the earioic anid
fdimeriatiom would fo lime srve ester was too, unstable for isolation or confident mnas-

Th'le $-ehlorine atoms oft the cyclic dimert. (which aamet.9-21" An important deduiction derived from ,
an- prolucedM all miXturs of stereoimomers) 31 are not thesp (bitts antl observations oin phosphvats'9 is that

* rewilv replaced in acid or neuitnl solution. In thep cerltain buiffers can andi do interatl Withi the cyclic
Vitseif thedinwrof 12 ,'dmty.,'bMD imoniu tim r. The n4vlirr values oft h in Taile 3 for
ehlorsvethyllpipeautinim fdh'hheori'e, not observable the wreations of' thme various iirnium ions with
ydly~sis twetrml is: iiinwit soltion at loll 4.11) S60:-t are stilstantimilly tlit, sanwas those- for there-

11111 'CRC."'alili-lo hlf if, %os23.5 flays a 'tions Witll ~'. T7he ump'is true for ft- relative
loll Sand 4.. daysat lo1.11. lit thercaseo'f the dinwer valuies oft Ak, son indication th,,ot fte dixMrinmhouaing
of IINI in aqueous4 solution tit 25 C, excess ulkieli in- ab1iily of these cyclic eoPliotin.s is not tiffected by
duredl relativ'ely rapid ehiminatin titfit, two chlorine the dliftenrees in structure which theyv '%Xhihit. Th'lin
ittomsd in two stlicessive hoitin',ecular rreactiarns he- worm~lil~~n"iiilil lit- texpected tot hol for any
1we.'n thep diner sand hvdroxyl ion.'" lii.' wretion othe-r wreacies of the inin itos which proceed
liberating ft(e first ehlorint- stom liroceteed motre by thtesm ~'mechanism sander thip same conditions.
r.-piully than did tMat libecrating tlie scou.' omnirible ,:iuation, reahedl by "voingw'fitioni

At hgh emt'rauim 1:1 l~t (~in eald hes, fitctors" for tabstmnces reacting Withi derivatives fi
fte dinirr of 11*%2 in naqutivus soluitions limlrolv*"d suilfur nuastards, is discussed latter.

zslowly nt it pssd-naoc~lr ate' descrilied by The b imool''clar rate consatant (ks) for the( reacti-on
ti( ' relion: ti li o

x ~ N ,,(11,derivedi f 11SII2, Withi otherelt o-unt
It wags noted that flit- lo ll1 fromr 5 to abouit 1.5thir- ing groups (imNclding (1 'I Aor wlaveh 4-2 -- k .- 1i)
ingz the first 15 lw-r cent 4ofb- tlikn'atiosi; stitl there dtlermined ait :37 C' itld =~ 0 si)l and M1. 't'hey an.
W911 I'Vilenee thbat Atcli' r'e'tioti" ,uce'urredA42 shown in 'Table 1.21, As indattled talsuve, front such

tau one may e-stimatte fte eurn'sinding vailues of
~ .~dliti~ of ~he''tronI~onru'.k 2 for the( efier imoijua iu HiAtM in Table 3.

'l111. re'ac-tafns oif fte inonnisuin ions Withi elfctron 1114' reation oft he li- elliel ihvieininiulm ion Withi
uleuners, as v~vevipliffie Iw by reions oft the gpenralmmine-s an'l tetnimini's, w4 exemrplili-d lby nwu'tion
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TAXIA 4. Kinwticep eof n'-itoiewu d ~ 1-eeiiIt.~ce i 70 of dtat in leeroenWtc'is seltiemii~ , 1111(l at :I-, I
e'1hybil'ayk'ninsooun ieu (1it) with riptruiu eleiimo at tl mjNNigrtowsI2."1, ftthtt'
37C. Orignnl iouaerem to (bon an-t xteiven ite the' hihilee. lt or-l iln ai a 04 14 a- ~ lt

rnph-lotemplerature cetikiemt of fit-' ey('Iimi,6oi was lower
in the~ prottence of suitab~le t'arbem than in itot absenve

Ek'ctrem (A,. in rat'e 4-ovlnI it flirret ovflek'trp thatt the newtion wits tnking plice'
elew~r pit - 0 o- MAW5 at the interfam e'h kinetic dato eoltitt'tat iliffe.'r

('howllo' 3.6 0V 01M~ entt temperasturen permit, the calviulatitn of the valnes
Prapennte 7.4 0.13 !%A'5I oif AEanl B in the Arrheniiis eeptuttitin, k,. IBe,' h

(7.4 0.12 0.04 for the reacton iii the hunomgneciut anl hietern,.'#.Atnnem. IMeEnos qp~t4'fli. 11~s values are shown in Table 5~.
e'raxlooe 6.0 0102

Fhit"e'r.ea 8.0 Afromi. 3 (SOC) .... TARI.35 Kintcitifeeafizalitenx ufDte4gecnitc4l
ltelhyleii- 17.4 1?.. onine n ononooP~imtnat nWn i~e'tlmnmmb )N.4 10? tierIiihin feiwis ,eultim ai itIteuswa

______________________ 4vsem emnnn a m ivat. e d 9tla It

CnnituoiI cnirboem pfre.rint (kenl) (me'-')
(2f), has' bteen shown to fxcur mote t oIiw reatolily.' C.IIA I1lriI,S1t, xiama 20 12.4
in the ease of' tertinry amnites, there are ineifirtimae 11ileu--W 11.1
that the stericemfigaratiem eof thesuhstitentsmexttli- CSuiN~itaflfl 13.5 o.2XeaCHS1,Ntr 251 14.11firma t-he weet'amibiity of the amnine nitrogn and thux 11(lE1f,00mIIIW 110.3 10.4
influt-lieat its rate tof reatiein with the inviniumim. --

This fact weatale have an obvitous hearing on the 11mCWM 44 9 Womil tewd it arrelerate the rate
kinetics tof the teriital reim tlots; et the nitnea't of .-yelimatico hut the propocrticMately Vreater dec-'

nuott nis n wa er.crease taf 8 results in a net ret auelat ifo o4 the re eticlm
~..s D-ClW~*TIIL~~INE iNin) the presence of the admrimY

HEMERM NKOUSSYSUM to earrhornwatril generally 1wv reimorts emi the adl-
The- be'havlear of the fl-hleagenateil ethylamnines in sorlanilailitY of the fertility Picrhlloreth.Villmineoc Awl

water Puspensinms fof suitab~ly activated cearlaets is4 of their prealuetit fromi water sAeuutioms eanti activated
interes t frin the standpoiints of phaysiolingwal mcdi- e(' eitaIlt." 11N3 and tniethanolamine uppeatr ita lx
aniams and of cheeemtaminaticom of water. Two pri- efficiently sulueearhme, bItt 'i)3-paaitive matterial"
nar~v wmine's, fl-l,nmwitlhuine anid 0phietkl.. (lp-nu'sbetilenmiuim ecampeatands) wits hoarodly

teblewetethyllanint, (C4Ils.(IilCICI4.NII,) have been :aelserhaeol at all. T1he vqune hoAlds for IINtI, except sw
we? Autueli. It was foundt in 'itch raw, that the ruft r l numlifleel byv its greater moallility soml byv iI- Krndiler
eyeliatieim elf the( amine in alkaline 'mltim was stilaility elf Its polar lety-.*llmehlehl
oltwer, anti the irerse pnxae- & in acid stiliitiom wats eninutnii iim."
faster in the pirsenro, of Menck's sleiael ehatrieoal titan
in its alwoemre.0-1 Thiis findling is in agreemrent '%ith ov t iIMELATlON OF TOXICITIES
the xpn","tl milt- thflt formaition olf :aeierltoIe

pullan444Isfave,' at inefrL. te shift of F0 l.OCV llMNSWT
siiltiin~esis laterace, i~., INETi(1 F* TII1RIP (n:L~I/ATIEJNeejiiilibritun tittian Intlt face is peaitive witht a eleercasev

t in -tirfite energy. Fach elf these' primary amnites was It has Iee" iuteil 20-:0 that lk M1e14 rnt'hat14-1 e'x-
Mon, otrelvl adolaeorel thtan Its mm seltble ethyl- Isis between tile a'uhwtntanvots toxiicilies 4fear inte eof
e'n1inteaduin ioon, atnd, in net.'il sealuttms erantainng thle bkyetnacbariles elf a. ttunlier elf teriary ati
carbmon, tHie euilibarium hamlise - cyclic pruieuet a iercounlry $-'lorioethyunnes anei the half lives eof
w* t m tremn-1y suiftfe'l towtaru the amino, the amines in aqteius rolgatieaii unler jlyiae~e

The efveeliatim olf roealellreehlmn ondlitions of gll anti te'ups'ndtre (37 C, gall 7.0).
(ilutf life 4f tplinixiiutteli. I tninute's4 in bemeagene- *at' shorter thie half lift' or the ainine', the greate'r its
4cus soalutieott wits taly X5~ jr ;-i'tt feamplete sit 18 toitCiNWI. A tcoiiijaanulol e'le',tr-eiit e'orrt'hat icn elesue lieit
hiitiro in thse pte-menei' eof ae'tivitteel varluem. At 2.5 C, exist boetween thit- stalw-ttataeeaus~ teoxivities of the
the rateo eousn~'at in the it(-'mte'reage'neea ,eySte'm wA ltyen-lrtllearItes andl the wrativitie' 4i the first-sel
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ptientim' of thewr nd tither vtorml'atifMA. I-'tVMe (iV4't'll Watit"I tUnd little' muilfoinhoion ifh ever p'tr )1-

toxivity andtie fli ppertiei cof 24lfsr nodt nitroge Prot. Indeed, it ISm never tweit im~iate'd tad its. exis4t-
iniuittmni anti their ilenvativ4-4 an- ItLi.-R-osetl in popel i (ltixincef fromti inireiIe4t tWvit4'iev. Ttii eyelii'

Chlapter 22. cipoit ui Is* antive, ulkylittlag agent: inthe fliplti-
mate ilistrilmtiurn of -C'112 01lg4lt reuiulopsui aning

SIIJ'R IILTARI1S IN elte~rio-414itiifg groups~ prespint Iili stherntii I.-
SU LFURI* N t )t M S O L T O determflfinel oy th eS reiti ve vineiitrtitiou for these

114A MENFUS OLUTON rotipsmid ut 1 their relative muiwtiti'.4 ("401111W-

A.i inilienteut I)k the twIh'ill pii'seitril inl %-(- tititon fatotlrs") for the ethlsyknesalfoniin~ im. A
tin 20.1, the rpafwtism fo ofithe solfuir miutaruls tirp e tceu quatitative ifiteretice Iwtween tlie two
t1,glittivety similair to thoiwi f the nitrogen muim- 1-111MM- Of eohipu1iitI42 isi that flimoezZItioll of the
tirilui. VviilprIee. will lx,' !)flstefted If t o 4w that* (3. fl-cIlltimthyl muiltidesf is4 gpenrlly negligible.
a1lizatitom .ir (as' with the nitroken mosl4arl) lky it Evifnec to) su1Ipp)rt thewui coneilitionsiiu lit-, Iteen
theiniilly twrtvted l uvoytie merhanism. Th'le derivetl from kineti:' suidiesi of the rpetitonur given

ollitt) Ion1, Ini tMPise ItP ptN hyhel4 itiiillinitern, shove and is preuii'ttteil In detail in the folflowing diui-
whgeh is4 fIoug fiofmlSl thien ormts2 ijtht wazter tanti cosiue (if park of the rettetimui.
other itnehuard norwheophilifc m.nitoes andi with
anions t4) form varitooA pruxltacts. Thle reacti~n -*- m0.3.! Evidence Bearing on Eth% Iene.
quence ist repeatedl if thme utfi, Mustrd rimntains; a Pulrnrtim Ion Ionne in Rate.
teecul O-chioothy! grup. hutis, fime may write for IWtertnining S!tep

a typical ulttir miiutardl, 11SII1 1 1', the thlowl- $tMadk.' idring World War I howedI that thep rate

(21), (2p), andl (21) given tin ag 417 for a typiclopaujueuilutimo is Movemetl hyva fi N-inler, temper-
nitrtgen mustar'l: alm'.epenclent step, If V-irivtdhu h

+_ ~follonving additititonal frets lead to) thwe conelosion tloat
lt~tIrt?( ~ fogVIm~l . (1 - I. netivatiim oif It anti relatedt sulfur mustards is a re-

iprihlpt stdalottie pnr(Iw duing which eiordp-jot
+t(IIAt in. 2) 2 lilherateod, and thaut the reatuions fof the netivatedl

+ ()It 4- hI 4- Stt -e omplex are always. so mitch more rapid than its rnote
+of fonnAtiumn that the latter reacitim hoefinnws the

5) ratt-determininK step f the overall lixi')')':
1*1tt41I 2 + It!4(IS-A I( ditir i 1t . T7he hydlrolysis f 11 resuilts in the ultinante

.4- foortnatiim (of tluiImfiglycol, $(( h,(i INIi, andt

( irgolysis prcitaict forf andutu a reprc24citative iitona-

jj.4liietthii ullile, lihiret I nude. ewh fof thit,-
iliglvcoh ati 11(1 In the ease fi ,eoiiumfis fof either

Ilowever, imptant quantitative udiffereners exist 11 tor ('11 in water, tlu, rates forflieratiun fof (.hloridl
lietweuti the* mrcatius 4 the .uffir and nitnwogn mii*. ifon al f hyitrvige itn aire idlentical within experi-
ttard2. Th' dierenc"14es reflect the leviser lmnsicity fir nenttal ernor.",
the solfur tutm ts4smparedl with the nitrogra atoim. 2. As was' eaorly diteiin24trtet for 11, the hy~ljrly-
The mf*'t imptort:.nt ffrevnee is the relative rates Ais df numenous 0.chlonvoethyl tuiulfiles loss now been
fof teps A soiel R Creari'tonms (1) anti 42h), (21P), Mo., shomin tit friweril init;ully nccionlinig if, the kinetics
juag *l 1] I wilt lot- rfecalluit thaxt with the ino ft. mnunmimoeeilnrreartom. lr'viati-jus frorn a first-
gro mitulits of4;) It Is ,low roelative ft step A. frule-r onire ieur ihoring thei latter part, d) Ihe i-

Cimuecutently the imiinium itm formed in step A~ mozy athon awil may her accounted for lkv thr ffct of
aecIMuIhIte in relativety large amuounts, andl it can lop 'aeumttlating elhloridi.- i-m (use Sertimti 20.2.1) ani,
jiuatrol in the form 4,112 is mlts. W~ith the sulfur mooe- in the titme tof If iad tither riompoiinis wit twfo

Istan, tim the- other hand, step) B is sui. muoh faster $4.calimthyl gTnoij;, 1wy the c ronplicating iffeet 4)1
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a- scond, mieivi', fi'-.e-order rettetion involving fion to a virtnal or actuail ('plitittlrotiiiitlil ull, In
the eetmd hklerniethyl.,-totp.

3. In tinlsifferedl solutioni the aipparnt rate of 114(II21,ck. 3tichans ion mnust lie reactive because4 of
hydrolysis of Itisi piiI-idepi'int ov ix- rne of~"4 its ring Milai, bult it. must lie tconsiilrnall- Inon.
pil 3t 11."- " stalk thtan the 'umpli' carionlum ions Ixistlautpil to 2

41. Vaiilon," silitanes, including thotie usually 4etri lphdoyi i i-nayadtrir
utsif to 1- 4%. soltionis, can react wit h activateid 11~ 1 n~~h~tlyi fsieutlr iittrir

andin' atecouse f te orral rnetem.Incte 11iw postolotect mechianism, which piennits tlip
Posifle i fiA (e.g , tiothiophlihnhUti') react I to ii p aoMo to attain t na al octet (if valenice elee-
mueh iao11 nip~idhy tlhn doe's wattr flint in their tron hi. siairing it pair with thle stilfur aom, lils per-

pn'ee li! flIt fir not hydrolysis (formatiors of thio- susv hmclaaois 1  h hiee.hil h
digl3 taii 141 ., A1) of'lit5.'.1't Nevertheless, the ovte- formation of the ethylenimonium imn in the cause of
slt rate of iu~ilpeanitnCe of 11 is not alteredl byth tile nitrogen mustards (se Setion 20.4).*
presene's" of1 stiih substances."- In other wtw' this
ratei is deitermfhlie solel y fte eomcenttitm of If Kinetict, of Overall Reaction of
aind the temperature ol'ftie soluititm. bix(O.Chloroethyl) Sulfide in Aqueousi

Ih. The adldition of chloride irn (ats Xa('l) in modl- Solution
prate loncentration retarde. the rate if( id'i-ptwtu Althouigh the hydrolysis of It In water pro-eeds mi
aice (if It without. altering tile final outcome is( the a succession of reiartion,., the major padt of tile to-.

etion as meastirt-d by the prodlitfiom of 2 eiluv fil rewim, R(CIII 2 ou ) + 2()go ((1'l(!Ir

owilpet Mole o.f ll ' The, liut'ntitative effects; t0hh + 211C1, ra et, ifsrilm s a single, iA.4ifldfferent vonfcenftriitillfl of a(141lt'1 chloride irn am nhenhmlilev'ilar proces."" The rate romstatit for
isn ccor with the concept- iot rvrsa rte actin this prireaw (or its initial portion) as determinid bly
%nimpoesocr yth.Iuoeua mtif me"rement, of add libleraition will he designatedl Wa
[rettetiom (I 1)) o the activatedf If with chlorie ion." A-,. Much of the information on thep reactivity of 11

6. Thse apparent rate of hkydrolysis of It in4 not hal he acqluird throuigh the wse of this approximat-
* altereda in the presence of metallic catakyvtt ("*g-t tirn. Accoringly, representiv results have bseen 4

Ag4, ('+, %In-,+, Nii-, Fp4 t4 ).&A~ broughit together in Table 6. The flats reveal the
7. In ,eolventate less po~lar than water, the reac-tionis 4chareteristic temperatuire coeffieient, for the overal!

of If tire markedlky wrdcd..u.U-"- prrts 11r ronmspirtiot retardation in sea waiter
A. In neorini'e with thet.cncept that thle i' ats comparel with the, rate of reation in pure water

actioms of It in waiter involva' tin itiltial solvohvtui( mayv 114 relattedf ft the cloride ion couicentratlor' 4f
step, %apor phase- hydrolysis dloes not oretir it) an the formier.
appreciable extent.'

T"he above obstervations indicaitoeclearly that HI -0.5.3 Kinetics of Formation of
andl relattedl A-..hlomethyl-illfldest tindlergo a mio- Ithylnasuloniumn Ion
moleetular rate-determining transformnation comsirit- The rate of formation of tile postiulatedl ethylene-
ing of at solveolytite ionization into chloride ion andl a pulf'tmilim ion froim soluitions of P-eliloroetlayl sulfides
xksivwely ebarged ("ai'tivatedl") residue The flitter in waiter hats been determined directly Iay measuring
lis bepen regarded as fte primary virhsrninm bill, thep rite of evoluitiom oif chloridle 14M, and inellretlyv
ItSC1,(i1la"' However, not evidence, is aiailalie ly ms'astrlng the rate of acidl proiticthes. As stat~l
tlint primary alkyl halideps tandergo 4 morn ;om ilar ablove, the latter proedure is Valid becNV ee HAP ro
solvolysis o'f this type. itoreover. the ntctivatedf in-s sis is verv rapid compi~aredf with thle rate of the eycli-
termetliate from 11 differs from those ntally en- Mtion reacetion (i.p., k. > > koi. An alternative ex.
coitnterei its solvolyrtie reactiolis in that it Meains the perimental procedure has been to det-erinine directly
alfility to alisf-riniinattlbetween thep vauriqout P.l- It 1% of itt that the illeplanniviwnt off coit tilte
statce with whielh it mauy react. As a roemsellnt'ere, 'twett aunalg of( If. bigA61wlolrowthl~v) ether, linuil4 Ikv tl
it hats keen suggestedl 'I flint thellct ivateil earhsotuium e'ntitelv diffe~re,, nw.'hin. r loo is ift evlehi-n' for thep
ion postitlatitel absove' is statbilized by ring forma- niltv fnetliviln alstc it, fforausfil

Ishirlswn t~Ie~tilo~e ratecin h'p eyeflnaesio with Oil-, k, m 0.4113 VntA&' min; f4or m~elio,, iith 8.4, -,

thl~gdo is$"ae Is Inv-f 41e10I1~04s.041 , 0.32 IMs "ti.
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42e REHAIMIONS O 4 8r.FI!N ANDb NITntx;E!4 Mtr1* I

Ttita . Asjqairnl n r ti intunl. ( fi tr I, urnolvoh'sf .'ulf.,r ,inuoia;rdo~ iii vz l..j*. Asl..long~ ,a.m lly r#1111:1111141 I 1 3 xr %,.nt
i-i1111ai.l atr4 ullli

Wet, I 0O0 0.112 5 7. 8 iitiaie01smlig
(II 20) 1 011,17 14.7IneNt9

30 0.21 3.3
r7.4 0.27 2.61K
12.5 0.02151 32.2 52 R 17-18 kiI. Vaoweie
20 0.014 I1. 11111rin1ly low no t 014111101

30.11 fltsJ.1 frui sovlpinaelle error.
40) 0.211 2.7 1*1114l (qulnhlyl.rone ,*4.

50 0.41"11 1.6
14.4 0472 24.s 114 It 20.R local. Thitel-
24.A 00417 7.1 rip. inulikaior.
XM1. 0.367, 2.4)

2.111 0.121 5. 7 3 Titrnitwlnle. indivailor.
X1.0 0.2111 3.2 23n Tril inl ri, idlamelect r soe.

20 004. 41K R 22.18 keail.Titnvirlie.
27 0.3IM 2.1)
2-3 0.1711 3.11 *1 Thlrinhivrle.

Skiis woofe'r 21 M012 011, 40 Tllnvierle, Inilenitor.
in OM23 231) Titnlmetnle, Idiom' Pdc.

Ii~t.he~eIy. Watler 27P -~0.4 1.7 21 Eitiioinhlool In0 water fl'In

(Qi) i32"j, .Ihbin, 28 K.H 1. 21 .......
its w- ler

hi(.lhwlylie- Waler 27) 0.212 3.3 31 P11 -1.2. R 20 keild.A
llyl iwr j Wilet 25, 0.249 2.9 41d 101

00 ii !(n ' (ken!) f lr

ItlXIlAli.- Waile 0.11 1.83 h,. lerlcinw. P11
<I'; e-thatnl in waiter 0.30 ... 2101 Morllvevstrtinnn (II

0o~~aieliswoe .M3 41vt Tilnolinn eal "I14
0.21C. Ic Conulil fnan k, - 0.171

5'; relnne ia, watler 0.241 ... IN lielernnirl nwowI nl chltwfxde; -'

(I ~l-Waiter 0.1118 18.5 3 U *lW iaelpfwl. P11
0.1 29a, A14,rhele ext tactinm

s' loel i ae :.* 13 IDelermnul4 ,luli nI cloride;
C_____ ,a0.144VI

5,i,-s; elliannsl in water- 0.481 .. 41d) Tit retlinton f arid

('IhA1hl2C(i- .'11, ollcIn Wistw 0.1160 ... 41d Titratione fffaekil

CII'- ~ ~ ~ i 5'~.~~'water 0.WR4 . 41.1 'Tilrnu,imuuf nal _ _-

I~hh, f;. elhainual in Waler 0.20 19.1 Sil Tlhlralq of ac+d
211;; llmoto inwater411t Tiltkls cf aio

OxM';clha 51nveooinwnter 0.7W4 To... I r ff Spli.

"Criru~g.l srowt, llw~ *mg~olri~Aw. "auuiti. (at toa "sntip% . fr..lr wm

tihe tlv~ettw 4etrarlho If anoI ('11 after vio4144 Tubk' 7 ,immariae, the av.nfule tolywrvatinms ftir
WW~i~l) tflh4't.~tll simpler 0-chltrnx'thl i ullitles in wrater, etlitiml-
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waiter, andt as-0tofl('.Wat('t scl~iltifmin Iti' PraL~ the %Vt 1 to fortio, Ii Itnd Wil It waiter t) jiki'tet hvdru-

reartl(M tole folots.t ir tyI~dr cllniI' andi 11% 111- V.1, itill, pixit' llitl sit it lisoer nile' in the pt w.

ttnilEl lby k, in M%('nctein (ib, . The, revee'eo reart i(n cii ade~sed chloiridle thanl it would in ite alne , tin'

it. negligible tinde'r tliese cinelit iotts. retarl~aioiI of Ilytyllyttit mnay IN desterillw'd Pit her by

It willIs ROA flotetat in the- rast-%(if It anti ('11the tin empirical linear relation [eq~uationl (3)],*-" or it a

I'Vitlif ttirt ni 1' ll-,4tfitl( from t'litign" i p11it %p nt ts tt pphiltr tytrt ieierv'lwt tnrn

INSrto h.' lower itt waiter thtan in ethiallol-wt( or able ,natnt~t frorn tlu.' kinete lawst for two ile

forett,-wate'r p'otllfitls. It Ml%11h itspjctcel tiLit vt-*"ivt' tnoittitoltir reatint lo ll 'etatiolt ( a)]. in

tle~ idifI'i't-nee is eflte to experne'flW'th errors. If tite ('(1Itationsh (3) ant(i),k te k; re'jre'tit tFiittrin-

ulifferenee re real, it wottil signify that, vititlity tit Ale rate, .,or;1t*Wts ,spee't'l'y in water andt itt watter

gene(ral thistrvaitih, fb.' orlie so~lvc'ils ntiE lt t loPts nolde'il CVI, and k, antik are the eorroesonlling

tloe jinjsatiin rait'. In aillitiot', it will IN, itltervett ailtl'flt rate ciilttrt ts 15 eperimentlly ,1lI'ritt

thtat tlu- reliwtioil ratest in water s eternint'. by thle 1wv ast-tirnt nt of neid4 protirttiont over tle' first.

prisse111iyo of so.ei'iie E'xlt-tion fl0 It litt C'l!I% 5 20) per t'ent of thle overall reaction (see i'ahhi 0).

are higiver than thoie dtlermained 1wv twtns of Use In pictici', 1k 'k, Ihas boenu afsimtiin to ' e'101 ii 4 4111

changes iln 1)11.3"'f. 3

! flt. caste Off ;I andt ('11 in 5 per cent ttr'tfe- * '~ *~

water etilism, tile' reactiont rat' waMo ~gif-o ,'4 - .It j()

.'antly intituetwcd bv vhange's in iei( strnth in- F 1-P (lj(4at)

(1114"1 1 Jo ulelit-iem of tin inert fialt (tussilinm lfentetW- si CCl

snteptat(handthe4onIIl amnttit ef hloriele ariu.ttt hli ra.rk nele'n reeE 40(moelit X.

lotting as it reaction proilttet i11%1 lt)o ,etei'tttlbi nfUct. ly~tI..s ie n(h

on flu' kinu'tit-A of flu, kortit'' 
411

2P..1 Recton o EltIe slrfli Fto, ie s termd "the comnpetilion fac-tor of chloride

stifle. te by~oilyuin of It andI ('11 teatiorm (20)] ion," ani ProVides 6 me-at%-.1' of thle reativity of tile

ttieIs within .xjx'rintental error u%% rapidly a.4 tile chtloridle Ion towardl the etliylensesidfemitiml Ion, am

rate eif formation of the ~~hi'etiott~tion, k. comipatil, with that of water. The compewtitioni factor

nitsist IsP reliative'ly great An aea'tnitthiltir tit as miteh F%~ for tiny anion X- it% fortiutatetl in tlte utisne way;

Is 3 per vnt of( ,thiyl('eo lfril lencslle'tri yaporaemodlificattiofls of the type eqic-

k, were Mi tine't greate'r than k, Aft tile nuiximutn tion represientedl by eejntatiem (41)), t1hp e'etnpetitiuit

prl"Ifflle, at-( uaioniatiott is nolt miore than I per ce'ntso tiitattl'oof hydtlA ntil~iitttlwttn" c'ail Ise

k, shlitd Ie' at. least rm11414 ' uii-4is large ats 4-1.14 ftiidtl' in terittht lti ei eipetivoi etnitlionu

Fromi tile standpoint otl ,etoxificatitin of the lfur aond speifie .'ompetitiom fato4:1A

mnoitatuh in tiiue and Iiseiey fluitit, the reartiems ofti The etmpirical relation, (3) if& inaileilot in tlist it.

ethtylvnesiahfoftitlitt ion wiOh -smionit rp of great im- porie'ts 11maxiat'tily ittereftAttgf Vali"ei for the re-

portatwee. Thiese mreatins ame ty;;ified by the g.'neyaI. activity of chlOride, im an the ionic s4trength Atp-

il"I renetinnf (U)t. Thle Itrpartitt~ of ehiaviel ion prioift ro167. "hcolpdtit in factor iplatinm (4Ia)

ithe Itinioeethr revert ofw'elixationt Ereitin ist twot previse' either, for itstue tivs -mValuest d. F-%

(I) or (11))3 1 is aspecial easea which miy Ise treatee whic'h vary with A'll"Ir kmr cneentration."

first. 
Althnaigh this r;luitm coirt.e'tty assuilni~cs that the-

A e(Ittitttive eottimite of the ahvoiuhute rate ets' m- relativ.e ratesfrotifliat ott eiosis with ethylenev-

veil of eyeizatie'n itt not oetibfie, letwi the rate soilfortiltn icon t iEfli5 only qns)01 their c'hemtical

eionta'tt ILk 1) Isitetit0 at"uWAIatI with the' Rattly". not relative .otetil It tait"er not take

rate consltatl of hvytrovksi-4 (A..), antl the latter is tes) Into, accoutnt the effect of kimic sttrenxth tipimn these

high to ie mcwisttrel in any tit the s~ttsthat have bsimoetilar reartione. iHinue F,% represents a fltetioll

beven inveostgte'I. off the ratio if( the rate, constantSt for the mreati'rns of

Ait indtce aliNive, auhdeel cloriok' ion retauoio' thev the catinim, ethylemnemufiiltit, with ittvtarmU' waitetr

Appitretilt hydrolaysis rite of 11 without altering the andl with negatively chargeel aflitin, ?e-1speNtivelY, F.%

camel wstli-Y1 411- 'Tis noens. that. thve avaitb. rty- ,hill i eniie to change ittniste t. n-

enesulttiniu ioni, whirls ~ re'neting ,imiltzainisly thu'risnore, preciM' 4 lt-Iat1iSMis Of F% 1)3' 11WS Off 14'qua-
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428 RE.%C-rON! OF St.IPUK AND !4ITK(;FN4 IATAR11%

tion (11)) requ1ire exact knowledge of the value of L, Tue quantity wichid 6~ of sigiilictnet for :an av-

anti ki. These vabIe ar 1.411811tfY approximteil as cutet (lesc-ription or tile rak-4 of riwtiout of atimls'

the initial rates (k, anti k) of the ".spective proce'tes with ethylentestelfouittm ion is not I11w compewtitionl

at sero reaction time. Theic approximatioris; may bie factor an absove dlefinedl. but rather the rate constant,

Very Close at low tempemtturt'5, but at 25 C amui of the particular competing agent relative to that of

higher thse Prror- mayv luetorne appreeiiiblc. 'fils, at wauter at some sttamitrdf iomi* strength. For villihlilC

2S C %% ith 11, k, is absout 5 per en-et too high if calett- ion suceh a comstait, ha-4 been definetd its' the( "relative

hated from the origin to t = 0.5 minte, ante 10 per rate cmstdant. of ehloride ion at ionic stregth pi,* is

ent tern higth if calcuilatedl to I a- I minute; anti in follows:1"

the prweseeof mon:,thiphos~phatC ion, the- errors infk

k' calculated for these time intervals are 14 and[

211 per rent, rectively.' It may be stutpeete' that In this eqpuation k-. it; the second-ordler rate vonistint,

this ,otrer of error accouints, in part at least, for the Asr the reactiom of ethylencsutlfoniiim ion with chlo-

rather widle discrepancies bectween the k, valuts ye- ritle ion, antl k. is the pietudo-first-order rate constant,

portedl by various obsterver (Y'ee Table 0). for its inmwtion with water. In the catse of ho~t!- it andi

In spite of these inherent sourres of error, the or- (11I, (rcg-) has a value of 18 ±2 At p - 0.144 anti

tiers of meignitudte of tile oetnwtition factors for vari- attainis at limnitig valute oif 34 ±4 at 0 - 0MNN. At

ofts anions are significant. Ilkitermlnatioet of( the rein- coinsant # these valiue'. le ltlednt. of chloride,

tive Vailue for a widle variety of compotnndu"-"- has imn conceentration.

leen of great piractical vabue in furnishing a basis for Thle dimerizatiom of fl-chlorocthyl sulffikes tot the

thle selcetiotm of thdoe classes of "sfbstanres likely tot core'.pondinee linear stlfismium andi cyclic 1,4-dithi-

seveas effective de# -xiciits of 11. It ha4 alsot pro- onitun vu'minflA ac4orulinit to n acetion (2ht has not

videdm a gpenra ineau x of the relation of chemiral been eneouintemi. In the Case of thle nitrogen mtaui-

wtnituit' to the eteetrom-elotating strength of cin- turd'., the correspondling compouinds an- ronucal to an

poundls possessing unshared electron pairs, as may hie appreciable extent (see ptevitsto flilistsl awd (lump-

illitstratedl by the. ciamples given in Table 14.3 Its ter 19). With It, however, the relatively 1,ow lusiiity
of thle suilfur atomi wottld make suceh c--minaiem'4

TArnZ K8. Verynuii c~nwitmfctwm unstable.A" p
- _ -~ - Us indicated b mreation (2i), tile addiitions (some-

C~mnwti~emtiemes incorrectly termedl potlyneriskliofs) of etbyl-

IN~hgph~mpwie - eneulfe i m n and thiouliglyol M') occur

11,ln.'tlfnto27,11 readily in aaltteolls siohations. The stilrernitm co4m-

-0-10ste d pourtbk 11-1I7C, 11-2111, anti (il-Tt; ame formedo

S~atnie________ ______________(see 
Chapter 191. It will lie notedl that only the firs..

of th~es three cosinpoitnis contains a fl-Chlonwithyl

view of their possible flerpe4hysolu~igl mignifle'ale, grouip. The formation f Pulfemium salta is fivored

the unique, positiotm of thiol compouinds as qtremg when thle initial comecutrationi of If is luigh.4-1 Ilaiee

competitors ...oulel he emphfisisued. A complete tale adlditions aso ewer in mthydlrouas mixtures of If anti

of coimpetition factors is given in (Chapter 19. T1 9,1 buit tit lower rates than in aqueous wolittiom'.

t It merits enmphasis that addiitiont of suabstanees 'lThe bimuuleritlzr reactioms whicht reuilt in thle

with high t.ompetitiom factors (film rot accelerate the formation of ttte suilfomium compoumnds have not bseen

rate of dlippeatrance of Ii from aquteous solutiouas, subljeted~ to sytemtaic kinetic analysis. The rhem-

but merely alters the finatl prodlucts of the overall re- ical reations4 of the compoaand'. are eiiseoed in

aetlem. The wreation in the presence of tioumlfate ('hapter 19.

provies1 an exaimple.'-1 1 Te two ethylenesetlfemitimli

Lions formedl in sucestsion lIT an 11 molecule ract ms~ Reaction Kinetics of StIfotidex,

with thle thiosulfate ion to produce the Ilunte salt, Sulfont's, and Mustardst with Two

S(tCI2Cl2.i*)s)i. T"he rate of the prot'esu Is ~ssn- Sulf~r Atottis

tially the saime as fist the producrtion of thietdiglycol It stlfoxide, ((lCllCIfj)r*), is rela1tiV-l3 re-

(i.e., hydirolysis) in pure water, but in this ease virtui- sistatnt to hydrolysis; "". thle reac-tion tprofwef-t1- only

ally no hydrolysil. ovcurs. very slowly ait pit 8.17
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KINETICS OF 4ULFt MIST~lRDS IN 1tETERwMiNEPOUS SltThM95 420

If siilftine, ((ICII2CII:S)A~, also resists hydriily. slope of tilt straiight part of tlhe logC cameeilnttionI
Ais in unbufferil wistsais m'1itim,74 hilt its timver- venowa time eurve; ill the va~i, of t Ii othewr entry," I tw-
iAMtoliil tlot, (Cl!2  C~( i1)2, ai~f 11(1 is intitial valule of tile slopet wasI IIs&II as tilt lial'is 4)1 the p

a'atalyseal by% hyirinyl iam. 1*pom tile adldition f estimate.
ifaihim hkvtrouiae, 0.M ettiuiv of chloridte ion anti fKnecso %dtnofb.Cr
acidl per muole f If siflhme was liberated in go min- 20-5.6 ieiso(id inofi-
uhtte at 6 f.5 7.0, andi, at pit 7.5-7.8, 1 .gueiv f (j-Chlorth'thQI Sulfide (11) hv i'erouales
chloridie iam anti atnal aippienreti within .3 minutes.1' In methanol-water solutiom, the oxidiation if 11 bky
On ifle otheer hanal, inl thet p~resece of lucarduumate a~t urea, pteroxiale anal IIlt), is slow and aeronitnied byv
p1! 7.5- 7.8 the reaetion was mzurkeily retardedf (to solvolysis with resultant avid prodluction and il.l-
ont-fiftieth or less f thlt aboave rate)."7 vreast- in lte bimolecutlar rate' constantt. With tin-it

!)lvinyl sulfona' aloesi not reu'nt detectably with pieroxidei in 8-4.4 lper cent methanol in wittei, k,
water in neittrMd 11,411P111 solu1tion, andi reartst only O.WN)8 0AW03 h,'mole mitt; with 11,0t in 446.7 pveent.
ver slowly ait pit 8.4."7 met hanol-wat er, kt - 0.0 12 AM02 I mole min. The

1,2-bi~-('helamwtthylthif 0ethazne (Q or sesilitimus- restilts indicate that 1120s and svilts yieldling 112()2 are
tari) i. 32 pe~r vent aijoxtne in water sohattion hy- not activep enough tot he useful for aeotmntli
airokym at a rate ramiarble tot that f 11 in water imnder physiologle-al efimditiamts.'
(sre Tuble 4.21 Tim- initial libperat ion f acid followe~ The oxidlation of the sulfur of It to the sulfoner
a fintt-order couirst, for which 1, = 0AW~Ii ± 00MN state should tendi tot reduce the strenlgih of bindhing
min u st 28 C. Tis aplparent rate inenvept with in- of tile pl-carbpon atom, andi in the vase or Lts(B.).Vr-
crease in the w~ater content of fihe reaction mixture, diniuim etthyl) mutafome, the binding was found to he

vaigas the fourth plower of the w'ater eomcimtra- sitch ais to permit the direct obstervation of a revers-
lioam. iFxtranolitam tot lptre water gave k, -. 0.4I ille ruea a which wats eatalyzed bky 011-.

min. iticad, imich slower stag' oif arid libleration+
has also been obsferved! anal relatedl top the hyalruiysis OS((IIlrX-C7.I1) + 201~
of the setcamd P-rhioroety1 group. Mor this, k, - XHClI--IIg~ +2CJt,, + 2%0~
00.1 min-' in .32 per cent alitxane in nter.2" At. lower pit, the viquilihrium wait forcedi towardl the

* There fis evidence top inalivite that tunder certain left, anai at higher pit toward the right.'? P *
niaitionts 41, like 11, can evrt will, the pnroats of
it own yIrolnAA to) form sultoniuim als In Con- o0.6 KINETICS OF SULFUR MULSTARD)S

trustt to thle sulfium salts of 11, some of the stul- IN IW*ThRN;KNE.OLS SYSTEMIS
famiuim salth (if Q appear to fie unstablep. Far excample,

t ilitaaflykcwtetl~ia.lfiaie-w, wo'-flioi (IV) In heteWoueaas sytemst inch as ametir in tivsues .-

? AC1.4111141-CH011antl am moist terrain, ttw vit'ivs phlia.". !inch intc'r-
JLI phie providle numnm it x'ipiltlitia's for the distui-
tl lutiam of caipnitla slch as It, its intermedliates,

anal its reartiam proalnets. Vniler such circumstanrest
no ratiamial plmysioehlemial ltirture f the aletaill

tI~iIil~5it~i~0IliN-haviorof 11 oriucy othe'r piersistent agent is lxiiisile
liv ttII the pret. time.

It merits mention that. for some syvstemvt (e.g.,
IIat, been isolateal after hytlrolv~ds oft 0 by M0 vohimes. mois4t terrain cwmltaniinatea i iit lraiplets ofl a sulfr
f witler (sac Cheapter 19t, mustard), the hydirolytic anal other reactiaons alis-

Q sulfone in eit her pure water oir bicarboinate solit- eusseal in the preccaling sectionis have little practical
tion unalergoves no alehteatule byldrolyais for tit least beanring tin tilt liersistence fi atardl for troopts. The
i miouth.' limiting physiarothemiral factors ain the rates afi

lbi(D-Vlamwl ylt hiavIIIhyl ether MT appears top ealtorntiom anal ofifsaln. 3

hyairoiymr in twa. stages4 anal at in emen more rapia Blouail ana lplasma aire relatively Aimple hletrogene-
4rate t han I I air Q." The- alatat ~Aiwn in Table 4; relate oats biologiral svstemxi in whichs the a1pixtrettt rates oi

lt lte first staga. In thle ciase of fine estimatt,2' t he alisaptpearanca. fof 11 anal (I1I lhav. been saeliafiul (vae
v:iaa far k, wrv4 urbitrarily determinead from thle Table 9). 'fle entries oif thet Itale s-mmst tila exist-
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4.10 RVP.ACTI4)?4 01P SUL.FUR ANDt NtTR(WP.N ItRT401

#Wa of wipser"s vatiation. 1hey indicate alim) that lower in whofle bloodI than in plasma. It rolisit ltitt

the rt of diiealpearatwe from the bloond or Plasma the tellular eleimnit of bloodsi mtwt. partifcite in% the

of (liffert'ft lndiviihials of a gOven spxeie exhibit a removal of K anti Cf from the extrateellailta phase.12

notable variatiem anl are, in general, lower than the hlowev, it in apparent that the remsoved agnt is

ates (if ditippearaflee at the same tempefttitt frimi not .Iestnytal mo rapidly ui that which renizinst in' ~

homoreneos soluimst containing the same eneen- the plams. Presumably mrer.-ible adsorption wvith

tWhtin of chloride ion, or without solution in nonaiqueus l)halsl' pla.vi it i'

The Waes of di"Appearnn'e of both 11 anti ('11 are in this plic..omnenon.

TAa~z . Arniarent ralm tof femuuto of AW-ihle~hyl) asalfide (11) andi 0-ehlorswthyl 0-hyelroxyethyl smlitiesdi

(ClI) its whok. bloodI and in tsluis.

The dito were cobtained lby eketive-vttatiom andvasahiquent etermination of It and ('11. The aptiaret rater of

drivownpwsiom air tabulated in teinif theapparfent finst-mmrr rate conitant (k,) and the hall life (it). In the ra's of 11,

k, efntn its tir first iiintin itp.

Ant ief"Or- TemjReer
Axmt Ocies Medium Waant (C) tatin'1) (min) enre

if .. 0.9% Xa(1 25 0.037 19 22

AMn Rksiet viirate2is 0.0".04 17-211 20

Man i'tas Citrafr . 25 0.43 27 2)

Man "kind llrparil 2M 0.014-0.043 30-50 22
Mi~~p lendt flesafrin ts OJN 24 22

Rabbit WoodNK tlenarin 2W 0.012-0.014 M1-1110 22

Rabbsit l~liscid liparin 2A 01119 74 W9e

Itablit "lluisd Ilvisorin 27 0.05 14 Mi1r

118b40t Hustut Ilepad" 27 8+. is 1

Hot Hilnisi Nleiarin 37 0.054 12 .4

11n" Ritrns Onsdate 25 0.02-0.03 274'M 22

Cit Ral~t llirnd Ilearin 2M 0.12 4.8 211h

Rabibit Wtood litearin 37 0.5,3 1.3 211h,

Rabbit Plaiting lleprin 25 0.4105 8.2 29h,

FAIWOilbm.. With S~ Mwi CVt (I h.- 
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EFFECTS OF ULFR CADe NIR1 E MUSTARDS ON

PRTENS ENZYMES, AN CELLS

21.1 INTRO1WCTON trmt. There appennw to bie no real wwcesesity for a

1ilK PRAPEIEAL 0f)IT1YVV4 of the AvA4 reviewd strictly chemical snerhanlsm acting on fil v'siu'lit

te 9,Pection 19. 1. 11w prient chapter revws the eay u sufcinl expl i n ters o( the

wokfatlIng twuren the Otricly chemical stKoll" tisreo lNilt~tUtU mfa nnra
(Chptes. tD nd 0) nd he nvc.tiatinseon he functioning. Any dely in manifrstation of the action

meehanison of cuttaneus anti s"asewie injury in san!- 'If11 'sicant ralx-h 4iwIib4'4l so the timle, iil row
mas anti man (ChapterA 22 anti 23). te4''t4Wkrngwt IIWP1 aii hen rapd

The primarv scilentific objertie in the wo it-- chemical action to be effectuated in ( meamtral
ascribedf in this. chapter hap. been the development of mane thnNit~t othewims normal mechansms. (On

$ a tessi fir easlnt acion SM " this luAu, the poittulatin of protein composulil
uk-lesrta for watch a theory are eviclent. It movit whprao.-l elas ncagdvescn 'l.a
vitle firrpidlityof reactioforthe vssliant MWdforthe unnecemiauy complicattion, anti peualeiin of fit%-
delay in the Elevelotiment of gnmsaly %iasible damagte.' velopnicut of "in14 to ensyme Inactivation "h may

ltmu~tacounforteefectidncsssolow~essgesolccutr if the latter is aresult rather tQam a cauase of1
vesilcat.. It must amuqnt for the relationaship he. patio0Cal changs.
tween the quantity of vessiest anti the qualitative A vemy common phenomenon resulting from the

and quantitative nature of the resulting tunage actioin (if vci'~'its in very small amounts. I%. Inhi-

The hope appears %ai that a single reaction reasult- bition of cellular reprodluction. corneal epithelium,
in fo a-vAtmaky bie foundl r.onsible for all nvnlwI'ailg liver, ytaats, tissue culturesm, tumiiors,

in te Eevef~pent ir njuy ~ ani marine er. 4how one form or another of delaved
ctisa the studies. on many ". tims have shown that piuiconwetradwthvscnt. ih
the reacting goipoo are multiple. It is. thrfoe t marine PlUMs the moust mnaskeil dlelay is in early pro-
hue expectedlthat the dscoery of anexpeiallvs einsi- phase. In sofar asknow,thedelyn the cam of
tive material my indicate the minimal reaction for tither kind.; 411 cells. in at a cornreaponiding phas of the
damage withumit explaining all the observd &Ifcts cellular rleprxatory cMcl. In general, effct*. an
an this vesicant cincentrat ion or timle 411 expare is X" metabosin m!ijre more firaistic treatments
lIwnegwsed. thu n thosse that ioullice to inhiit cellular repro-.

Althugh mew actions of veasicants in varioos duction.
dfssts maky lhe the result of acid libierated through Delayind repirilutin points. to ffects Involving
hydrssysstm. the acid hyp.othesis.' has 1wn nuclar material. Addoitional evidences of nuclear in-

jectsh a. laslsguae.Uins. Th a41s~ton tat olvement have been obtainedi by study of nuclet and.
tirlay In action is relatid tit necesary prellminary chroI~tmsomes in vein'atttroutet material, andi from
forinaitiou of a nualfone (HI sulfone or divinyl siulfoine the finding that vesicants prevent the ifiwelllng of
from m'iswand) 4 has been 41seI I st- isolatedl nuclei auspendedl in asodium flioetylsuce no-

mae fthe soxllation Isitential m411lmi to r.tolfat(' mlutions.
eamplish this change 9 indicate that living n46l binsolling ofircornea epithelium is. a ressult of fit-
wtasld not he aisl to biting it abiout to an appreciale rimngrinmit 411 oruiea mietabilismii prwalurtcd Isy V4as-

extnt.canto. The alteratio seen to involve an increassei
It wrims.ge rruslly agree thal , rapi reactio t'151

with protein material 34-41- (see Chapter 19) is the Reaction of the vesirants with proteins have lien
nu.-'t likely primary chemical event f l"t in- shown to alter the physical properties (sseiluibilities,

- add-ases bechavior), the cnatltc prupertios. (ena.
641ftNow y~V..irliy CAWey 41( %tmssw. matic activlit, and the b4iogil prol-rties (im-

r. iq~iur131
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432 If'!4TAfttS 0N PR41TEINS', EZVMLE$, VNI) cKIj.S

munsolopdid alrtctiirni) of the protein. ftiflies fil shows tat itA lyiiwl, ltistilili.'iois.uuI
*'nzynti-of tenl fto dliosoo'ittl' in itro and in vire sensi- tlsreutsine becomeW miivailall fur ras~kAddiltiun
tivitirs. It shollil lie Vin)hLu04Nd that tile in vtro of aIitittf, lysitte, tit~d i'ystitle des not alc'iaitsti'ly
moesults with protfeins" and enstymps have genlerlly suppilemnott th!'s 11-treatedl cluffin for e'hiiks."' If tilt
involvoid rplativiy high rioneentrations of tile mreat- casein is treatedl sit. nittrulity, onlly snetiuine aind
ing Vesiattts. tlirontine becwome unavailable for rats."' The tlireo-

A .Iifteulty which persiat is the evsloisttm of ex- nine is made available Ity soiis hvydrolysis, whers'as
4perlmnental rt-sults in turnisi Of the doses to whieh the( miethiomine is not. The problet interpretatioi s nt

whot~leb organism miight lop' 4tilectecl. Inl Most of the that tile hlydroyl Xroup uif threonine reats with Ii,
expserimtental work, the controlledl coneentrntinms of bit rather that this antin id uitils o lieN liberated
veslc-ants havte Itsn usedl in am nearly tinifoirm missli in alsorhiable, inn by till niwtiois cif dige'stiveu u-n.

h ~ ~ ~ a pSA l~ le. 'hfl 'f~ io oenef a lipid phse anti (if mem- itymps, on the I 1-tele caspin.111 %,o interpre. Ilue
lwanes, and the stipiur'tt probably noimuniform, resultst conform to thet demcinstratedl nonrmewtivity
diiitrtiiticm to a tll parts of thle liesdy prevent a Aimple tit thet hiydroxy.l groups of seritie and thrnn with
extrapsolation of till- results of in crtr studfies to mutt- 11 (Chutipter 19). Micuteriologic'sl asay also Allows Uste

tivelitlarorgangins.special mfwtirity of mretlWibie and it lesser sensi-
tice'hslasirgaismI ti~ity Of lyslle In CUMAinY's

The toommiltle reartionm of the pthenolle aind lndlolyl
21.2 RI V"TONS OIF l'ROTKINS WITH groups@ in protein aumi ohiieeure. Thesee grouips ar re-

V FSlC ,%NT spionsible for the retiom of the Folin phenol mi-
agent lky proteins. The reagent is rieduce tot at 1~.r

2112.1 Reactive (roups4 of Pmnteis exteot lky 11 protein than bky native pnritoln sit ji1 14.0,
As wotilu hes ottowstmi biy thle mretiom of tile scil- Iont the dIfferee isappears when the redution

fur and nitrogen mustards with amnino acids stnd takes Place in mure alkaline medium 111-12 or ill the
Other simple compiounu of biochemical interest presence of de-terxent.2 Thee facors ailso incease
(Chiapter 19), eontain ftinetioinal gmros (if proiteins the redueticin craused lay ananly ntivle- Jlrdlteis. If It
react with these v(5iatt. The reactbms arn- pit- reotion of If with pthenolie groups were tot occur,
deppendent hiesii' the active fortm of the toxic there would loe formled sin ethier whichi would, il aill
agets are powitively elrgeMd ethyleneulffnitsm sinif prfoability, lie stabl- ft alkcali anti ccrtailnly stubhle
ethylenlmollium ions ((haptors I19 and 20) whichi to deterge'nts. It seemst that tilt.~ loss of phnoreaiuiic
prc-Ais.,bly ret (only with, unchsirgeid or negatively pomser is bepst demuribesd so-4 a "c-overing" (if plieiulie
chatrgedl l~)tein groupsl. At. physiologiiual till (6.0 - (andf indolyl) groups rather than ats a direct realetiu'u
8.0), earbuixyl, imidasomle, thtiu'ethyl, itnd sulflyvdryl with vfesicants. The phlenoumenoin of "c-overing" IS
group4 ret to it signifirsknt c'xt:.1t. A (ew almino usuaflNy attrilsatha tot the f oldedi character lof t-hei
groupis "lso) mreat. Pheniloliu. andl aliphatic hydlroxyl, protein peptide chains, whieh maty lie modlifiedi, pter-
inulolyl, gnansido, And most :imino groups dit not halvei through thep formation sif new hydrogewn Iindus,
muct. boy r-iption off flhe %esicant with groups either tihan

At till 5. 6U0, bi(.eliuwhluaflule (l1) me- those cinerned diretly Ii reducing the Wln re-
atwith all or mnost of flt .yrox groups Of poro- agnt

feinsA"' At til 41 , indshiscole grouip ret.1 At till f. Ailflhyufryl gop- ain- of specwitl interest hecrause oif
few or nocie of thep atniti notuijis mreat.'" It the arlti'ms their relation toi ui~dgo-elcin rtionis whirls
orcur in nlka~ne mda however, aminto groupy lifti are implortant Ii eniynte action sid ins ueterininihic
mradY' In tilt fletll of biatyl jA-cloirathyl sol1fiule the physic'al pruli'rtlcs of etain prote'ins. Nevi.,taum
(hsiutyl-Iha om insulin, i alt :3 pr cent of the rezuetinK pruulll rparts %%ith It througth its sidifyl
lityl-Il can hi- reovered titarehe ft the isminlo groups.W-h Ill the casfes Oft uriie, Iflsatiirud e-gx Ill-
gruis, fofrheyistn'' sggest-ing that at thx- til biamin, and psapsunin, sitlflriyl- igroiap4 dlisappear ian-
oif ltanisnt 17.1 .61~ thle- tc'rornal amnio igriips lie- der the ctit oif II. Xot all the grsipis ini ureae mreat
rivedl from jili.'nyhonlnine art' omly patia~tlly in the t thep samte extent, and undfer sonme coirnuliis the

ioni "Vte. lictivity of tile e.11stnw is Just iiuii-iti'ul Its' t~ u.10aust'- ,,

S4tud~y of flu- iliettry svaiilal fity of thle amzino cjuaerue of( the retu'tiu on." fly working ait low pbf o-phati-
au'idg Of camu-in toutedi with If ait alkaline mreation roncentration, inacptivation ran lif' linwluiuiil ley I! or
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iNUT(IVATION4 OF VNI'.VWI my 01 'dtiiRD 433 )

4-thvl 0-hloroetlsyl sulfide. Thie inactivating action if pkynivate bky brain inince. and tipiot the, previourly
of vesicatst is also) enlianecl tit high pit valitis. The discoveredl inhibition biy 11 of thea r-sjuirotiom 2111l
phtphateprlismly proteetit through rowinpttiam.ou gla'lysis of tumor tisstte.M* rhe ise (if 2,3-ditner-
The sensitivities. of ,o-alleal ilfhyalryi tnzymw-' tot captopropanol (HAI.) as an antidlote in anraenical
vroleants vary comisiderably (see Wetion 21.3$). poitoning was d&'veloilml on the basis of this by-

tiithesis tand tise evitlenca' thitt suifhydaryt grasupa.
21.2 2 Changett in rotein Reaasulting were pzartiesalarly rtaceea. Thw hypaittn'sis pro -

from Reaction* lworteat I hiat I he( i ittl signlfiruln lesion prinhievil by it

11wi cainges' in propem-irs~ of protlein,. resaulting veiii't it i the Inhaibitionm of ani enzyme, :tat. 11
~IMIn ves4icant action have been stifdiid 4auWwith IN0tlioiit11 4claaw1geS follow as: It n-2sult aif the subre -
niatenial subject to rather dtrastic treatment. In the agnent ctnges in metalillsm. Thle enzyme Ilylit he-
c!Ua. itf 11, ex'aas liquidl vesictnnt his practically al. sis was pnurtividlnzesl for vesication its It lexaokiulne
ways hin present. The necessitv oft proiliting ex- hlioathiesta an'iid more generually as it llitsp1hio-
pteiimenttilly mettsurable remults is the reason fair the kina'ae hliolthesilt.3j A very similar hvpaathesitt wits
use of suchi high co~ncentrations. P'erhaps the results alevelopiea in the opien literature' with regara not only
may, with aviatia'n, he ext-raplmlatetl to tht, lower cami- to) veticants but ailso to suffixcants andl laebrymators."
esration-s which tare of greater interest. The oliservcal tiotions of the agenits (i.e., inhibition of

Tnie protort affinities of a protein tire maoalifleaI bky glycolysir, limitedl response of frog musele to K9
reatio~n with vesirunts. The chip( evialence for the are useriheail to enzymaticalist irintwcsbrought abiout.
Ittrtiitiian of the carhoxyl and imitlauasle grouips Iby reartlons with stilfhyalryl grotips, in analogy with
tire the ..hanges in the acid-buse titration curves anal th wino lsoctca i." Tht-'Pet#er,4hypothe-
iselertric pimnts of the proteins.' "I In the case of sis aunt its success in leading tot the deaveloapment of
hemogylobin, 11 almo increases oxygen affinity antl IIAI, ierveof ias the imptetus for testing tlw- act ions (if
suitteptuiility to onialatitm to methemaiglobi~n with- i'esicants on niuy enzymes in a more or less purt'
ouit, h~owever, rctwting directly in the "heme" piortion state, andl for the exarinatiom of the enzyme aim-
of the maokcule.' After treatment with 11, collaagen tents of the tissu"c of intoxicated animals.
biecomes; more diffic-ult ito gelatinize or to digest 11wi artiam of It or enzymes has heen reviewo:4l.2
enrymaticalyv.I1in In only time or two casies wats the rate of inacrtivation

If is. a spiecific haptten in proiteins.' T  The pro- so, great ats to sugget that fte enztyme might corn- 0
aluiction of 1l-protein complextia in Prom proidbly ac- pteh significantly wvith the general tlsitua' proteins for
counts foir the .ensitizatiom to vesicants (see Chap- the vesieant. 2 The %ame concrlusion seemp-justifivil for
ter U3). ( ertn prathirts ol)tincal by the reaction tit the nitrro~pn musitanls because, in general, the toensi-
vesicaults andl *nrum prteins are- aidl to be toixie top tivities f ai series of enzymes fall ini the satme aeraler
tissue cultures and tUs whole uimal.".' for different vesicamnt-. Prallel irt aura, anal in vivo

Xawleaslprntein is precipitatedl ly treatment with It stuiesvi, paurticularly of enzymes relitted tit carbo.
tip P greater extent than aire ofater praoteinsY"6 111ow- hydlrate metabolism, show that the w.ansitivitv oft in
ever, tre-at-ment of saolutions, aOf incleoprotein from 'tnm in, Kim is nost recesarily an indicatifm of
the' thyntus or from aehieken aerythraicyta nuclei in seniditivity in vrm." Noriliti's fte same enzyme action
it per cent Nati with lon aconventrat-ions4 of If pro.- biehaic similarly in dlifferent tius of the saime ani-
aluedI no elihtnga in vistaisity, nor dida the niscleov- nutl.12 ~ts I'.. ie 1 rofa~iin effects (if tt ict ion of
protein isoolatedl (raon ll-tre:0tad thymus or chicken retloiluar architectire on, the rates and orientatioins of
erythrocy~te nua.Iavi show tiny liftar~inae in viscotsity metabaii proterm present an o~wtaa-le lt tuay andl
frilal1ia t n u tatariail.14 itaterpra-tatiom of vinzyme bs'htvior in rirvp!' "At the

prab.wnt state of our knowledge it seeams dloubtful
~ INW~llITIO OF ~i~lK~ ~whiether further itualies of tire efects of vesicants am

Ill $ ~R )* az12uIes1 '4111.1 ai in, the. iaiitifictaiioni tor doe liri-

f A very aattrawtive theory concrning tha. aartiim of tauz~nxs aire prowaeins. $.-omc may have sluc-il
vesicanat., h13a tINVI the enzyme ltvpaith:'sis oif Pe- prosthetia. grouips, or artive ve'nters, inot alarivaaj from

Pcsb ' " It WaS lass4 iall flit, finding thatt bin.t$-ehho- ninouraitls. tit sip far aus thre u'IuYMP 's tanin flisa' tam
rowthyl a sttonf' (11 mult.,na inhbibitad tha. oxioltatiom fuana-tional gnooups ass othavr praitain-s, their riata;ns
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4:14 %IVTR0.1 ON PftOTMtS, KN'lV., A-t0 (m."~

with vesicant% will not differ in kind from thase of normal growth rate is terminated byv essation of0
other proteins. In so far a.% special groups tire present, growth for a period followed by returnt to thle niormal
thiese may react, more or lem wisraily. ltcactim of untreated rate.161 The inhibition cautied by 11, 11.N2,
v'enicants with groups in an enzyme need not cause 11N3, w., ultraviolet light is irreversible, Wut the inhi-
inactivation." The milfhyilryl enzymeg existing in bsitint, causedf by formaldehyde, lodouretate, cyanlide, )
oxkiize andl redured forms are not equally ,wiltive fluioridI'm or divinyl sulfone 11- is reversed 11 its-.
to vesicant". Some itubstrates (choline with choline, pension in fresh media. lDivinyl aqlfmcsmenms to have
oxtlawgp215h glosote with hexokinawu $74) have a pr.,- both reversible and irreversible eff cts.:ft Inhibition
teetive Action. While these may behave as if they bly divinyl sulfone in lifted bly changing pit from
compete feir the active center with thle vesiAmnt, the 7 to 5.& -r by addling glutathioer tev ;-I posimmod
protective compound isq not able to reverme the action %vwst,"*-q although the divinyl milf'one bound bky the
of vesicant, after reaction has occuirred. yeast isi not liheratcd.m~h The role of rjutathione to I'-

In Table I its given a list of the enzymes studied, oblumire. Although suifhydryl groups iisuppear from
along vcith esimates of their relative stenstitivitiest. yetats treated with It or divinyl sulfone, the amount,
Thle estimates are neessarily somewhat impretsion- disappeatring is not proportiontal to the effect, on re-
istie becaus they are batird on reports of epeMri- production; nor atre the sulfhydryl groupa retored to
ments in which contlitioms of tretmennt varies normal lby reauspenrion or changing pII,24i condi-
gretl3% as t4) temprature, concentrattion, and time tioaa which at let prtally revenue the Inhibition
of action. From the table It in evident that the most by divinyl sti'rone.30 The pomulbIlity of reverming the
sensiitive enzymes are among thooe concerned with effects of If by oxidizing combined If to sulfome, in
choline (choline and betainse aldehyde oxidlases and sits has. been considered, but the toxicity of the
brain cholin.sd cratm), with carbohydnite and plies- peraciu required proved too gret.ft %
phate metabolism (hexokinaw', ereatine phospht- Morphological abnormalities appear In If-treted
kinawu, pyrophoitphatase, and pyruvic oxidase), and yeast after 10 hours, but after 25 hours the cultun's
with protein (peptidasnes of serum, platsmat, skits, and are composed of normal appearing cells. Probably
hing). There fit no evidence that thes in vitro macti- the return of normal growrth ratex depewnd. on re-
vat ion, are proditeed by ss mildt tre'itments an have ^eted divisions of a frw cells which escape injury."'
definite inhibitory effects on cell division or on the The permeability of yeast to chloride, thisulfate,
swelling phenomenon deseribed in *he following and phosphate is not affected by treatment with
section%. 11.*- Abot half of the 11 reacting with yeast in. in a

form soluble in trichlornae acid. The remainder is
~i~t ThAT ~IT4RLJSM ANDfixced in part by water-ttoluble protein and in part by

REPRODUCTION insoluble cellcmttunu.
gM'hornthvlvewcans inerfre wth he etah- Thew reproductive defi'et ha no ufrple reat-olsip
04 hitoehylve~ans iterer wih tlemetbo-tothe grocw metabolism of the yes.Much lower

lism andi reroduthction of yensts. The development of concernrattionit of vesicants inhibit growth than have
rcolonies in plate cultureq 6 treated yeat has been any effect on either oxygen consumption or anaeroii

wsed to demonstrate lethaity, 2 " 0m 4
% and the carbxi ioxide production,l.ThiS-.eoron theusually

growth in flidd metdia meauusred by turbidimetric poitti-n-Kioseptiltie uatilization of acetate0144 Yeast
means has beem used to demonstrate effectt orn enzymes both in vivo and in vitro are much lesst snsi-
growth te."The prnn(e of deadl cellst, unless cor- tive than ist the reproaductive system.1' There str at,
rected for, may produce errors in tur;uidlimetric Lw~t t wo, if not mWn mo-r, 1-stensitive systems run)-
grouth rate metht-4s, and slowing of growth may he nected nith n-prouluctl.;, ast ist shown by thle linearA
"liffirieat to prevnt colony formation in platting-out relationshipl between amount of If fixed lay yeast anti
methos""." No serious discrepancies oist in the roncentrattion duiring treatment " - and by thle lack
fin-ling, by the two methods, although the turbidi- of a similar regularity between If concentrattion itd
ineiri oiluoul4 setems to riu'lel more information. prolongation tof grnerittion ti-ne. Abrupt echanges in

A Pingle Oreatnwnt Milia t saulethal dtie f 11 liro. .ope occur in the lalt-ter r'tiualip" 1.'actiong
lonig tile generaton time of yeasts for as many as of reversible psoisons itre generally addit ive to the
ton Rent'rzititrns. I loVth follows tile usual logarith.. action of 1I, indicating that a multiplicity of fune-
mur formula luring thie. time andf the periodl of saabp- tica? disturb anfes can result in pruslongaitiom of gden-
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TAvt.: 1. &Nllivlti of emycnwm to vcalcanls in Cetra.

P~m~rd In-stiv nnwsidmoered to be ticubation with 3 tmM it I* eqtWyactivwnumt:ts:.d ollwr n'nert foer

i 'p U) 20 Inartivulon IIN2 Mcthyl.4ia("lhhwi'hyl)amne P
2 2040% InacIrvatIon1X ma9ChowhIs~n
3 W-O% Inactivation

4 10-10% nne1lak)
It IohIepn1p INl3 2eeee aldcydrgI'n I I 0 N 2 11 Sem

Advale edpami 2cv2t 13 MminWdly4*aw 0 i, 21b,.
Papulnmpoil~a 2 2013 36m 37c

Aleatin . 1 1 21a e I Se 0-3 1 I21 ,7
dAibem, ci oid.' 0- 2 0 1,37 Mallenaacidheel uplee 0 1 311' 7
Amainv opeptdam 0civt 31h Meulnw (ewiw 13dawy

Amyesa 0 37 Papainup 2 0- . 3, a.37

Antinie 0 0 21h Pepildai (oft, piosa,
Am*W. MW doi~wa 0 . . . 6 uskin. lung) 4 4 3.7
bietainea dehyde oiWw - 4 4 21h bkw l
Caboles~ydna 0 0 0 We0eyanmdwn 21asb

Waimylaa* 0 1 1 6, 21b, 37P Pheusphate (acidl undt
luCaywpphm a0 3 olkalie) 0 I 2 tler, 2119,47
Cstals" 0 37 Se Phou$Ilwrniww 0 0 Is

* Vthvr~We37 Pluuspheigiseone 0 0 .. 13
('OvinrmtenausOmn) 0 2 2 6,120ias. spwym 2 1 1 1$. 21h,

b.3k edpbawnsdume0 0 0 21h, 370
Chnhnustteeau (brain) .. 3 4 21h, Sr*, lhyalln 0 370

37p ;j~hu~~aem 13
Olmintktauetkldty) 1. I . 13 F'yruvatepwusplwldnaa. 2 2 .. 13,371

hwet'w~y) . 1 . 1911 Pyrul oaidu'e(B. Culi) 3 6,5Th,.,)
0hnIftroxwdm. 4 4 4 11,210~ Pyrwvi oaida.e (hraln) 3 1 SI1b1epf
Ohyllnpopkln 1 3 Pyrovlc osidaw (kidney) 3 3 21n,h

(ly~ty'nI to Pyruvkc ozidin (live) 2 21*,b
VINstile phw4Apnluw 4 3 13 Pymle* 4aowi (Itkin) 36d
Cytophromeeokda 0 0 0 6,21b,57e Hiholumw~ 0 Is

Dmimilwsokinsac 2 2 15, 37i Aminoilhydnwa 0 2 2 6,21th, W61
l~iaphorwu 0 W~e 3Tc~p

Enlae0 13 NmAwnu' 0 I4 . 10.37o
Vumarmto We 3? *fnaw~tIynu. It1

Cl~t(~fhydOUPaM' .. .. ~e r1.hy di~ mrynniI

Clhitansie wld olaae 2 210)i gritAc a 2 . 6, 37p
Ulymnropluphokhmw 13 Trypuln to 2 .. .7 37e
w-Glwnaptwupplimstc de'hy- Trypsanw. 0 .. 3

dititaiw 30 11' aSeUem02 . N2iH, lam,
Glyflubw 0 1. 0 37"a~
Ite'niski,,.w 4 2 1. I. 13137J. Itrlew . .. 2 2111

, , I,, k, Valinpdenmlr'--e 0 1 21h.
o'p ?:.nthlne itic 0 0, 37e

1I1linraw 3 1) 0 6.21h. Zvinohwmw 0 370.S~
Ilynua'ehiese 0 . .. 41r

Heiajt 4pwbd r "Ojht""frall-OgILm

ration tieY"' Thve action of ve.-Rivants con yeast ig thiamine, pyndoxine, awl) 0 alanine.'! 11w followinig
."yery co.mplex" 10 andi lethality is probalyv matAi water-40Iflp constiunts of yeast extracts are not
to the arctalto fmn ml lfcs" affieted by If treatmnent of yrast:lft adenoneeln tri-

.......... $epnmte (ltn-tir If tn,'ntnwmtst cof the titsmins phemepate, fliphoephmle-t ille, fadenylie IV-ill, and
necerria o wnt 1itt girowth fail to make thieta un- nieotiflir ~isari ie oate omeiil'ta.
available for yeast. T7hig applies Wa bio~tin, inottitol, O)ther wat inwltlItoptumht.m
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letbi,:ip ti.cst are IN3' 1I2,2-f anti Iwnzvi aend. the 'itlibit. vye is U per pent of t1j it for iiition oafIethy 0 .hlroelkv mifit-4.1 9-Yglyolysis the PAurVivinx lieef eye. Thu~s, inhibitionetyl b~rsthI~4li1e4.~of ansn4t g(PjYco45A flsscr to lwnr tit) catied re-
21.5 C0RN U~ WTARLISM ANI)tiin to the developme'nt of clinical tkrnptomis.'*A-

lAWX)SFNIN(; The invirse of lactic acid in corneas e~xposed tit1 ils
clue tt tin inreasedl rate of its. proelitetitn in il-ex-

E'xpostiry' of the uitelatfcd corn to saturatedl 11 puted corneal epietheliinm and ca n hii be I litdbvaipctr (whieh fprue"ic severe dleikwyd injury in ralb- itoeloewetate. T1he major portion of normal, metabio
haits after a. I-minute exp~ftiur) remilts ii, a ioenirxg of lized corneal catbohytinite doues not passe throuigh
lisp vornenil epith.'litim. The heuteming can lip quanti- latip fid liliass' of tIlw carbol.irnt11e y.le.htatively mensutred after 5 12 Itout."' At 28-1C Gl(yrogpfl ati phosphate fract ionis art but slightlythe prwcess oif loosening takes IS honrxi to dievelop. affectedl by expfixuum' to 11.1,1 Thew orms. utilizies11Thumm'eing does not develop if the treatedl cornea pentoses, pairticuliarly ribose' anti xylose, at absotis kept at 019 C' after the foutrth houir. After 11) - half the rate thatt it uses glucosp. Athiitiem of riite m%12 houirs at Itlo tmrture. re--exipewarn to 28 C tcm's, gi.yrogn andl lactate, anit its 11til111t011 isoften results in hitmaening."1" Anacrobiosis l in- inhOMted byv ioelueteetate andl loride buIt viot byhibits hummseing. Antvrnihifois during 10) housi Oster arasrnite or maloniate. F,'%qmsem' of cornea tW sasturated1expimirn' partly inhibits hummceing in the subsequient If vapwfor 1I)minut" hs nomtyi~.t (M r~wusseult lllza-10) beers of nenti isim.- Thse dlependlence of icrn'ea. tiin. Only slight inhibition follows 2O-m.inttte ex-ung (im derangedl metabiolie precesse' is indicated byv po.meres.191 Pynwvate is usedf more rapidly than tinythese. findings. Ph1ysical loosening of the IDanielli type otior IMesteel ustanen li' cornett, lint .qxosre to If
is phrlueel 1 treatment with alceohols, but ip lin;- 4c.v not effect, this utilizatem. The rection, whichmcdiiate.9n Deltwedf loosening is chiararferintic of is nat a simpk lectb xltorr eeurs in the vTA.%vantif, freezing, ituloarvintte, fluoridle, andi certain thelium awd not in the cortneal x.-rona.191 Among
ulnag, esplecially histamsine.191 That proteot'sist is prewleictv which might restilt from pyruivate, acetatecoeeemed is indicatedl hy The abtility of tryptit, anti awd butyrate are used only slowly, but actoi ischy-motryvpsin, when properly injected, to produre itse'el rapitiy. 11 does not inhibit acetoin Wtilisaition, Ethe loosening. Ilntmuleete, lipaste, andi hyalturomi- htut floes inhibit buttyrate uitilization.",
dhiste hav'e no comparable e'fet. Exposure' tit If incrites the notmprotein nitrogenTreatment of cornea with 11 rrsmultfs in increasting content. of ef cornenas. One-half to two-thirds of tI bfaffinity for acid dyes, probably~ ltase of fuormation incretise is in the form oif aminn nitrogen."' A IS-of 1sulfemium groups."' mintite expoiture produces a mimial effect which,

Nlnn%- ubstannces Injerted1 into the cornea prnodut. hum wee, N' not evient until after a lisenray off 3-clinical lesons. A survey (not including %csieants) of IS hours. Thse inceasee is independent of temperaturethete and others tends4 ito etk-i'e at' tMe effects on from 28 -35 C, but is only one-half as great at 13-istolated1 enzymes from leit, rdutin.ie which 18 C'.10 The rate of distippearance of ammonia is nothave no effect tim cort"a metabolism produce lesims, affectedl by It.", The increased nostprotein ntrirta &some which affert. ;solateil enzymesp cif the cornea do prolibly reisut' from protcolvsivi."
not1 affect the same enzymes. in riva, andl some which
affect rmapiration or glycealysis4 of soriving cornea ATSI :LUE
prewluee no :t'simq wlwn injectedl into the cornea T.KP CLUF
in, V4.1"4 17hw effects of I[ anti various other componsERquefre of supravitaflv maintainlied 1w.'!cnAs. tin timssu cuiltures dlepention the dosager. Large tilo.stos it vnpeir pr1"lWee4l,4 a *11) ;w.r vent. drop, in oxygen prtie11Klair f llpoxbybcueo efconsumption, which lipcomes appatrnt Ill hours after produeptio.A" Tie. general n-tietitim to If or 1Y.2 iii-expoeare. laInrnsu' of exjPosure Iw.aml a snotdernte volva's shrifikage of eils, withdlraido fine processes,doste jrodegces no greater fchange. Tiw' rate of eli.tup- swelling tof fast globfult-, andi neir sltritnknoi.2'penartnee forfr acuil fIec'reMite lmtincdiatc'ly after .4mali.'r doc,.., inhaibit gr..w~h.4" l'nluothir rro,,,, II,,e~~No'nht. inhibitio~n fif anaeroici glycolyisio fte- action (if If or I I 2Ion fowi laa a11911,tre toxic to Itk'cucivehapt only after long expiotee ati long ineutiemto cultures anti inhibit wound bresling in tne.''ThetimesA. The' thnresleold for severe clhiical sptom.. in pritets an- less toxie than the ve...irant frean whioch,

W.C WI
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they are- formedl, bitt it, seemK 11nlikely that the tWmal prestormand ut is perhaps n-lativ- to) licrinaubiI-
toxieityis 1 fill" to) "ifililI Ve'5Iitt since,4 it is not ri- ity, is wit If(lifletl by treanitnt with ltN2."i
mtwcql l y hitaeteetrtin of titedried powder.
Neither ftiidglyrol new I WI proxhces similar pnld F-T NN CtlA!
orls frome plasma.2*i l1N2 iflhibIt1 the xrli)tlt off 419 EFCO NUCL EIl ANDYII~

chirk enilbryO heart cultures anti, at lower cilmeen- NCFRAM Ir~

tratioinx, the pe'ristatii moivements of golt frtigments. CuPAISON(IeMAL MYIV-911xaaia
The- toxicity' tlecrmeme during inefuhloln. 11wiar is' no The effects f It 4n echnimmilirnt meiallmisnis hall
4iffeii'ntiut ouueptihitity bectween epitaeliin ati beeni steaiedc will% IDrolu)hiln1n4 wrsr and1 wit
fibrobtlasts. 7te firset. tiloerv:Lbte ch*'nprs air in Milos- Trarlexmideia bradeoa I uttuiiese doohl
Phinairi.2.1 Deiw' marro" cultitti' frilif ll-jeemt'tl "Wtmee fertility by interfertence with inloiso ati I'mi-
animals show abiormalities chiefly in the lemateouvt llrylW'lit. The rte at whiph Vsex.Iinlket WltlS
awl their mtobile' fimrstows." CulturesA fof %.wa peri ic icese rnwu. Iayd

Ixome mam'Ww c"D he uise to) fiemcm'strat~e lti'iti' meaomul breaks unti narnmngemle'ts apporar.f A
I'letifrn aagains4t If by '*niouiS romnpltiflnds.' similitr .tuattin (with chrmosomnl breakls tent[ frag-

C A :I NiX(KN ESlS of T. bnnldrilf. Severe effiectt ame ni:Avlar pyt-nois

11w inihactiem off Wters in mice by carrinogenic anAcell th. S uriin elscndiie n rait

hyditrotines ise inhibiteet bky It 02 through a lown! mit. elaremiemome alnnalities.124s
ati nutpersist*'ttt. aetiem. That is, It anti the, hydro- .llyi 1, 1 A LIN('4~
carbon it cst be- applicet Itiother te, temomstmate in-1.4A NUJICt%

hihiiem.The pithhal aiwrlu~i preiminryr. o oeal ePithelitam, a small fractioin (abote I per
tumor is1 not affectimd." Amemgl other mi~npoieli, 11 rent) for the cellsc ctit lwe ealwrvcd te) fie in mitfeittist

thesam ablit toa lsse ehw, anv gven time. Applic'atieon f 11 or IIN2 dimninishes
uifine pmwii'14 he mmi~t to it les r n the nhim;)er in niitis greatly. The delay is4 in the'-
heat It 4itfotite dews ntt imme imti' oft autcwis TThecll hc h egnte
linneohlc glyceolysis f 1tirnelr mince is inhibtited te a "sto iii.Teerlp hc aehvnte

greater extent bly 11 thtan i-. !it relepintiin." 11 oh- prie (ie., show a mitotic figure') pass througlh to

servatloi's Indilcate- to tiff- writer that inhibiition f 'filu inwtii delay. 7jif etesees reetlrc'c ti preee

mittsc mflty xw thle caIuse fir tile prevent ill? o4 de- thi effiect by direct applleatim an' mutch smaller
(i.e., about. I,1 ltM) thtan thoise which sufflice to catise

velo~ment lf tuors.clinical dlamage. Pairnteral injection eof h1N2 s.citi-
eient to Prfepc deiy-cel death inhibits itioin

PI~tME~IIUTYintestinal muaceita unti lleme marrow, its well ate in
Thle petmeulifftics of Prythrevrytes" fof ycatt. rioneal epithelium. Iteceivery in the- cornea ewecurs

anti df the coena2- are li~t little, if at till, afleeteit spomtanci'eeily after itshwwdeve-lospeent of maximumn
hry If. fin Vitkila treatedi w~li 2 or 3 millimoes fof It inhibititim many hoturst after ctuue~gu' at thr'shfiltt

$ jpermeablility is iutcre'ascl antl turpir drop. ".1w lev4'ls.'* In spite ,it the inhibitiom o~f miteusois, healing
chaftne is napidl anti is nit preteiluci the hydronlytic- f mec'hanivally tor vcsticawt-denuttimt areas fi cornea,
pnoeluets f 11.11 (wnenl furg-erce is riioccel bky iwelers informally tip te, the' timce ^that the epithliuam

4 ~~the actiem efi It 2"n int vitr 24- anti in cim.2", 'inre slougwhs tiff. This healing taki-so place by migrat-in fo
the water eemtc'nt f cewneul c'pithelium is nmdifiedl marginal cells, at preiress no. inhiblited bky vesierants
by subistnces- findt trenitnmnts whch tit) lnt eutise bilt inhibeiteit lyv unl~a itN I'tit',lal uilm'-
epithedsul Iwiening, the- twfs are, not causially re'- thectirs, epinephrine, ete."0 The effeicve' io-s for

nstA'Te poieence' eof at capillary pemilty mitotie inhibitiem in romiTt arn, far I .11w fte ncr-
facttor letietitaxine't in If blister tanti Iig elema tiling deies fewr It. 11N2, and I 1N3, and ait about., the,
tftuidt (phosge'ne llro.lucet a inetirt,:es that this sub-. 114erot1irinX 4lo14e' foir JcitwSit.lk llighe'r closees tiautl
sAlti ig libeorateol byv *6sua1" miabjectel toi the actiim Ill~e which inhibit mitomis proxhiwe ncichear frog-
4fi cht-mic-al warfare agents4. It4e relatiem to the pri- nenltation, in owneal eptwii Turragmntiatioin
Mary e'rentc remins tobsrure.32 is cimnsioele a form of pathological mitosis riesuling

'11u- trausfeirnuitioit efi thef shape efi rabblit orrythro. frown atiom f Off. vIsif-ints onfill As in a "Iri-mi.
eytes4 from eti,4c tel sphiere, which is ptreouuti ',y ex- tiie totat(." At ttny rate'. theinse 4-unare in fte.1i-

4T



438 ~ ~ MUSTARDS 0-4 PROMINNa ENaZYMES, AND CpLIA44a

vironment such as reducred temperature and anoxia codest In the presence of veicaft. Treatment o serm4
which inhibit mitasis in normal cornea inhibit the bhop not been studied to ist; great an extent a-4 tip'
development of nuclear fragmentation in escant- tiyttnrnt of eggs. llowever may abiittmahities -p

-~ treated cornea.10w In rrgenerating liver, where mi- suit when normad egg arm brought into contact with
tini active and inhibited by H1,18 nucklr frag- treated sperm. Such sperm may enter egg And, at-

mentation (Ioes not meim to result from veirant though they do not initiate the rime of a fertiliaations
treatment, indicating that the sequence of events in membrane, nevertheless prevent the entrance of more
corneal epithelium its not general.'" virile spermn which actively swvarm about the eggs."4

NIMI N AINCFASAs a result of treatment of arbacia eggse, the nuelei t

Mrrose' i M~uluc E3(1'exhibit a thrme-oldl increare In volume andi abnormal-
The dpvelopmnt of starfih eggs is inhibited by H ities of developmient can he observed In stainedl

in res water." The effects of veseicants on mitosis sections."4
have been studied in detail, using Arkwcia pitadia
PM. 14 Thse observed effetst depend on concentraton, SWELLI'(I P"aNOURNA
length of constact, and the time, during the develop- Thse nucleated ghosts prepared by imponin hemoly-
mental routine at which contact omcirs with vsi- s%6 of avian erytroeytci swell when placed in 6 per
cant& When suitabmly treated with vesicanst before cent NaUI or in 0.1 per cent sodium dioctyisuccino-
ferilisations, delay oc'curs during the events ocrupy- sulfate (Aerosol OT) in 0.9 per cent NaCI. Thee --

ing the period between 55 and 75 per rent of the materials ame solvents for nucleoprotein, but do not
normal cleavage time (early prophase). This may free it from the nucleated ghostp. The swelling of
correpond to the "premitotic" state in conmeal ghosts in Aerosol OT' solutions is enormous (i.e., sev-
epithelim. Thse Pgg reach the "streak" stage in the eral hundredfold) but definitely limited. The mocha-
ftne time, whether treated or not, and Pam front nism of the sweiling phenomenon 6s believed to be
spindle stage to cleavage indlependently of dosing. oarmotic and dependent on the solubility of the nor-
Thse Intervening time (streak to spindle) may he pro. mally undisseolved 0nucleoprotein in solutions of
longed eikhtfoid. If the vesicant is applied for a Aerosol 0OT and in 6 per rent NaCI. It is' believed that

*limited period after f,'rtilihation, the delay in the solvent action on the nucleoprotein enhanesm the
first. cleavage can he produced only by treatment, lxe- osmnotic, p emure of the nuclear contents and fluid is 6
fore 55 per cent of normal firstt cleavage time hs drawn into the nuclei which conserinently swell until
elapried, and is progrestuively less the churner to the the hydrosttatic pressure produced by the elastic re-
time oif cleavage as the treatment is applied Appli- sistanice of the membrane balancers the osmotic
cation between 55 per cent of nornal first cleavage presure.'11
time and 75 per rent of first cleavage time produce% Thse effect of treatment with vesticants is to det-
nuexdmumn dely in the m'iwtmd eleavasg. Tteatment eea* ft-e v.ellii. Ona the SIsJt. lsypuitsis, 111.
at progrettiively later times betweent early prophase I tvsrant, either reduces the osmotic effect of the
and early prophaw 1 I I oid we and les inhi- wiuelcoprotein or incrase the rigidity of the elastic
hition, until the mntnn Aleavage is not delayed bky container. No efffvt indicating aggregation can lie
treatment at or after the latter tire. Thse s"sem be- obsered in the cawe (if Isqolated nueleoprotein treatedl
haves anm if a sensitive -tulietanve more or les nerific with It at the low concentrations; nccesusary to in-
to OWacl cleaivage had been Variously protected or ex. hilsit swrelling of the ghosts. The ,mecemd hypothesis is,
poswed it) the ve'sivint during the develprs~tM. Thse terefore, ths, mein- probable. After reartitim with
stetsitive substance is snt restored by resting befoire vesint baa' occurred, the inhibition of swelling is
inseminatiam andi after treaitment."4 not revenible by resusopension or likv treatment with

lEffectiveness in tlie rraetiom is greatest foir 11N3 thioseulfate. The: inhibition rw'quiret, time anI nirte
anti progressively lessfor It, hIM2,asielfrmalelehyde. m-an lie Xmsred It is accelerated at inerptieel tern-
Form ltlehymle ist effective over avry narrow ranige, peratures. The sensitivity to vesimit:; oif dhe swelling
about 1 2 ntsillime'le'i. ( renter mmenentratitsms piroidtie phenoenon is greater tHam that of ainy other istilated
granulatiamp andl blisteringK of 'he cells after aboust marifesatitim of vesicant artitm.Ib
2 hurs. Ahnorni.litip-t in elivimm- are evident in Intact erythrovcyteA are' smlle-in anti hestlys'd lay
egg. treatedl iore hi-avily than reqiredl for the Aerostol OT. Thse swelling is less seuusiltive tei; inhilii-
Sutilv eeurnstntions, or when the dnevelpment Pp- tion by~ veftients: 841 per rent swelling lessm4 i.4, pro-
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IPVFA"R ON NUCLEI AND NUCLEAR AC."IVITIES 439 1
dured when 870 X I0-" millimole of HN2 has rt- Sopensons of lung, bone marrow, kidney, spkxn,
acted per erytiarocyte and when 7 X 10-" millimok intestinal mucom, aind skin of rats unit ralbits are
hs reacted per Xhad; the con~ lodln ligulre for swollen b)y Aeritaoi OT. 1Themn r tion~m of Apr'mo|l-

70 per cent lossae am 30 X 10-" and I X 10-" milli- OT required to produce maximum swelling is differ-
mole. The differene must be ascribed chiefly to the ent for each time. In some cases (i.e., intestinal
reactim with hemoglobdn which is prent in the mulna) the swelling ability in rapidly lost ftiter
Intart cell but not In the ghost. Th hemoglobin muld prepratkmon, whereas In othet,, the eapawity to swell
properly Ix called the more reartive substance in the is retained long enough to demonstrate thrto the tis.-
intact cell, blut it is not important to the swelling sues am sensitive to vesteants. For lung and bone
phenomenon." marrow, the sensitivity Is of the same order as for

Among mhbtanes which ame not vescants, eya- ghosts. In spite of the sensitivity of the isolated tis-
nide, iodomaetie, and fluoride ions have no effeet; sume, no deeream, In swelling ability of the lung or
formauddehyde is effective in quite low coneentrationa bone marrow after LD or supra LI).. doms of HN2
(i.e., of the mne order of magnitude as the veal- or HN3 to rats or rabbits could be demonstrated up
cants). The damage by fonnaklehyde is less the to 4 or 5 hours after dosage. Various posibilities ae
greater the concentration of nucleated ghosts, considered in explanation, but the problem of the I
whereas with H, HN2, and IIN3 the amount of key lesion in vesicant injuries is not solved by the
danage is independent of the ghost concentration. swelling phenommon."
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Chapter 2.2

SYSTEMIC PHARMACOLOGY AND PATHOLOGY OF SULFUR
AND NIROGEN MUSTARDS
fly William A. A njcw anti C. Riley Ilouck

JI NTIIODL'CION saws, flifferrenees liring rimeli only in the intensity
sets4-1APTY iAA. P~ie (I ('11MA41 iterillr ct the h-slonh'. 1laenqwatte approaliesu tip aillmviationi
aa~st1II'tR 14 aII'~t' 01claiiccl itelit ito systemic intoxdicaln have attainedl nea significant

f! ncertin tifi )t smWo ai nitogn amu*l acee, although some prophylactic procedlure will
tuni (~clalmn'laylveacants). Attention is given

ttnl Olcaeauie fth e l,, vi niroe U lowipevnt inhalation finr ystexmmui Inr iew anti
c-hiefy to, bixgO.ellotlkyl) stilflde (11), e own Ihlali r kn bxa' slufrqtetai'

elacar~etaylatmtw tiNI),metyI~ia(-cllcru'tyl) 3 a Imi prognoitie signt. etince.y'l1 '
uniic 11NM. rixO-fhiono-hybmin (1' X), nd In small animals given close~tls ig46A"

ecmiw (IN'), ric(.chemathy~a~lle 11%3) dealthsln, noi tom~e effects my In- evident uip fta 40
istprpyI&i(~c~l~ro~lyl~mile(TI, X)1). D~ata

arc' includeed on adeditiotial eompounds dleemedl Perti- lioutrs, btt the animal usoon stops rating Winl dhinking
nen tothe unersandngof he ctim o th abveanti rapidly lois weight. Mutsculair teakneifs andi tie-

nen ft t spoun leai i g o h at o ft eas v bilitatit increase pogresively until the animal in
Systmieinjary y te ~.hlooetyl 'cans ~ prostrate. Watery diarrhea, appears, recting clam-

yth it injury lic ,l i''~the f-hr ofay di etr iaiatii is Sira tea the intestinal tract.; there i.n a loss; of control oft
taents lay wyca iac reisi tfinm IIsst 'meitot (if nx lcealy te'nl iplrt , slowing anti ente'hlement. (f

jurv always folloaws parenteral administritlem, in. reapiratimn, anti exodus ff .y 1be precedd lby eutivil.

chiading skin application. In miciciim, it arises from sive tremocrs which probiably reflect cerebral anoaxiat.

cara administration. iha'vever. on inhalation, the In the dog, natisea anti vomiting accompanied by
dleveloapmnent. ca systemic injury vatries isith the Anidn'Xifl Usually Wein a fewv hours after intoxicatcan

species, apparently dependiing tim their uAc. In atit may persist with incraing ueverity throtigh the
C, edaltr animals in which the itanricw itpper resc'cownel orc third day, and diarrhea. variablyv stainedl

with blood makes itsa appearance by the neecmd or
tcar% pettioswes may abscorb the vapor, saystemic injury
r'eulls tmly when the animals to, not acuccuma ft tlairl d cay. Fromt the third toa the fifth clay, weakness

a.,phyxial death (edlema (if the glottist). In larger aiws la ol temperthe aitiml gagll te itoal
animals, ineludting man, systemie injury Ii lloing temaine colan the aima raally geefro rrinto
inlaabdiem iu. raredy eit'nicaniAlle. Ifere, the widar termfinlur hcah Ii tuul retlt* A fr11441o f esIra-
respiralcary peasmages pe-rmit vapor to reach ft-hag i t ortalmwihisun ;aemruec a e
where damageW tesulting ipr xtensive relet may lw rphrlcrcltr fiue
cipitate rapid asphyxial' deathi. If rnpitl death is The evidlence fear the existence cot peripheral circat-
avIA1decl, su1perimpmecil secmesrv infreticrn mayv Its lat4iry failaure ecansisto of rrductitin in thce volume for
the- caus of clt'leyecl clc'eth in the alisencc' of signMil extnacellaalar fluid, pirstulating plasmai voalume, toatal
cant systemic injuiry. In th.ix chapter infutlatiau is circulating red cell vtalume, total circ-ulating plasma
diqeu**41a conly %vlven it litis invcalvc'c sy.stc'mii al,, proltin, anti plasmat chloaride. Terminally them' is a
sorption. marked oxygen useflturtim oaf fte jugular lalocacl

(airteril satunatem prevaumalaly beiing normail). Al-
m.u (UCmmem Features of Syte-mtrm leviatiom taf some cof the eacafve, trlangro lay flitid Stuff

EI~ectas letrolytp e naceiet. sit. tc'rminal stags ecuas"..

Massyv feuutita's off systemle lntcaxietflcm are risn. irearastic' lnlrsavent.t As this ticrrupky falls fta t'tr-
Mcm) tia the 19-fhlcinailtwl vesic-ants. Following Stol- met uncitrrlying leSlemsi. tanlyV tratInst-nt laeaic-lIt is
Ministratioan cof LJ)m., dic,'e, aniniabc shcow noa iirmectli- ac-hievt'cl.
aite injaury baut clii' oft ssteic inttaxieatiom in 741 - (iaatnita'c in wome lleautialuttiteg, glicts,
I Wt hoaurs (cle-IuNY01'lrattl), anti jiath".lcale examina- lactate, andi pyneivate, sin- intcwmsisli'at antii InAe
tion t1f S11c-1 :11niMauls c'eAl injury ta the same tis- spec-ificity, since they Itre W,-sdwizlt44d with usirhike
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",1IibM N et ftortirMa priuvcluvci. (11ano-A in alhnptly 11w knoewe cai t in thse tWeml. Rthgwr-*
other blood Pe~ttete .g., albunnin anti glikbulin, ative artiviy may piit tM r fw ek'.

nmprotein nitroen, fibrintipen, inoirganic photsphate. 11he onlyV prphylactI illad therapeutIC prewc'cUMe
ix'ntwe, phooscliocrctine, cholesterol, and oither which have attained any degre oif succress ame those
filids, art- mor cemsistent. $itcl chatnges appear to) opeirating oin the prineipk' off Internal ele tantina-
possess some tinifoirmity, since they are aseeoiatril tirn. Varlssisubstances (eg. Whocilin tillooulfilte andI
with a limnited nunmber df related ti-muztie proce- hcxamettytenetetramine) which are known tA) reac't.
dun's. In teome ca"e, theyareioncoitzwttsotf ppriph- chemically wvith the ISclltmithyl ve'tieunts signili-
eral circulattory failure; in olthers, obf infectou-s di*-. cntly alter mortality rate when given proiphyhieti.
eases, metalici disemlers, borns, etc. They pessilioly catty in doses suiffirient to yield rclatively high litxcH
reflect mcm unelrying funeticomat ditirder coammn levels. The same ettbstances am' e'ffcetive therapeuti-4
toi these variouis fiorms oif injuiry. cally after skin ecmtaminaltim if treatment Is initi-

INe P-ehlosric'thyl v'csicanhi ar e yffttxie age'ntA ated1 rapidly, i.e., before significant syvstemic asr.
captible, if pn'tit in mufficienit emeentratiems, ftr ficcuemrs. It sentms apparent that theme proredlure
killing any typie off cell. Ilia-wever, when dlitribuitelt effertively eeontanulnate the agemn in the blaid anti
in the bodyv in th, small amounts which are present extrarellular fluis anti thus prevent entrance of the
after bI)za domes, the mist mcnsitive tissues are thx- agent into the cell. Once a suffivient tpantity o~f it,
bloodi-formingm organs (hlone mnrrow and lymphoid fl-ehloroethylH ve eicant has mreatedl with cells o)f till
timiue) andl the intestinal muceuna. Bonn-marrim in- liodlv, the ulaniagi' lIs inepaik'c so far as existingt
Jury rimpsius off delektcm tif the granulocytic series kno~wles 'Mus alt attemnpts at speifitc ther-
andi (cgenerative changcsf in thep mcgnkarviorytes, apy. is well as of slymptomiatic therapy, have failedl.
andi culminates in aplamia. Lymphatic tissue injury In mfan theme art- few uncomplcatel data indicat-
in the spleen ccmsists of fragmientation #of lymphlid Ing systemic injury. Eary voimiting, ly somle aw'to-
cells w~;th phapioertosus tof chromatin. particles, and danted with systemic abisorpticon, is believedl to Is

* ellular deppletiemn of the. sinuses. In the thymius, ey- nonsplecific biecatu it occuirs in a variety9 of conefi.
hitlysis o4 the lymphloid cells oif the thyic colrpu~scle tilms involving skin trauima. Delay"I gastaointestinal
awl intersttitial tistue occurs. Injury tol the intestinal clisturbcunees aw nd lecoenia have In many caes ihuhI-
tract, piarticularly the smalil intestine, constistso of dr- catedl systemice intoxrcation. Thep freqluey andi IP0-
strittction oif the mucoue with clespuamation and ne- limxvid durnetioin of tihe gastrointestinal disturilaules
crosis of the eplitlium, and heimorrhage in extreme possibily indliate an increasedl sensitivity of the. hit-

VA!". rman intestine too the actioin oif the 0-ehlornethyl vesi-

Injury to f Ith bl-frmnigK organs is mrefectd in rants. On the oither hand, the hioman hemnatoqtpoic
VclausgVs ;n 1ime. rio 1161411 leluuut. 11M. alireapt injury; .y-tpin "wnu relativoly InwrnAtive, us jtafliccl by the-
to) thle lymlphatil- tissueP 14 parilleled1 by an early tli*- rare appearance of lenecopenia, usually presoent only
appearance of lymphocyvte- ':rfm the bltoxd. At fihe in fattal eas's.
suame tind-' Ihere is anl 11bsol11ut4 granulierytotci-, tloe
resiolt o4 stimulatio~n of the bmon arruw, Icaiag to) I2 ndlividiual Mtarmacologic Actions

the ehiselhargr of gnuiicytes it the virevulaticm. Abewie LI)D, dories, anti somertiones at. LI),o css,I
11I,s stimulating prcess may Ise completeod at 24i certain charuett-ristic phunrmacoibigir artionls ar wan-
hneurs, mo that bloodl counts at 21-houtr intervAls fne- iferst, in~e the nervoecs s~ystemr. lucy arr reaeliiy
ejuently shimw tnly at progressive leurtclp'nia which elicitedl fitaenu 1cmnsnt c"msradily oin
mreaees at maximum JIwri j'nncea with oither symptimst iulinistration bky;other routes.

ait 3 oir I clays. f'hatirnrgirf inn ispflossessedl by boith IfI and I i1N2,
fit surviving unindls emtramccilllarv huematiioli- snui is cle'racteriued hkv musearinc a'tinn oin planfds

in thle lMcrne' MImOnW andi lyniphilh tissue. tkympho,- nonni aniglia andi skeletal mnusle. In ft(e civa" olf
c'vlcs n'ecver tbcforp grunitlorvti-s, and matrkedo hvper- boith agents, peripheral stimuleti-n~ of liesil e'lTerhtmr
19lmiue of the' fhmynhu4 and lymnph nodes, peeralic! with cells auppeaurs toac'cv~ouit fror the meiscitrinic relponses-.,
this mi'tiwery, is, listfilcmgieallv clenimmstralple. hieget- alttotgh e'tral exeitntiemn, cuppiarcntt minimil,
ersutive ativity in the boine murrowv ay cause a eli%- canneit he exclittheti. 'hminergic' w-cticn is nomt ctjn - -

c-1h1arc cat imature,11 granal'tcX-tVtS suffMiiet fl) rais siclerech a factoir *n th~e clcveltipment (of till- synfdrtinc'
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lelihfg to4HIytE death *hnu is nwit resptsnstwc for rMtns2- is efficacious in pirevcfltionf of systemic injulry
late vormiting anti iarrhea; (11inesterm- intetva. andi in saving time animals only if the Ilmiettire i-4

tion is; proiial)y int involvedl in this efholinergi earriedi out within 10-15 minutes after etrntamina-
action. tion. hiaving entent'l the bloodl, 11 is rapidly dlin.

1'enrirpothiuv4Vke neth irn shown bky II NM at tributed tip the tlissues. Fifteen minuites after skin
iii~al 411151, fl0t jiudgedl by paalysis of cardiar vagal application of I I otainfing S,'* fte riliotsetive suiltar
fibers anti antagimism of the action of panitympa- has liven foundl In aill examinedl tissues except the
thomimetic drup:. A similar parasympathicolytie eye."', Followring the application of 5 mg of nioii1h
action of 11, IM2. anti TL,301 appears to he presnt active It to the skin of th' rat, 0.17 mg wats dlim.
in servere intoxication. trilitutedl throughout the organism within W1 minumtes.

C'onulsive adion is o distinctive of I IN3 ais to war- This amount is more than an ,I),.w dose given intra-
rant elasitificationr of this agent A a true conivulsive venously.=4
lnmg. I figh tisrs of this compoundf given piarenterrally Vndler comditionis which piermittedl tracing sin aver-

have an immedliate, direct., intennP convulsive action age of 85 per cent of thep 8" appliedl to the skin of rats
which results in dleath within 6i hours. Cent-ral .timm- ru ItI, the concentration of 80 in the tissues reachedl
latimn ist a property of If andi htN2 at high dtis, hbmt maximum saue between 2-6 hours anti thereafter
thep 111ti001 is4 not Similair to that of II3. dlereaed until fairly iteadly values were reachedl at

Paralytic adrion is pueswmmne by both tIN2 andi 24-72 hours."'b At all times the concentration in any
IIN3. This action is chararterimmd by a progressive, tine tisstue witst found to cuirresqmmd closely to) the
irreversibile muscular weakness anti may cause death average conentration in all tissues, except in the P
in a number od hor. kith'eyv which consistently showed higher concentra.

Xretrollapir injury loax been olm'eive in animals ;n- "qo~. A cimcentratitm of 8" signillcantly higher. in --

toxicated with ITNI anti HN2 by either gassing or the hone marrow than in hung, liver, kidiney, ainti 1i
intravenoust administration, but never after intoxi- brain hait been n-port-'i"I, to follow skin contamina-
cat if o by other routes or Mith other agrntx. Ths in- timn with radloactive It. However, this Important
jury lown usually appeared abouitt the 11,;ird or fourth observaticm has not been confirnmed in tother labior-
dlay in animals showing no other evidence of ty- orfes.tsu..tP In the 1)14551 the concentration rose
temir intoxicatitm. In extreme cames the injury in (luring the first (; hours andi fell thereafter until a
fatal, anti among survivors hyperirritahility pierists secondlary increase, possibly Meated to hemorolicen-
for weeks. tration, occurred at 4R anti 72 lhotmm."* During the

first 1; houis tlee concentration of 80 In1 the plasma
22.2 (0-CHUO M MhY) SUTLFIDEl was higher than in the cells, liut at 12 hours ad

(MUMSARD. If. DII. DIIX) thrmifter the situation wasi rversed. Thep tNAl
urinary excrnftjtm in 72 hours containedl A) per cent

2.1 Phrmtml4 the appliedl .4, the gretest fractiont having tip-
Toxierty pearri in the first 24 leours.2* The excreted prodluct ,

The parenteral toxicity of If for various tpekms% in was in the n-'utral sulfur fraction of tiwe urine.'-0
showvn in Table I. For additional iniformatiori orn the Wheimn a tolutioi of ratlitoative It dlisoolvedl in tri-
toxicity of 11, the rentier is referred to the foilloning: aectin wit injectedl i'tavenouslyv, 8" was found in
intrajieritonecal adlministrattion to the- moumse,111%" the urine 'OR anti Wie 114 within i1) minutes. Urinary
rat"7 anowl" oral administration t4)' the rob. ~xrmtioni patrallcel urine formation. At terminuttiorn 4
lt "''-4 imutrmmuseular adfministwtim to the mu,. of the longest expieriment (7 hours) thep $1 conen-
bit;"'1 anti applieatinrm of neat If to the unlipped fur tratitm in the utrines was still high. The highest total
(if the geust andi rabit." excretion was obtainedl in one experiment of 4 hourms'

eiurattiem andi amountedl to 22 per rent oif the SO in-
D)msmmntrusON ANDI EXCUmeI~ON 11V 11 jerteel. In the lMle 7 per cent omf thme injectedi .4 wivs

It penetrates the skin reaily (see Chapter 23). excretedi within 3 hours; the maximum toncentration
A large port of that whic'h has penetraitet passes euceurred between 20) and .30 minutes. Thie excreted
throughthe s-kin, into the circulation, anti becomes premelumt was not identifil-d..li r en of tlip expieri-
atilithle for producving ,sPtemic injury.' Thus ex- ment (3i-1 hours), the ceintents of thep stonetelt and
tirpvstif n of tb~w contaminatedl skin of ralsits" andi -4mzul intestine containedl rlatively 4m.ll ejmm1antitie-4
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WHOt whicbust have bovenexirted into the gut lky effects shutl lie istinguished frm flit delayriedV
sonme route tither than the bie. vomniting and persistent diarrhea whieh are probably

Tipe kitlney, liver, andi line marrow shtowed an .40 attnibtable to liocal intestinal lesions. Intestinal
cemfent higther at one htser than at 212f 4, andl 12 Iwmorrhagr may causme a biEMiky dliarrhea whichi is
houors, wlwwpas thep peak coemnratir in the lung nout in rilents but often seen in dogs, aicts, anti
cacetrreel ait I leeirs. 11t romeetratirn lin ine mar- rats. Two tdelitiomal and invutielle signs er jetexi-
reaw ati Inte'stine al I lessr wits connliaeble tit thant ratioan ain, awaroxia, lprobviluly n 'fsrilale lit twirl to) ill.

* in tlit- liver, but renuaineg lower tihan tliat in the kid- tesotinal injury, and weighet leoots. The- weight lns i,.
neyv anti hinag.t'it.-. At I hotur otmly a vry smnall not dlue entirety to anorexia, P coinsiderable iaert re-
qguantity or .141 wats fouind in the thyroid, heart Mutling from lotss of eleetrolyte andi water in the 4
meass-te, skin, hair, und il it re-prementative sample of diarrhea, vomniits, anti pewesily utrine Thu. eerndihitm --

skeletal meesek.'' is analtagots to that seen iii ine'stinal obstrtettiein,
At I hour tile distribittifim ratio of "2 bietween cholera, anti tstentery, where fatal oligetnia can re-

cells% nd plasima (rcmeentrattiom in cells coometra- stilt it. fromt 3-3 dlays. The symptomis vary with the
tiom in plaismie) was 0.0, andtheli ftotnl quantity oif "4 speieis. (inetritis andi enteritis with fliarr~tra amay not
in thep cells and plasmna was 10 per cent of that origi- -- ar in rodlents, except after oral adaninistration
nally injes'. Thle emetientratiom in the cellt re- or after lieking topically applied 111; however, thep
maineil apprimiately constankt. However, the cern- %ftutnah anti ainall intestine are- often distended aend
re'ntratiern in the plasmai ulereaspi until at I hurs filledl with a yellow vicomateraut2,ti~.4,
the albove distrilbiitn ratio rnci o0.54. After Ibest onmrlt.7..NItf~,.dtt.~..2.
thep plasma ernieentratimn rmahine fatirly ectinstant. Ifter skin applicatier or stipraL&,,cleaaea in eleag,
When a soltutiorn of raiernetive If in triacetin waso in many% instuwces at period (if increseel neeermnttacu-
oel lcel to% ietle bletus in viitro, the dlistribution ratio lair excitaility ia, folleeweel by oine eat sepresin, 11n11
at 12 hours wats nearly thep same as that at 12 houirs cmvulsions (i not. appeair at all, although salivatioin
io vivai. However, in ttie early stages (20) minutes) anti iefeatiurn are prescnt..II*I TIhis netimtuteulr '
in vitro, the ceineentratiom of 14* wait higher in fth' Ceitabtility is4 not A"socAteel With A l0eaw 1110111 level
cells than in thep plasma, a circmsntance Wilht gave of total cor itmic ralium.'WA
a distribuntiemt ratioea of 1.7.1101. A rtansieterable piortion Anesthesia may influence symtonmatoloag andi
of the $14 (mainly ill thle plasma) wilt extracrtale lky suirvival time in cleags after intravenous itajeiean of
mneans of( ether aend nceitrne.h1"', milpra-L 5c, iets's. liraclyeartlia anedlkhypastension,

Glos (LN~eL Ocsaaivvrercswhich appear eairly in 4leags under barbial aniesths'sia
GRIWKCLINIAL ONERVATONear morphini* suilfate anti are evaneseent, are seen only I

Thei systemic action cit It in exiirimetali animuals4 pretennitially in comscioees clog. Although anesthesin
and amen has% tretly bteen rc-viewe..tt When give'n abolisecel rete'hing JInM voamiting, ft ewog survivetl
ft must. liteluo- animtul' lanirenteraily, 11 in .'tupirz- onily 4 4; hurs, whereas eenst-ieaum clogs lived1 3-
LD% closes cnt enaase~ malivatiom, vcrniiting, cletec- .1 lt s.'
turn, bruilyettrilia,un ati rrhvthumia fealleawedl by tacevk- In goants, within at fewt hours afte'r skin appllieetiean
crite, incemispol resfiratoty vrate, vagal parttivsis4 anti ea t asi-ILmn elenc of miestarel, tlie lecal 44deMS mnay
plartial beairt bloc-k, ps.yleroniotor ".estlessness, ataxia, lit' set severe that a rcctaetieon in plasman vualonee,
hyperexcitzsbility. atId eelnviulsierts anti clet withuin Iuenecaeencentenition, anti at shiock-like statl(- re-41'lt.
a few hacutes. rile myvmpternis andi period eof survival nT , esecvelopments tire aceeaenti'ii by leue,
van- sanN'lwliat icith l'w4t ea iagnd rotite cit aclministra- ftais, at slight t mcserate rise in piLina teseclro,
titan. At LI)m., dofses in variolus spleies death is tie'- nitrigen .NP.N, anti it transient ieea.'ee itt r-sit-
toyed.4, usieallv uantil the ibirdl cir fourth elay, clearing teor: rate andI retal tcenc'atntrr. Aftter tettlaitag
wlich li tut 1141l:11114. systemlic e'ffetcts uare rcrsistenfly ;s:tk ait 11; heatr, tell the abeahfve valutes reti: lta near-
ck'auaernstrihle. Atilivaliona, vointiting anti efeiatio n mil byv 21 leou"r. l'litsan Ittfuasions given Scimon
oir cliarrlae'a, unel (in mice anti ratls) Mernwtitin of rmil after intoxiratian prevett iitbve eleaaage'sY
tears4 may follow immediately utcn intoxieatiem. (;ziseing with ana..esve closes cif 11 vapeair restilts in
l'resumtil.- theest- slhatir-M arise from at litintsynititt virtually the, aian elilliteal 4cl'aiateIes JIM iteaieaieate byl l
#heoel'iatis*f itfethill wildth anity or may not retleet a loernterul laaji'tieaaa 01a 41aetaaeoue1:1 tlSidi ta.~td
chotlitic-rgie set han m tcintle catrganc. Thevme acute' Hoei'ver, sceivfeinaa, veunitlaig, Jues' weilght IIIi4 dill



not occur when the head of a dog was poett nm taineil fro noi et atiiuilA. An inttsedi 4
11 vapor, while onmiy thep Iody wait expoiteid.104.1 metatation ratep of retleells, iherevise in coWiluilfity 6

(if the bloodl, and an inercas'd tentley to agutina-
JtUMSTm 00 tioti of cells have been ollserv'dl. Heel cell fragility Is

A rluitin in the number of white bloodl cells its not alteredl. 7fliese change tire markted aifter Ibfr.o or
well ats v'arious biocheiial chianges in the bloodl tot. greater doses of 11 injeetpid purenterally. Markpidly
low parenteral injection or cutaneous application of inereased ag~ittinafitm mayi indicate that the
LM),, or grete-r (loses oif It. Bloodl platelets are mark- changedl properties of the red cells conitribute to in-
v'ily decreased in, severely intoxicatedl dogs, bit tip- creased ell destruction iin- ips w('fl as to the ult-i-
parently not in other sPMeies.&* Vhc red bloodl cells mate circulatory failure whieh applears to Ile the ira-
are apparently little affectedl. '11w reduiction in mediate cause of death.* An Increase In sedlimentation
white bloodl vells involves both 1graiantvte' anti rate of red cellsu has also been found in rabitks from
lymphocytes. This leuc-openia affordls a gooid indlex 24 hotns to 4 days after cutaneous application of a
of the severity of Intoxication andi possibly weakens, sub.-lb~i tlow of It. In many instances the sedimen-
the dlefense oif the animal agrainAt infection. It may tatiuti rate returned to normal concomitantly with
IN- precedled byv leucotoytosig lasting at day or more.'1 healing of the cutaneouis lesions. It is Iwlieved that

2~434?.&Md*..SR..7. Its't~I aninuals gaimiwl tiith l i ang"(' in the plasma were resionsible., biewutse
11, leteocytosis, letucopenia,. andi lyinphopenia. may normal corpuscrles in plasma of treated animals spi-l
or may not occur. Riespiratory truct, inflammatiolm nen&d fNiter than corpuscles of treatotd &1flh1111
tite either to the olirret setion of It or to superim- in normal plasma."
posedl bacterial infection may freiluently produice a Biochemical tudies of bloodl reveal nol definite andi
leucocytois at at time when leucropenift would other- ,.iguiietint changes in blloodl creuitinine, bilibmn, ini-
wise appear.6 bs-w4 orguil pioisphiate,ftl total aci-soluble phosphate, 7

A hemocomeentrtio indlicated by increased red phosiphate liberated fromi ATP in the bloodl," andi
bloodl cell count, per cent hemoglobin, andi hems- caleinim (total or in)Itmafter parentteral intoxi-
toerut may rapily follow intoxicatiem. 1his has en cation with LI),. doses of 11. On the other hand,
obiservedl iii various species after parentA'ral, topical, fairly conlsistent changes have been notedl in lafsma~l
and vapor intaxication.647 0,4.0.0 As a rule, the protein, NPIN, ureca, chloride, glucose, pentose, cho-
lwmoconcentration is less striking in rabbits than in lesterol (total and free), phospholipidsh, fibrinogen,
o9ther speries.1? In surviving animals, at a time pluoophorreatine. phosphoplynuvate, anti lactic acid.
when the leuvoryte couant maty he returning to nor- Less rotsistently will definitely, alteraltiovm occurredl
mal or abonve, a pnrossve anemia may orcur,""'"-1 in bloodl phosphatase.' 82 Ct),-vomluning power,41-t
with no alteraton ci the reticulo-endlothelial sys- and the albumin-globulin plasma protein ratio
lcm." In rlaits and dogs this anemia frequenetly ii'- (A/(.2M~~ ~~.S*?)WWt~.2
membles the idiopathic or hien-.ene type. 1he hema- Total plumsta livotehin coiuii-enu ion dleretises In -
titerit, per cent hemoglobin, tind redl bloodl cell count rabbits anti( goats after skin appliestion of 11 TO but
ulvermse with no change in the color index, mean after intravenioux injection maty increase in dogs and
corpuiscular volume, or diameter as; measuredl by the eats within 21j hatirs,"'."0 or remain constant. in
PrieJones metho. t  ' Th11s it appears that the rabbits."2 An increase in the voltume anti specific
marrow protitwec fewer rrd cell1s for a time, andi that gravity of thoracic duct lymph is astite with
in some instance thme cells4 air immature.09" h hemotctrnccntration andi increasedl protea coneen-
delituyed aneini ty reflect an initial injury of the tration in dogs anti cats after intravenous it4xica-
erythaiblastir tissue which, W-cauu,'e of the longer tim."* 1'I'he A'(v ratio does not vonsustetutlycliuIge
life of the rvl els, is not evident duiring the first few in nibbits,T - dogs, anti cittm,mI.Is but deeanses in
daiys4 of intoxicationu. Inte~stinal hiemorrhag'e may also stoats.7"
COtrtibitte to the anintu. S~ince redl cells are readlily An alteration of tlte elet~rophoret'M pattern (if
digestri, the stool mayi not 1xe frankly bloodly except pl:4mna hats been reportedl. A dec-rease in the albumin
in extreme inmttnuen4 llemnsieeromis, typically preo. fraction nd~ an increase- in the a-lobulin (reet-ion
ent, indientes it. markedl dpostrtion of red cells in with no consistent. or markedl changes in the remnain-
the bod.Y." ing gl.abuiin fractions occurredl in flog severely ini-

D)efinilte dhanxes can bep demnonstrated1 in blood oab- toxieatrid with It by aill routes of adiministsattion, or
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fill 045T1tt1014 ACTFIONO 24 1.Y11-1 %%4I11 NtTHt6E MUtS? tM1,

with I IN I, IlN2, or IIX3 (only intravenonsly intoxi- tion can restilt frsis dirert respiratory ilujiry soid
rateti animals stttiiil). 1'hetie changes inithe eletins- inity conleeivalily htafl Itt-dIe tit-titls ol' ill ainl.'."
photetit' pattern appieur tit be ntmspt'eifle, because
theyv w~ere pimti'flt tolso after burning anit freezting till lEFINiIT&'Iv t4Trisixt lASit) 0% CROttSS ('iAWCeA

skin, expostirn tit X rays, bone fracture, and intra. OBSERV'ATIONSi

dertnal injection of tur,-wntine. The, pxitterns were l'n1ranonotjn i r Xermum Syse~tm. l'ar:1syrnlp-
unlike thitle' seen in many infertioos iliseasts." Ihetic auvtitvi?' is beplievei t) hx- respounsible' for ft-

A rise- in 'NPX (chiefly urea) after parenteral in- salivation, iturimation, mioisis, tiefeaon, liraoy-
toixictiam usutally occturs as the animtal growi weak cardlia, hypotension, anti ft- early vomnitingt muill
andt lomes iwy weight but solnetimes iploeuwrs nlty diarrheat sent after 11 intoxicaution. rhuis iuv.'rattivity

terniiiily'~ ,1~.'i~aIt sierves, tit least in rats mand might r-stult fromnt (1) ililereuseti4 dist-harge lit effi-rett
rabtits it sensitive indicator .sf intoxication., ca:r- fier elett relel or by. central stmlain (or

relating well with otutwarti manifestations of tox- (2) from it direct action iof It i lopripheral ellectors.
irity.'2 Thim rimp is not seen after intraperittnaul or Evidence for thep perlphut'ra action of If 11 as follows:
intramoofcuhir injeetiots :.n raltbits,0" ' or after in- (1) ienervation of thip salivary glands4 dtops not pt
halation in rats 12 and dt*%s vent thep stimsibting action of It on salivatiomn,',

P'lasma chloride usually dereva", the extent d~e- (2) atropine, e-xmept. in very large diloses given biefore
ppntlingo ti e dse anti resite of ailininistrntion.'-m- intoxication, fit"c not prevent salivet itr,"'"

4s~h MII!!(3) vagioiy does not porevent Iraulycaudia, hypoo-

li following studies have not Iwen informative: tension, or the inc'reause in motility of( intestine InI
Itititui ghItt' l ,fNsh anti orand ta,~" (4) mitimts, typical of a general psirasyml-
miii4 intravenous. giluceim tolleruire.lkc. u ittic dlischarge, mayk~ he alisent,1' andi (5) 1i re-

A threefold risme in islooti isenttise occutrs in cltogs -W versfily th-preses thep contractility oif both the nor-
1W minutes after intrauperitoneal injitiom or a suipta- anal anti atroptinim't isolatedl frog hepart.Ib-
IhI?. unte of If. 11m' rise ist not definitely relatedl tot D~uring If pistming there is ain electrical hypeixr-
fte increased1 hematoc-rit. or glutmse, but paramllelst the excitability of the vauguis (mustcariuaic effeet) followedl
increase in phasma inorganic phiosphate. It is not lay paralysis; (atropine-like effet.t). In the flog given
poreenteld by three tunit-i of instilin given intrave- intrav'ntsiff I or exposti t iIf vapor, there is a ~
nosasly .10 minutes before inoictem&hPmrkedN depressant efNec of If o ip h heart, tiecres-

Total cholesterol incresed in 4ueven'ly intooxicatedl ing the (a for o cmntiom of bot-h afaricles, Mont
dogs."11 It increasird simultane-ously with anl inease ventrices, ndi impairing A-I' cuidiation, stifficiently -

in WoolfN NPN in rIabits after intravenouis injection, in sorile instant"' tit producre partial A N block. The
anti in rats aifter intrapetitoneal injection.'2 A silg- arterial blood ptrenuuur slowly falls anti the heart may
nificant proniln-d rise in plasma fibrinfogen otitirred resmne it% normal rate. At this stae (or be-fore, the
in gioads tfter skin ettrtmintition 1-1 andi in rts- andi hitart (iss not repondi Its strong viagal stimulatilon.
dogKsiafter inltravenous1- 'Wj04tilms."' A striking morn'- With colmvulsive titases of 11, the bWoodf lprssr Aisest
lation bet~ween tht intreaso- in fibrinoepn and bosth diuring at seizure, anti falls again afterwardI. It tie-
free anti totl ebotiesteroil las bepen fobservedl in ogs creases fatirly rapoidly before dfeath, In the cat at this
after intrauvenohls injectim aind rutaneous4 npplieza- stage thep intravenouts injection of a strong doffe fof

tioin fof 11. A rise, in placsn jmhtfthlipiits pirtuhlelpil artylehoolitie prooiattes at markil rise in blood pts
ft- rise iii total rholesAterol. lisse stimre changes iN- mire'. 11, thereforc, lass a clear aitiipine-like- effl-'cti
tagrr.o it, IIN 1, hII2, sinti 1i%: intoceation."' A ie(- flt-e aidvasnctl shoge of Isfoisoning. 'flit' mausearinlit'
crease inl 11titpaoe 4tnt tasian inerenast' in johowt effect is cuarauterixedl in ft eaurlie'r tage when
pshuopkrvite foodi huctw acid orruttitt in rnsts. Xzt"'sn tr)ine fails Ito antagonizep the effect off 1I aill the
IT e'p~ou t mli th IN oolt1 114 ant fler skin aplsi- heart remarinm sloiwed. h1owever, if troilte is in-

riutioa.- Thew pit of the Isofitat mh ot elm ze in jiecteti in large dltme before. 11, te mostrinie effert
gasitl ,gs. Arteriaul oxcvge stttaratiom fMl tot 75 per olitheli hetrt is tAuppres.l.-1a.10
ret-o 15 mnakatesifter suapra-I~L. tioro fof If g~vc-n It hall bepen pomtlabtetl ltats the ation off If iali!h
int ravenously itso lgs undter loatrbitil anesthesia, all- hte tle t It slow aacelimashtilln (If artytlehoitit e-

thomnot thel lungs tit dtith were not t04emattos or .altig friom that inhibtitiona fof rhelinesit-ram- ill tll-'
e t.rrewl.w-I Afte~r gssing, :srltiral ovygen oin':m.i- lmod."-. lHoe,~cver, the fsutf that atroopine can almli.Is



the' eatrife slowing proclneed by the isjeetion of turn fit the( e.'rvit-al Vagri) suet th.mt thi .14I III4 Icepnee
aeeptyli'holine liut not thait prochued by If intoxciea- mfly hie 611W to both W1 indireet itetian through
lion -seem'. Its inlfate -':at tihe 4lowinx after It is seeretin. unit a diret't nethm s tI ii un ihe glandl
liit chipi ta, tilt m I iltnllat# ion of :mitvi(4ilinhl." ~ ftel.1"' .111"

hUrliltal, et hyl tarf-t o, swlitim Irmntilirbitai 11, unlike flip jtinutympathimiimetie dnagp, pii.'-
(Nenitlot. -twiiim amytal, ether, nd stulitim Ism0- emopine, 4lu'flhle, and awetyleholhne, fails tit inm.'rn
nil;ile werv .'ffettiv~e in eliminating vomniting in dogsp thlt sttn'ion of( iilt.i4.lh1 11 Hlowe'ver, it tlirec'tly
afta'r intrava'nonpi If. Socimam taiytal apgwusred moist Aitimnagl t-oitraa'IiouP6 of flip' gall bluleler restiing

promfli~i*g, for it ilreveniml till iimitinig with only in tlis'hige of lemA.1
slighmt gteimeil tiE'jreL'aion? of thep zrnim:tliY' A s'timuatiorn Elf serttiol frcm thip small into'sfna

If '.timinhites the se.'retory artivity of the saliv~trv "a." produced by parr'nteral injectionis f or direet.
gizstidI4 of ilugt and~ eats. Thli'. j ip In' ptimlrn l Hil t l)l)lmetiaron I'l )f 11 to) the intestillil IIIIIs~ fi vut
Wt-iofi onB !he jgland it,*-lf, iaFot-h~l as thep plienomne- and dogg.. This tveretiolt was timilitativ,-ly dilferit
1101 n'mius tmalt.'r't after section of tilt sefcretory from that obtainedl from normal animalsm; it was pink,
nerves4. iu jwIsoning there i-4 a hVJppnelsitivity I urbii, ocliwi#".'., hail it low clor. ilt' and~t llratein c'on-
of the( tEhordit tvmpanti (a nmit'warine-like 444e t1) fol- tent, little or not buffering j1rnwer, unit only a smimfl
lowe tyf tw Wa A4v j~~l' im(' ittrai-4i (un ittropine-like amiount Elf dtitzar4' itivity. Thug it wam' ifiltmt tn
Peiffl W..t 4 111118mu.1419 a-et-fain whether this4 wits at tnto" secretn or ithe

If ijE'VI4tet soliutatimptts in a wide range of tlt**- mucomi, or simply it trnidate restltii! fritiill A t
stitnulates the 1414t'rttioln of( gstrir juice in ron-seiou-4 etwif(E permeablility orfihe muttcoa"
fdtg. Sinme-kessentially the some respo~nse is elitcitedf in 'hite niot-ii~y of isolatedi loipit of dog small in-
animitls with att Vagal SupplI)y tothe stomachI (Ileiden- testine with or without. vagal conneCtion-. is in-
but liouehr dogs) its in animols with it vagalply creatiml." Intestintil motility prodtmcedl by vagil
(Pa1vlov ipyttell fIEKgs), the '.timmlationf is moire proli- itimulttiorn is graduaally derprt-wel. However, It 416cm.
ly ti:", to a direct stimi'lation of thpe ei ttry pelts tist alter thep r"Iint lf wlentt of it jititin tol

vin~ 11 .irulation than tit ri-flex excitattioln thrv"'gh pilimearine, nidrenalin, anti atropine itildt to the 1
the vags.1", 11 (aiJ 11N2*I( it prxiwuc" se'retiolnic sttsjN'n-4in Ixtths. o After din-ct applicatlion of ii in)
from the .'annulatedi stomachb and l duodenum of dle- sublethal diEsts. the motility of itcolatecl 106131' of in-
ealvitatedf and dece-rebroitel eats. Thie-e were true' testinemly beiniiallslepess I, then stimullated,""

* ecrentlim and not tronsudatp, andl, when on*-e oir initially stimulatedf and then deresd," rli:-
startedl, (4111141 not bce pr-i't' ctt'l bt.t morely reducetd allY returning to nEormal in either ecst'

* an~~tid made more l's ousIy htrpe doitaes Elf atnipirep. 1' hlnIrr and, Iiledrl,,a11 Mlubulian. Thwearly t4ilur-
D~irect a4plication Elf 11 to; the( gastric micmsa Elf dogs vatioti.. that 11 hast a marked effee.t om watter aind
with lleilmnitin ps'urhet4. deIpri-K-e'55 acid secretion electrolyte metaiboli-cm inli til logz 12 e Islini con-,
butt illnmme-d4. the volluni.. Elff'l. This Howl~ wits finnmed reentl.2 M -s .h t In W $lg given I mg kgt lf 11
not eot'its nor cilnt-initiq and m41 d~id nolt resemble hilrmlfeltt~sly9 aL negative witter loizlei imwt'Elmil

tilt- flow Elf intestinal A-en'tion 4tE,P~rve41 after eiim't st increasedI intake appeouaduri~ng tile lust 2' 11o11rn
apphcafitn of 11 to ltime intewlinal mutma T"hi-g and E'imtinuil unlt tltatin flip h third ir fou.rth dlay.
'irnim'.annce msugstA fihe pINKsllility that the stimn- 1'ismie water nteuat dlid licit c-hiage, and fi ith l
hIttioi Elf gaistrt secrtretiom amfter vairnteral injection ereL'Eeql seprum Phioricle and V()0-mining IlO)wz-r m-

m ik l nt Ise -lit(, its 11 itwuif, lin infiirectfly tit some dirata'al that -iiven' ftri-hea ratther than vomitingK
Pieaitif'l of 11 into-OiEatitlmt2"' llisomine has- becen sug- uas tIs hi lef factor ill the celiydration.w-
gesta'EI.1' When elimination of watt r andl electrolyte' lo'.'

* 1Te i'wremi-4 in the a'icta'mnal sec-retion 64 thme pan- fromn tlie bAwl WMIatteMPtvd I's jI1rtial ntermoitny
ErE'o"-. sa.tifix ai'6mtt tihe mit time wsa saivation in in tioinx Elshgst. the siWIotameouis inijertiis Elf 2 1
1-114t111 anlisg 11a11.Imm1ltr elther fir villnloffe ane'.thesia) I'.I.. 4140' Elf It restultedl in (1it arentio~ Eof water
atftger the iwitetam iamlini.'trtam of 11, mm not v'iiliol ehlornide dini tflu- first 2 I-hour peIailw,
:ttimcl by :trolpinE', ivtn I.efor- fr after in- '.o!!tjw,'ul lay (21 Off.' exaiI'tam #of :lplpraiximati-ly flhp
tatlion~U. '~~ilo ailt'l tiintitatjve ctudyI in tlf*.o 'qunt- vtuirse Ef ex~trai wate'r ltiur. the- ,4'telhi 21-
iinile~r dliff'ret eanlitiarn' (:offer limilto o( tilt- ij;:,;,j aof Pi'mnl i nft'-oana Fr's.,s o"ow'oni 4, ;'aensi
;uylitrifc valhve oir thme vitnmniom luile doet, oir after w4- irtc its tw ma.anu, 11101.1111t, E114 414Mw.4-11 %'ua'.
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41-14 9VA~tI4 %.Tit)% OIF St1L I R.3 %NDI 'ITMRE)4. M11 STItI)5 4
lilir ;N'rioti. Thiis e*veiie' tajmt of ilt4r bla~:ne'4 wafl IlIooill jmressttre desf not fall (1, ill mlnl e'14 41eg3ivE of
"fot vlelsenient iljlon ;in illerewIf intake of water, stood Iwnnwuiwent rztioll te kidne-y in It infO~idezl o apl-
Avow not flow la retention of e~tfll witer 4lne31iglht it) jNears to be 4' le- :lule' Elf Eli~ttjl in r'ie
file -t.,marh 'tr eolll it-, a re-sult of inte'3ferenei withi zinoitits of forest than tunder nortnazl c-lciilA Ili,
thtvir finictiois by~ 11. An inereativil n~tte of weight stiW-Aes t5 partial fzailur- Elf liNrlie'nd cjniiltiu.,
lioNf, irltfl':3. in ntrogen anti chloride excrtjfl33, an3d witlh it noEr1143J IqE I premilre1. 7"

a1 llegzttivf- flidt ba*lancie were pjllt o4'lt y m Wiha'ii A signifieatift 1'Er'*imf iii plamln:, volinne liz,' 64-n'

dIaifI~fL atill vomflitinlg oitlIT1Wl fin 31 7 tl#Ww). stig. ll44rve'EI iI gEoits and tirhlilit-c fter 14it140ti411iS jito'i-

gvsling that th~e fiteiorof prfimeC imjlrILance in Aveight. catio~n Ik LhA. dote44s (lf 11.711.1 iI dicgS, atfter ints-
1415% afte'r 116i the ltfl%4 olf fluidl from the blowel, raither venouta injection, total er ' tlrtyt* voluneww rhe 0-

thizill fill jill4E'-41 t~!Si'ea±tlilillfl"L' fit thi-t 5ltt1flY deII3 'E ltlliigh plaismai Volume' remn~s~edtl rma~l.14"
nol tirconint wi*:s takenif fi otilpEsilIe' rle of tit. From uine and34 IIIEIEN stuin4ie andii groms d'iiel

kiin4'Y " huh others haivc cofn-ciferl -Ailifirat3 ill EII~fErvaIiom, it isc ev~ide'tiA thalsi fte'r palreterni it)-
in'oiiE'ntion liv tilt 11'-eloro't hyl vi-siu'*nti'. V(,~~4 tox!iv3tioln With hI)., f1ltmA Elf II. e'xsiet'tioln 111141
'$;IX'izl Stiiliie% (i;l 1N3 Jntoeic-at:Ern," -e'jlr 1i4'i x''i 4f43tit entlo hii la IE31114

V2.. 1)lf eleet rtlytes4 anti4 water in t he Ediarrheit' toidi, 'oi 111-
fin rats' stiven3 3a3 intrisitolnvid injEetiont oflf janti low us, ur11 ine3~ anti4 fir lIe'etmilltilt of flid ill tilt-

in rnhllits- given I I ilntrave'nongsivtiI trin uie acIst stolthl:t l t intestines have rel'*(4ecl w-vere lpreoloir-
E't'intiflile' exc4retlion w~ere no~rmahl. Thle to~tal nitrogen tiflili. It i6 J)li ile thalt losis olf plas~ma proellt's ill I 1sf
I'E'rnti4l no~rmal dor -thoweil it slight inl'rezase Elepile stol coEntrbultes to, the( eXLvie'ltioln.,

tilt marked fill in foodl intake, indicatinig t'n3:131f1 lit II-gajtd dogs, urine analysi~t reveziled 4111

endigenowis E'ftialsilison of prEotA'i'. Urine YP sight alte'ratjllni in voltime, lrlwl jut gravity, sugiar,
(E'hili ha'i (leMM':"4'41, the( lo1w pflint in urea v'oi- aliusin, chloride, tifratablle awldbty, to1tal nit-rogell,
r'idling %it fit(- Is'eak in lEsid NIN (Atii'fl:: tre:,. urea, almmolnia, and creatinine. A phienol redl e.X~'i'-

'1114' nhlt(rminti'l nit rogrn ifllrea.-el t ftielE'xjn'11 tiEon t*'it wasE tloffaL~u In rats ExEl'dto Ii v~'apor

of tit(' urea fnit-tiol and11 wals nolt 11114 til ammnl~ia (lilily Elnl3', a ptrallel in s" in e'xce'tionl (lf in-
e'xcretioln. Ther' 11:15 an1 inerea.-e in inlrgnih' plios- lorranif pllflpllate and14 total nitrnwgn EN'E'trre'f, ,uig- I
pliatc, Not c'hIlrie floiltuatell. A phenol n-d excretioin geifting in tllis insta3nce tin intrat'i'lialar orilgin Elf

test indlivated son impairme'nt Elf renal fusnction ly tile nil rvgrnb'h
thini dity~ stood1 E'fltelh14 well with fitE~E yjtls

.Je tI'lll' at O hl '4 I; I1113'Elof I I E'htaoneolu-sly, PREIPIVLAXI,. ANn3 Tji3F:APV OFy '1WTI314

uihnti ino'ewnEe IloiEN sorest, but reniainecl E'Ensta*It Prophkylactic anti thenjx'util profeflusr's aimed4 sit1
in ~ssingnonat:inm:.s.1134' il'rel' 1111)stwa tIN' rlef'14tio~ Elf tmortality tuid1 tlip prevention or

as-~e ~std ~il, : Eh'n''u urne -flI~n'.Theereti- :eleviation Elf Sy.-temjt' xvmptonvms flowt to If hoave ill
nine' otplt, remainip n mstant in fasting normal tive' %hoeivben iunsileres ful. Mortality %r*L' not taf-
anmials-, nrs*' 4.ightly fi thle first 2 fl'1l 4 alfter in- feredve by the foll!Ewing prllteslisr initiated bsefore

4~ ~ ~ ~ ~~oia i~ti'llt, thiet iell along with licitly weighit. Micro'w- ifltflif'3tiolhI atrolpine, e'w'fl3e, and34 w-rs*fie' arid ill-
-4'EopiE' e'xtuniliItfn nvi'vekd tt invdmg.- jntm tltfnowypirt h tlctno n

'I'ie wrtveouj ineetonof oret ( gkgiv soon je'stion oif [1: 114' anti certain rosltinls; with high
afi- f.(-sin-miictin fIf to ElfgS4 noffeIr idiliif votflfflitioniI t*4E'tors (se C'hapter 191 LU' well It." o'thser

1411bi:1 M-O-4 )rfMlllf'EII Eiurins resulting in f'lsiswtld.l, mny roEntailuing ililfurl, i3)j(ectr'if intnt-
nit51i3ilre'lfi ni hIm-miwft-onent ritioi ithl tits:ll-Zl 1wrilfmrethiv irmeci*1t4'elfl'tIEitIl"3 llli'
lrE'E'flif' chlange in ill(- lidNis lin-Ai~re', fir in 4'ftexe- tit," Ef LI) , fir grenater 41114's Elf fll.i' 'lowa-

tiol?, p131:i$): level, fir EOf'mmfle4 Elf tirns, Niter, w4s thle ever rttditv "A EIIIcE'Ef-l !y flhe illtnixrit1wv'l

eirE'ulutfry syvstemi failed andl ftll liflsii pnstin' det- illjeE'ilfn Elf E'nIdE' Noft in -I and11 veI'31i11 compn~lfik~'
ve'i'I*3d'EI is sinmilurI ilijeE'tii Elf ion-it n'slt4 in lliglrin witho high E'xfiilN' tiflil fultfirs inmmedIiaItely Ist-foti
wit Itit rim.44 ini 11111-41111 tin-it and14 it lerit-e'fl3 il Ill lit- it*l cuttPOEEIiS1 ftll)iE'at if I Ef II. Atlsijitiiit lit ionl olfit
E'leaatirt . Ithi.- :spliorent frolm) flu'- alsIve exiiii-lment.ll bijotill2hli ehfl' flt:nilti i cll n111f44a Slight
thlat 111) 14, .1 enin limit rn1:1l fuinftifmn after 11 in- riwlul'tifm ill mortality' %ir %its not1 1)11:pjiri'ttt "Ill-to1
tofil-i'tnf i'l Ilfrtn:d. ldlle'e'r, even thoutghI thes linnr- ri'-tailiic Nort in %%.u' 13'4'l ill 1IIZm'' Elof i[i lIE f'rlflE'

Ala, . .,0



I pritp"tuiitirn. 111h. cirlilimstfintl tiwuld hiave reslted tht' sillm-t'u IttI S adtministrationn ef tiilial 4tirtji'il
frown a heawffrial effert of an imputrity in the crudle e-xtnt, Elesoxytcortitvlstcrone acetate. fir a1s4'rlEa
rnaterimalY' A 41) per cent redlurtion of mortality tit- acid inl rits cntitiiutteit with I,/),, tlost-s of If.b"
tene ittt teprophvhslete note of samitim miloithane In certain tPew'ie (guinen, pigs, rats, and goats),

tlttutt~~lilsllitl imt4,pitstoisti 4itf livl flhtuo11hos. aniiite in lnrxr single unid rpett ifis, itiwte'il
pluatt', potassiuim fdietliv flitlueophE Phtrnte, lwxz- life weight loss aifter It and 1EX2, espietillk 11, b~ut

nwt hvitfrtnomine (I UIMT, sodlium thiostilfaite, and did tnt alter lipmtwtmeentnit iorn, leutcolieni*', oir
jwtassiiini thiouel'ate."' morntaillity. D~iarrhuea in rats and gioats was not In-

Xltftfly prowehiti's jijiinttl after jfotttitio have) liie. t'itl 1Wy eoltititutetl tit mijitiat iout." )t her attemipts
no.t aiffeted mortality. llois. Imline'eI wilt finditl ei liminate myst'm' symptlrnit lit'lie've' l itIN 41114.
sugar intravt .,iasly and sulwitutuot lsly, for flue t, overtiwtivity of ft' filhellati' nt-rvotis
intilvetiols iiiflisiot Elf aimino~ suidts"ti flint n'- sv5tem ha 1 ti-alay lwi'uu Eesf'rilw'EI allve uttuler
duct' fit' mortaliy Eir otherwise tiffetct stenue 1)4'Iinitiv(' Stud~ies lkt*l on ( ;roIs C ititti Obwser-
5VflmjtalmnS ill flogs; Eilue Io the intrzivenfmis injt-ctif-n of vatioltis."

1.1)... fir greater Eiose2 Elf 11. At ropine in large Aingle
for t'ltattd losps injef-eil inlto rats, ribboits, guingeA . WtiLLAxI:Elts S4TDIES

p"ir' eats, find41Wallnt after etontarninaitem wilth fr in- fkI.,iuon KErgarrinwnlv. 4 hi'Iusiom Eof flit- IslimwI

jet'tiilli Elf If (Eir llN2) fatile 'eignifiti"S tot influtene muplly to vartius tolgali- mity prevent injuryr by I1
mortality, although surival time inistd.'~ IAL. tit thle tissues involved. In fte rabt, tw'eusion oif thle
giv*ent ifltf rl onet)f4tilly tW 1 1t244; hours aifter the intnt- alwlosmiual tupErtt ifl and mt'enttfler artery duiring tind
vi'fllI5 injet-tiont Elf I i actually enlianted flit' tofxic-ity for 15 minuites follo~wing the infrivenflio inijecttionf
instene ofr exerting tiny pro~tective' imtitm3"*4 Other of I fiv. kc Elf 11 dlissolvedl in preapyl-ne glyrol pro-

4chemical compondis includling some with high comn- te-eed the femortal muirrnlw and dw portiim of the
pietition furtoirs kiui only at very slight effief oni ileumt supphiell by the clamped4 vessel Sliainlt thle
mortality when injec-tedf intravenously tor intrapieri- actioln of 11.121 The rusiults in ft'e rabbit show thiit
tf~n(-illv 0 .5 minutes after cutaineojus applicatitn of flue, action of 11 is rapidly completf4 after injec-tion.

1 2 L ba(i doses t if 11 4 No suipport is apparlif tin these* experimenits for flit'
JA'tI44311nuat, likewise, has not yielded1 to prophylar- prollmngeI eiretulatiom tofulerivat iveseof I I wliu'h might,*

tir Eir thentiuir ierlNItiifl4. Pe"ntue'lofifle is in- net ele egp'iNSoE lusrei te telitliyrd
effertive."' 1121b4it4 were notl proltefted from the :ietinince of some lesion.
lettottede effectf. of( nn intravenonis injection #of If bay In the- rat, pficiil jrnsteetiom wit aflil thle
the- fillowing stibstancesc given intraventonsly 31 flays femoral niarrow tigainst a douut' of I mgl kg bytel-
lw'-fori' inttcuention: liver extriet, morplinlint tleriva- sion of the alwcltmintl aorfta during antd for 15 mintles
five of IL. thiewliglyt'ol, atnlinl tderivatives of 11, following ft'e intravenlrns injefetiln Eof it solutiont of It 2

thiouri'a auddition pIEoinct Elf II, hltf xanthate of If. in propoylene glyrol. This pnoerftan- waLs inl'ffet'ive

jwltia.,,ii1 tlixantlgate detri%'~ ive. Elf 11, $llfooniui against a 414151 i f 2 mug kg of ft'e~ a bliuton. Orc-
Alit of II, sowliuum ftlittlylft lifiwarbamate, soeitinm rligsioti for lieriENil upl tot IV) miuiut"4 diEd not jlroet

tiiiile, rmwlium sulfitde (alione oir aufter sowliutt the femoald nutrrow iaainst a solution of If in thuis-
nuit rite'). soilimum bhilfifi , tluitnura, zint tluifi-w~it4, Eiglyi'ol ait Eestes Elf I tud 2 mg The'"'1'n failure
5'ient-rich A'enin globulin fraction, urofroipine, andilEl oxwllusion to protefct againist flt solution of 11 ift
sii~!allilamitle3"' luoliS.oli neplaned.

fit tflow ilitol~if-t'ed intiawent"Iisly boy LI). for The suner--,,ul prolfeetiemi by i lusiorm depietls ion
greater dowpte' of 11. fl' hvpit:'nsim whichi developed thle tim'e Eluri-i whirls If circuilatesA in at free- f.rm it,

waus only tempourarily improvetf lyi the hitrai'wutuas ft- Itwl. In the intact animal, presming at leri-.

itijetiom of pituitrin :intl l:triw' ammint.s of :ieletu- !--i-onE s mollluion of 11 ili the bleuMI, thle dih iis.' eti
lin ' 'of I! nunmm mhsr 1w Ii its ri-tetitsin withI water sutiff

Ne-ither weight lo"-t notr iliarrittea were :tffertedl oy tothcr eemstiturnts4 of the IIIENN, atntI (21 it- eliffnwaion
oput of fle 1; mtul. hleactioti 1 a livi' wen nieasuireu in

lA nuxi:n- 4* -' eiii tiito~I~.EtI n 'id -ind4 .Aflii- igrs :itil fiitit tit vail' with flepit' 02- 4I
(all 4c1uliif iW Ct'3REiII huyflr.ly-uIl. ow -toi .1641 tIre'tv~vi- 91'*~ti~iIM'~ I

:,ima~i Ii~u w li t'eI. nuwu, I f~rtlul:l im -l-P ndrl'lit blw!, in rM, ;IN. half lift' tof I I at WO k I~ I
iaart:,hi% rattil the it-rien ir t4uew~i, initts.'4 11he half-life in rhvp i crdt~i~ly thasfun

sil*( vu-r
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1.1):vLD..o f ol" f If setwtaii fsyor ,fltfwi'- sevi'ral weeks .of daiily ing1.%tjem.121,
nous.ly maky Ititst en ileath in rabbits.l lrj ed of It (in .lfagn'eiiiiie44,intztIt Aioneibe.

(olloidI'l GVd (urw of Certhra'epinol Fluid. TvpieaI Suabanes4thetic dipses olf magnesiuam (lIN) m.g kg), or fi
hlumns tahtfire olloidal goild ent-v's, of remre'wiepinal mangatneste anti caleigim, potentiate thle to'ie aetiin
flief fevstermal pniture ot 3 hem,,.p, 72 hiesoic, and 7 f an .L,.e iose off 11 tulwuftneouisly in mi,le ' milar
flawys) we'rr )t..lin Vicits get sed at MACI), ha lise to the action oif magnesiumn con ailenint' nulelmoidle
U I - 2,520 mg min in', I - 3 hoinrs) f 1I inlicat ing to-icity anti trumatic injury. One ml olf plasna, me-
pen..ible involvement orfltie central nerveisi system. mcewcd frepmn If-inclxiesiteel flow sit frefluent intervals
INaIbit1 curves were altered, Not less ty'picallvy asfter intoxication and injectedl into mire ' sensitioed

Timsi A notyspeu' nd Wright of Organsc. In male nits with magnesiumi Iprimbivei 4oniy i craslimal dleat hs.
given swa-lI)., does olf 11 iittaneoptislty, the vsrhic Mther the thosie was' too) smll for ImMnkelown o(flhe

ewgc cointent olf the adrenal gtlantds dlenal'tcd and toxic compoutnd wits; ton rapiI!.4s 7Te serum off nats
liver gtntuthiotie ineren,4i, tn change' occuirring ins andi Wibbits. intoxicna with 11 cutiinsf tic fiaitor
liver anti splepn asecorbic' arid, ornifdrr'nal uandl spleen which inhiblits flip oxygen consumption olf rqJlano-
ghiatathione.', In the raft uafter intrttvetciow injectiemn, w-.um, efl-tiperiti, indicating tip m e tei' Orf hafistiim
adrenal scorbic tcidl did not. change, best total hmdies (thep toxil' proteins lilacteil by thi( hbreakdown
cholestercol eee,'sedi with a marked increttoe in fte f itleproteins) ani protamino-M.M871"
pe'r vent (if free chiolet-erel.'8 OSWc Section 22.5.1 for Elimhsgoinn of Bile front. Jntleine. Elimination of
ile-taileel analy"e f alre'nals after If into)xic-atio)n.) file from the intestine bky preidcacing it biliary fistula,
In the rat atfte-rintravt?"aaas injec-tiemofirif (als-01hNI, did not prevent tlie fevelcopment olf gapstrointestinal
11N2, oir 11N3) there wits no) change in liver lipiils andl congestion anti hemorrhage, diarrheat, or loeaopeana
proothrombin time, but liver glyrierifn incree. lin after sbiewataneocas injection olf LI) .. flise" in flogw,
flogw clottinc times4 were nep! ciemtstant."' Theme is nop rabbits4, andi gmts." I
ienese in the acid-sohlble phosphate f skcletal ARifed of Diet. Varying the fait cemtent fr thoe idiet

musc-le emn the first ibti-safter gaissing, andi at nmllobit. dlid no~t alt ii the mopriality or, clinical symptomns in
significant dlecreaper fm thle thirdl flay ""l in rats rats ref-eivingt lethal or sulethlal ilcise f I I miXedl
gatiisc :at a CI olf 7,W)N mg mmin m, f.astecd (rom 21) 22 with their fillil.'"
hout. before'hand. and given nop foodx best water adt EJTed of ( inate on Toarii,1 . The sym ipomto llogw
lihilurn. Furte-I r anmaly-lis f in-ascle cm thep first oir anti survivnl timpe of mice sifter subcurttaneousip adl-
thirid cay after icissing (animals given perntoarhatal mineistniftim ofr ii nen not affected by atenrtilm fi
Rne.thr-cia prior top killing!Aultv"!c nop chanxe in filial tetnpr'sar.' nd huiidifity flusing fit' rilmil fof r-
glycogren oir iniotxanif' J.iciwlhittc. Ptasphootcreatine intoixiecai..I
ald rredily hydretolvble phaosphtate were unilache ('ailaaq Iernieohility. 1I was finind to hle at
t fte Frst dayv, then erre-twae'd on the( thirdf 11:1,%. lymipa-vguagae elf tImle' lir.t eln.ss, rauising ain imcrewipe itn
L.Ictii asrid chauwges were indefiniteYi Toptal bodyv lymph fliow from thle thortric dlamt in clfog.""r I how-
prein, NI'X, earhmbydrste, nitrdt fat, :i~h, :and e'ver, flhp rate efo disappiearance of Evan~s 1.1mwe elve
irat- nierc' notl scl'ctiVflV depleted ;6. raLts- eking X1 from thep blood wams efeeri-asec, seggt4ing a elee-retaw,
hasr. iteftf'r intfoxif-altim hw sul Xrutaneesis. II. Allthogh in theu- losst fif albumnin.t4 ' An inerea.'ee in lx'flnealitv
lxslV weight %%as reluaeeel.A" The' %%eight oif the gastro- fif the caplillatrie4 fof the( smaill intestine (if the( not it
inte-slimuel1 tm'.wt 40f (M-st44l rato-& on thlet thirofday~m after tryppan olue hass beoen saagwestecl sinve the intestaines
liiul% -conlv mixto.-nre Ito If vapocr wasd gn-fe'r th~an thiat wV1en* Moore iflefe'plv staied 1011 1ita thic . 1 111 thmt ire
elf fil.tillu tiirinal :anitna&k.." I lothl- gr'sap% shaemwe'l father oriagns for those f normal antmituet.'- A~ a .pil-
lite, sitim- eeenw in t.v!:il boely w~eighat, weight. olf lary pt-rnwaibilitv farfter, hoe-liieve'd noat. It# Is'- hisf tilmn'.
live~r, heart, Spleen, kithae V-. ande muscle1. fin the fleet bett iclent ital with cir ..mmilar it, lihe- le',ktotlxine is-p
1utt41l thiirl 1111ys. Bruil, maight dill 114teteag'' lateul by lenkin frnt nonvae.tarat inflmtniateiz

*'4niin18, to//I~I. No .e.11Ait izat io, 4 o If. It-' jilte e'xtelt~s hos hsett isealate'e f"111 vesievaut hl~~
byv mtortatlity, lIewl Weight loK;, 11nd 1p:Itluleijfn, ne- flidfS prualulefi(el by If (and 11I.\21 and freunt flie, ~rodl-
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Tubns 2. $y)eolnic efferitKls reelm sit II).. ileiisi 4e It.6
The, data am o" an .o awnagiset npnult .411 4i." Thu mslor'vielsene iv, or, nt, sindl gnu mpmmwt laiiivenistio. ,seuh.

cefnos.Ilaiess ppt lecn anl expouurr 4ip he whide Imoody to the ivalsw. riogetlvcy. In ifor raw ci f intmaeolis
eenol nulnsuue'ot ailminl'~trztliom. the It w-" dleessAkps in Prepvten olyrid.

'\Ilok Tutal
ityilmiorevmtl Slsd Wright

R61eutP\ Inljuryl strsihy inljury erjnVntjg.i.,

iv Mwlen* trn Milres 4eveve M~hrt ilmc --

~.~elrne M-Amfrne Mvc' eteesinte 'vw.leite
('tat 'dclii milii MiiiliiMli

C"Mild NliiI Mildi MNtoerate .Aloooten Mildi

otic obtained lov inetilcating plasma and "enam with depletion of tile Stiuses, andi Vyt411Vi'4i0 the ly"fJI)II4id
11.1 Of interest fin thist connect~om is the o~bierl'ation eL'e- of the' thymus and interstitial tissue.
that Imikotaxine, wlit-h is rapidly flesitril by Th'lese lesions were reolxnizmd by tlip investigtors
normal cti'um, is noat. estroc ~id by sertum from rabbits of W'orld War 1, bilt their origin and interpretation
after either skin eonmintition with 11 or thermal by thip party workers differs somewha~t from jpleseIt.

burning."' A c-tpillarv permeaboility faettar has lopen I'liere is no r.-mien to stilccrww that injury to
demoinstriteil in rabbit comeaq 20 -24 hours4 after ex- itte letoblastie organsp its lehal in ittself, although
powuare to liquid 11.11 It increases the ptermeability tip leuceopenia may bie eonsideml an unfavorable urog-
dvets of the vialivitry glands and panereast butt not of nostiv tign .(partietilarly in ann) and it psassibly
the ehoroici plextus andi mteninges, ".filing in thep weakens the orgatnism's dlefense agatinst ifeetiern.
elimination of indligo cartrine via the saliva anti Thep causie of weight learn, which u-sually represients
panmereatie jilufic.le~ the moost isevere' leon, is not comtpletely explkineid,

Criemp-? rapixfuxnb en A.rperimren. (Cno--Crunsfsion and it has lopen show%%n repeattdly thatt anore-xia ei.n-
experimenits have pruvield noc evidenee for a eire'ulat- tributcs too, bit doth not entirely ammint for, weight.
ingl toxicr principle early after intoxicatiem. A normal loss. Irle available evidence points fit fthe HilestinnI
dogq w~aes cnn-ipormlated withc an intoxivateoilto .11) lesioa a highly significant in causingde1ath. Vomiting
minutps after reis-iving a stipts-LI). clopoe of 11 in- antI difiaa by the' cortsetquent lease i~etroyt
t rapecritoneally when aill trace" of 11I litul dlisapstpard water and Icr eteln, en leadt ts Icntriiveieatirn
'rm the Woodi. In every instance, the crecss-ir- adoini.Telte i uncnjrept
Istedl normali animal sutrvivedt while the, itijeetril cireulatory failure', andi death resuilts from tnedcl~ary

aniria fi44.1*e splmyxia oar ;eouesile raenuine frailein'. liii' eairlier view

epiteclim. cnd emorh~u~e i (ctctlc that5 Tenltertsr on- iteolsystemici eoni ofinjury tor
=:2 Injuryto the' Iteme of 11wIwth icaetion rpsobl local. irrit3'atind em her vtaandoom a ion ofavor

the~~~~~~~~~~~~~~ gra4aectesre adeegnraiecagsa a I eena re'view e .austiean. l rejateropesuabely~i
1h W ecazc fixu c eati us , w h i c h) resuajlt foI lie notu *n-. (o ;nsteoi ijry' an id tltrly wl
34s(i. aphtic ti'!Iw ijurytil osting o ra- V p'haie iice se'm.iawr l es Ii
1.ntjtiry o list-ceiintestinali tract piaily te suhor .I.elc tip st the oliae .Ileo iht ls.sh I low-

lee eill itieante, consi sting o tI sts' io it(e fe usis l it- inL .. d se f itxati nn a n ut.. T ce rtiny xuro :,ns nith, ts,...n let!. st an1titea onecre'ils~n l' "vt'ucijrtwil lilaw.ctzteai' jii
sep~itetlim, ad her to in lasrf'caes

2. Ijuryfit hp Iine arro, wih & let( of 71 leaur 11ll.SiTei.Mlono 111 othIeign emmieA.kp.t1 93"n n;N yomeato f1
*aW" "' ha*oe *-iwel * dltoii 0esrenend

1114.~~~~~ ~~~~ II-tj~y 4y~o cumnaii in ninbi.ls-t ~ mrIth ly at viape" 1-



C) ~ ~ ~ itnsity of4 total -Vstt'mir tljilry aind of inliviml11t1t Contamintitoni. .AuIIIViI: ittil irstrie 41tult-rive 111.1v
14,lfv intIN ra f inx M,)~ doiNIt. extetd liver it peritui of mont Its, Ivatlimagii titrti

In the rat at mil-I,I 4I4o4es, nip lestions weri' tilt. echxiw naunti atithenia and prolonged Ionvalt-t14.4.,
-vve f..lliiingskin application enccept n miltd weight with return of( appetite comsideme, one( ill tlie Im4i
loss., anti t nftt intravenousg ailministru.ion lesins potnitti( signs. A feeling or romstrietiont f 1he
W."re iutfriugiteni ande generally mldi. IloWOi'er, fill- Chest, loss Of weight,0titii inM1reused IlolY tP14'tilnitti
lowiflg stwttgw i njection, tilt Ictieptis we'ti only Otto have kmen reported4. Various. npuirologival dli".
moteerately a-Cleel e'ompareet to thofee fot~lw~ing II)wn ttrbanees Play owi-er andt roniot fir tite' following:
41It4N'. L~ymphide atrophy wA mildh, mv'liii injury frointal headatuhpe, drowsiness aind lethargy, uaj):thin,
Mode14rate*, le'tteeqw'nia se'vere, anti entet itisastd weight socninoeaec iflterrit(Ae by states Of P-Ccittenil'ht.
lIfW1 nueI(THIPte' tremor, atie, in sine paA4E', 14111t1M 41411 *lc'01 t1:1 Wvith

In int eletth intointei'l 'unimnds, Iting damage or without terminal motor paralysim. Hoewever, CPP-
hass bee-n reptedl by investigrators of Woth Woerld trot nervotts system injury applears only in the mnost.
Wiars, Following jfltravenou#tta injection of a soeititieui 144'i1'ti eases('i4f iitA)xicat ionl. (ihoment5on in-irctiitiry
of If in eithe.r propylene glvceil or ttiliglyciil, tive changes -.ecm unerrtain. Brttyraehiu is present. e't~
luing injuiry inveolvi-A diffitse pulmoinary congestion in intoxwart io~n. Tuelyeardia anti hypotension aplietr
anti edlem:, but when nesqt It i6 ghen rapidly, Xraver later, indicating circulatory iti eljneVlnM .lt

* iw'-rotizing andi he'morrhapgir teAiens en-cup.21 Pill-
memutry injury is Pitt typical of all parenterul routes In masked volunteers excoitteil to 11 vlposr, vomit-
of wdsainistrntiem, send it sepems apliarent frem the ing is a mutch more markedl symvptom in thep tropics
exp('flimenis quoteil abotve that lung injuory oveurs as than in tempe-rate sones.U"J" "In temperate elintates,
at resuilt of tile leaalizitiom of poartiettlate It in the sv%.'re vomiting isl usually only1% olyservedl with the
puilmoinary raptillatry heel. compatratively rare fulminating eaes; in the tropicsf, it

lli'mirrbtgii' Iesions' in thep stAimac u t' ve beeni te- i-: a usual feature- of even mnoderaltly mevee' causes "117

ItirtisI by some itiveltigratoi, bitt generklly imiler lit gasisedl '.'iutntei'yi. masked atnd we'aring protective
(. it ontims where o~nl contamnination may' have ov- clothing, yeimitinX mayv occur with computralive'Iy
11irtWl.11 :3 small (lepies ((C1 = 400) mg nin Win) andi can ie

Antong thle t1og1 which IMl in a shelk-like rondi- violent, freqluent., anti preilougi with somewhait
himn following the skin iippltiitimn of a solie f It huger domett (CI - flEX mg mi M3 'm'.' 41N~ssa andi
in motor oil, significant systeici hesiorms fatiledl to dr- vomniting may Ise presient witthliat evidlence' of oral
velo). The only platholagie observatioivs were modler- intoxicatiom 11211- or persistent intestinal 4listurt-
ate spli-nir wcrosis in 2 11 animals and)4 hemoglobi~n ant".t." Nausea, vomiting, an'irexcis, at14 persWistelit
casts in thle renal tubules in 3 11. lRed cells were intestinal 4ietdrbsinccs may bie abhsent in voliintec'rt
foud in the tuthuhes- in oes andi in the capsuAlbr spices sutietally gassled undler ttopical cimilitions 114 and
of the glomeruli in another. Fatty changr' were in mien uwc-iietally itfring If third-Idegr hims"u:

present in thep tumbulu1Ir f-0, heliulm, beping ''vrm in the an.l mlay o'citr v.itlmput any evidfence of enteritis. A
distal ptortion of the' fcouivlitteid tubules,"1- letvi-e at tieo iivil not lie :sanitdi.~~

Since nauisea, vomitintg, and elrmiim Prii lie lielteel
=.. Sorn obsevations on Ifuman Wv Itintflammattory reat ticun pnelutlcee by radliation,

Intoxieainn tra*umo, eir fire bturn, these symptoms (it) not ctifer j
A review f tile evielefc4' from sotliers gaissed oir prinsa facie' evifenec of scystemic: intoxiesition by

bsurned 1by 11 in Worlt) War I indlitesA- that ec**n- mustardl, at least in man. They are more likely at non-
tially thle soame syste-mic effeets a-4 w4-n in expwri- specific respomse tot skin damstge."",4
mentaol animals we're present itt vaiying de'grecu.'"I Men accidentally suffering prole(Mgee kill v.Int-
Vo.aiiting, aIppearing sheirtly after rx'qtoi're, is in- tamination hsy a mixtuire of liquid 11 in oil showedf
variably lin,'wnt aftter into'xifation by mild e1LeaWie' evi'eM f Systemic' intoxica:tion, tnmely, inerc'uLA-d
llo never, movrpdelaveet gaistrointestini ei-aurhmtnces, hIeilvy tempe-rature, hypjotensi#Pm, iticreoece pil-e, and
nanwl1v aornr . efiugssot n ptin, ;ii'rsi-dtent gastri fle pt iteit 1)4. nipt her sympto.ms of peripheral viniuti-
iuiteilirinct'. citi-tipaition. for, in more serven- M-fps, ftry failure, stitch as:Lc 'li.'( uitxi4iy, ui
flisirt-lii-a, %%ish riecr in m.inv clise'al descriptions, eli~e ns, oir e'oldleteiis"~ A milar #dutti. :l1
41melei ion the weeverity f injiury from mowsing 4W sin Ipiretum' niparied in me-n aeterifi'ually eontumistated

spoirr
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RD itha liquid IiD' '''letailei clinical histoe,' Irittiomn relis (Ttirckt hav~e bivia 611114i, in~dicat ing
of 11 fatalitie's sa ite ha.~ ' 1.14.111~i~i1 In thle anl Iupst of lympaopew)ie.it.tile'i
ea11,P4of0men roetuminatect l w a mixtaaar'of liqutid If in In fn"!.ly intoxicated1 nen. it markedl lety'aaipea oft
nil1, sonlf fdeathst os'e'aarrn is early :is 18 Iaaiurs sifter 3WN wax' neatel 12 hotirs Iifon-t clathI incae inastance m
reiploamnticffiii lieffin- thew ,ere marked visisal evi- :Indl un the tenth day (9 ility.. lietaiii death) in ala- C
tit-mie-c of Akina famage. lnflivithitil-tappearingt in littiet it her."'6 fitfit l1 atter instatwt', t.41it'swoj wa it pNi-i
e-tinaltj'. i-ve-ejit feesr Inlititenalirn (lO1IN) min Ilga,. lily inlillnened4 b.y thel- It of 1aaafathiiaueile. A asrki~l
e'ernjaanetklti%, *.nal skin erythiwm, within a Niatter ait Iceew-yfte was notA4d iii many of the eswsiat
tiinitw-te'~le-lnfl e'Eiltt"e anti rapidly fEiNNI Without Ikm~ I'tallV Milrntla tA1' men 11s41lly1V fe.silelwing any pringfostie sign. Failure tf the jlefljh- vu'lopeed ii weten euep-aralan eesa e
end vieiar lied seemed plntienel in iiivere ae"; as .1j) cell, Mm2 fly, Use thirdl (or foiauth (laW. its mati13
iait vy cveflt, fla titienfts wen-e invaiipile of IE~pelflh- insttant-es.
ing tel Shork thera3y, ibe., the'aulministratiorn oit wasrm Littl e iange in thip red cell cecpnnt has beren notild
fhuailsp p~lasmna t ranasfoui Ions. and morphine. Injectioan% in volointerrs expeell fLei varifolls amoldat it a liquid I I
it italrenalin, either vistm ,,aunti cnmine gnve cr 11 vapesw. The relatively hiag lilt- lis-rciel of ft- r'd
oily vague transi'aa efectid. ( irs'alator 'v failure wit-, iloiul (-(,If- temhat to malitain thip eehh ccint throsugh
eenIfol'eil primarily ieriiis, inasmuntch a-" the the- aet-le illnessi, while Pxsieafaion, wlhere' prwell,
hypitensiemn wiA.' severe withoi ut rkedf ta'haycardiss may prosicue lie'maaoneentratiain in tlwfe' 'iTf pxm4-
and n-Apinatfirvel.osixes,anel iammuciasthefhi.asteic hleerytrhast~ie injury. As in expterimental animals,
pri'ssura' in irvivlng a'ase4 %sx highly laile ne'vi'r ane-mias may follow tatter is e'anslde'rable ea.
rising to a Is e' coimparable tot ti, rime in 11w systailic hlen.'aoceent ratiii.., soen on fhe' dlay of ailmitopion in

lrn'saur."' 0 men eemtaminateit by If in oil, was c'aiawated byv the
Mzsrkrifl leaae'oie'nia :Intl loar of reativity of ft- .4eemel or third dasy in tlaoi indivitthidr aurviving

bione marrow, whiech air oeihe'd in expterimental thist periid, andi, theaefem, 'an ha' ecmptifeerl an lstn-
animals afler licsra'nteral intaixicaticrn with Me). dlose implorait factor in saalasecIaent dlelayited leahs
of 11, are seen in mn only in the most severe eases Elf A clermes in red ell couI ()nt has haeen rported inS aautl4oiei~ltr. In maskedl voltinters, suilepthally ex- otlher tasltie.".1t Threin v-topenis hast not ben
poseutl tiualer tempieate air troppia climastic' 4adi- fobseorvedl in men serve'rely litarnedl by% 1i, although it,
tions tot liquaid~ If or tot It vapsor (CI of frosm I) 76K) mpg has bieen repocrtedl after iiatratvenonis intoxi-atiei lkv
min m2), tiaere is it mciteirt tot marked leouccwyteois I 1X.3.".
aientrung its early iaS 4 hiaers 1" for later 84 anti 44rn- A tier".sr. an miauatiarn time in giatied lhvq'r
1i-tiaag esm.nti.tlv of ineretases in neitreilmhilic' Imply- wise, aaotel in World War I I" anal has We'un euonfiraned
niorphcule'ar le'tta'ewvte aanti lvmpheievtes4. In some- inl t11i. war 130.3 ill veilaanteear expiemel to liquaid It
inst:tnf"' thee4 was- feilloei lay is mild toa mailrate tanaler tropical etnehition~s. Tiaa'se himervatitams saurges.t
la'uanipe'nia,12' ibut more fl-iauently by a etmntinuwdt an inierferene with liv'er ftuseLiamn. Exposatare- tp
gruadual inease' iii neuutaiphilia' loilymeorphanuale'ir liquidf Itfliy contactI in ficed olirrva'rs resulteel in aaa
l'e'avoytes anal lyanphocwytes, wvith ia ei lu'mcantraiile isele'rateel teelimentstiean rate in eadih aof thrne
uliallge in ecisineipiilic air basuilAtilia' polymeirphomaa- casesA.u
ea-r letucoryte's air afre mamnaaioear leiii-octes." .'.alpss 'iurirne freim men inteixia'ateolli Ii are'in

1:9 12".if 'hse'rf AppaanI tio lie not eoawlatiean ieptween few aned veryv ineamiaplete'. A trac" fo anfllii %"as
tlip meverity uf it( ri,.uiltant humsn- ianti changes in the ocrasitrnz'.ll fitunal in thae airine of Moari ueasisltiu's hult
Oilaitc redl ca4iunt, nor witha ti)xic symptaims suach a-, there irms nei hematuriaL'"' In at man w'iferinix viei-
vinnithig, heualataie, nwuassi for andire t,1:*'1z anailtanaination eif 85) per re'nt aif his~ beuely surfare witlh
kieewvtout nh"pe may hie ahri,.et, aslthuaipoo nausieat lidciie tit nsl, the urine 1317 hoourtesifter c'xpoaeaare
anti vtomitinic awulr.u3 Blioix chianges after expseawauro (37 hasar' ih-foer ifal a a r sia, lini,iilJ ti,
aunler traiaial eisiielitieon-4 have, liern cilwweened in anal e'erntaineel e'asije'rihlef :alliniea hutt tics rfal
ginssa'el veohunreers ugh(( ver v miui lowver tiasa t wodal relle.112

lie. casiolerecl ne'v-*kmr v fni pnwle tiaem imn'le'r tem- The literature n tin ' 114-atliiloigy ill isunanas fatally
pe-rate' 4c4imlitiaiaa.' 1' lnutea'tge eawn splaosiae'l liy c'xjueie'e to i I ha% Ix-e', reviveff ill to Aiagua.'t 1,
I! Inel is masrkaed leuucaievtis em tic' first lay, dr-w-i 1913." S(inee that time" addeitionatl iufermiaio Ii.i
ping tit laeirnial byv the aigatla &-ay, buit. nip leaaefjpenia.-' :at'dreaed. Ilitsha'ive' of damare ft tlit- rt-41piraftry
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tniwt, a sumnmary Of thep microscopic jiithillogy of ;l 2 -. 3I )lIlIV IFS OF Nl
fatality resulting from vapor expiosuire is -I- follows: l'O1NIS ifI VII)'I)I
ait4' Olperation f the first port of thle dhudentum: In~ Wife 3 fil toxicities of sonic or the- derivatives
fclondil swelling, congestion (pomsily post. mortem of-if and( i'oniponds rultvil to H ar, tabulated. A
changes) andi tit-t formation in tMe kidney: cloudy itm with an L). bvy su1'luttUn(Wou inljectiOt1
swelling andi early necrosis in the liver (pnm.h.ib por-t <2) Ing kg arbitrarily is considerimd toxir: >25
mortem changrs); dI5isnionf f the spleen ith 14 to i e otxc
corpuis ; depletion of lymphoid tis*vie in the spleen, lKkfiutx.S
mepae,tierie, ingiinasl, anti rnortic lymph glands 0 ('IIAIucROMIM, 0-IIVtlutt'xyI.TiiVI, 4 titi ( I I)
with lvnuliollstie prowlifenfion; andtiiamtrne latrge disps oif C'I Iin proitylene glycol givein ut-
iif gnsinulewyyit andi myelrytcs froi the bione maur- venouisly in mie ;rnxKtte rapli(I death dhiring the
tncil ." hispitesolte dcent syiid amg not' o rn til nin t but nonlethal convulsions prodluced by the-

tared fi ti( thi cat uit;fly. dea tddtl as u unMi tilf- vtolume of propylene glyce' tuste. (II produriciie-
earl onthethireenh way. ~eah ws prcipttied entiip, vongestion, and( iuuereasedl li'iltopils (or

by lung edemat whicht followed and wits p~oesilbly III- the liver and injory to thep lymphoiid organs, with
12ited1 to the, slow-drip, intravenous bloodl andi fluid enlargmptent and congestion of thle adre-nal glanls. 1

therapy inauguimrate late on thle tenth day. Tere (I prolhuteri iii-notory ati motorW putimysis fir the
U111 HO nolate vomiting, andi P laterciatipatiot'eiurrel limha useed For the intramni ular injectioni in rots anti
ats the reslt f the duotetnl ulfcer and psiNKAly it wa-, toxic Ivy this route (I.I1, = 0.5, 1.7 mg k,"
partlytie Hiens. lDiarnt. appeare, howemer, %)n re-
Hier oif conistipation bty means of a turpentine enemat, TmuonsumyWL (TG;)
Nut waus tindfer control the difty of dinath. TlieliglyCeil, unulike It, has% no effeet. oni tit(- cardio-

After exivo.tiure to liquid 11, another co.Iiialty d1ifci vuscujir system: i.e., it i'. inof inceasp lloesl lrn'*
at 171 liotiN' during ain attaek Of puilmonary m'hi i sre or heart rate, andi ties not tiller vwugio nerve
w~ith markedl cynno.ii whichl followedi within 2 hotirs irritability when given intravenouisly ft 4lOgs or
atfter at tnuoisfusion of,. whole. bhNoil. A markedl leucoi- rabbits"*
jt-it cGIM cells min") wats preset-i 12 Imon' betfon'
death, butt maecroscopir exarai:t iOn showedl normal $('IA~iIil.~bs~ ilemi.i i~ V'
redl mai rw in the femora, humeri, vertebral bodviies, mium] ETIMtyL INu* ('unlAulauu* (11 IT(l

adsternum, and only the tibia n ilcu uals"o xrwahlsi i ki isefre

1 1d mtum. NO) microscopic pllcarov was Pc- Iv the- aftiom fof nifiuetive 11 (ll") its -it shim~..
purfrol.hI! ft-ait 11IINT( sulfoniium stilt comgwpiire aboutt 2.5

It is delottile fi"to what extent -wd~emir iuujuuy per rent tof tile naudiotive material lmwrt-s-. When
eemoltribuitrd to dlenthi in nmen exposedrc Ito If in dwu~ oil- 11.ENI .11 If* was reacted snitls bloodl plaoinist for 310
water mixtture at ari Il6ust injury, re.pirati.'n Of ninuites at 37 C, 2.1 I- ;sr ent of the added4 IV* u~eun.

foreign ffuteiul, iuc'~~r nfc'iion, and pronc-lc ft 11 I T( . fift he ext rartahle s brined, 3.1 ;pr rent
immersion wc-n' spmi peimxsltic n tile cffmb, f ex- wau.4 11 Int , and l.5 INnr cint f the If whuIch ii-
p'cnre ito 11. toforttunately, ties *'ectcms to! intestine actedi wvent too If ITt .3I
aIi nd si m mcs from the vitim4 %rn. lln-pnitilo for ifIT(. hals nit flerotoxic action event Ii larKe
laistologicail tinina~tiont. 11ii'r'fou it is difficltl to floses- tdit ni,41erred si ibct ItIanf4 u,.2l. The '1114- cc (Of
ttssc, %% stf mic iIuv hlcwe'ver, oeverep s.I :iie in- at lencoitoxqie effect of If 111; chloridle in I,),* iloss:'s
ju;ry * - indicauced in tat least some instances Ivy a pr~o- ill rodents rollstitiules it notabtle dlifferenre in th~e,
fitnl lh'ipenia. A4 mw signirucaner wasg attarchd tit :uctiom f this cmoncin anti that ol If. fit miii' andi
renisI intjllryv This injuiry riomsistacl Of tilwsL'r et'ralpits, mwoderate tit seven-' etitinutis, ruild nlervosis
f lwmvoogloin andi enlcioimt. with degeneifration a&nd Of thep liver, iniury ft lyniphci~l fipmieo, espwily the
tiwrootis Of ad~jacent tublair epithelim. Ileiwever, spleeni, andi mildf fti niodentlit ulrenzal ionmiitin- 1
tht-c- lem-icms we're not sufficiet 11v i'xtenisi4. tom hazve seu ithotit tiny ismni Inurrii inuiy." Ili il, hirxf'
V~.1eel4 iM'n-1h ;n 1411fif-114cy Ill(:' speciflitv or the uhema's otl IIt :.. w the pirrysitlfOe inothniele
kinte flainag .' o oen i'juuct im rjAh anti renal mairked Hiarrilint, lem*' of lodsel weit, a;ocl e-~'entiallv
lesimn.' hamve ne-ver bseen sci-n in u~perinuwntal the same patlicllogic vhan-e Its the cllride.1" Ini

auiini~ul'~. clogs a 4lit. lc'aeicnia foillm. ihe iou raiiiimc- t Iu-
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ministntlion ofr II-!T; it-, the chlorile' or pieryltitl- tionl El 5 nix kx (if melioaw-tiva' 11 milfoue, till li.t ri
fiiiie'~'itution of S" in varioius tissites at I hotir wa-tq (lii

tittively similar tot the, distributioni of .42 airer intriv
In~is~-lI vnicx I:TI V.)ii.O Ilt~li~tj VrL- 0'eous ui1ministrattion 4 f Ili or 11 Au2Ifelxile. I ItOwe'ver,

ya:I )ictilAsitim: (ll-ML( TI. 5l01 after It mifoe wits iven, thel S" content i21 tll, liver
LI).. dtmme~ tof 11 21'(f pruielieed de'lityr e l~th in was mintt lower tlti that Ion-vailint aifter flip 41,itl'r

nliii*f, :ifter intriivenoltts Eit .'eiwitneiinuiiistni- two v'iINinolliIC'ri111111f a of JcpIt ik4d ill ,,jjWI of

tiolf, :Itl in ralihits, after intrivenous adlmiilistt.L- the( lititsus wits cont~ijirllly higher thuaufte'r It or
turn. In the nilsI~it the compolundil ha a Ilsenicn if -sulfoxie. A considlerabhle amnoimlt of 1 aiiee
iu'tiorn,'3 Polsilly resliting from itisliswoeiltiolt 1I in th ine."
ill till- IIENl. .1ifltgh nontoxic (11:,:dmiister'lD I\L tJOF

stilm-tilitne,~ )1vny suttone ha11S a1 markai41l arasympalt homi-
E' l1IN tii~ 4-1114 rapid dheath Iwiith rolsion-i4iI when " ltVllt4in-Pil:

givenI it) nlict, inl large' dol--sE (3501 50) mng kgt)'"" melte ateiiliI.I tavnuijeio i I situ
4 iveii tit rallits intrantV is~lly ii le'thatl EiEIstS. esIts rztiiuly j)21IIlum it tmratsent jm-riEtl of hvper-

11 M's r ; jnw12(1et pr~trAtii, attaxiai, reNqiEIIis i- tensioti, follloll hIk It MPrl-esiVP 11I,)leSill, (TIE.4ZI-

norri.-'a and salivation, and slow, deeps respirationi. to i iar erfittli nMxi( fci

Massive hemorrhage and il edma aietuimi in till in flip initability-of fte hiorda tyinponti. 1iis atetionl
ling in animals4 whidei dieel withini 21 nourM. lliere is qilte EdiffErI'it frnt tht of if and11 its E~lIdtiOut

wais at markedl IE'mirn'fia with little change in plflfit-t-5.11",
ervtir.-vte eoitnt .'I Sitra4*:, EoiE-s prolhiweat severe puilitonaryv Ili-

jury. With lower clospit pathoteg elitnges uore not.

b;.(-( 'nm ski s12vivm) StiAum (11 St-lvO!W lqolairepnt." A moderatte transitoni' Ieeew1Y1til 1111t

Wht n given toi rats andt mire intravenolosly or ni Ietivowinia ZtloIettrelI in rWillhits after int mmfustular

ioulitaneciisly, It sulftme ham.. a matrkced pxtansm- jitoxication."
plionlsoinetii'ZciEn After SHIuutans or iii b*tCuuori .-voni I $.Y-1,M O)
trapeitmeal in,'et ion in tardtr'iEEesin mive,extea.s4ivt It silfoxidle injeictedl still wutanetmotly or intraIpN-i-
laerimation and salivatimon eweir with imarkedl toelEally ins miee causedl asitese, edlema, lWnrimistiiin,

*tiremolr- prilor Itsl EIE'ait, rigor nmortis rapielly foollow- and sAtivatioul'- hout appieared to) hei les'c t-oxic than
ing. Thve tremtors were not aklPeVijlt441 by thll- intra- sulrEate or 11.

oeIEIEnLea i lEIN d iEisttio ofl l ! slight mfwifatioe IStl~i.f- 'tlfu12*I: 411ohPO~tiilg4'141W4
inElf e itigis e'rritoneilty pnute ilft iletetornt hear lt ~it( inlslfoide~ ivn d 1istri tielithsain Eltig( n
If-ilE.i ll l rai. O l.,iE4S prM;01114il" tl 1se 11erE' 113mSl 3 ew~i El III*lInxlEe oa wls~efi l*

injurY.With lwE'r ig~se"' here wri' as 11t~l~gE tixrletlot~ forE thei ltailry ghr.4 ' contnt in

Ehstle "I an iikEE thiWettEl5 a livar rEanN." in TIlitm flip illN lader il ie pignients, withl tat JinII jirt'-

Ei lw f 1 nig kg, e'1intrani y i.'n lw iti.smrf, Irlrcngsh ~tecuitil.giv' aheiiEIu
ifesim.' hi iiltum:. Elits r jllflhitE P1EE ih slgtmfificto E)Ilf l', LIDL S24ie'Ircr;stalui ht
oe thW ere ir" reeta slighIt iflu pnoleumlwlmiutis civinyl ulidie re wgieen A IIIIflSy tip i fijvrtell

Elf trlE' W~iVitE lower tk' inw theekielney.i Iritlilnd Elf anes (1i itrin mtael veylre) ion

rliinei.- A121 rElt tlE )lE'l 111tos e o ifl i fltliEtc o; Itoi mwin. 14 eile JAKWMAn 11,4 fr m Ia iiuth Iiil- prt-
AIkafe ithE'ifth e -rnw'I i mnluotol ('Esmn~ltea tion faion s l'w in ws Ela~yft. kE' lltiel. Sia mtels

ohEf 2 E'ni kl. 7 heou lmin th o iiitrn'e fly funimax - io uings t atspi did 'E' -itr ill, (low4' givt hijel V ~iflig~E

41.tv." ~ ~ ~ ~ ~ ~ ~ E li'Rv as n uti-,p"i ihI m-o eT 1,1eei o ei Arlcsusfncta

forip ther -va .r Aig'it -lft ntmmts iiy ufi.i4frndwe fi ni0-.

Sypiiriix~ i0 th Ilytt 0tid4 typ 0 6h



~.11 N' ItI-M S tr markrni eniteritis with only1 'lighit athnlljste'ril ill the M.hWit. 11) ig kg utpjmao-iaawly

injuy fi tilIyiiphutic tise-ie't. 1Terri-ini IElieEPia 3 /,1), iiitil first It IIlitt-3l nE'rvelti- .4v%tein 1 inuilm-
nor Im imninav injilry. Hoewever, in mitlrhtt ill- tI Nl fo'llowced A--llilky lky deIprEisio andI lujIHI cath Vow/

it-jeEti~ intravenou~sly there is mooleittE teoo maIrkrd Ptaras.ympathetic effettiE were totiy tuilil. I lth ew--

Iencojwlinim. 0 aidmillittferl sillwittaneortisly amnd in- cm nxe' in 24 48 hernrA following 5inau kjg.*-
travenrngasv eviihits the tfteFiotime action tot a At M,. elewt's EIE'fths are delae4WE in till ttlxwies iv-
grieatr eltge than 11, ilijitry bing e'vidlent at Still- Wirllmsf'5 fli theltit' Elf sitlinistriltiola, althouaghi
Lbt.. WiIEt i iereti lo Ike leieorteoxuc 3utE mv'elotoxiiE griltionls inl miverityoEf elituittl symfljtolfl havE' Iw'ti
actiems are less tmirkede thtan with 11, liNtl, ilX2, fir olm'elE. Anoe'iz antii e'lludintiont, viable IEII11il-

il3 P In mice gaissedl with Q thip liver aid kidney penia, and valefhk ediarrhm' have' Ween tilteerve'd ill
shEowcel litrnehynlates degrueratiom aind mairkefd ntlol~its after skin :ljjlicationit:2 "I mlid offer minn-
fulty Ehlilpies. The lymphatic tissue, inelueling that v(fenns tEulmiflimtratiorn.2"k-f svere l4IeE-owniia was

71 ~of the( splEEn, wits very ittrolii(, pw2imably rnim spen in raibbits receiving suupre1-IM)., Eu~iEl', wher'laZt
toxic rhexs Elf thip lymphawtiytes, uithoutgh this pazrly Emly mcwlc'rae traiEnt, leticojini wts observEd tat.
stag.' wm1. notl mien. A e.Elnplte aplasia Elf the hime lo~wer EI(ME'5. lDiffeirntial IettemNyte' ('Eutts in aniimailt
mairrow oeWEivred with tliE, repliteenieiit elf the reveiving suib-Lit lose EIIEEshoIwEed that tht:- lhilAllitt(e

heaoitei *.... h '*'.********.1 nus' s..a 'of la'aphocyv"-' ere lolwest onElit, hecond(EI
andl~ thirel day1 with the Xgrest toltal WEiItition in --

22.1 E~h l. i~ CIIAROEIIVL ~~iNK grantulcwyk-s Et'trinjtmo the stune or following
(hlNI. TI, 329). Ill). EThI l. S) Eai." Emssecntially similar obstervations have eene

re)ElrtE'EI,"' bmit the ahlmilhte coun tsE in t his eage have
=1.1.1 P~harmiacology IX-e1 :-fltweel ftl 4,0WN p10lYM~lrphORmtlCler teetevtI-A

'IOC IE'TV lilWI 6,15N) lymplhimytes for re'aEl ndiblit. It lits Iei
Thep laretetcra toxit-ity (ifn iINt is shoewnt in Ta11k' Erllcluel~ that. entail tfltraventis EoiHic Elf llII n-

4. In addeitioln ito these (lot, g EEI receiving -4)mg kg penttl aiyin the rabbi:t huve, ti'r .in inh4'nfleliate
Elf IUXt Eon the clippedl -havel bark Editl on thep slighit depresision, a Stimtulatolry e'ffect onl hcterophilce
fourth doy, %%her'nie thre(i dogs suirviveei h0, 20. and pllyhmorphlmucl~tar lettwcwytes. anti Ia Mildly ehie'rcs
.30nig kgeiAtrlescpcetivelv.Mt1 Tolurance to:,C seellnId ive effect on lyrnnpheicytes. In vipW Elf the coemple'xity *
Oral eie' of 2.5 mg kg of liINI, which killeei 75 lier eof the Imm-cehres, the original rE'ptlrt shouldl loE' ceil-
cent Elf tile itotrei animiols, has keten replrtede in stilteel fior eletils.?.E

Irats m %hitch lE'eiEl a-1i prinm ry emil titrnm,' Eif 0.75 1 mg kg R~abbits gatsrl tit L(Cbh* levelsia- an ml i gatn
4 weeks pr'viol.1 7- e'xim"Ae tel lINt vnternr uinder fieldl cinelitiofls

shoeds~e lit) SiXaaifitcnt1 14ah14iiftim ill dlv1 Wti 11114
PaIARMAVIIII Nh %MIr dllSeiffere'ntii white e~ counlts. HoEwe'ver, at termnill

lArgE' dhewers of iNt .11(1 nulminisatervid intrate- letirocwyteeeis oweeurmel in I he rabibits aned wast jIxKlt)Il
now4l1% enr ,eltelltn slv Ilicer inel,..-e eliet,,rimnc at rilmtuble tel simtueleary pulmnanry infect 1cm. A
:lf thet, lierEliis stni %%hice ringe from ptlEir voI- slight fletltrephiie l-ticocytnsivi aned it slight risp in
EOidinatiem, trmirsN anti itaiestol eenvuctiE, heemeogloloin ( I gramn per cent) eeire'l ill te gnalts4.
elpendiiig Eon the III"- aned rtlIte-4 intrav-eneie'ly In nate, e'tiw-ee. titan MI,('I*e Edose, significant clinical

T~onjr 4. Tioicim t( ., IN Ifaw iuriie,. ';'r. (1.1) in low kg.)

(fwtt (tln m. "111qe- ~iilIti~rlitri

ism ka' a t.I I .,lati,"Ilt -1-1

littt..24 at 3 4)me Lit, .l, 3 1 at CI na kgs. Ag-nt adimtt..trnI a..tI, ft...- l..I t it t Iw.

I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~E %miii I.n.tt- A o.1 TI-h-t
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MI VS&TVICI ACTION% OF 't LiN %NO) NITUMH;K 111I 14T w I11#
svnpto~ o sytenieintioxivation apurt from weight s'howed isilit i III aits given l, 1 Ntl nrave-

liss faihi'iI to, d~'ei-lp. ntntteestl:ienllxltl'i.A ntarketi
.eltroltiqir ljjtrq1. In rats g&en I).,andi Stipr- thm"IM v"tOpi'llil 41aIeetgref ill SATJ'v' int,0ii:t I'll

LI):. .hF intra1%tnoitiIy, cliniral s4ymptomns were' docs after intravenltts atliiitntin4rioaY' 4Other Ill-NMI
~t.is)~t~tti5 a illfii, extcept (or it lInt4 upjpt'flinlg chaniges aifter lINt intoxieat ion :it, iest'rihvei in

iliarri inso stun iilsl' suirvivinli ryondt 70 hours. "lootl Stiit" under I[ (Section 22.2.1). .Adrn1:1
in the ailimpe~i t f tite' u~sial signs of syst4'tfic iftA,- analyses, aifter lINt aire' elise'ssed unier ltN2.
eaiot), noe'woirthy manife'statiorns lif nel gie in-. '4w't'it Stuiesi' (ktttiiitt 22.5.1).
jury appeaing oin flit- tlii or fouirth oeiay we're ohl)-
serve'd. nmhe i'mmisteil of inereaspil iritatbility, and PRePIMAXIS AM) Tmi.:At'V tin. SVsriFi1* lvoxa
th,,orna~litifs f poistuireand moventent, progressing THtIM

ii in iv'n' eamf's t4o inv~olve'ment of1 thle ve-stiliilar Pflh)IIY!Ittitt Ierzigie'ti14tit' -.1titie hav~e IN't'tI
and voc-liletsr t't'lani-mms Usually fleatin raspidlyv fl- cened withn tine p~reventioin f systemic' intoxiea-
loweet tile onset f thp ex~tremne statge', anti aunong tiof bky IIXI ahlstrhedt throgtin' fltskin, In omler tot
survivors of lests st'vere injury hype-rirritaltility ne- lip effective anti significantly to tower ft- mortatity
milned for weeks. Tis neurologic injury has' been rate (3 6), exfirpation of tine- eontnlninattd skil, mutst
mt ist after t'wiostin' to It or 1iIN2 vapor anti fiftit' within I5 minutes after thfe aplieation of(
after tine intratvenious :idministrntiom of 11N2, hImt 20 Ing kg (LbA,, fi fet' se m. Tie parenteral
nev.'r :aftc'r engtaneotis oir subcuetaneous atmitiistru- adlministration of Xa-..O2 wits markedily suessful1
tioti orf titlntr nipfl.'~~ '1* liffital matnifestit- (mortality, 1 1t) if given Iweiphytuu'tivaIy I ininlt'
turns ant tile histoput li 0 l('Siolnt. irtittlartv to- *mfor' similar exposures4, bilt only e'rnitu n-Au'stti
e'xteniive fet'nytlinlizatien f pripheuil nerv1W5 seent obtainedl wheS)na$( wats given teteiteat~~
in I3anml amn ,reebetoerouehv
vitamin 14, defic'nciv. I lowevi'r, the rapidl itt'vilf't IIAiWMe4tA~if OF TIM. III IIIIIIIATiV l)IV.TIVE:
Inpu't f the syndrome- following iINt and 11N2 OF iNt
eftinii-ates tfil inivoltvemeint of vitamin 11, rnut.h- The ttoxieity for tile' trunsfiotnatioti pnirto andI*
t,!isl. other dlenvatives of IIN t are shown in TWbll ..

flats injectedl -mlt:itneociily with ILMr. anti stih- h-~I'tyi-l-(B-chloroethyl lethyle-ni-onium ehloride
LD;,n tlse' were notabily free from clinical symptioms. does hot flow,%-*&t markedl parmasynithenimt'tit' tc-
IA-e4tnctijena us absenlt. weight loss slight. antd di- flm:. Large dosesr given intrav.-notisly tot ralobils pru-
arrhea inconstant and mild, althongh enteritis 644- tdifed only mild tranlsienat salivation awl nii puiililary
pathitilig stetional wat" -A'vere.", change.424 211 It iii not it central itimnitant,2' buat

Mne dlsi. stive',nmbing oni the fifth flay following tit- amtstlpesi when givens intravenisk oir sigh-
tii:Wiut- lI~~lfliltttof I'l Ing kg of lt-e fIe xiCL4 of1 enit:Wt'ttisly in mire anti itt nte'ittit in ralwbjt"Y!

IINI to the clippedl t4imed bac-k, pre--wented az t'linuiml Large Close's intravennuslv audminlisted ft. ralbbits
condiiit ion re'semlling ~.Auk which wams entirely 'imi- induct' itevere mnscutlar jnu-.ilyA.0,Y' .Atlinisterpil
ilir to I ht fo lloii ing t he int ravenouis :iemilni-trat;.,in %tilwiitancocaslv tW ite uul initravenouisly Ito rats lit

of 11N2 anti4 llN3i dec'rrilxwl late'r. Ilooever, there MI., tloses, this coimpoutnd prtied etl ikyetl ldeathsf
wt no lisly eI'l iarrhv:i or etel'tsive vomlit ing W' such itutu its afulion wais comtiparable Ito I lit' lIhfl'Nt amine
aus wen-'r' see in ft( q'scri('4 of dlogs ntjttc'ul intri- wit h lv'stt tip wve'glt It1i.s, ttiarrhezi, unfit- he ab et
veaielusly.1" fif leaa-ope'nia. Hat' tit)noet. showui tine ftt'irtmttgif'

.%part from the tibovi' tolstrvatjerns, few other syndrome seen after intra~venuis dlose's of that' pairet-i
clinical t'amtlflttioult4 have liwtn madte. .%n elevation amliie.I lit the rabbhit, flit'- letteopenir uitioit is lIto
of WoiNM ..ugatr or1 titNtitonalilt specificity lI:L been xmre'r thal antIf poss-ibly le'ss tl:uu that efi flit- j,:Irnlt
rtporteit.1 at t0anti 90) uiniutts afterr 'po.,ur ot goals amine *bumt weight losand iliturrhmnen i s- vct.
tt, lix I %~ iper, iiith ntormial values again prevailing I'tv-hlr~tnlt-~d~vtl~ie (IxI
anfter 3 5 heur'e. Altefiti4,ns of tlit' "climwntai',s cloereohiysrinj -4-ttft proteulift ualitatively ine
f4 e tu- ol4'rve' in raiiubits folieaiir.g fline intr.,- same ru'fleTt" a-4 te parnt amiree. Large. olo,.'-A giveni

vt'uusae~uii-ratonof lI ~ In nkilwbits expim,.el intnivo',isuu4y, stilitzuanponwd, for imniperitoinea:lly
tol\ It vaipor. daily hnrmesgtolin vales Cliff not vary inl mice. pnueluct' sympiome luinging from toontrs too
-igtif-mitlY: goiat.~ eu'i~l undieri fit"! tondiitimrs eqrnvtlsitllnt afuculmlraicd mPy hypt'ririWaIpilifY mill!



T.ui.5. Tia~rity d' trnn,"f1wevuti.'t, 1w..inct'an staber 4tlt .. tiio so( 11% 1. (LO). ill mot kx.

IVi -Ittrvet'141 hiji'cimi.

- tntwitdmens ijct.iol.I

4:bl-t( .tmW.alt~tI~tI4IiII'~ ie~t.'. i ,~ttiw ~u.. <2.0 23k

IA kptyduiv'i remitin- IV I:lli 2-3 26i1

in n W Emin 10W' 4ivlt

:"tlint in. 1114- learnt Of

itnitpvykteit l- l tlbg21
SOAV11 in vAntinen"' 21

M4r M Ae <"' 23k'
Plon' pi'0eulf*n'' '- Its MNiM'W "i.1" 2Mla

vtst isldord

No - IV Inhlot ca. 5-4 23k

~~4u~~~~t ~ meki. st stln' ii tvM ca. 5t.5 221k

NPen-I tusulfophante 4enm- Ill Miamq' 7.0 20s'

wiT'4I.' low chinrid'.

EiyllnIbnnnmfl.(TI. MMUI Em Iek' tr'ui (notet- IV l lbI >210 11.

Eu ~ ~ ~ ~ ~ ~ ~ t eI ~~n~'ty~ltt~lutuIh p Meq 'n.2MU 20P

Fillwwk'clowtykmn ),il 1\ In "ilm' I;. Millow' on. 7.1 201

Ir Sui 'nun'. IP Slme m. 751 20%

vllioi wihIydreitd4IittI.Ie.

ituotit~littt hlypiernt vity. At higimr 414*41' ini- neildsIy, 1Wiuaotulo ~ li~i~l'h) IJIi

rctlltrttieit 4wf'l' Luiwi' jtttv('lm itL " . (S 21) tiwiiutlA P"r~iV'Winfrotm dispmwltsot top wettknosme and~l

nig kyg) .'ut-4cd dt'tti'cd Jvo* Its: Ai~ilar to) thim-'4-ees te'ninriz )iratury P4 Ji(14ioe iven inilrmped-

ir mis" given lIXI - IKI intraveInttly. litwer -,fill- t~nelly. the comlpol~und 'mute1 it Agnillcant nambprt'

cutaswtm- ,lowa's (12 21) mig kg) .I ifl1riNft-ot-dI tf deilkyett delis amtouX Wee't sriWvWinx till itqide

dituwA (Mt 50) mit kX) pwenfsew iivl dent tse. 51) per ImJr awtiomY~ l, Aministervod intrnvetlutty in~ the

I'Mit oi4 uOn' animati .yg wititin 2 ltmor' :tI itsi rilibit, tIli.. £.Emt"tlpl promilwres flepri.W.mf l z

rewutmi-lr it, 2 ,) diyi' jrtv.r stuffering Wtifli'*', )mrlt13'$I., lilth11 IN-ig 01111. w4 i)I"fluI4% tit till,

;lifl-.lma, andit weiglit le".. tilI t11euir 4iluse,' given ri."'itity 1111iv'di','Y" nie mljr't ity ilst (tir

ifltprirtmeally 4't-ti- etiy v1ehiv'eI 4jat 1,,, 21 litioli,74 the' jr.Lr.Lkvti( tuwtitin is rewuMi)14', andt

lit the nabbil hirhe'r dve"*-. e'autse' tle'jweS&ein. pme- qmirnNft ,,J the imnircdiaitt ppiuel mmwer. ' This

og;-v',ini ii'i nel'Nl t Ivmntw'i 12 &tieI If; lossiri in .me- eivative. 1,awwot4 net pztrw~mpnehIM1miflefi Isr

imi(104 Ilit nig kgm. but in the. ,eecerntl jn.4taliei ItrwoW'ir artiin, anil slirvivoni' Avow no) uieit

(31) ing kit' de*A~~im tt1 pit utialil bly n cr~tl~~

or lg%:w1ren,iljilifiy 11114l hItyprae'-tii'ity, posily So

milvat'. )1i4'ituiidl. llb.)4i' moirvil','I 5mgo kg u x.. 11114 O.U'ifI 1ialieillmg Off 11% I

l~ttlsi.I~dIsv~n~Y4tlII ,'tll~~i1)4fl o~l ls.- Till- -tptemiv p):thooiiv atimio lIFNI lim, h4','lt

ril. lM\ I vhlreexy iflt~in £'('f topmtfie itffIVi- 4116-11 [('4" 11110 thatL ed itS hiemp.iogm. Tu.;1 6~ilm"s

S 1 .1 1
si:(iilT
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viduJlI-so following inodato o L wdstA rt %--er oml lt nsitelf trn nlswr
udlministeniol by variotis' remite. negative.",

At 0..5 IhIL.. loffeA the Irttern of obmetervatioms was
not so efrmstfnt. Vhe ranking lesimis wepm lymphoid 2:.s W. I'hYL uso(-cimLoK rllyL) - C.4atrophyv after intraventivi-4 iiministratjoi anti as- %~NF (l)ICIIIAR %1ttNE. IIN2!. 11:14.
sling, ainel oenteritis after subitawim t es edmini-ttasin 'I'I I mb. S)
" toeil eitctoln 1ipjslicatifsn. .1yeloid Injulry waso the

pienia tit 0.5i I,D).. elfvw" relative to :ther lesion-A w~as a TflXICtTV
nostewosrthy slosservittiom and did nest appear to Ile toxicfity of 11N2 tin aulminist rat on boy visriois
itillel the damnage io the( lymphoid tisue oir she routesA is shownu in Tuable 7. In inidition to these data.

None mairrow." 2 the LDh. for I1N2 intravenouisly adm11inistlerd to)
In nolsii given IFNI -[IC! intramverjmnsly, enteri- ehickens Io approximattely 14) mg kg.w IntrnaveniutelyAtim, lymphsoid injury of varying severity, and moee- administeredl to pigeons, 20 and 15 mg kg killedl 1 1.

ate daluto tv the ilone marrow have liven oloolervoid, while 10mno kg killedl 0 1.24 ltbits tosleruitme it total elf
anti #te last Wonk in this :qiis parallels the leucoj- 1.18 suqattaneous injectioi.s; of cmall dosfes; of lt'.%2.

4 i'nk. exceptl when reeovery from leueoilenix was in 11~(hiruing at periode of 7 mits, andi develowei :tit
progres at fhe t ime of stieri fiee.23% Following the A'kin inerer;.v in resistance 14) the systemic elffmts of tlip
utpjlicatin o.f IN tin raithitsN, lymphoifd atrowphy and 11N2. (;reswtt wait negative during the injection
enteritis sore more seven- thtin the loone marrow in- teriwi, andi it mldi progressIve leucopieniui was tip)-
juiry, the latter poaralleling the lenropirn" jseuvt, hit there veas no extreme depletion of the

In thle above poathologic studies nop injury iccurred hi-matoitfi systemn. Sieven ratio givv'n 0.4 mg kg
to the npperr alimentary catnal, the oral cuwity, dlaily for 4 days showedl, at thve end of this 4*Ellrse tof
pharynx, espauandi stotnachlopbing free of n-'jwatsof injectioms, freight 14)141 anl leuropienia cr no-
lesions following xinareitertl wtlministrutiom stiff iits- pitrnbhle to that seen in previously 1111t6C.1141 nits
neios ttpplicuttii (when ingesAtion was preventeri). given 0.24 mg'kg per flay.;-T
Following intulsettiolm of lINt I - 1( in Willbits, con- T7he problemt of cointaminatedl drinking %vimter in-
stfrirtiim anti congestionm of the stomaech was it fre- volves the adlmlnls4nitiom of ageo solumtions stud,
fEtient oboiervatitsn anti oine- ititani't of lherorrhage whether adlministered by intutition or allowed ',d
in the dliciunri was recordledl. libilunt, must coricern the transformation piodutts (if

Jtodging frown the rut seriesA, it is jeestimnalile that. 11N2. T"hus, thep toxicity of aged1 soluticons trill ble in-
the severity of enteritim, lone marrow injury, ati flnenced by the tinac elapsedl after contamination santi
lymphatic tissne damage i,4 -"uffiient to account for for the romeent ration,pil,and luffering capaity ofthe
death (if thep animids.*If solutlimo (seopimapters It)and ).Thparmelga

propertiesoEf aged41 isios are tlip summat Iti of tie
21.1.3 Sonir (Phwtrvadronns on flunion properties olf tile individmal fran.4formatisn linsdmaet

lmtitition whose existenre is permittedl by definition of these
In mnen inadlvertently exposv'cI to uN I vapoor, the conditions. 7Te uliscitassion in this sectionl of the

tiomt. jsrt-%umlk'nt symptaslu1L were cotinncti , laiyn- propertiies (if these transformation Iproietot makies
gitis, brhsrzitim, hoisene.k-c erighing, elevated tern- grattitiosa discuission of time voitminfomt 61:0t din thi'
peniture, nauseai, anit vomiting. Ranwdom total ani I projsrties of agedt soilutions. A rrvii-w of fhe suhjec-t
different iul %%flit(- cell emint-1, in many instances, i-invailable.1
hu-kinx valujes in fte critical ierioel after expf*qare, 4 )ne aspec(t olf ated sesittiotes may bt5 brlinct h l-
AboEwf Jl noi igiifcemtt variat i;m.3 It is nppmrem 'tzat tiesned here. Thie designation S11 hs befen givl It)
31141 Elf ft- clinicail svniptesms, resltedl froe~ntla sulostamnces& arising in, anti inipuarting unfiqu~e- l)la:trn1~i-
irritatioin. cologic poroperties to, agr(eI soluItionsl of JIM2 Wool

Comjuntivitis and14 wit4 shmatoid biomehitis I1N2 chlorioydrin. Thoe Sit whi I t- ~ r im n aed
evelopinlg from~ expoemiltl too minute citihuflitie*4 oif solutions of I IN2 i4 met lavl-0-clalorenextthyl0hyevlromoy-
l1I 1 vapworh!ave been re-strter mcSan iilies'ynrusy top o'thtylitmine, anti tihe Sit present in agi-I! NPItiEIU4
tlsi agent. At fiterpitaizot ion. temperatim-, h~l ifea the- ci.lfirsmfoll tin i-m.hhtt-3Isge ai'

SCCHL



q6E~vI4,i~gcll)Ko.:TIYL~wlEK (Dw 111.0K 10wINK. IIN-. 1:9. TI. 116. If)il,

Tliw)dat teo n A i oerntsfdta re'peetcd Ii elaiI."4 Tswitision'inthirnoo iv, or', etiu, az it" neere'gen.eeIt n'ix-el eve IV luel he.
wneIN, MIN eawisnu, ceaului ninsicaliets, aund fbumlotrs eeflispw uiek.leesiy to. 1114' apinl 0 1111i.uree h I eiji:yi,
Iniraveivmwily ste ea~.anteutil. -4 3ieeiet l t IN I. 1101 ill phneeu1cI'nlene v:' inani.td vFi free tien. %its,

jjqejee~ Tgioli'ili
eurilmie Lvmtololde Metye Wright

1111111P injuryi atrnpy inju~ry i64'eeceqe.nll Fniritee leew.

IV Mook.ie~rt meismate Milli Mild 'Mislenirct 24-vve
$6. Milli Meeeterair Mill %~tvqnl Mildi Milli

t Mdillie'ilet Mnieite'e Mtil Mild M.tewpnife 04evetn,
tinee MINd Moenfwe Milli *MIuevnI Mild Mewk-mle

T14011.9 7. Tieuie'ity cif 11\2 le vavieusoe"pce.. (1D, In mixkx.)

\ Intrrivenueuttawmtn'ee (frovleeeuee.) 0,11I

Anlima LO Rtef. U.f, Itt-natkii 11.4 . I tlr 1.1)~. Ie;. to lite.

?stee.we' vs. 2.0 231 262.1r --

2.9 121)
2.9 10211 29 23k 20 Fed mire 23e'
3.3'!1 IN ft.371' 161e 10 i.astl mie (19 hr) 231

".4072 10 73
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en. 2.0* Fuilh eelitione 4el A 1.5 68 12-21) 1101 In water 117
11(1 In water IS-1 I W l Ml. ~ -Mi Fm'v llie in waier 117
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Ti. t
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bly preiphylartec admiitratiem of effetive tltses of direct coiitractilv Wtiei oni tilt, isolatetrej re(PIN,'
tit roiifeY''-7M le.wever, gaoxtrie and dulelI -Aen'- aolliinio bilt arngiearnittv tilt 4'ontr~wtieia ;eIMlIaeee
tirn in derapitatedl and eIcenratedl cat.- was only byv sinaidi oses cif al-etylcholjile. This 'nrine-like e't- 0
dlterrel ley such treatment and not pn-vent44. 7 feet evils reverisibele boy washing. A% eeenentriltiol (if
.Atrillpihe iaileI toealedilislifthe sitlivary C45)ii'~li 01il aiel11cud tntaieiialieut
wwro-ntiom hadsel hevian,"'." failm'l -'ven toe after gastric augmenting the deffc tif avetiehlldlifle.?* 112 tree
and dlixicettal sec-retion in dferapitateil eats4 when bsase zipplitm ldire'tly to the intact heart (iftflt- jpitheul
given thentpeufiezrlly, t' anti hNO no effec-t cm stir- frog inervaseel fte h;eart rate. .Applic'cl directly loe the(

SSine atroipine taile tie art mn sciatic nerve oft a frreot, it ciii not lolock motor im-.
mi~liivetier thempentie~ilty, tile site ot the musearinie ptalceie in the area ot eeef(umutitueein. Injected int o, or
actionel of 11X2 wouildl appi-ar to bie peripheral to the appliedf directly toe, thle gastnoenenmits muscle of tile
sit,- of atropjine' attion and mak be Ieeeatced within frog it primitiied ccentraetionm
tt-e dffee'tlr cell. Centfral Adeiot,. In unatmest tizedl aiinials central

(heilineqteramp inactivatioen bly IIN2 '"I coeuldi lead excitationi is maie-4t at high dlo.". bit this factor is
tp the Uceinnulatioin oft tui'eti'lefoline within the et- flifferent tnem the immedfiate, direct, intensee von-
teeteer cells, lega it lhas beren emphaitizedl 3 that the vealsire actien ot 11N3. Untonottineil convu~lsionsi of
eeencvea ration ot II N2 rejirel tW inhibit rholin- varyin~g c'htawter have enr seen only after large
estenasec in v'itro is giaater thtan that reqired with dcwa's given intrmgvenoutelv in ntl)liit,U-'- andi
oether inlehitcers, ande that esenine itself petentiatest never after eutaneosum or suletneouts aelministram-
tile uactionf ot llN2.Y' 21 7 In addition, it is not c'lm'r tiofl.141-
that no'etyleholine nceumenlates in spite of vholin- Pamal$ia Adeiot,. The most ,igniflcant pjeharniate-
esteras innwt ivatfioin. Feor exampele, t here warns tit; uic- lege' jrnopentv ot 11N2 in large dieoe is its paralytic
ell'1mi1latil oneacet 'lrheline in crti when brain ti-4wu action. Within i10 15 minutes after intr.Lventsum in-
yrns incebateod in nsdine romtsrining it-wrine anti II N2, jetctiemn a pnreitesively increasing skeletal muscole

although Asn asecumartiem oeermel in the prisence weakness appearso, hoerceming evident first in the

srngeetion that 11N2 intietivates cheilinacetbrnoe ms eof thle extremities anti thom.21xY - This pranlytienveleeie hecicmtnegv s eete nsdsctte edadnc nite i. h e's~
wvell ats choelinestensse'"O '.u*fr oless4 chelineslerame atetiom Jlts beven roinpreel tip ployxis hey nieetiiae-"

*inh~ibition seemt implic-atedl it) rimo sinet- in thlt cat anti c-urare.2" Comparale te thep better,'a 16.4 X
f intoexicatedl with hlX2 the arterial lsi toressure 10' -11 swittiom of the I IM approximately I minutte

ifoes not fall on stimnatiemn of the peripheral e'nd of old :ot itl 7.4 canrsel a rapied inhiheitiian cit tzWsmi4.
thep cutl cherdla linguaml nerve, whereas such slimula- sieen acrnos the( mnyoneural junrtiem o itle fnox's
tiem proollemee it fall in thep eserinizecI mit.-' itarerins mucl-nerve preparaition, flep inhibition

11ee. isolateel gult of the rahabit, emt, anl rut wa-s beoing reversible nap to3tJ minutest. hfNV2 was withuout
reversibly stiiilateel at loew ceeneentraticens its Ty- effect upion fle exeitudealitv of the nerve or mustcle,
rmile's solintiein, the stimulation beping bloe keel by but traweel a sleew pnogressive rrcutien in crntractiI-
previous tetment N' atvpine2 211 Almo- a comn- ity which was irreveisible anti eemtinaeol after ex-
centration eof 2(X) mg I there was ain initial stimn'e - peesere2" Thpecontractiity for t-hes isolated frog
tieen fislsiweel by elnpriesiocn whichi soon becamnoe ir- sarteenii dlreasaeel steadiky, andi a ecomplete loss it."
reversibele bky waslinit.2 irritabeility to) eliriel electrical istimul.stieon wasole A

The be'hasvior oft bleeee pressure folowing 11N2 serieol after tan expaire eaf W) minuftes to 0..01 1hI
ailministretit im at'riitable to nm virinir uanti IIN2."
niceitinie ac'tiemts. in thep ane~ehetizeel animal, lMKAl Cianparall e thfie actiog oft nicoitine, ". joir.tieet:
presmcure fel (mu.".ariniearthnIc fiilheeiingaelministrks- in thep aneathetivAed eoi wase initiauity stimulatedl ter
tion of IlN2, annti in the arepiniz'eI arae-etheixec I oir 2 minutes. then siome m~instls later at larxgcr ine
animsal as rise (nicotinie' alctiemi in 1iheNNI pwv".ihre er- anesni prolonw-if stimulation angeearnec, lasted 10) 15

eiiiiel. ' ' In spite oft rymptomnatir romt'ul of the. rinutese, aueeh waPs leelleWei ill 011P ease. byV dlejenesseel

imaneoliaste effectra, the Animals jailed too reeiver treem nespirmticom anti ofeato I5 minepcs later. Stimuilation
tilt- tineethelie. antidimlel of reospirnatry fariluare itl of respiratimer is eretmahily a sNolefiC' projoety (it
lileeeee jerestulrc tit slecwk levels?" nicetine lis compatred with, curare, and se-rves m4' CS

II1X2.hl(*I at a coeecntratiein oit 10 mgX I fil, not major liffe'riencee in the aactieen of I ti romee pa~itlhi5.'~
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Deaith in rabllbits trf'ateol ifltmfvenflnully wivti 21) occurred in the( majoirity tif dogs in tilt third tit filt hI
mXnX ok r mwor irslll in 301 minuates to 4 houirs, andi daky after intoxicatjion. They were wthti41il n~ithic

hats been attributedl to respiratory faitur."-0( lowV mean femoral Arterial blitNil pressure, marked
Pit". is of the lower extremities, prot4eding tot oxygen unsaturation orf jugular bloodK (with pie-

flaccid paralysis hlefon' dletth has been blservedl in suiibly normal arterial oxygen saturation)I, redue.
two) monkeys, one receiving 100 mgt kg, the other tiorn in bodyv temperaiture, coldness of extremities,
receiving .50 mg kg of l1N2 free bonse on the skin.'2* relaxation of the amal sphineter, anti respiiratoiry

Ikinv Ikn itm. The symptomatology of delayedl failure."
dealthsi in the smaller labtorattory animals following E~xcludling at few animals wilh severe pulmonary
intoxicatioin with, IN2 and l1N3 hns4 been reviewedl.3 injury or infection ast at coimplicatioin, it is inffefld
The syndrome is cel~~ateriwed fly failtiie to eat ani titat dea'Ith is ffltill lky uatxia of lte rispiiitiWy
drink, emacuiationi, niustaar weakness andi debilita- centers (lie to pe-ripheral eircuilattory fatilure broutght
tion, watery dliarrhea, losso (if btody tempterature con- on 1wy ither (1) a redluction in blcod voltime attribut-
trol, and eventual impairment of ri-4piratim. ab~le to lossof proteins, electrolyte, andi water through

III dlogis interxicatsd with I mpt'kg of 11N211CI vomniting anti dinrrhea, suipplementedl by loss of redl
intravenouisly, %oplitinit htega Within at few houirs cells throh as yet unidentifiedl channels, or (2) in-

alttf' iutoieaii~, iwnlsig i *rity and generilly flescribe-d changes contributory tt at fatal efle.'t. No
efintinting ae-onmfulicif iby .. iexia throuigh thve support is obtainedl for the theory that terminal
141-41111,1 ant i third d fay. Vomniting, both early and latle, circulatory collapse it, duie it) exhaustioin of either tile
may reflect a neurogenic (Or perhapis paralyic) di*- hfart or arteriolar lied, in efmmsequencf' of prolongedl
turliance later axsoctintedl with intestinial injutry. Pro- bomaiurdlment bky humoral vasoconstrictor agents.
fulme sailivattion was wometimes Nb1; not invariab~ly INs!ite termainal comal anti hyptotensifm, int4)xucatf
pre-sent.. Diarrhea, utsuatlly lbid-ittainel fir frankly flogs retainedl cardliovascular reponsiveness to
hefnueirchagic, wits generally present on the second to adrenalin given intravenoiusly."
ffaurith daiys." Vesoloagie Injury. In Flection 22.4.1 fll-aling with

A a result Of. profusc V4uMil ing Will diarrhea , there I INI, it was stited that neuroloie injury occurs in.
wits Ifots; of flid, electrolyte, and protein as reveazledl rodlentst intoxicated with 11N2 at LI)D. or supra-I*Iai
Iky the fo~llowing hiiilwhemical dlata: (1) reductifm in levels after gassing anti intravenousi adlministration.
voluime of bonth extrtrelllr fluid ni ( circulating T"he reader is rere to that setiont ror adescription
pltama voluime; (2) redufetifrn in plasma. ehlfride oif nturloqice injury.
cfmfl'nt.Ltiom; (3) rise in carbonm flifxide capafcity anti1 Mfher bsenrliona. Bloodl studlies, exclusive of thotte
lblood pill; (4) reduction of total circulating plasma roncrernei! with !he leucocytes, have not bteen in-
prostein (probabtlly a restilt if loss of proterin in the ffnai~'" 4 7 " M  4 ~ althoulgh thle frt'

diarrhea); (5) rise in concent ration f f plasma Itrotein fluent siulgtiflim i( hemofimentratim 3s poie-lily
(the resuilt o f a greater lows o f plasma, wnter thnn signifirant A markedl thromborytipenia, has been
prottein i: (41) a variable relit,"ion in total circulating repoirtefl."* oMe llf rhlwgs have been previoutsly
mel rell volume whi'-h mity lie accouintedl for (a) bky destcribled.
liss i(f cell.; througph intestinal hemoirrhange, fir (h) by Eletctrittanliotgraph m ids of Wibbits receiving 1 -
it, risefllestraiftim or trapping ofI cells: (7) vjriahilp LJO.. dfees (if 11N2llIIl intravenouisly remnainedl est-
ris' in hematnorrit (niot necessatrily propwortioate tit sentially nfriral !intil a short time Woreil fdeath and
the relluctifm of platsma voluime in the presence of revealed no impairment (If the excitatoiry fir co)n-

(-elltIloss fir chanone in fell size); andl (8) varible rise (huctfr systems af the heart.2"
in hepmoglobin (fir oxygen captuiity)." Thle chi-* renal action, highly varittblf in% relattioin

Failure i(f oxygent capiarity to rise as markedoly as" it dose, is depresstion oif tubular excretol function,
U4111111 lbe P'~N'ftffl1 froml the rise in plasmat protein a fl('lireion rapidly effectedl by 2 3 Ihi lses giveln
cont-entratiim WggAtedl lte !oss4 of hemoodlbin or intravenously in mrabbita. Smaller doses cused at JIM-

red cells fnim thve circulation or transfer of plasma gre.-ive impairment uihieb became maximal in 5 10)
water intoi the cells. 1411*. (f tiody weight resulted olays andf resolvedl slowly. It was not dlemonlstratedl
frot f'xel-slve flitifl anfl prottein loss anti i-4 mow whet'.'r the t4timtha; injury is a flelave.l resuilt oif at
Pxtf'nsivf' than that (lime tit starvation alioe." oliret toixic action or vecOndlary to injuiry ftithe111r

Termn,-di wenessm- anti coma, pieiing derath, firgan. Thle rate of glomenilar filtration was not

SECREtT



461 %V44TVVIC ACTION~ OF SULFUR AND) NITRto4;KN MI'%TRuti.

consistently affetctetl, being redluced only uinder von- Ilsol e llytere were snuill :rat.lo(If foel-aIi. ro0-. E
ditions when- ri-ollutory innile'utar may have bpeen scattered thlghoogiett the ct'~Iri-rl b'l* ut Signifin*u t. C2) present. As juilgfed bky the rai' occrernee of pro,- evidrintt of vasaretlar damagep or hemorrhage weri, not
Weinuria, there wias no specifie in~tary of the glomerular awpae,(v with this lesion. No cerebellar (lamalge wits
memlbrnes.2 BloodI gas- analy"e indicate that intra- fl(t('(l."'d
venoius adlministration of 1lN2.1101 did n~t. cause Micer given, large (Ite. of I-methyl-l.(3.chloro- C
1U11(11t5 p tia#orary inljury in flahllit.1"' ethyl)ethylenimomium pierylsilfouatt. (11) ito

PIIAIM~O1A~1J~w TtAs~o~tA1,oxPn i s venotisli or sulpubuneouisly showed parasoympathet ic
PHAPACO-4- or HANFORAT~x Ptonu-ri or effeets, delpresijon, weaknesis, and death iii fromn

1 N2 minute to. 12 houirs, depending on th l ose ain-t rouite.
Jim. toxicity of the transformation productst anti looort; (expresioed In termP4 of thep hydrochuloride) of

rerrtain other derivatives of l1N2 is shown in Tahl e 14. 2.0 mg -kg intravm'osisly aid 2.4 mng kg sulpeutane-
A hydrolyzed solution of l1N2 eomtaining bly oxisiy cious delayed deaths.22t IA-uopeniai is a eon-

snaly-sis 90) per cent of the parent amine ats I -methyl- statit olpservatum in animals given lethal diost'i4 of
l-(O. chloroepthyl tethvlenimoiniumf chlouride (1) pos. 11.111.1417

wwt's phrrmarologie properties siilar to thtise of A 3.4I X 10-tf wolution of 11 1 minute old t
the parent amine. Parasympathetic effects were obl- p11l 7.3 rrversibly blocked myoneural transmission in
lwer' ci immeciutely in rabbits given U~ 2 mm kgt in- the froi!'m uartor its musce..-nerve preparation. Thist
travenously, and were bloc-ked 1.* atropine. Large solution had no effect om excitability of ther terve or
doties gave immediate prostration and death. This muscle, but unlike the parent amine, loss oif c-on-
mstition pootmstied no central excritatorv tictimn, but traictility uws delayed.")
produced typical muscular pnrahys.-, and in large ~ ety-~honthlhdoytyai'hdo
ilotes was' popsibily a medullary dieprestiant."I chloride (111) given parenterally to mice gave rise

Immediately following the intracarotid injection after a latent period to depression, followed Ii I or
of I mr, kg oif this tiolutkmn in the log, thenm was a 2 houirs by terminal respiratory cornvulsions and
Stimulation of rvespiration, the promptneu. of which death. f~lurvivrli of Olt immediate effects4 showed no)
aggeted stimiulation of thle chemoreceptorit in the evidence of s~ystemnic intoxication andi not delayedt
carotid snus. Miosis was not prominent at any time, deaths; were obsmerved. The intravm'ous and intra- E

-* but during tiw injec-tion a marked boulycirdis wvas peritoneal toxicitiw are lower than the subicutaneousx,
ohpservcd. 11e .salivatry response, bieginning satuortly suggetsting that the toxic ceects of this compound
after the injection, was moire maurke.1 in the ipsilatemltiream propagated through 1-mc-thyl--(0-hiydroxyetuyl)-
thain in flhe 'antriattenal glands. lDog given the ethylenimmium chloride (IV), since suicuttoneous
vompotind iitivenously showed similar r'sponst-4 administration proviilep conudit ionsl favorable tol flie
after at latent periodl, with thei exception that. stiliva- formation af the latter eolmpound."' Ird rabbits. large
tion wits bilateral. With restiet to the onset, dura- iloses given intravenouisly produce depressinn, se-vere
tion, ind extent oif v-Pniting, little difference wast muscuilar poiralysis, and early deaths. At lower dloses,
obIsprved bietween aninas rereivirg intraverkoos and paralysis is roverihdbe.'"1 Compound III dotes not
those rec-eiving intracarotid injec-tions. Unilateral give rise to lettupenit.',". 4

edema -vats observed1 wilhin a feni houirs in ti-sues re- Prmphylaxis with Nemmittal, urethane, hexaumeth-
reiivitig arterial 1ln60 front hnauiehes orfithe carotidl ylenetetrumine, 'it sodlium thiositlftte hrotei-te'l
1wripierail t~i tlip s~oe tf injeetion. Derath ait 19 houtri mibbits againsmt lethal dloses of Ill. Trill a'litti' of
in one dog w.sattributted to asphyxia a.4~ r result of "Nemblutui seemed distinct from the other agio~tts in
marked l elemnai of thep glotis-. The remaiining ior* fie- ~itat it wvat effective in low doses-., 7.11 nic kg %of
veloped hbloodvy diuirrhets., hod a clonirconvi-timn eibtlafrigsm ereo rtcina nt

f 74 hours after inje-tiom, anti died in 84; 11111r."A an &pp;,o.imate2.5LDI...dioseof 11l. It w'sagse
1)iw(4 given 0.5 mrg kg of the hydrolyzed material that this distinction might 1w- te resuilt. or. a overing

presventedl a similar aippearfince. Oine dugm was stuoii- or nltc"ation ait specific lolci. No lintillotal valill'
ficel tit 5 datys sifter a clonic-tonic cornvidsifn which, obtains when Nembutal i!s given leapetvul or
left thle awinutl weaik and morihbundt. The brain fronm when anesthetic dasesof matgnesAium sulfa-te are givenI
this 41i and ione frm a fatality' ,tipwtvl nip d1.1mage prolphylactically. Occlusion oif the( curoitd ;arteri.1 in
on tli oairfarefi't-~ ;ntnet lumin or int setion-. unanc'stthctiAwd rablitp duoring will for Is m irouto'o
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in which the arimals show'ed partial paralyxis, In- veelsive phetecemena becing agitrvete'd~f
cooreingtimn, an' 'remors. lDeitth beompanieet by Tleimrnulrate treatment protectedl zgait'et tile atetp
terminal romvuWhei..A ocreina short time."' prostration, the Pat Wsymplatheneinetic action, and

l.Mt~hl.1(~.yeloxythy~ety~eimmetmpie- tile rapidly developing parlalysis iniduced by it 31)-
rvlqulfonatP (V) on paret'rl adlminis~tration in minute hydrolysate tof 12. Thce animali sturvivedl

r~htt;Sa mie pmiwir eentially the same sieveral days and sholwed no leuropenia, lout evelk-
phamacloir noertm ot hechleorohytrin.I' kol- tuetily didwt tlate unexplained ptintlystit. lt-

lowing the intravenous adlminitration of a hydro- protection against the rnpitilv Wehat effeet. f 21)
ly"l solution of IIN2, (10 per rent in the form of IV, mpg/ k of 410- and 120-minute hydnikqo*teA wi1ts roflund

the leutaopenia and slight paraviympathomin'etic fr~- to Ioe completet
tion were' attrib)uted to the presence of small amounts A blood level of 75-1Z. mg per cent initiatril
of I.u' Otherwise', the pharrnairologir propertiest (of prophylacticallyr and maintained by me-scated ad-
this tiolutiorm agree with those of t-he pure picrylsul- ministration of wodium thiosculfate protected against.
fiftate M',. 7 hourly intravenoutt dost" of I mg/kg of I-methvl-

Mloth III awd V block roema tralnouiseion in l-(D-chloueee-thylethylieninmnie'm chloride (as a 45-li
the frMog's Mrtorlu'-ner~ .-. -riration witiv some minute hydroly~ute). This prophyltwtl priwcdure'
reveritibility. Unlike the parln amine andi 11, the in eqjually effective against topical applications ofT
former compounds slowly impair the excitability of 11N2. Initiated up to 15 minutev after the Akin tip-
both the nerve and muscle anti completely lack the plication, the treatment it% alim) of great value. but
effect oil rontraetility.", when initiated after 30) minutes, the erim' in such

aniii'al in similar to untr-ated conitrokel
P~r.'INTIo O vWit~mte EFFot5 or HX2 Ilexamethylenetetraune (IMT) likeiio affordis

Sodlium thlisulfate, which rets chemically with some protetive action when given in wietate doics
J11N2, prevents syltemir injuryi if given in doien' prior to the atintinisiraloui of )1%2. T1m lethal
adeqluae to yild relatively- high Nide level--. The effects (if 16I mg/kg of 11N2 applied to zhe stkin oif

0sublcutanerous administration of 0.5 gt kg of a 5 per ratts undaer Nembuetal anesthesia were mteriallyv re-
cent se-letion of soehum thiotiulfate 20 minuteot be- duced bky Wle parenteral administration, of 5-R nmg kg
ftire, combined with the intravenouas administration of HIi T. rhia treatment wast initiated lky !he lin- 6-
of 0.5 i k of a25 per cent eeoi~tion 5 minutesbeWore, venouis injectionl of I it/kit I minutte b'-fore t", 11N2
the ePulmitanvou% administration of 40 mg kgt of and sustained byl repeated sltrutancoeus injeetions.
11N2, prevented the parasympathetic effects andi ine- leay in treatment until IS or.30 minutes after the
erealoed survival time from 2 to 20 hours. Animails I I.N2 application lesowned the effieaey.27, Infiltra-
similarly treated Prophylactically may survive in- titm with IiIT of the subcutaneous tissues surrlound-
definitely after 20 mg kg sueuaculalthough lag andi beneath an ame of skin contamintation fic-
they sho;wed it transipreneopenia. Comtrol animals cemses tilcl' lethail effects of 16 mgkg of l1N2. !low-
receiving 10 mg kg sulotnftinwusly suirvived oni% ever, sveeificit~y or iwrr in this rspet ist somewhat
0 hours, whereas thtwe pri-treated as aboove w.:th eoswoedm by the fart that a significant redluetiom in
midium thitsulfitte sAurvived indefinitely and %hloweid moertality Orccurred when saline il:%s u-ied for infiltra-
only a transient leuropenia. The protection against titm.27
.5 mg ket was ailmo,4 vomplete. timilar protectiorn h&A f5%ngl ilttions with UNIT in closes ranging
lmen Ahown mcwiinst smnall saltanenuis iloses re- from 0.5-3.0) jr kg 30) or 60 minutes be~fore plikcing
peaited daily when 'mudicam thiovicilfate is given at the 20 mg kg of II1X2 on the shaived boack of fiea'wd rats
same time, huit in a different site. Thit pre'phylzectic (uinder Xrmbecital Iaeetesa) gave a signifieint re-
prew~edeer Modified to l111Vidd 11414ituc thioisulfitte duetiom in mortality nate. l'lata samples taken
cover longer periods6 wax effeetive again-tt an 1.1). .os ) w1 minutes following fte' IImT showei it eon-
(if If X2:;pplied to tlie llkin.' centration abtove W0 ,er rent.2' Moots fed diet

Protection agiitt't ititravenois nelministratimn of eotzininx 1II per rent elM? over long joerielh, wen-
*2 111INls srkig um thiotculfate jire- not pt...eeted against file '&v teiiVtoxct 'e 12

vernteel the parimsyopnthelie effects and protected abi'qrlord through Owet skin nor werel ti-e skin leone.'
againsl tOe parolytie aetiou, but not alainsAt letico- diminis4hed in intlen2itv32- IntAilmitieon with HA.~I I' lot-
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TH YuiAl-(:HI1AuHOETflVL) I NE (niCHIno 4I?4. II'%2. 11:1). TI. 146~. 1) 16 £
fore the skin application of 12 mg kg of IIX2 ne- .5 tanit, (I unit "w insliffivient) per slay gz.ve IL SlightI
dued the tolerance ofsecoa ,ond loe rfe2'duetisrn in ortulity rate'." C
ag 'kg (if 11N2 Riven 10 weeks later, as comnpared

with control rat.. nerivieg tis IIT but otherwi-e SPECIAL 8ttlFl14
Riven the sae treatment. 2 7" In rats4 11N2- HC(I produces effects similar in many -

In dogst, fluid replaement beginning at the time of respects to the alarmn reaction describled bky N, Iye.ld
intoxication andi estinuel dunir~g critical ilinees ap- However, the late-appearing grantilecytolpenia, bone
paretItly jetduceui the foxie'ily of an I),. dir. of marrow injury, anti diarrhea tire not seen in th~ealarm
I IN2. I (1 given int ravenousrly. (ulie ans isodiumn reaction. AidrcnA'ectomny inereised, the s.'nsitivty of
lactate did1 not steem to he an improvement over rts to 1N, cauin ealier death (48-610 hourst) anti
maline alone. W1hen intravenos Paline or Waine in exaggerating the intestinal lestions.Wt Areoring to
glucoste wall instituted in extremely ill andi eimwtets e, adrenaleetomy has the same effect in respet
animals%, dramatic recovery frosm deep cosma was to tile alarm reaction. However, contrary to it s4tate.
siometimes achiered. Other therapetitic agents (amino meat that the lymphoid tisstue slix-s not atrophy in
acids, glecoee., . itamin B complex, etc.) were given adrenalecrtomiimed rats, atrophic changes were found.
preliminary tesvth nouit aqecces.1 Allowing for the short interval before death, these

Therapeutic mesures specifically eneerned with changes were- of the siame order of nigituck' ua this..'
alleviation or correction oi leticopenia, have met with swen in sham-operaited intoxicatedl animals."t 13 A
nol better sucem titan therapy of other "ysemir in- marked adrenal hypertrophy has been noted in
juries. The administraion of tht- !eurorytoeiis-pro- the rat after intravenousl Injection (if all agnts.
moting factor of Menkin followingl the subcutaneout, This hb:-pertrophy wait(hiue chiefly to an incease, in
intoxication of gnsatst " ansi the intraivenous inteuci- water content, althougth incevsed adrenal iitnwonen
catiorm of dogs 29 was without effect. In the dog, twoi per grain of bodly weight Accounted for sPime. Noe
injemtionst of the leuirotytosis-promoting factor 481 and change in the concentration of ascorbic acid occeurred.
84 houirs before giving 1IN2 prevented granulocyto- Total cholesti-rol concentration derrenstrd andI thle

Spenia but not lymphopenia, (total couint, at sarifie per rent of free cholesterol showred at nurkced In-4
was 2.,000 cplls 'mms and conited (if 90 per cent crease. Adrenal phutipholipids increasied, part iettlary 4,
neutropeils). At the time of sacrifice the bo~ne after 11N2 and 11N3. Total lipidn dereased.
marreow Ahoweel marked hvyperniattia. In 2 rabbits in- Althouigh the abivwe changest are concromitant of1
toxicatetl intravenously with 2 2mg kg oif 11N2. l11(1, intoxication by~ the fl-v'ionethyl vesticanft, they arefthe intravenouis injection at the lowest point in al-Ao tcen during the first few dayis after itevere thermal

Ithle Jeucopenie stage of enough exudate leucewte's(- injury. Thei stme i6 true for the cha~nges in the elcetret.
to raise, tile couint ft apij'ximately 10,MX) mm' phoretic )NattAt'm of plasmat in elegi, ans the inceaswe
nwither hastened nor retarded the effects ofIt lN2 in plasima cholserol anti fibrin in clogs and rats
ielh oeutneil within I& beiurs)." Whole blood (deseribedl Opewhere in this chapter), and the above
trndogvns iven in volumes of 10 anti 21) ml change in the partiton of cholesterol in the e adienals
two time-s daily failed to allevinte (anti possibly oif ratit, foir all theste change'. have be-en noted Miter
accentuated) leuctiosnia, in rabbits given 2 rag kg iscidllii r rn1i's iagte skin, ('xpeasurp to X ray.4,
eif Ii N*2. i('l .ualenatneoealy. The moirtality rate phystical trauima, oir int nde'rmul inject ions r' I ur-
wats incrased in tMew. animals1 as msenpared to thle pm'tine.'11
4.tattros, anti this4 procedure" possibly tiverlisittds the 01 )eclesit)n Of th ile INISel sepply to) fte legs of rat'01
c'iraultiifn antl fleess induices srnlia* failtirr2"' duringt andi foir 1.5 minuites atter the intravenous in-

lUeewopenin in r.tbits and goats, intioxicated lby irteii oft a 1.1 Mad~vs of 1X2.llIC liroterfeel flit!
IIN2 was notl preventetl Isv tile folsiing suabsance-4: teimmrnl marrow, irhereu: te sternal and ltetreral
j'..shloiroxylaeil in msethyla"et1nise, sodlilm seecci- marrow became aplux.tie.216 Tempo~nrr oclusion sit
nafte, soditm tumarate, ndi Psum tartrate.' Liver fls' alseominall 111... w~ill inte-rioir venA Cavd during
extnuct. pentnurk-eotide. liverextract anti pe'ntnulee.k~- and shocrtly afte'r the intravi-mms injec-tion oit 11\2-
tide, msethe'namine, unsI thyrtronpin failed tit pro- W1~ lirrveautes tie slevelsepms'nt sir granilhoytopenix
elm'f.' tiny ailleviaisen olf thet hematehesgie tchanges fill tud protects's the femsmdt Wonts' marrow illnhiits~
lli ing the'i-4i upplitation 4 ofin I4Ii, dlos of IIX2 Wiecn thet huINoel slupply to fte tmall intestfine s't rat'.
ft raelibits, :eltlisugli liver extraet ait the rate s(t 2 or wa-" uvclutls'I clearinK tin(] fsor Is minutes sttl!r tlit-
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iniv'ntoNa iiijct ion oif Ill*%2. 11(, tile intli'4tinaiftl lnnttary atil degenarirt iva' caligi's wiith yi pr-
ispitlhulian of the ti'aptei lirvils wa.a air~injilrcal, eniia. e=m of the viiii, stoilging of ft( a (pitia'lilin, c
wihemas the remaiitialrr of ti' gilt s4howvei alterationis andl iietaplastie chaim-ga'1. tilt- persisting ud re-

in tie kidlney' has1, Isrit proitecateaigiist inactivatjion Aiivnl,' mitVviig LI),- doss grnadually rcea-ovar
lkv a:rnpinrg tlhr r,'nad *s4et (hiring aind fill- 15 weight ad show It'2atAratioii or Itima imarrow Unda
inuitets faillowiinga fh inltraveinus ilijea-tln ifi ai13 ly~lilhoid lissup and intlI ra't tn of leuicy las ill theii

mgc kg oif Y1X2.11 Ligation oif tlip caimmmi ile .dt in peripheral bloaal. Tll' lyniph'wvtes return rapiell"..
rats pioar to, tha' iilwiitnnaans iijaNtiom of 11N2. li( ' lte gratiulac-ytes entire SlOWly, 11ii41, :Z-4seen ill tilt-
tI;td nait prevent thip intestinal lesin, thits dem~fon- rabbit, recov~ery is clanenterited by~ at shift. to tile left
strating that the-me in- notait "tr'4ilt af the iliiary in ie h' pjtiriUW(' of psudowAlac tioplhilic ptilynirphai-
sevretion oif the rompiuuna." nuclear leticocytes containing hiasophilia' granuila-

The' monsm of rabbits intaxicattei with 1.5 LOA~. of tiofis, fftwropolyevtesA, Zigratihir polva'vtts, hatso.-
11 N2* 11(1 6iame moare' favorable foir tile groiwth of phila, anl awCI-ailily1 :abnolnnal n-d peIls.20 TIat'
hemnolvia itrepitaetiaci, this a'ffeet first 111111114Ling diarrhea, 91ileajala' ana lih intestinal ep-thealiin i'a
ulsiot? 1 8 hours after ifijectiofi. Hleating thes tsflifl iastain'ti to) normnal.'
to 615 C for .30 minuites nppearea further Ili enhance tisr animals show~~ similar restoration of tih' Wine
this growth-promiotingt property!"' mairrow anal leticatsyte coutli, Wit, eoantinue tao lose

Svtrotmie Pathology od 1N2 weght, with ar withaint oloioun- saeamtltry itifeet ian,
antl athe sit a remnote' wflil. Itheme de'athst ali not uip-

Intoxication pear, ti is' adirectly relateti to thet primnary elfea-ts
Tit, setp~ieflca of eventst after L!.. (lip"' af II2 air 11N2.

comsimts of a relhativelIy miymptaimatie perioal aif 1 2 In mnivea, rats, and rabbits pnAmmeal at I,(ci) 4 CIsti
(lays. During this time lymphatic injury is abnript; ai'ntratiams, mowt. aof the vapoir ist absorhieal illth
tile thymus, sPqien, anal lyniph nailest involute tipper "iantory trait m anal ing dlamage is muini-
rapidlly, showing karyaarrhexis, some kryulysis of( mat.' Sufficient agent is 811Aliaobaa from them-ni Sitels to)

* , ~~~~~~~the lyinphoa'ytes aina I itlepletamn oif thewe ells, iaaessei noiaj~ seiecdb i'ao
phagmey.taiqof the dlebris, anal -I persistene :anad loics anti snawpholoie changes amntilk byt the w'i-nca'
pralifaratiarn (if tilt, epitha'loial eells.1 " * " of liya'al aleathi.
'rhe' hinatoijiAeti* cells of tllpe hone mnarrow -aliam When tipe hyalrawhlorifa' 6s givaen orally, injury toi
injury, evif lent'ea! by changes in thei stain~ing re-a't ion, lte duaslenol anal itejunal niurawn w~ith ulceiuitiain,
ya,iaiilatiaiu, anal frnnentatiaon of nuclei, nti nuclear iiemorrdutge, anal saimetimes perfairaticm istir; --I'
utltea'itimisk ill tile mpunkairyasytesA4 !04110 " Ina scguattims metapas6ift, aif fta' inta'stiml a'pitlwlinin is
eipithellim air fit-' sontaht itestine' shoawsa vzalailizatianiti fe'ature aI iiahealing. l~ei'n',a'nc'Id fotol in I I(.lo gu ilhl-
anal nucla'Ir swislifig. testinal travt appe11ars to Peart. it lal prohtetive

llawing this pv-rns', anoamexi.a, iA'eight loss, anal ac'tion. -Aysta'mir intoxia'atiain can restilt from all-
tiviciioiairrhea, efisna, anal finally proistration anal saorptiaon af irt(-a agent from thle intestinal tat.
4lasath awecor. During this time Irniphiativ atrophy (mzraunof fta'aa'hy'l sk yt yericea'tertgof 11N2
piesists. The. hiemattaiitiei cells aif tile Marrow di.- with other leiteopenie agents (e.g., bientene anal X
..ppear unifoortml ana lt-a murrow 6%'~. . ies apiziti. rays) shaow fha.' it is rea'mrkaably similar to) X nkV?4
a'amsimfting of adilateda 14itmioiak" rait cells, prootain-riai ino-Indaing the witertiia' justilol), whereas thei
tlidal u~ith at stutterinig air mitiY litlip cells- inaliaaling Itunilla'l to ia'nzce is lesso evilanil.'
nia'gnkaryoawytt-4. ra'tiva'r, anal a'nalaspun 46s. 1lia' In rnts. 1.N2 praaalirtas main' severe' tota' sysmtaenii
pi-ripiieaa blawul is seva'risly ltcimperna. (lila' to a pris- mjauiy than lte ctlhar $-'hiairawt!,vi t'aiauss. 1,8111i1.
gn'sssiie faill in grzi"11Nua.s. The. real coint full., 9 shaws tha'i intensity aof talstial .4'aivi.at*r injur nt' !1a11if
slightly* bli et ntialaoyta-a alisappear, andl it is eviadent inahivialua lesioin- in rats givesm ,1). ala..a'i bk% variali-
that the, priraiatian air 1haamutopmiet id a-ell-, hast Ceascal. rointes.

'hnia. o-nil intmuasina is4 aliptenalal witha flumid, anti t ulf dese- lai'ar.athaa ha'sjmns ane tisually relawaall
gukstria xwis, ps'Ai~y uittriuiila ft plo~aria. lainfi if% sevority, hilltil a l Hsi 'it umia iits elniithtii
is caiiisixta'itl *v lin's.nt in small animasls. Iraim the mamlerta' iiight loss,' nW.ali-I injury, anda Iaiaca411.1141in
pYlairis to fta' aeiuni. fte small intestine shoiws in- aamiupleal w~:tli milal unzta'riti' anad lymphaid aLtrophyi~
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TA~aix 9. Systernir efferill ats1 l oil). I12 ti l11M.

Tbvo.10I1,, rtgi irne d .n. n 41nrteim qteiri *rc..lo vpvjgje toOff witt. lum, t, Iititi- nEti ii fr-i'iVEt 1lly

i..Ia. Imormvenouua"y nnol u',lk-itizonolipy. to o.ifiatiom toi imi.' 11( it, IwhYmiI.icni minii' tAtis tomIIlixti-m.i. rile toe tin.
wtil tipoim i..th ,'kin.

fl.,it. hIjury nirpIyinjury Lo,1itt'e.wtilil Fitterilt 6.0

Sen.ert Mitld !ie. $vere N1"tr11
I!l Jelril -ebrt !.ieI.'-nru N.4itSi *vterrnti *Ye.n-

y'ield t tii ttl systsemic injury whichi is tmnly slighly smaller vesifels tf paipillary size' are frequently rip-
less thanl that seen at. ,, oo rs. t~ired and give rise W~ Ix-tt.-iu'."' In nulesn

Ill is small seeries orf rabbits, systemir injury wtwa ceiving A1) IMK mic kItor llIN2 onl Ilie, skin, ciiitrs
mptiiy severe siftpr enuneion.' itplieatifom andI in- reosimlulwii griwtntions In flit cells r~itipoosi lt,
travenmis administraton. After eutuneous applica- hasal gangia were the( (only lesions otervetl in the
tern, lymphoid atrophy andl bonep marromy injury 1issitt's of ft- enitril nervous systent.'k
we",' MINIteriit, lt'tuttilletih seee enteritis mildI, and
weight lios very. mildi. After intravenous adn ;nistrz. Lruimeti At-rion
tim, inxletet bone marrow injuy, milli lymphoid The leutiotoxie action or 1N2 was first reportedl in
atrfophy, stevere leumcpenin, mtmlerte enteritfis, and gassedI mice."' In most animals intmticitted by tiny
milli weight hows were ,tn.' romite thiere is an early trnsient Ietwlotyts which p

Otherr lesions typical fof systemic action an- ne!t nukv for may hoit :e observed1 it counts are clume at
grnera!ly foundf. Ciomgestitm and edlema in the hitngs 21-houir inteviss. ." '7 '6-'7A ThAl~oy~ti
and gross etmWestitm aind hemorrhage in the truiheat is dne. entirely Wo an increase in granuloicyles4, since
and1 Ilary-n have befen lteen in animals; given large the lymphocyte count egn% tW fill[ almost, immedi-
14111l*1111otanos doses oif a soltim oif 1lN2 free lm-q' in ately after injectitin. It has been repoirtedf that thep
tributyrin." Amssive pulmonary efdema occ-urs in einoiphil mottnt. falls as railky ats the lyml)1hu)1yt('
guie)Pigs d~pfying within 21 houirs after receiving count." In &W~ taneler 'Nemlafl anestheskial With the.-
.5 mg kgt of 11N2 dissoilvedl in peanut toil suiloo'utane- thmortrir duct. t'anuiflatt'tl, the lymph 4outpuit furinig
oasly. Themsme dtsegiven intraperitoineally does. not thep first 5 houirs was at firsit increasedi and then cie-
rialse l~iiltiir3' et emn.I itfiMoerate intersu'inar easeod, whkeree4 fte lymphotcyte ccontent of t1he
fibrosist !i te flp Imnt'rs t..gv'ther with ecemat nund lymphi deceasmed. Thiis circunstance resultedl in it
moime intsurativt' inflammatitin has bee-on -xven in noirmal lymphocyte toutput during this 1priodl. One,
catso 1t) clays after initiating 4 daily intubactions of( two, andi three dlays after intoxieation lymph flow
51 mg kgt l!N2.11(*1 in witt-r.21* In mionke-ys given was oinly oine-hatlf nonnmal andi themcll count pierrc'iei
'W) 111f) nig kg #if 1lN2 fill !ie skin, fte outstanding millimeter ws very much let than , ormnal. Sinte
pathogit' le-sions, apart from the loca:l ptdhogy, the tt ease in circulating lymphocytes was greater
were nfedtot the lymphattifc tissues. which1 h1111 thae tile fiellise, ill output o)f lymphuocytes, it was
uintiost tlsrwrd c onelutl thaut. thlere was an increasled disappieazuie

Afe-w Almsrvattitio n l lith onlth entral nervous t4 lympihocytes friom ft. hi)tmod in srnt- untexplinedf~
systemI have shownl titit le-sionlls ..n. fliffiuelt to) fiAljm." lowevcr, this emoaclusion s,;hould heol
diemistrt' event whent smvere fut*irtial dlerange- weiuda.'cl against the( known shofrt life 4e ciilitinic
ment lil., totcuri. After nmNitrati-ly larme dhoeso off lyniplift'ytc,'

hNX2, oeilslntegrtitan oif the nennronal t'lementoo and cof riw' tiotal leucocyte mount hat'gltis ft f1 ll I' F'
the( interst iti'el mvelin are oleervable in ft- entivular. 24 and -1.4 hurs, ro-tlctting the betginning dec-rease in.
th11alnit', aill lavpoutaii nowlei. Lesioins oif Iest-m r ciub.iigraultytsIra isteai lsot
grads' sItl 411teet-11l1l1 in thep 41ualit'e nuclei. The' studieti, antd in mice, this grimultioy4ilpenill tidm.1i-
crebrat cartex, ptrn'., ceivilluam, me-dulla, and nasted usually in 3 4 d~kye, at vul ilc te i tottl
spinal 4.1"in re1u.4af-e4t1t. The ltip tI vsxel in thle leucucyts. rtHun, approachedf zero aftt'r IIt, ess,
invtslvewi regutmec are ntf prinmarily inj'i't nlthouigh and few remaining granu!tesh -bvowing ineront.-wi
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rail in the grnfoyts t2L lU 2J1r Anml rvn pre f k h eoddy w a ot loeli
2 gcgintrmvenously died at a time whnte polymcoplionurlear kutocyteqact (10,111 rolls mm32)

threnior coutnt watt relaitively high, although on th( first eu~mination, twit the roant.'. fell after
teewsalmost complete depletion 4f mkeloid ahout 4 days WA 4,000,4s,000 cells mm', with xsubse.

tissuie at det.This circumstance was attributed to qitent recoivery. Lymphocytrg remained within
the longer life cycle of the canine grantilnevie.2' This normal ' ",, but one Patient showed ita(Ml~~r
delayed granuilocytopenin seems confirme~d in dog.* inverw if the polymorhonuelear leutts'v-te-
reeiving I mg/kg intravenotimly," twit in dogs given lymph yte Wzill. An occasional "initaicm" .'ell
1, 2, and 3 mg, kg slihcutaneouisly it in statd that (Threk) was ntoted. Platelets tended to hse on tilt-low
granulotlyoenia appears panr pami~ with bxone side ' * -- . Hiemogiobin remainNd within normal
marrow injury, and that the granulocyte etounts limits ir 1 m i,

rettched low levels in 3 (Iks.1
it has been concluded that small intravenous 22.6 tris(O-CIILOROET!IYL)AM INE,

dowes of I'1N2 repeated dily in the rabit have, rifter (11N3, TL I .M. 1070)
an intermeiafite sliotht depre'eimi, a stimulatory effort Phaernmhlg
oni heteroplifir polymiorphonucelcar leurneytes, antid XCT
a mildly cleprnesive effect on lymnphocytes. In 17he toxcit of HIN3 is shown in ITAble 10. The
of the complexity of the proceres the original rm- taxicitv of aqlueoust solutions given ad libitorn t4)
port should be Ntnxulte for details~ll animals in not readily resolvable sine the experiment

In animals suirviving the culmination of hemato- Pe-is nn of Os solution. Ast judged bly weigtt
poiet~x injryregnoritio isdelkrri in raloss and foo~d and water consumption, adult miAt in-

MOM. days. Meanwhile, hematopoletie cetrsi gesting solutions of 11N3 in tap water in coneentra-
otlwrorgano, notab~ly the liver, show marked evidence on;f10ad50pmswetxi wduwh-
of stimitlntion, so that even in animals flying between thoaotO andtn souinsc0iig ppn showed t~i e~tes h~
tefoeth cont meet ayscu nto eth. bitstio h ontv minor reactions. Thesfe ofects decreasied its the -leuil.-ve out mkvficurprort4)deth RaA~tssolutiun aged. Ada~lt rat intuthated once with fretly I *gi~ven 3 mg kg intravcuioiasiy anti smrviving longer prepared wholtkmon rX INI f-ontaining 14; ppim (0.32
than 1(M1 houirs had "toxic" psidoeinophils, a' t'kg) oir more, shorrt4 a prongressive increase in
anisiocytoitis, macrne' tiosis, and polyehruntnasia. *sIn t4axi-:- mretions with inceasiingrouimtinn, andi the
surviving animals Itit- lymplatwytes appettr _P~ reer reactilms welb' more Hevere than those oblserved in

blefore the' gnmulicyteq: hist(O!-ieully, mvrkefd flyv- aititi"igP~ia~Vcmaa oe
pe'rplasia in the thyinnie andi lymphi nodes parallels
this recovery. Critualecytic reovery i" spectacutlar duiring 24 hoiri.21 1o 1N i a

in th blesi, te wh tiod cell count ri,4inx fron 1enrwigrtin te boiti, te wht wate?, the sfolutions aging Ouring the experiment,
retesei to opariaig of emven tirnsw lvl dilutionts of 1001, 50, and 25 ppm showedl de'tnite

alnwtovernigiut. Tli'i phroomenem appears to f4x!ty(jde ywigtls ndfuden

and *i'gnerative activity mciy pemsit for 2-3 works. i~in hc a otl~ ~etidcii un
(fit M14-- ralbbits, rw'4'Ver from the initial imen

.a feollowedl by a ,&r'cod periesl of Irteaienit0i.) PiAWAMOYNAtMICH
In mici', it specwies Istirtielalarly mensitive tit 4ivii.- Ctonh'DeIcirr IM#Ih. At high tlopn4s xlvf.n olua'
stinilb-ti(,JA Of the leueo11xi-fie tissute, hvplerplaustic ocisly in niie, ;ntnsveconsly in ntlbbits fir vats, ztind

*feaci Iham inig tN, dimecnsiomns and intensity of it Ittee- entanvintslv in rabblits, 11X3 ha t a c'evulsia'ut. itutioin.
:vuiel nvat tien have lNee'n filmi rd siftera3- Ito 4-week (hi itravenefwi injectisn in the ndstsit. 11N3. lI(1,

markedl by severe- episthitaiu-t2Y' Ito th. citt, follh;w-
:.3.3 Some Ob-omntin o n isan ing n pieriewl of aprehension, the eemvilsions utiler-

1ntn~ac~t~~nRated btetween ppriolis v" eipitli'itiinis and fl.~eii.!f
Among men inadvertently- e'yxwd 14o 11N2 valssr, In btoth species %~izures ricurred tit lower dof-s,a

2 6 e'e~mpl~sind of na'-'' . iut~irs rafter expetiairc' andi death has beren :uttriliet.e ft resjiatvftiar,
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tris(o-cnt~owntm..4w.NK (UN I3, T1. 14A. iln~) .7

TANS 10. Tinzfirty of 11%3 few vatineup t~peciru. (ID,. in nt, kit.4

NAnima\ LD6, Rermar Itf D. ItS emarka Rt,. ID.. Rtef.ID. Itemrkni1f.

Mie.20 1110 "nit 2Sf, NI 7 82k
8.2 1110 941t 163 ca. O tflh
6.9 Fr" ne(? 63

A11-10 Fm'r I~.. in 144
tribiotyrin

Rat 0.7 111 gait 3 2.0 l! ".1 N 4.9 2iq A Mixed In hilth fat Mae
diet.24-hr fnng

2-5 Fte b In 84 2-:5 84 20 Mixedin high pni. Vkle
tAihutmn li it u6

Rablvit 2.5 HOI .ut 234 2.0 FM bhow 63 19 23
10 Fivehtw*in S4 -10 54

10-200,t 26k
Guinra 7-to Five hati in 84 20-30 N4

pigt trihutyvin 10-20J 26k
2-St 0t

Dug <1.0 23q 10 WS
Gnt I20-30 Fiveh bo 14 20 54

* I _____ _____ NeatI_ _ _ _ _

TO~. ivulwom Lllwe..
f Espmsw fVin to eab 'sOcu~k jltue b""cd 41 Mifin,,
: R"W at"" t6vows -iu .. -tn~Iy Wit~wI elw i"w o~.r thu. hydnr UWqW uW wSA.atete is W4 NSate

pttbythe reitof Medullary anxa ti nt-aoiaI, Makdpanttis% moderate mpdulaxusi and
wthtat after the cutaneats appicatkon of btigi pJliO0CtOf, and a m-were icucopenia withot

dommw of RXN3,A~gnut of central nervotis spyutem utimit- 'ietroenia.01
lation won' sM in rhits.3Ssh1 The Convullsive IMayed IM'vsA. With low tiaseru, death ist delayed
eymptotm., low item everr in milbeutinsly injected from 3-6 days awl is identical with the delayedp *
Mier. death prriduced in syaemic intoxicatioin by the

The acite t~mvidsive phenomenon can ber mm- other p-chloroethyl vesiesuts.
pkcl pmventqrd in cats and rabbits by the prophy- Other I'Aarmwocofogie Proerliea. 11N3 FMPt~Meru4lt
lactic salminitstratim of sodiuim lientobharbita which patymptiicolytir properties. In tuieuthetia-d mi-
prOongs stirvival time butt doest not. prevent dcath.Y0 bits and eitts, 11N3. 11(1 b~locke'd the vuigit filx'tut to

In theanernthetiad eat no mintrairinie or nicotinic the he-Ac,Ua.I 4 b and bWorked the action on the heart
meponsvers of the blood presmsnrp were obsierved. In oif the parzisympathomlmetic olnipNt aetyicholine i
fact, %tropine doescu not rt -vent a tempiortiy asete and pilocapitie.00'
vaidermewsimn in the eat following rapid intravenoust At a concentration of 1/150,000, 11N.3.IICI tic-
injectifits of lI1K3.1L it I,,dixes of 5-10 mgkg, pressed the bonis anti rhythmicity of itiolafrd rabb~it
11S3IIVIl caused a gradutal fail in blood pressure gut immersted in Tyrodep's MouIoN, slid tihe deores.-
over a perioid of several bowis, shock lev'els even- sion was irrevertfible by wti-ebing. An incesed tone of
titaily iseingreached. Trun-tittory respratory stimuki- rabhbit guit., induced by I .I*),000 pi '~in nitrate,
tinm follinwed intrventous injectitim oif the crn- was ulepriwaird by 11.N3*II in. a cem 'ntradon (of

poimtw~af I30,f)(0), awl further mqxwu to tme smmfxth mutsele
I~aratqtfit flenh. flpeanv dhefe. which ame ininwdi- stimulant wast prpventedA"- %. 4Ine bl cluian aI-

ateiv eiulsive, there is it progressive develovpment read have becen deiferibied. In rat,, given 11N3 in-
of -musmelnir weakuem, dliarrhea, efitlaeues, hyperexc- trnvenoessly no ajterustim in lltud esaleimm .wumre-o.
1-itilti'2iity soul overactivity, retropulsive movemnents, '
tremors, andi incoorelination, ctulminating in prnstrig. PmtARMAIscUwMV fir Tut. TRA FOIW)RATiOX PaaOtwurit
ltosltimate filure of reumrtlo, stiuf death ,Pr fir IIX3

an~nii~r.f~tngt;Agttmirvivingn,01uiinvmilsiv 11h timirity' of time Iran'foormstiom prinhiMas stud
464-~ andi snerifirro~nt I uiayttnanifemeter coplete other deivatives of 11N3 is, shown in Tzdple It.
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.Al lra I I. ToixIelty q of ti-sn~fornintiiun jaliniiit l nd 1wr deiriyziii- q if 11 M. (I.0_~, ini Pigt .)
IV - iltmVOW1I1mi ill!"0t1ii i

iitnwrilom"'I injeetim

,':lt stnininn (M) Irr mont of tiw owig.

Online.

Ieit.ss1flilln, .a A flOninuir lrnnsfam~nlti4n iuhin IV Italutult e-1.5 21%
rcemt-iniing 9 IN) r mist .mfth Owigt.
inat ainie ni 11tv ole'imd linilimt.

~.IIeewh~4,i~f-ldn~ye~w~anIw lyliwillwiteh* "it ,1k"Ar' vill Iln Nifew "I. M~ 20f
sknlsne. me~ %MuseW 4 77

l~t~i~t~s~u2Vtht~thyetin1mi~m The ehimue dbiuaulvedi in uaine. 11) Stowe Pit. .1 20f
Atlt. 5I-hmmir tInwtifeitsm ,uilsstlti IV Itabailt 20-5in 2111

erminining M40 jxr mt if t 1w sunl-
inal amne no. tim sir4. .elinuslsnet.

Trietlmnnisturnine UniiltitiuI mrstentel. oral Rlat 4,(NN) 140
(uinstn KIM11 140

Irej(M.('htwithvlnamne oxiide (1tX3 Asline Ip M4saw en. 3 20s1
antins' sixite)

1,1-bin((iilhoroethyl)ethiylcnimoniwm chloride 20 mg 'kg a definite switcular weshnews (rnicenstille
showedi no central action fm intravenoetio adminiztra- With complete recovery) appear.. which may uPeri-
tilm in rahbits.SlI'lierv' Was no intentie nunsas& w in- ously impair respiration at .30 minitce.. No depre..-
cre"1sed motor activity of the galtrointr-stinal tract, sumn of thle total Icaworyte, count ocilirmi at A rng 'k
althotigh there was. an increale in tialiva excretion anti fte count Wait lowetedl tip only :3() Pellt am"
Althotigh the animulpt tendedl ft iprawl anti hadul b 203 nig kg.1' -

slight musevtalar weakness4, the ptiralytie actiom. typi- An M1 21N) atsgtwists tsolution of I IN.3 1l1 allouwedi
Cal of the parent amine, WAftS not olasrnved. At 141h to stand at bet ween 13 and I i C foir 2 weewkt su1p-
dloeit (aipproximately 5 tag kg), thips derivative gait' pressedI tile typical catriliaw isp action jeis'ssd 4
a jwank Icetojwnia bielow LOW ri-11% 1 mm" om tile Ithinitl thle parent amine.""b t
day: 2mg kmgaveii only: -, lipit k1Wt pniea andi Wil
10 irag kg, dlc:th owtitii- in 30 49 hu.; w*ith !til PfvtFes,,t0 (IF SYTMMIW INItw'XICATION
1lit41tin."' *hue systcm'c rxatism 1114. psh rIk lttane- A

I-(8'hhrnutlul)--($hydmyetyl~thyenion. otsksy nimrsrel 11XN3 in th;- riabbit was. lireventeil lky
inin chloride showedl nit central stimtilatory action cxtirj-ition of the lIN3.cmtlaniin:0ted skin j lt I
anti only very.slight pntrisympattlusnitneti atiim orn hour after the applieatimn of 15 andi 20) mg/kg (II).,
intravenousp. ocministfin in rulit.s. A~ dim; of 2) anti I,),epet-ivy).61 )ecastuonai animaols wen-*
mgt kgt eraiel it weakness of Lte neck andi legt muscle s .vei sit either uluuese when extirlpition Wast earriedt
witini Momikttm, btit this action waus reversible ans ouat at 2 and 31 hoikm after application No. sigificant
the animals sturvivedl upitil M1) hues. A dease of pill rl attvniled iparpnterad therapy Wiit asulitim
31 mot kgt cattioml a leiticopenla amonuntinit toip1 thioltulffntt. "I . at pruwlires ithieh rtul 9)roil If-
ui'lls nm4 (in thle fifth tlky, anti 2 mg kg deprc"A' fee-tive aitinsAt intravenou-4kyadministeu'. 1-methyl-
the coulnt ft 4.01) cell-s mma on the fifth day. With 1-(j$-chlernowthyl)tkey ininniuim chloule.2"
14) msn kg ear,- dleaths preteuid letwisspenia.2' Indolp, intravenerns gulitis4trtioin of glit- lreucy-

I ,~bi(B-~v'rs~v*:d~eh~inimrnin, hiiloe t~o-romepting facto~r of Menki,, foilluiwinX flit, E-
is elevito of centrul sitiilatory andio lianiistipath o- tanvurn.' appliratiem of 10) mi kit (ti;,jtru.dittly
mnit atiom. Within 15 minutes after a 5161144 of LA,. of llN3 free- Now did it 11lt4'rititwr :1w -41Nx(il
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or magnitude of thle failing toitalni tceyte cotimt, rtiduction in ;Iusmna, volume and( total eiretlitisi
anti 2 3dstsfailed it) sairivive liw experiment." protein. In 2 other dogs examinel tit the stune tiuen C1-

BAL astminisite nt mIr'A-ritotmlly in rats. 41 hosurst nss signiflcant tchangms Were found aind thetle 2 ouir-
after catanessts appP.-ation of a 1.5 i)u, d~o*-, failedf vived 24-48 hours after the uleternination.0o
tot Xive protecetim will appsius'sl to) enhasie the There. Ii s n evidence of rental valsoeotstrictison dir- C
toxicity of' ti3.21i M44lratismt With amnin-tupyrine hall Ing 11N3 intoxication. After intravenouts. administrzi-
noinfluenceon mortality ruteorssrvival timpot mice tion of I mg kg o5f 11S3-IICI renal bloodl flow (list
injetlImd mqahentanesiussly with IIt'3- I( I at I,, andi jiadipsi by the clearance of lp.aminiohippurie asii tt
2 I~s,, diw-As'.. Thle intmiperitmeaml aslministratiom low jilaisma levels.) wasi inereasmrsl in slugs at 24 hours.
of adIrenatl corticatl extrzict disl not eons4.ittntly nisilify or liter. However, incipient uponk circ-ulatory failure,
the mortality rate or survival dine of r ts jntsoxientell there wats a terminal fall to low vaues., Withi no sron-
intravenowsly with an 1.1. lile of It X3- 1I(1.~ t~idtett chonge in the- filtration traction (glomenikir

filtrutiom 'renal plasma How). ThIs.ncreased clear-
Sca-eIAt. $rits Ix ft N xc~iswTox since of p"minkohipparie arid ohsirvei at 21 hourA

Ocet-lussism of the circulationt tit the small intestine argues. againit any skerrase in the extraction, ratio
in sl ugs hig andt for 15 minut"s following thep of the miubstance anit thuut against s~pecifie renal
intravenous. asminis~tratiolm of I mot kts of ttX3l 1101 tubmular injury."
partially protectedt thle ischemic arem as s'hown bly In 4 dhos receiving daily int.uvenotius injet-tions.
posk mortem examintatii.23 The exten-sive diarrhea of 0.1 mng kg of flN3*lt(, the cliniett! jsymptomst
awl esoneomitant lthd huos weir ieventesl, anti tile clistrateri.-fie of higher doses. Were abssent, unit the
averg survival time isigtnificantly prillmgeld. fltow- mily evidence of intoxication was a modleratte rethuc-
ever, ultin'ate, mortality wa. unaffeetedl and kill tisot its thb total leueocyte count. In viteh Insttane,
clinical appeamnes'" at deaith was essenritially the. men rec'overy of the count Iseguw Weore the tenth lyn
as In unsitmris esmiros.. Mild anorexin anti vomuil- In rats. intoxientest intraventosly with 1.0) mg'kx
Ing Wpm e asiontilly prestent anti we'ight lstw wag f1Y31I there appears to he- increasted capillary
lesis mairked. A tlaraillel relutionl of plasma volume, per~ability of the intestinal wall. The injection of
extracellir fluid, andi tsstna Orsulating prottein sic- Evanst blue live (T-1824) at 48 awlI 9N) houars after
ciorresl within 24 hours butt was reversed by 48 hours. intoxication Wiass followed bsy appsearance of the %lye
A further significant reduiction (les. marks'sl than in within 3 minutes in the intestinal wall of intoxictedvi
tinotieratesi csmtros.) isceurrd Isetween 72 ani 96t ats. With ligatedl bile duets. At this time the( fluid
huirs even in the alssne of Qluid anti electrolyte lotsst andi watery infttinal eomtentst sdsowetl ineretAing
by diarrheas. A, ,A-sicant leiscoplenia wats preseent lby coloration, whereas theme %ws no significant colon..-

fil pas Hor. toeae noiae lsdiysb unerier (8 awl 24 houris) when the intestinal
rutanseous srline therapy increativul fluid loss lby csmtentst were istall solid.2"
sliarlshen and vosmitinx as csnnpnres Willi opteratedl However, the ditsappearance rate of T-1824 in stngs
intssxicatel! contros. not. 'ji'sen therapy, atthonssga intoxicatedl tby I mix kit of 11X3.IICI0 intravenslty
fluidl lssw ws let* than in unoperatesl controls, anti aslmini-ttereld revealeul no rignificant. increasse by thep
dlsl not serve otherwise ito alter the clinical esiurs of thin[ tdny ofl intoxicationm s iinpared illti thle sMase
intssxientissn." P'rotectisn (if tlie small intestine by animals lit-fsre intoxicatiorn. Tus, any ,usssslitsle in-
*echttsisn oif tll,' bississ supply shiring mni for 15 creatse in tlie permeability of the rapilliries to al-
minotrs followitig the intravenous injectism of li*X%3 bumin in the slig was. less than the ersrrs sof the( lve
disd not affect. the mssrtzuhi'v rate in ratis.till rabsbits., metlusui. Top psausscibly sAgnificant inrease in the slis.-

mIsinlt(4Y Alihtly Prulsmgest survival time.22* applearance rate sibirycl after the *nfsssisn of fluist,,
A~ pntrenterisl thteraply eossisting of aimign, gtlu- on the thir l sty of intsoxicatison wsouldl tenud tot ii

essu, "nil vitamin 3 complex preventeld significan cate an inrrsrdIisasi f albuminl whilsis agreel ii
weilght Isuss ill intoxi-altMl dsogs (1.0) mg k% intra- tisp sisficit so( !(, tsotal eirs-ulaing p~rotein (Isalanes
viollollosly) until 24 hsours. lit'fsrs. slsnata N, Surival time stusliss.) in thems sisgs within sin husur after fltist ili-
wos not prolsrngi-sI, and all dolss receiving therapy fustsn.Y'
dlifd (flsp dswe4 was& an I.). Marketi vomiting watt 8tudies. in Water anti electrolyte lisalance in dlogs
J~r"wsnt, uAthusugla tliuirrhei a I. abv'nt. In 2 slugs fsollow;ng the cutaneous appliz.atism sif 20) mg kg.
delesrmiat isms I hsasr inefore lads showed a marked hate shunn that an inrs'as'l fhaid intake pauraliulesl f
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by an ilI(Weasim floidl output blegan wvithin 21 hotirs At stuh-LIAw, levels thle.*- lesion-, uaintailt uippro~i-
and persisted througth thep surviva~l. Acmnpanying mutely the sume r'elaftionshtip to one tutother, Ah h

t he exaggrated rate elf water exc-hange was a marked exreptiom of l'Immpenia, ilt they ar- rece in ill-
Isom of ext raceiilai nti intracellular pee'trolytes. tensity. Molerate to severe Ieueopwnia was oblservedi
rls- loss of extmcehllular eleettrwlyteo, attribumtnble in all etmis, except after gassing, following whiech
(Inky in pyart to, vomniting, restiltedl chiefly frm a leopwnia was mich. Severe diarrhea Wast 114444
rs-nal dlefect in the tublatr wralssorptem of sodlium after cultanesms application, slight diarrhea, after
and ehlorifle. Approximatev .50 per vent of the intravenous injei-ion, and none was noted1 after

intnte~halar electrolyte (potasseium) was accoutntedl gainX. "-*~h~ -0
foor by% inernaed entabhilism, presumah~y of thle In rabbAits systemic injtiry is slightly less than in
lymphopid tistue. The loss Elf the adliltioma! increment. rats following intravenotus administration aund is
of potasinm ist untexplainedl. In smem animals, ex- aillut thle me in both species foiluowing cutaneouis
tnueellular fluid volumne was maintainedl at the ex- administration. intravenolus ailminitratiol E'aitmeti
penolc of osimotic dliutiom; in o~thers, osmotic hatneo-. modlerate myeloid injury and mild lymnphatic at riphy,
stasis was maintainedl at the expens of extruicelhlar whicht were together reflletd in a modeirate leuce..
flii volume. Still other animals shiemcd tin inter- ieflia. W~eight loosit was moxlerate, anti the enteritir
mediate course. Variatiane in thle hemnatocrit and in lesion was mild."" Applied eittaflelusly, I1N.3 catimsd
senim protein vomeentratiom wewre nlatedl tol varia- mEclerates kymnphatie' injury, mild myeldh inijury,
ticips in e'xtmce~lstr fluiel vollime anti 14~1tt111t16INm moderat leigeesPetili, meINIrate' Weight I014S, andi mildl
osf extrurelhalar sodim. Thle iwttage (if ext rareliilar enterit is. T he hematohogtic changes eansistedl of
electrolytes exhillttesl by the I N3-poisoned dlts w~as lyrnphopenia accmpanied by agrantlotytosis 4m the
nlet unlike that etlcilontered in adrtenal insuifficiency, first flaty. ThE'- lymphocyte" remainedl reducod ill --

ailhough serm liotamuiuim did nlot rise ntl nol numbe luoooring 4 dlays. On thle third *lim a granuho-
patElcdec Ehange wats evidlent in thep aclretals.an eytlienia became apparent. Tolxic pohyrnorphommi-

Clear leuccc't'es weir obsvervedl cm the third antil
=.6.2 Svotemic rathokIp of 11N3fettiEI3.J

IfltOmi('tiont In Ini,ui givell ICK3.lI('l ubetaneoiusly, at rec-
In pruititing skystemic pathoslogy in rats, 11NM tioln of c-nirlating lymlimcyles efinE'ilentaI tom evere

ranks secemd tol IIN'2 when all routes elf administra- iinjury tol the lymphoid tismue, culminatesd within 24
tidln are consideedi mni the systemie injury is judgetl hlums lImmature grantiloytes discappeared in 24 -48
bky lymphicil atrophy, myeloidl injury, letunpenia, hotirs anti matare polhymorphtmuletr letcolytes de-
enteritis, awl weight Icics. The ide variation in totl ermIise miikeilly ini number im the, thirdl or foirth.A
systemie injury from route tol route in I I ;ntdlxid'at-im clny, paralleling the later-appearing damange tel theK
is tW~t seen with 1 n3,athouigh, an is the ease with Wile marrew. Thei omly oithe~r Ouhages were edlema
all the agents, variations in the severity Elf it mingle anti s'upefiial~ eroscions in the tips Elf thep intestinal
leim tire (Olpwryil fromn route tol route. Table 12 vilhi andl regeerative activity in the etypls with no~
Plicwo tlie intentsity of total isystemnie itjtiry and1 (of romstitetnt intramural changes"
inclivieluial lesions in the rat fe'0%wingo the aelnistra- In mices receiving 0.0Z mg kgt Eof !1X.3.11(1 daily

td* Elf mI,,~ Em's- hy variouas routtes. for ltblays y lmtaneotro injectiomilihhetih'Wpenin.

TAMIX 12. lti~cerii crcist in rotm, of LA),c~'. .,fQ lNM.
11w"m data are an avenuitr of dniss nwc4rc in dcmajt. Tim atuIvna~1. N... rut, sac' s Owpnw lot le m lwly intr,-

veI1naa, isilsmitane'cuei, and mitmna, applieafiio'. an.] emwmurr of the Wt.'Al iHWy fit 1W arf~t Ehio9W4 Iy atncniuudies.
tansnualy and ualane.sta twiuatilln got 1I.t1(l in ,chysilofeuieat sitline was administereL. The foeP Sm"e WS

nipgIed to ti' Pskin.

lcwkomn Taseal

Itno1te injiarr at n~PI injury Lr'ueprnin F.Itenii Isms,

1-1 Mostirntl. Midew'' Mn~u fnd. %luuknsd. Moclcncte'mil
1.M14k'snl ?Jncler Mild Al.'at Ifode-mt. Mskrato

Offt Moelsate telrate sutil St'stena1, *ie~crv. Mild
Q--4%ooear Stild NMe1irte *--prr ~ tu ate' Moodernts
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aipaeareel fin time fouirth day and loweredl cotints were 2:.6.3 Somne Observations on Hunman
pri-valent dhiring the remainuder of, anti for 5 dlays Intoxication
titter, tlie injection periodl. A modlerate to severe re- Six stibjects in terminal stages of incurable alisetiam"s
tlaiat ion or tipe ahlilte nuimber of lymphocytes char- were given repeated daily intravenotts d(lass af 0.1
Paeteri.tal the entire injetion periodi anti recovery mug'kg of lU.X3.IIC in at courife vtisiting oif 3 10
phitse. Tb.'- ,olyniorphoannplear leurticyte moints' wer- injiet ions". Ntiuset, voiniting, he'tdaih, milaise, and
miore* variatia' antl intdivateal at variable' lI-'amatosiat. dlrowsiness wen-e, only aai nimeliate- mintowai syv*-
Ittdagaet jam of ithe rrvtlineryte couint andl of thes hems,- tentie effmets oliterveal. 1,ocalL reactiosa isisted' of
globin level were to serveld, but these change-s am-- thromnophlebitis, andi ough at the Ate af extramtuqt- F
etirred later thaun the changesA in the white rc(ounlt. tion. Thse hematopoietic re panse cosiitedl of absso-
ilrirterytesA were not. sit any time realucel andi litte lyniphuipenin, progtressive nonochraimicaemia,
weres 4914caI41amally inercuaeP1Y tllra ifhrytoipellis, sent[l severe laenpenia. with

Ilktolaigic examination of the, myeloid tissuie indi- grantilocyvtopenia. During the developmental phase
iafteid uuit nornsobilastia' changes were eamfinel pri- and again duiring the rprovery phase a s4triking shift

mzerily lio thep polyCliroutmtophilia. fsage. Myr.ic~lbmts to the left orirrul in the Schilling differential.
we-rf not. involved appatrently, Nit a striking in- Sympt'niintie therapy with bloodf tranusfusion's and 2
rmase in polymorphonuirlear prossyclterytes aN'- lwntnucleotidle semedx at times4 favorabily tot affect
eum 1~. Nfyelix-yte-A showedl not significat change, but. the clinic-al course andi to) initiate thep recovery
a two- to t breefolal elevattion txac-rrcal in the per- lplhase."
eentam' oif ietamvelmsayu-4. Alegakarsvoytes weir lit normal volunteaers, t he int ravenousp administ ra-
generally ineres-medY'" tiom or a Ainglea dome of 0.1 ing kgt of l1N3*I~IC in- 0

D u ring recovery, polyehra matophilir normoblasts4 duic,4 Wafapwl appearing within 9 hours andi l*-
rapidly reaturnedl to normal or suapranormsal levels, sisting foir periods as long as I I hours, andi nauseat
while thep prornyeloef antl mnetamsyelorytias rapidly appenrinig within 9 hourna andi persisting fron V- 3
fell to normal levels ' flays. Vomit ing and aiorexia did not otur. lDizzinemss-

It hags been euntcludedl tht sinaull intrayenott- dlose-s and weakness were felt by 2 4 subjects. All 4 subjects
of 11N3 repeateld adily in the rnbbit haavr, after an developml throsmnboplaleltitim.
intermedliatea light alepreiamio, a stimulatory effect Bloexi stualiest showed decreasesi of' l:.tphorytes
On heiterophilic polymnorphomirlems ar eetes-, antli:a front an average efntrol value of 2,W1 ells/mm1 to
milly depressaive effet om lvnsphorytc-c. In view of 7M) ells mms bietween the thiril and seixth flays. Thle
fte aamuMexity of the procedushres, the, origzinal report counts rettmeal to normal byv the fourteentht to
shoill ILe consutal for aletauil-.' twentieth flays. Fasting blamod smugar levels and pdee-

UInopiiaa~plt has been desc-ribedi fair iie exposril troraarliagram'a shaiwed nat, a'hamreS in 2 2 saabjecaN."
faor 10 minuhtesto 0.75mig I f IlIN3,-1in rats inge-sting A thromblocytopenia hsm been obsmervedl after intra-
mialietmany. camttain~ng 1(N)anal 50 ;ipm, anal in rats in- venouis into;:.iration."
tailmasteel i'ith a single dlawae. In volhunteers ingesting 2-4;m t of1N3.lII

C haraarteristia' puthalogie changes have been na- freshly ai.'le in tap water, symptonuq esisteal
l~amtm'l atersammcut~ieot.' nalcutneos nlmiista- f anairXia, recurrent nausea andl voiniting, tenseness4

tjaan in oither qx.Ape'e as well m-4 int the, alaive animal. antl fullness in the a'pigastrie re'gion, gaseotis enacta-
In :allitilm, rarar dilatation evit)& ftllimne. of the- tiosms, anal fra:4'aimal milal diarrhea. Lassitude anad
right sAlle, sent! coangestion o4flthe live~r, a'pla'an, mildl deprcsia'n were salsot pr.minent. These 4ymp-
tulrina'ls. anal kidlnerys werte re-parkta'aY tomrs wera' more promotneal foellaiwing ab*ses of 4 antl

The 11sual systemir injuiry was (Aisereal in alog'i4 4; mg, were mil at 2 rag, anal %vere abisent air slight
rerriving It0 40 amg kg oif I IN3 om the elippeal shaveal at I rig. Ilacovery wma. cismpletea in 48 hotirs.l
s~kin. In slalitiom renaol nera,"is involving the, .-pi- 11ma oral ingesAtim aof i aug .3 times dilaily fair 5 #lays
thlaalom, nuimalv .4 tali-tflal camoaulates ai mls. %%mas talerateil with mialerate symptmm's, -vaaovar*
Oaaidser'al a sianifir-st lesion relative ta. the marked1 proimptly aicrreal ain withdlrawal aif the( agent. In
ranz"" in eatrir- Plva aexaration whirls orair in I IM thomas subjectsingeting a total of :5 1%mg, a maulr-
iimrsiaiami ' Mlanal naernmais baa not. iren rspswte atafeuciei lx"'a'n tainiprst its 5 7 'a itll 7 9
a0lseitn a'a omm lar'ks contirtilion in other .'q;eaies. anal flavys after tipe start. aif the( airinkitig, anal %tl4 more.
tot liar revists A of aalrinsistratiam. air lss persi~tent in all insancies lair lw-riaels lif-gnninlg
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7 25 dliv- after time first dos"e4 and cmtinmaing for w;s TLI. 0 sse azIvma mclii a:wt i.
Icing ais I weeks after tlt-. first thouc." Similar butt lt-ms slou"ly bilockinig vagaI ismmiluit ionl of ilas Imea:mt ill f ill
prointizcell oJr definite changes were obiservedl in men anesthetizedl rabbit inl doms (if 20 to W:i g kg given
consltming a total of 7 -9 mg and no significant intravenously. Unlike the action of atroupinme, whichfchanges were seen in thocrse ingesting 3 5mg. Among i., redily recciible, the action of flak amine andi its

ilevelopid i transient leucuipenia 1daslater. In stimulate the ji4lated ittn.al ln veuiiiftft-
all cases timere' was no) significant alteration of tiorns. Higher conentratiorns, however, piroduce
servithry~tes."A reheck of these stibjects 19 months miarkesi (lepression, which i-4 overcome byv um;mediate
after the experiment showedl no further sitttrbpance-; washing but not by pilocarpine. ItN patrilqn1jathos-

secificamlly referable to the agimt."a mimetir lictiom is les arkedl thanu that, of 11N2 andi
Among smbjects ingetsting varying doe-s (Opses! oft such p~henomena at4 have becen olisciervesl %,iit Ti. 301

the( parent amine) of scolittiotms of 11N3, hydrolyze-d sit may li-e cntral in origin.3 20 !1,.elrenteral adininistra-
that 1.1-bitfo.hdroxytiyl~ethIenicmimm chlon- tirn Af Ma)~ il*msqreslts in blondti changes similar to
ride, predlominatedl, only those (2 2) ingesting the Ibie prochir"esl I, othecr 0-chloroetyl viesirants,
higiest close (14 mg) showedl symptoms, consisting namely atroiphy of lymphoid tissuie andl aphasial oif
shiefhv of natusea, andi vomniting. There were n timte, bume marrow.3 2.1141habssing mice with a vapor
changes in any suibject in hemoglobpin level, white sisisagrt equivalent to three times the IL(Coijr results
bloodi cell count, hematocrit, or differential smears. in es-erntially tme sme iemattologic and pathologic
during .30 -36 days after ingestiotmA' changes. 10., It has; lieen cnchlsdeci t hat small int rA-

In addition ft local irritatitim (evei and uapper vensis #lt*%% of TL. 301 reeatd dlaily in tit- rabbpit,
rpiratory Itac), headlache and vomitirng have bteen have, afte-r an intermeia~ite slight depresAsion, a

nuedel aniotmg himmas inaditertentl3 expoped to IIN3! stinmlatory effectm ims hteropthilic polymorphonmuslear
vapor. During hsmusptitaization no chainges in bodity li-lcocytt's ain a mildlly elepn'smsive effect oin lym-
tempertm, pilsc rate, or bloodl pressur were oh.- plmocytesq. In ttiewvoftI he complexity (oft lie provedurt-e.,
mien-ed andl umine mnlv-*m ere? normnal.'"* the original miport shotld bei cosmsiled for details.1 '"

2 T i l -l s o r l - l -( 8e n e o o t h y a tl m 3 e n m c i ' m c l
27 ISOPROPYL-Msv(4-CIII.OROK-TII V.-rd ls u emotxeato?

I s*sof Ti. '01 aimiterell a15 its likilro- COMPOUMN REtSTEiD TO
ehlsrfe to various4 speci:'s liy variousi rmutes are
given in Tasble. 13. TI. .301 is more toxic tMan 11X2 lit Table 14 some of tOwm compoutndls related to) Ltie

nitrogen naitarth; are tahla~teld.
Tus,.,. 13. Tertiicisf mipylbd-chilms'ml),mirw It hums beten smphaiz-.l that all leticoto (ie eorn-

f..* vrics'c ,swei's.(I~l.. innuzkv'pouincs in Table 141 are capabile of cyclizing tip feorm

Itmsle .nitIMl Mfl. If'ferrivr itnmni!mi ions:- I:tenfli'ig this csmmjmrin, a estr-
- $51.1 IN 23r._ -. 1- rvutmcm has.' 1s'ea sihiserveil 1is-twrce tile stilsmtant-ouiis

0u5.5 tioxicities4 of thIl~l yrmchlcricles of vaif RL-Caniicfs antd
Rltl 1.0l to. XI the- half-life times of thems uine., inmaaems ibtei

ms.20
IV Hati 0'. 23r at 17 C andi ,,hl7., Crable 15.).1 Ita:ppocars that the'

s1.11sil 2.0l :M' toxicitv varies inversely a, tisi half-life. c-r lirectiv
lrWsl NMt-ise 220 23' Sts Ltie lalfity oif ilbs linihme, %014-11 fillowmmmes is nintde

fomr thle- sm atr utsually semmscumterd jim toiciity ile-
or 11N'3 w-hen injeedvi intom nrimals inl an atimcetm terminmation-s. 1lmis cins'sm'tative i-s nmot invoiil.4istent
solmititin of it, hydneroblorisle. After snsmam%:sa- uitla tlt-. dleductiomn from cihemical finta tlat. plIs'ioi
naimiiistrmsti-in ils time msisise, time- I.)zt of ti::lt tsltms-ou logicaol rcartims of tlt-~ itiroge-inifismstI" rsi' llN A-4
Wlmatimn zalliuss tostum ifmail escmailibrioinm i-4 A)- thlggitme iutermicwlimt ion of tII,. 11vclie. imuoinl" u.01
taiml is bectween 10)and 2') mng kgt. This scilmtiom has It is poscsimls that corslasmiolm oif toixicitv will- re'-
only onc-ew th ie ticmemraoxie cion of similar :wtivity extend.; beyoind lamlilitv of tile auntie :snll
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Ae~sm..unwith Tomu 14. T..uioity of ranposrned frel-oveh st nitrngrn miuoffinih.
S cmpatedwit anLD; Ik Isbeutanensam injccti.. <V, mue kx is. u,4'ifinrily .'.m4wkettdIsmie; >27, jug kg. ueuat..wic.

r~~~Inke. iihewbw ujeifk'd see fifasie hivrevwpeunul wias minis.ioerd sw the hydrnrhiewitit..
N.T. - nostioxie ley scmning sat udy

(2) -T. - tomi 1wy either smmning (seer) tudy. or definitive (del) sstudy

I. omnpounda ronfaindin one O.rhlorooffIkyI group per NV aon

A. tMr"*swunry ammilie
1. ,f et kl*elrn Ism mne X.T.. mlornnr,, crus.e i

2. lFthlyl~chI-elaiws'hylormln.' N.T.. notnaesnimtsie, 2I

It. Tert july anminee"
1. Dihtl0iphlemu'thylntmine X.T. Ifis, 23r. 211.

2. Dinmehy..I-rspr'sgsyI1nm!w. NT. Ism
V. Qesaternary "ntt

1. Trim. ahI-dehhsr'srlhhs)ethylmmmiahrn chhwiale T. (ok-f) I
f. leurmsd mobevis.iiag to". O.41twlki &. amps. pwr N aomv

A. H~cmnnry nmines
1. PisO.hiln~sehylkitlns.W N.T. 231, 1041i

HI. Tertiary andwes

3. AIyIixoehhse th vnmimr T. Msee) 1.31 1

4. arrisywafitgehwthr~mn T. W)er 1111.

4. arr-lint Aelv s(-elowlvyl~smuw T. ("r1 '
EL iaumtyk(6.t~cw~sthyI~mineT. (suer) 6

7. &4sthI4rhw.sllmieInustui 57c

9.bilhmlyl.-ntnaehysmieT. (Pur) INi
10. CyAbds.WAIOw~whl~mine T. (wr) 161
It. IfP*I.4A(5.chnfkwsiTI~fmirw N.T. (ortt f If%

12. 1sI-ilcuem'wIuspT. (sect) Ito
l~flfEtfliS571,

13. &a.C(1tsnsynnimrtIsstfd T. (Orr) Ito
14. Vinyl 0-A.(111nwhI(ms.)msI smfemn T. (del Mine. 23W
I'~ N. X.N'.X-frevkimu(60shinmthyl ie lwwnlnp T. Ifj. 23p'

161. &ilIwwhl..c,~ssiynieT. (er) I rok
Ijsa1riefoxie .1u

17. MtliigsI1.gtIyhmtylaipT. li
l~etwntnzie 57c

C. Qnnlav5!it5'li

2. Ih ny.18clmthLhsmhmchliride, X.T. rf

3 .idlhuarw'rldnm h.iue X.T.. wwnlmnwemie 23f

* P.- how ow w-* a. t% 4"w*w.
N . et.q wn lw fft. #b4..



47 IN t*WrC ACTION OF S!I1PUR AND NITVR4)(N 111TtRDl -'

(umvnunul einhwdl flivnire Itef.

2. 4i*D.C4hlmwvthyI)ntuummmne X.T.§

Ill. Coaerns euiw rorioingth9 l0m. l-eralw.kyr "rnpw perXNelern

2. M~~weh14u5e~wie~)nieT. (def)** fil
IV. Campasinla cr~,miag ews, Ow.emoolekyI grew, peX N slow

I. I~ Vl~wam td~nnmeium hleideX.T.

1. X.T la

T~u~ fl (empar'ua ea wmlVily anietteareifyoo itmi.'Arermiing to this; kjhvp~lgKet the tinineyieling
the int reactive imonium ion ,ehouhl manifet the

LD.eaeti jwop t e l inw'lgfrid mccbyain wou:^Thne highot. toxicity. CAM 4 in Tahk' 15 .qhoin, tife
Inje'.e-liean off thw. hyekswhlewieh.iu eiie e in Amu-~e &oftilterm to (in minutes.) norwaim fir time uweqwnry foow t 'ciiv fteehyemjim os fi-i ft

lmlf 44 thpniuw tea) yelisme te wthyeninemim kins ion- amines' in etoamn 2. (.timparin et columno. 2 and144
cer Ihyteuliesis rimllin (pit 7.4. 37 C). The termk. .4)10Ws dhat changrsin on ler(f .g. INI nt I I I3) n re
at t1w eik4hveinpeiiuni iern with water. ~~jnipieellveji'sactecmltu

____ -be htwn t' y o f aeam niiw tml wiv if.the
Amn tkhleo im'mium itrn. lIowevrr, it may lie empmaeiarel thst

i~""':'" the miertiemn rat". in columin 3 am dke nied in
tvity '"Activity

Iamqapl-lia(~chewetlw).tiiripk-x biiiogical t..tem Thu.., the low tqorit~y
arniup ~ , pemitiani 4a 11X%3 compiare to the high reacetiemn rate

Ethy-iAu(O-rhitnewuhyI)nmine. 1.2 0.261 0.7 4i the bonieDch~at~l~tweinqi, et,
k PrelIimbi(*1.a1ieoraplal)nmtnw 11 II .10 WC,1. may lx- jet'ehdntc for bty toot rapid hyernI.v.t if f lit!

Ih'y~he(~ea~~nt~yInnln. en. 2.0 0.24 ring, oir an esnen taoder ~ht~im wilth nomse nfm-1ri (4*khIy~.l)tMluee 2.0 0.44 31.0
Met~i~tagg~h~ewsh~.~nmno 2.6 1.5 0110 ('M('flt reidttt i onit~wnt., n compitrelf %%itha Rio

hi~M'hmwt~ay~mnet~e,*y.rtcnem rate with uw estntisd cellular tiematitulent.
ethyamhwCa. . 414 Puir el t! the a nlilsit. tife tcewnparien et the

* -~~1. Metyl 0.23y-~lJ..w toxicity (if the ettkyeninamoium itism withi their ni-I
I~fthy~e41u~ewtwlsi < UPI 2.7 -00 art am *ttWes. The pertinence, cof Awlsc a rownpurimein i%',I

Meh~v14,Inrewtlwhmflip >,ir h ell with greater facility than the inumisam iton.
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Chapter 23

MECHANISMS IN PRODUCTION OF CUTANEOUS INJURIES BY
SULFUR AND NITROGEN MUSTARDS*

Ry Ifirdbiey knh

23.1 I NTRODUCTIO N liven elucidatedi. Iesions of vesicating severity air
HIS5 ('11APTE~R is icinn'rtil with Ilis mechanisms assotwinteil with fte penetrattion of only r) -21 anti fte

k I n~olesl n tme pomlietli a mitgatin .flufixat~ 4f only I or 2 jig of 11 per miuare centimeter
culneosinjrie pothml kyvesirants oft le sitiffr 'if skin (i.e., with expomtes of onlv it few minutes'

an:Itror~nmstalseres.Attetio "il he duration at. 7.5 F aiii of' even shorter times at, higher
focused principially oiip. Wioratory studies. Time temperaitures ). Evken when human skin is Massively
411antani concepts comcemning prartical prolilems comtnminatetl with liqidif 11 there is never within

rehaiui totheskininjrie prducd hythee aent ltp skin anyv significant quantity of free 11 that. is not.
in flhp fieldf have recentflyiven summarived e'lsru- removedl hkv sitiface decontamination, i.e., lkv vorface

wher~t m application of chlorinating agents or bky liberal wash-
It i cosideed hat me urpoe o thi reiew I ng with If solvents. Therefore, therapieutica~tte'nipt

to provitle futuore intvetigatasrs in the fi.eld (i skin based on destnuctiom of free penetrated It must lie
physiology anti toxicolto with a gutide to the infor- eneentiahly vahipiess. Moreover, nou significant stie-
matiom anl idlei Igainedl in the cimirme of c*heicwal czxssh imeezacievedl in attempts to remove fixedl If
warfare inrivemiatioms thoring W~orld War 11. Atten- from the skin by~ procedures which do not themw4lvs
tiom is thrfore aiven not only 141 the restIts oif pnithwe 5~v( inljury, or in either attempts at early
sudies that have rulminatedl in de-finitive resujlts. of or late treatment of If injuries. Thuns, at t' W present

pnwtealiporarn'lmtatrnora~ol~enstona time' the practical meanx of comliatinmg the skin-in-
0 o( an inewomp&'tr hnt pnovorative chanrteer. jisrast, sarim of It are to pmeent the agent from

The maponty o~f the invtestigations4 har-e entaileil reac-hing th' skin andi, once it has reachedl the Akin,
the use of mustard CL-s [bix(O-chlomathyli sulite], oefc ufc lemaiah srpdyad

I.Among the tither agentg that have receiv"edt copkleel as pwble.
tuntion are "oe,ime m0t4d1uh shezl fr as ist known, the other senlfoor anti nitrow't
0-chlemmeahyl sulfider (ivnyl-Il): w--*juim.earvd, maistarel behave moach as iles 11 except fow clitanti-

I,2-iir~l-elqnothvlhioethae (Q; ba(~.hl u ~tive .lifferv.nen in penietration wae anal in injury-
ethvlthiorthyl) ether (T); and the nitrogen mustarels, prothiltng effectivnesn (if the pentetrating molecrule-s.
rthl-bi*(0-chloroethlbanine f'IXI, methlbi-
(D-lerethihamine (11N2,,.tmd lrixe($.clhmuethvlp- 23.! GROSS AND M!CROiSCtJ2C PATh-.
amine (llN3). 4)11EV; OF VE-SICANT IL NS

Kern of the principal findinp, may lxe munmarql
xs follows. When If sapid inua knsiel 2-.t Pathology of Vesicant Burns on

or a% saturatetl rapor, it Pfermrtes at a rate of abot hma Si
I I gag con! rair at. an environmmcntal temperaure of (1:NLL MM1AROW,4OPW4 AND (umu.~
7.5 F. Abot.t 12 per cevit of the penetrating molecules Ofts-MMItINS,~

rapidly react with andi are "fix"[** Ire nondifflusale Depending upon the severity or exposuire andi the
cdomponents1 (princuipnlly pron) of thie skin. Thw sitteptilmility of tiv .s eme tissne, a svs*WIa may
mmseinotNgprrent n'rarriml away lvthreimia- prodluce cuttanvouso injury' characteriaed at its peak

lI .,.. Coussidetralele indiretevitdence suggests that the byv mnarnvcopir changes varing from faint andi
fixation of 11 molecules lky skin proteins is the initial transienit erythemat t4 coudaatiom anti necrosis of
step in the chain that culminates in gros nitancon-s the entire epidlermis and dermis (coiriam). T.he mani-

*.injury. The intennedliatr steps havo not adletiuately festation-% of injuiries pregreseively mo~re severe ticuen
"a-ut ,sq" infomnnatiom trsihldp 141 the XatkemsI 1W" thrcshiolif are: erythewa WKi of inexuAiny sitensity,

ikiu.-w4a (14tmm1o1e.. iJiu'inee 9,: fp ee mnw 1, uaef. rAised (eilemat-mnsi erythemna WE'), e4aftemi sqmll

SWFARET 7

. . . . . ........... ,... ------



4Sq) MwE.:ItfIlt OF (:t*TV%N§-oL'$. INJURY BY lttTRDS~

"jinthtall' vesides-tPl V), andf one oir severatl large' tween i njty andl grwssly visible' rel"wt lull rat 1 ,' I kiall
lhlistrrs orvasies NV). Ii fit-' enop of Mtill more wa u interval Ibet ween psirosura' ittid injurly. NegsaI iv.'
m'~eii' luirns tlt- ve'ntral regiorn may Il- A so verely themigh maentscopie evideance is, however, a:'fol
injimra'l that ft,~ prolesseee le-ading to tit-' :arinula- eytoilieal olost-rvatiotis i hsauuia taian
tjiin #of 1aalema flutal are alrl4tel 1nefort* a1 blister i-' fill- Iblaim v eols of ilt- e rnis fill ral tat dleat-
Irrwliaaii. lieIi' ',' is then 4-hotrateriwooAl lky it Hitt sala' -nttil'wzlhargpi, havet -gt in within t aflow
rf-a ti t 4)1 aiitgthteal eilt'ermio anti tairiuttaiffeu, flijittes itfier 14,Ilittioni Or licjitial 11 ft hi t~ aor
Aurrailitialrl by I wlgiwm annuilar (~lwgiaa animal ,,kllt (wee A-tin-tja X1.2.1 anal 23.2.5).
vesicle. I easioamll smal~ll, Telativt Mild lesion ifll ,1 Ini the (wL'or ciraiinsiselol 4'xjteifletal imit.oil
thle ,kill of the fairearni d~evelop) nferosis, chat~t- tia' skitn of thep forecarni or alolmetn, the hcheight of fitl.

terzaal biy itwhiti.'h eittitiin a li ren cif eiytltf'fa, r~etioni freigttettly is not attained %%ilin 21 hours
w~ithoiut for previon.us to tire forrmatictn of ara- but twoi~i! i-e rea4,eal within .1. hoaur..5,." zip l)
staipiacalkv isiftle vesitIis.2- Furthermore, men ex- Itwaane between 21 anti 48 hours thus siaffives tot
posed too thep vapor' of 11 or nitnige mu'tanls ill give a gamal flrezcqirl of the extent anda nattue of thle
field and hAmber trial-s, poartiettlarly uinder Not antid aaM that has bwea sutstuineal.
humid conahitifor., frequently developj liii varions3 Repreentative atat (in the time rotirse of flie
toort., of the holnly irrets of aIrv andi or motist macerta- dlevelopmnent anti healing of eirrumsa-ribel expri-
tilm and alemlittitmatiam withount thititernieahiton mental It aittt nttjtiig' musti chlX:Ij linti. oif
of velil faomat ion.'* 7 11iie skin, at ft- seitum malerite meverity amn forparmi skin are prestitalif in
antil lenis Irpiua'ntl "y renets& in this way, altiainla Table 1. Onfite other hand, injuries r~ait-tea by small
Iliam onweAsim large 1ulitem mayv developl tilpam theTi th(ingo ajaaespmnseau

gpnitale as well *-s utapm om~er so-callefd -witsi ive fir tlw v.-ipio' itf i~nml 11N3 tin A'in tof tiae lianum fo'r-
res(e.g., the- axillaet.1'".'3

11w flegree of intapracitatiamn pothierl 1wy a vose- EdAkmauoJ-tyIA. vnpaj conlip fren. sloppi"I alitto Ap''iun sof
eant hurn .iapends- upon its lottation and size as wvell tdoefnrwaf,',i-ix wnit arinwmtea4njuamtlra'of tI F

-full n'bake iuuammityaf tol 1 orant. Tlwexpamilin* how,.
as, ilium ifto eeity. flothrrthing" beingo(itlil, variotf: 1#1 If %s.w 10 uninatwes; lot JIMN. UP) nil"e~. lpnas4nn
Ovpes Of lesions mly be~ groulptra it. a-mrenaling ordler cof . the vo~atility of Iftb aloubat P1gb iiaam. ~IAt so( 11.
inealitaitating Imiten(.v as fallonis: 12' .2.. l pw 4-al-it' (Cf e et* *I" p i~.AI5~r'Iia

1. Faint ervthfm.
2. Do -finiteer't hena, etaliiv:,lentutofaint erihema Alngm~rmancJdo kin If 1

with (Irv y aliumatiaml. Fir., trice auf itrythemn (1-?p I = I-w 1-1'N
f-Illeiteryaha'oM.. SE' 2-31asiw .2.' g'~r3. Ilk-finite errth'na ithdry ali~ lpsjuniatioim air Mt,.A'al Ia'le'intomis pryplinhend vesimitim. eajuiivahent tor-~m r fi'rah'ematonsi dwio M-j -121 hoqr' 4 -I I.tar-

ervtlaa'ma. Piinlooad va--ilku IPIIV) 13-22 Nemws (131icon"Iar
4. IDeflnite trrythe, with armas of mcit fhesajua- Ci-tIdi-tr (Vt 1fi-49I"Poiw (i1 oloti-

matimp for frunk vesim'utifln, eaguivahauat tit raiseal ater 4t1-72h.sarmt :9472tr.".
(toeala us) eryth'm With drsy th-'sjuantatitn fir emke'nabi f-i

~un~alVasiauttja. sa6:r 9 !)dv M12.i5lmv'e
5. lIalseacl ervthermia %vit1, :ia-v off raw ale!ajiamt. l'.m~ in,Ig 22-29ort-sv' I-.sei

tiam air frink va(sia'atiatn.
hlegr'lass of tire ultirmate severity that an If w of tho.-s lo. , 'w -49-- ft..., atse .F.-tf 11,i'b.

le-iamn may attain. there i.' a~n initial rt'4'p.'a. t uIio. If Ite*., . -I..-. I. #.itat, i..1uIm. 4 welt-. .

lieriail. tasuallv 4. one tit .everah l!#Pnrs 41uratiamn. ol-h use.. .4eh..- at n-' I~A- t. OfJ.1. A.. IIN it.. -to:
during x% hirbl there is neither cehnical nair eiarrae..eaPJ)iC ~ ' fll5t*

eviallpina that injury lma.' luau stt-'tainpo." ",- f->v- .. ,. -a,..

theni: then ola-va'lqoiw. too lte faillaiwedl loy tilt fuatlwhr %lt'-S

'h:nrsif ft- injilny is 'utfie'ientlyv earp. fina-11ua, * 1.'.
a- flit inuerval beotween extror.1-n' a1! ol theo inisiaui's flow'-, #of liojsaie h1 :al .shrlJdrhlreeta!
adf irravar-iila. lufiawheamiil Ani;nge- iAe vry hoief owe me(ratptaoproilaiaa -aimeuirna'.' taka alsouat it uaee toe
.4fietiaiia 23.3.2 anda 2.41.. tha' majotr paurt act tlit- nim- attain m'a'~imin -everily it- evialenva* lkayM ritP-
rawiv* paijel i'4 to) IN-' nauzardado as an itatervl lea- :...,1,ia :apilwznrmw.-- Tilt- raoaall- id fialof .16,1 11-11t0-110r
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(MOS iI) MICtROSCOICI PATIIOIAN.y Or VESIlCANT BR NS~ II-

tral asoinli-1. thfie tie've'ljmc't f injury, tit 4i:s ivere cieccitattuillteuil after Im-dceterm~iuc'dl

tills fuim it, tire eemsicerably iel'hymie after e'Px tire' atnihmi histiiiggeallyv after iuri'al f'xe'isiouteit iii-
tot Inilel andi mierrate fleisage's f 11 Vapor (i.e., ie'ivals inj) tot a8 dtym ater e'.'imitel. rhe se've'rty eif
uleiagV stiffici,t tit jiroiiclt- "initiry Witheint ulis- tlit- injury wits le'te'riinecl pritwiptilly kIhe tiwc'-
alit*v" or ' Jouitial disability,' bunt neo. "tolt4I dis- posfure time anti the enironmenu'ital tettliecr~.Ltt
ad alit V. "" !'rei v'iesscm' f11a ro varius *rhre brimil categories of injilry wene fefilice I andi mlay
prtls of thliclv its late its 7 12 dlays" after ex- lit' filt-R'iilteel its follcows: I-

pci..cg..~u.I .nselvs-is of the re'sultse of an e'xte-ivc 1. Mibi or .'usba'e'ieitos~ jigsricx. The' lesiona rc'aem~
.rerits of trinls ill tlit- treijile- rveal that. mote muen its acmep with little or flit vesie'aticu (i.e., tit most at
wenr- inceapni't: #441ciat. 11) 12 clays than tit e'arlier or few miliary blimters develop). Mic'rosc'pic. examiuzi-
late'r time" aftc'r exlicsre'.'37 in ispit. cit ti-t delay, ticit f sites, exeimed 3 6i hourts after mlpiyurc' -hocw

ho~wevert, it is said to lie' Jieistible Its carIv as ft- first swe'llintg f ntele, throughout tlie' taliiitit layer cit
tlny ti make it fairly s'atis'fateiry prognosim ci fte the'i ep;tcennts, anti hypierptnia. anti ecle'mi of the tips
4pegree for ine'apacilsttion that will late'r t-evltill.4 Wlie cir Ihe' ilermial lonpihlat'. The ettral peirticitti of tite'
.ipptire'nt eltfferene'e' hie'tween tit(' times for maxitmurn affeetefl nuec'ei hee'oine hconiwigupcouecly ltute t he

I' elc'vc'l-ipiie'nt f eireitnise'riltid expetimc'tal burns remaining chrcomatin is scanty in amoiunt zi,( pt'ripli-
and14 fif te more c'xtc'sive hurnic sustaineti flle vaitit etnd ini puisiticin. The nuiclear swe'lling doees noct tieces-
lorlt ir it h' Iocly in fle'lcl ande chttitli'r trials mtay licp iarily inchc'ate that irn'ver,lee eltunage 11A li14-e1
delie, itt part, tot eifferc'ne's in the s'everity citftit- twoi sctstainecl, fcir many of tim' e'e'lb mc''eve'r. Twelve ti
tv X-s cif burns ats usually stodimd anti in thf eriteria e'iltec't hiours afte'r e'xposctrp, hoiwe'ver, the( scwollent
taicee in c'valuiuting thtc'm. It mayf- nl'ihe (lite in puart ucrei i-f sime cif thet cells hiecnme ptykice, andtc lysim
tt o ther factors, su ca the s;iwe ai lotitlin cit thte andcl imintegraticrn cit their evyt4 Ipat take" place.
injired arres oif skin (me I14ectiotm 23.7). The re-iclt. This4 liquiefatim n terrttis tustally is utergoie boy
of W-ild and man-cebanthier trials show that in the ease smulll grXof cit els leiete'c in. the &qle'pe't poortion
cit very vvvere vain, - urnse, anti also cit liettii humus it thefli malpighian layer immedmiately alimvc' ft-e film
which tirc' rlimit always Iii'vere, mae'roseoi injoury or the ciermzel liapillae. Ieic' is cIci thrmigh-ancl.
thlcc'ops rasicly anti maximum incapoacitation ;,4 thrnli destruction of the epile'nnis if the injoiry
sctstatineei within 1 2 thlavs" irc'tins niil; thve teci cif neeroste flit ntt c'cntiaite

A numberm i o i~raim have lic-e'n mae on fte Iti entlarge and cci remain mac'rcmeivo ieally invisi le,
healing time of VCeica.nt he'~Again, cir ait moct leadu le, the fornitiem coi miliarv blisters.
lietthsizeand se'verity, anti poossibly the potm-expeiosur' In the milde.st injuries lte irreversilile clamulge
ceiiicliticms as well, ar important factcirs. When the, (necrcosis) invcilve.%indhividutal e'ls rathier titan greiuips
injury is eecilicient lt ic'strciy the entire e'picde'rmis ot c4,11.
cinch miuch cir all cit thit' coriumn (i.e., necmrotizing Tihe injury ciften reacdies its4 hienk set far ats thep
lesi'rniei, the henling cit evtt- small areas is sloiw tie'., 'cleflni. is concernedh within 21 148 hiim, but cc-
i 14oes -su nufcen ceetcvtwcru asiomally -l cl~uv elapose lis'tcire flit- full c'xtcnt cit irrc-
and the tieeer islands cit epithc'hial ce'll,; may still ic'rsiblc' change is apparenpt. rThe injury is then criar-
pircite v-scc-aticii, huit the healding time as evitir~ctim arterizeci liv: in) diffuse nuclearswelling tharoutghcut
by~ cithclizilizaticit may thm' lie ccinsicerimly shorter the malpoighian layer, with varying degreeso ci K. lofci
(ic'., 2 1 wec'ksl. chrcimatin; (h)i 1-ykneosis cit nucelei within some ells

flrelinilnary clii'rvitiomig have bee'n1 miule cm thel- that eithicrwime' liplotar ti lie intaet t; .1ci tori cit 641114-
e'lfctttividl ccirrc'ats cit dlevelocping and hie'alitigl c'lem;- faction cieroisis4 in thi' he'e'jwst laver cfit tiele'rni
cal biiirui'A imnmeciatply ahx've the' cle'ral papillae; andl (ci) byi-

li'en'mia c'ei'aa, andf ;ie'rivivsrttlar monoiterar in-
111.4TciIA. S'TUV 411' lft11-41FO It ltVIit'-' filtratioin fir ft. fe-le'ra pemplilltive.

TIhe 'Naticnai Ilefenm lte'seareh Ccrnmnittec' At. 3 -1 clays e'alte'r e'looire the mild injurY 1-4

[ND~I~i grcip at Ilturvarul Univerciti has moade a t.Saric-terizre If i (atitmetteol clestunitiein, lelad-

'iiir rmittfu :nm in mew'hotcccsit w~ith Iscic" IKI.cl 4"m
burns cif varying scwe'rity.12 "I Ul-I~ If was applieui ,mle w.ip, @it Ir 4~ Off fimrin :o.'cl pcw-c't4 its a c
lot cvin-uitsirilcl aira- cif human aliciciminal skin anq! Is in whlc's tis' c-irlirr iic~irwv i- rc'vic'wcl.



482 WF.CH'NII.RM OF CUT~kNEOIU INJURY RV MUST4110. 4
1nx to the'- disIlwiill f *i tu els; and (bI) auitImeItl' inijury I('UL tielte felflfl*tion~ of it li'ell)imit show*
M~itotic' litiilV in thip lumd layer, lesuilng tt ft 1('511'fltionm4mly at its eineteinost, insuiin- ("do~himt.",O
re'place'ment uof thme df'stm'oyeel eellme. 1'liese p;Wempit5' or inilar bllister). lharomigiout. the v'enter efi tile'

1Z ~May lit olerve'd for zs. loing as a week after explostire. lesion the skin is tanned or vo:gulzited in siue'im a
In waine inelividieais their is an aceretitm of piigmtent manner that fluidf never aee'immlsites in scitfliciett
arsmnd tile lesionir amnd a persistent state of irritatiem amnleint, to separaite the deade fromn tihe living vells.
of thme vesels: f the tinderlying ulernis. Mitereimeopirtlly ft, centrum loevoines Inale ai ltkes

2. Iririrnq injuiries~. Dumring the firm't 1; 12 iaeirs fil an opeemme. peue'rhmnent-Ilke siplipulinee. lIn the
of tiit- reacutive ieriful tiite mienreleopll elitingf-s tire early staies f inietionl siucih flit injury is niem'cm
similar tot thmes seen in evies f mild injnry. flo1w- seopie'aIky incli-,tinultislmalde from mider lesioins. fit
ever, the wif'romeolif' feN'i of licilleflctiomn nec'rosis momep instaneem slirtive fei f litislefmwtion mverelfie
present tit tiit, end f 12 lmeirmm continuie tit enlarxi- apiN'ar, and in other initianives teletir pcwe'llinig andie
ai E'rttl',e so that e'vetuialky all oir most. or tihe pyvktiomuls eweer tirmiighomt tie' etirei~ thickniess of fte
expmwv'e e'pilemsnis hecemwns 2ee~gaste~d from andf eke- epidlermnis. iiuwevver, other intelite ntorpoliei
isitted lils"e thle elemlis. A.s tile Mister EieveIlns, with 4'lnw5 in e'ellsoer in intervelilar melationships.lu not
fte further siermumlille fi Mlil, e'rytiensi gtives e'velopa.
way tot lisein~ tindli lesioen ieeontes lile. 11' Thep necereotic e'iilStiis retaints sill oir it larmt' jiart.
bilister fluid conisists fta it small extent of tUK A-etntmms of its eoltnecin with tlipdermnis, and a week for mnore
f lonaken-eiown eelis ndi ft n. Isirg ext'nt. of vile'mst O'limes bmefoare is *me of demsireatiom iN'-twe'ii the
Nelil. A.lhii~sgh newet f thep Idl'sialtleo 44'pite'rinis olesi i nd the living ticeene lime'e'emme reengalsitle. lii.'
from dlennisoeuetrs at imsieo iuEfitot1netfis, pideflhlip teqiether witih eljarent. mom-t of nerratie
there is e'vioe'twe that the tme'tiem exerIel on livingt Elie'ris frmais in s iii. ald leireates to foiar a plate-
anl re'latively uncdamagedf~ velb. at tipe niargins f like seelseestrum whiph apusre'nttly interferes with
ve'sicles fre'gue'ntiy enlsirges tite lesions4 leyernel ft- he'alinig so long Ise it. remsmine interpease'd be'twee
limi!st of ft, original cyteixie daime. 'liewi is mnore time maigins (if tile (lfe'(t.
jprnollmeeel exuittian eof mvmdlmlmmlear and psolymor- W'.hereas tlie finsal enIitle'lialimuition elf it vesivitting

* ~piloltimeir cells ii Ihe dermnis tan occumrs in mrild tvlx' olf injury is mssuslky aU'e'Einplisih'E witini .1 :
ir~~emaw. awal smiwegsenfly them, is fl'ei'amin awl weekst, this, Imum' severe' type'f usEkiem n m fro'egsiev'
C"80*w ffil MWM".' Of an or a of I of tiw evwwv lBt'- vevTA wrwk Iepr to heN.

plEeifliis sit ft- ii' in can wmimlvk lopne re'emnitceil t ah~~'ICagm nm m *f
withmin 72 hemeer" alter expeIwAsar. GENRAL OUSsEaVArseOxs

Iifpiethiesmrlyerridenceofwgeunertivea-etivit, Ihe effect-& fr vesic-'nts tim animal skin knve lorenu
fith lsntsige' vornim is tit first ~ineth~Ei' 'Efi inainiin- exemmsivei~iv wtlieel stio sire efr inilwoelr t,e 1m4'e'ii' Efi
intc thx' nowly "uwne'intee e'piee'nnio. Not until alost tie freejue'nt imnavailaloility of hsimaei nite'ltrsl (oir
the scondm~ week is thet- marginal ingrowth fof epfih- expecriments em the inwehanism of( vesmeaint :utjion,
lium Mble tol SurvivE, *:ii nolt fulil lutwieen I sendl .2 andl'tmnit e sine rvatment. More for les" corn-
weekts after expsworen is flip epieerin edefect roon- ph'te olo'cm'piiiiis fir fthe soglne1iv of pstimmiamyins
iplete-y and IterManently biel'c. 11M AoWoIM-s t"itii euinitrslm finInauppientiemsell Ifluave' lien ucrte'red
wich permsavent e'pthiisiinte i% acerownpisimca few fte pi,22 geaat, 1 eleg fwie21de~t
appeerently elfiimlo tin the fmsnetiemsi stat' of ft-M' Elif mel emeUmP.
elerns. let tie loo'ginninst new illitisme'!U l rcawe yr lie' aire 01'versi llliom aihmifluirtil eliffte'w'i.i
a elivirilimiht is th-'ad fEr flying. rn-eguwetll a barightly ife'tiveon husman ndi stwimal sAin. Time' skini f niost
aioingspilie luse fEof neE''lWmlernir voramen lot reemq- soiilale iet animl.l; e'ontans' lift swesit X1111111 ini
mivl iwtw'ou iii'e cermie and M-w u'pifeeinio. tie megicas where' e'x-iisif toaste4-11 clifl stie'slly 1.1.
litter time tettitve vimleennlcis mlwred lc it~ i51 eeums EsirIef clt (l.e'. time' giMsmd sre111utoelt ti me' 11141I ltefi'
ce'i'trlxi. F'inaslly, tiie' lit stiend mtesue'cmsl erop f ne- jouls andi snamat), sul it ;wse-'cE'sse' fewte'r Isayer, o~f
g'ne'niteel epiithmeial e'll- is'mppemrtedm by a sasisbmr- epifielil ce'lk- best many mori hair feillicie.4 linu time'
ixt-eInvster fo lomes's c'onlflE'tive 6tisue till ptc i t~ emo ,s. kill eof man. Thme' eliffemt'ae'cs mcmv siffeel. tiNe nit.'
rese'riilmiie toelte critititl v'erilimm. mind sneele Elf Iae'me'tritimil f Ve'sie'suats fasid fiIN ll'ilte

:3. OUefoddnsIna.,rres. The imt mtvere typlf (if twniaeliavtic' agp~nts is well.21

SECIII.."



GROMS '49 Vfl(ReMg(:oP, PATIfOIAwMv OF VRAICNT HVUNS' ~

717he most eomspiewiiii flifferenee bmet ween thep episleris often liesimnies4 extemsiveiv miimlerniiinit
peithtokigil ne'sonsas (if hikuan andi animal skin to within 3 flays bt% monmmtie'lear andii jiolynimrpmt-
aogents ich t. It anti the nitrogen mustardis is that clear cells. 1'urthertnor, Ithp humain dermis rare'iy re-
animal skin usuailly fluo's not veirate. Exce'ptiomns to usets with necroisis f motre than thep mitre weiperiefi

(~~~) ~~this onamattiem are fiteeibe' leo.A a x ayers, whereas in animals (1).immzry nm~is h
pianatictm fof the alis'nee eOf resiede formation it has dlernml ekstnrietion is mitre extensive' and fre'ji~tttiy
been suggetd that animal skin, Imertume (if its thin the entire thit'kness4 is reulamcedlk by nw esmmmmetivc'
ep~idesrmis, is so completely roaiimatedl that ex~tensive tise fluting the( healii premeess.
tiretimnmdation of fluidl is impossible. Thie inadeqtuaCy EIAINfrA iASI
of this interpretation is madle evidlent bty the findling ~SV~IX4 XML$m
thait vapoor dsusags, ranging from those whiich suffie' 'lie .'mitnceors injuiries protmoee lin aniumls bky
to prswli'ce only thmre'shold injury top thse~ whieh ve'sirant-Oi timseall3 are- not clutni'teriueipi bI tie e.
destrov thre entire Akin, orelinarily do not rnmeirme vateel bliters thiat are- stich it prinent feature in
vettiele im ft- ustially tetes: are'as sfi thme, miotv seer. liuris f hutnuin skin. In it umimer f investigamtionms,
fare fof pig aned other aninmls."~ It i'ums not IovNI1 fle.- hsmntever, vesieles fir resiee-like stnief'tu's have lieen
terminedl whether the abisence of rcsieatism in ani- obsaervedf in animal, bird, and frig skin following
maN', i's dime 1.) the elicitamtion (if a differenit kind of applieationms of 1I, L,, or 11N2.2. C4,A.. .4 0 ..
Pxullative rflsjonit'iortmfirmervond 1esselestnietilh in1 sosme f these, 43""' iitooiesd e'x-
antehonmge betweeto the epidermis anti the corim. aminamtiotm revealetd that. the resides had tloe chamr-

4Another grsw differenre is that injuries sin animal aetpristir intra-epidernul stemeture- of bolisters on
skin useuuily develop andi heal motre rapidly than heunan okinA.?fr4d1.Is? In othepr instanves the epi.
romuparmabir severe ijuies on huiman skin, even der-IMis remamined intacet :11,4d the apparent blister
timoig human skin maky lip the more suisceptible to w-t-o meaduy the- nsmit of greater fluid aetiumlatiotm
injum.'2-24-27 In the nuhibit, for instance, erytIlmema in the( ecorisim than usoually climrete'rises the edlema
lecom"e visilie within i10 210 minutes4 after tpplica- of injotrd animal or br kncT~s
tisun f liqidf .P.. A part ie'uuirly interestingt example of vesi*.it ion of

* Othmer iitfers'aee"' andl similuirities betweeno If butrnsg animail 'sin has bepen omservvid in fte rs'g',rating
in man a'dl animalst (ralbbit, pigm hm:nre been fie- epidermis of the- gutineat pig.31 7Therudu bmumrns were
issriloiil as folloiws: matde on tie hatks4 fr guinea pig.% i thep application

1. The early nuienroopie f lewneraie ive ngeo in f it heated irwon rod, anti time epidIermis wvas then
time- epidermnis are simil:tr in lte ftre species, tend sernujms'd away. Altot 8 ehays4 later, when at with himl
lmuimumu lestioms of time mild ained sev'ere trims' btetr a fonnesl twt fallen off, the r-e'g terteel epithelium
cle srbmne It Ith ia~rrs inaling uin ima; lesio ns. wis4 fito fie we'astile'rabiy t hickenedl ad tat ifieel,
E~Pitiuelium in tim.' hitir folliele's i' destroyed t smeimt resmblimig tihat efi mian, buit. lacking imairsemrifemeu'ou
ime samne ile'pth in mawne 11 n1imtils, Nioi ini animamls gtlands. Applieations f smtill floeqs of 11 otr I, sit tie
there is a greter teneleney etim.ie part f thep 'Aiir- lite pitrwse'd bolipiters after at itteme'y elf ON-veral
viving femllit-idltr etpitmei54" to it Ivrticpate in the hmoumN. lie blisters wvere not aeccompanmied lby time' in-
hmiiimmng prexes.4. Wownse lermal edlema that ewemr when lte vesieiints

2. De'rmial injury- in the formn or hypa'remiia. are tpplieff to tie noirmal, very thin epie'nim. f tlit?
heme'trrhugs, exmltiem, ati nerosim is more pro. guoinvia pig. Inmm-mute'i s tihe rege-nerie'l epitmelcumi
mmsmmgmme'e'l iii mninisuls t han in nuan. 'flipe more se'vere ismckee bair lolhielp.'s ir glimnes, it. is obvioeums t hamt time'-
tin injumry in man, time' momi' qimis'kl delse' iyp're'mits ve'ientt a l lt!ieatrsitesh time' ePitlimn itseplf.
efi time' es'mm trm irticin give way tom istlmemist, wimere'as Inr-'mber~ l iste'rs vani also lIm' pimniel on
in susimals le'sionms f ime'rem-imm severity tire' eimmr- time skin f fti natmomsry gliesel oir luetatimg ioitle's
*'te14rize'e! by~ ine're':iing byperemia. A sigrificant bwyatpphetationms of I[, eitiier us vtapor for isu ii
amsieknt fof bl'eeding rare'y aiesru frm the rapill.rits 'lie epice'rm'is at andi near tie' niple'( i'o's~s it
in hmumsnuan skim,, itito iniioumls de'mud Iemorrar is thicknesso andi stm',tifi'ttimn similair its that of iimtiit
ain e'arly anti promminenut manifesiatimt f injuiry, skin, wheireas: awaky fremn i te nipple inil ton mo~t ot her
l.-uifutiem of whmite bleml i-ell' in. eilinrerii an ini- partsof tin- imeidy it niimfisto femiyemow'ar .we linerse
elimi.'pimmstim feait~r' elf oninfe'te'elI rutritae injuiries of emll mkilmil rells. Time' epilm lumen sfo Imen skits eof
in man. 1mm anminilsb em the- other linac!, the damage's! the rabit'si ear sih-ao tipu'come extent rreoniule's iutt
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f~linn ki, nt blses hav bpe Prs m top my ir ithin 10) minites after aliieatiom oft l1Ito,

it lkw ap~plientiomls elf it ndtL -I " In the raorit rabloit skin; if the ri'elness liti cwe'ly illIe'rewO'
the blister., Procleicl liv L, histtiesgicaI examinatio~n and W~ithin 1-~3 4ouin' theplesion is strongly dtlcrar-
le'mem'trate that tile large ae'e'emutation of thudli vatceI from tbhe suarounidig neornnel skini by toist'
Wa ititraI4'pifleriflht."41 The If burns were not exc- edlema. lii further 4our'e of tist- lesion hacs lwi'uu

einlicei tiie'c~uetli'IulY. iit~ilgleetl uutl cyolegle l oce'rvatiotts re'w'e'i

:3.!.3 Comparison of It Blimns itl fix1' following alt-rut ions Ii the skint off small main.
ihernialimuws mats treated4 Willi liq~uid HI:

4kne olf the impmssiemsf oceasiomally cited in the 1. In mice, t'yt~ij)lsmfit' 111111 iniclear chunge's %%ere
e'heinie'al warufae' litetcttiiii ii' that 1Isitwi ea wmore e'idcent. withlin 1t) minutes." At ticis 1mnw file nelei
slowly than 4vnismaly off'ver thermal louni.. It is, 'of bmAa ells 'if the eitheiueim hail Iceome' luyper-
of eourw, iliffienhI if ne-t impostsible tot el4'ne or oh*. chromsatie ati iiwgtit*& ins~hnipe. Within 21) mninute's
tautn eftilally severe butrns of thes Itwo type's. Ileiwever, the- Pitihlial nouet'i hadu hcere m f aly stwunken
;nvestigtwre of fi the scuje't elurinot Wesrif War It and i squtezeel againsti thep Wiil f file cells Icy cue'
have boeen more impresseel y a similarity than L~y a eumuullatiem of llroipie fluid in thle eyteoptaam. There
flifference Iii lelittg time between the two tviwsecf were true's of ilermnal eema anti evidlence' elf migre- --

lotirns.14-41fM.AI11wli most obtviouse eifl'erpneeI i n tiw tinefplmwhnccalcetenl histietyte.
latent peniod few preidecetm of( gehel3' ndf WMr- 17he nulei 'if thip ele'rmul fibroblasets were ity-niro.
ceositalv visible damage, anti therm are less pro- mult' antI shrtinke't, anti the tyvtoptasm hadI bescome
neltunm''t cliflerene'e' in the dletails of the- tissue n- aitunzernaty gant alar. M:olfilholletl e'ltagc's in thpt

cepmcu.' 3 "'It has, almo been notedo that treatment enfleotheliuum of the blewul vesc'ls were rnei obwiotis.
with p.-. ivir avidl anti cetaich pArt its mnow effeeive 2. In a Anduey em rats, chansur in the eptithellill
in remoninn the shottgh of the thermaol than tof ehemi- cell-; ui-'awel efection at 15i minutes, but tiw dlermis
eat beurns, anit that arromingly nider this treatment was chisareterilivol bky mildi, dliffesue edemans, Ptsarm-
fltheimcl burns heal more ritpilly.0- cellular ir~liratiotm, ndo hiypremie litedveefl l.

Within I hour tiw elpidprmnat re'lis had hceroine di-
n.. Earflest Morwphological Evitl'twci lortedl anti shcrinken, and the- eemnt changm' me-n-

of Injury tiemedf albove were meir trnounrei. In adelithem,

Atthoildi direct applicationt of liquidi If top living t here was evif essce of' elumage' tot the Walls of somne of
eelts (egin tissue eislturr) prodluces immiedliate the leceti vessls.
eeoaguluutien for ixtitiem,"" as statedl aboive sipplica- 3. Applicatioms tof 11 in an rwanic solvent lt the
flivm i If ti. the skint is fo~llowe'd emly after a roon- skin off mice ani rats Were folloiel within I houitr by
sideruble Interval In, grewss or elinlenil meimeleegiiul 11 flie 'ope of (it) ultervel staining hlrolserlips eoff
chnn-' of( at ;outholfweial naturp. In animals Oile tlie mitewconilritt in cells oft the. eplelernls andi elerinis,
injutry eteveloipee somewhat more rapidly than in muan, (b) smaltl vauole's in somne of thep basal epitceliuul
perhtaps Icecausp thep retatively thick keratinized eells, anti (e) the consicusouts alpieaie' eff nimuy
lays in the sk-in f man impctes- mr f a larrier kinpthaties, infdicative of anl voemzitssAnte.0
to tdw rapi rats- of penetration of appliedl It to, the
iinierlyinglivinogrells. In thisseetion will hepreiewjel 0-1.2A~ Cireolatory Change's in If Ii'simc
dlata fm the enrlies sAgns of injury in animals, not An important physiltscie'aI inwtlool foir tice stuly
Iceuseel om gtno... sati teyteiloeIea ooeraim.(H- eftc lisperticc off the smalnler Iloecesl vessa'ls depenel.'
panralei ryteoltie stitilie"' have not been tarriedl ot uipon the intravenous injeetiem oif bluen dkyes(e..
eM hiumaun %~in. F1he resuilts shoea thait evioeene'es off T-1921 eir E:vans luei) whir'l; pernetrute sleowly
injuryv eleveteip Withiit matter of( inueutes after ikp- theiuxii the Wall% oif normnisiltiillaries, bt ai aidly
liieaticm tof 11 to animail skin. In the following -fo'tiom troig thme Wals elf injiure41 vesmels. lnjet'tiout id
044lece 23.2.i) aibitionaul evielenee will Ice' prei-I'ntee! small tlewees eof smulc at elve' I-, rzpieltv fe1lleowe..l by te
thud1 htinutry eilfe'unecntrate 1wy piy~louiil ncetheivel eve'lonti off Won,. e'oleiramiece its re'gie4c' %tlcere ie
film), eole'vtelc vithiut a matter eof minute's filter all. v'sisaealtnesrinlly piwulieable',% 11-1-1. INr~u tieelera.
Jlilivatiecll off lit, humaisn nde animal skit-, lion fot normal reglens, I", le". initime S1111 eve'l-1ePil

( iii'l oble'rvultem reveals thep eevelopme'nt of morei sleiwly ('ire'eu.ttery Atjuli+ ni:!y 10. felenonptnutefd
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(&) 113.k thll in~jectionf f lairr fii 54'iof d~ye: nosrnmal tin-Is o( of the aeutiolls o( 1 it lai in it-' %kill s4sntrilititt4
skin then a~stiu a b~low coloratisiti wheres registi signilleantly to the( proweiint o(f ts1sithitlil andu
ill whirlst ths' sei-ilstfm tns tppptl remamin eolow- nernvusis. In any3 event., dleformationlot JE.I to htav~e
lie,. little-r tit etfect om the uwnstivity oir respitows of s~kin

Isie sor tifs nithiml lists 41plmontrtlE flotds fer tot 4,l~Itsi.e
aiiatsu ff n manl that application of liquid 11 to till A~ numnher Elf itwestigatomr haIve, Shouwnt that 11

skai I,. folloewE'il within tit mood. a few minutes byv the illimter Mld~ is lict toxie fir vsc-sit. lit tilitiiiii, it
t-elospIl~int4'nt ef gublnwmilly high permability oif thep hse wen sdeontntaed that irritanit s40stanreg li

Ve-siwis E(flf- ilrmist.4i In milns there is, evieene lymph Efrtining from :lfl 1I.tIreated ain *1111 Elf abit :fkiti
e~fiis~rea~w's sis itst -wmsbtt wit hissn t(mjnsite-4, sif'tl IlithiEietiy E'5neE'ntrafri'E sir postenitt it play fli

('vet thotligh i) ItretllblIE erfiu5EsI thltnt 515've'lnl imporlstnt nlE' lil itterraslitl ike, Age of' It, #-it touals'e1
wit-lig ls',es thani 1 2 Iiust.fl It;n rabits fte inereamp'il 6e4on.'T

eafpilliiry jtioreutility def5Pel) l ii v le i on :lijill In the elssEiotII littoJN' lit whiesh fowiptstuff (Craulits
(i.4%, w~ithin 3 5.i ntpes Er Is ).2114. 4  stoifuiE'sE e'visfitei' tol sihw Muist tlit- cajiilary Elhtli-

lii ifltravrooiittS in~jetion iCs( re rar so 'isnionh tioni stuff inraei capillary pE'rnwallilty evokesl in
like-wimp' reveals tlint ini mirE e il lenmuti Elljpilhirim' iskis, iiimspol hky mle'E'lhlnifll uint tliiirmal tislimia son'
have- noesumesi almErmal IprsiN-rise within 11l muinottes stitse- to the Ilheratiom fof a histamInp-like- osoolsnut'e,
ttiftr applicationat(of liq~uidl If tu the olverlying s~kin it wtu4 fils piolptl4P51 that it similar meE'laulifnmay)1,
oforfare." The carbson piartisleq adhepre to4 the essls- undierlie the ttkiii-injurant netimn Eof 11 ansd other
theliumo in lairr quantities than in normtal stream -if vesicautst. IA'wiis' esmeept, ast well site Alentkin' mitre
skin, ineiissiting tin inerettAss stickiness. At it some- tereist wotrk ti Iliohemietil units in inflammatory
what latter time booth frop andi phiagoetspl partieles exsat,,"" have promptest ftarther similar sugges.
ralop Ms ent tei have passeil thstimig the Ealla~sry tisins4 :L4 well as a limitied %mostint eof extprimental
walls inta the Eternal tissue. Work uuith regard tot tits' rol- plycel in the feve'loiI-

lit splite slf the ratid eelospment it injury tem tll- ment of veicant injuries by% fieontmlarily flberutedl lin-
ermaiil ve"+e'i gus nevealesil hy their increasee l jrmuna- jttrioupss ,ubistant~.'

Wiity, Pireuilatory stas ise- nI'Sot develt of in rabbits In r~fmW, it may Ile stated tt there is availtdlp
for 3 12 hsmurs even in skin too-verpty Iirx-i by atp- nE 'il ier rithier flw sor agaist the jmurticipltiom 4f
plicatismof 2.5 1.5 mot of liEqid IL"- O)boopmatisms tim a quaickly flierate histlamine-like souhsvtsuse. Witli
human skin are lar'king except for an isolatedl olseer- revartd tot Mettkinttsoultottanee's. whirls art- not hes-

ltil."'In thl- ins11titer a s4mall strop Elf It wg55, liE've'51 tom Iw lentlseul with IA'wilE' hitamitlike
appli Is. till, foreairm andt eeseaminats'ei afts'r it) materials It lansw Mfemoienmitrtf'ltt ielus'tAxle
minutes4. lFrythema. leame apparent after I..i hsmirs like- suhsovtance im present in blister fluidl anud in iskin
andi a ltister hail ieilcoltrl softer 24 hsours. Ilse injuresl by vesieanft (i.e., If asi *M2,~ Teesw
4emal raplllry sinV ;itn asg o~loervs'il mien,- findins leave hsl tit thel ronslw~si;a thai. Vemisit in-
wesipjialky wait vigmnott- dturing the :4tte of erythem-t juirits develop lwrvsw, thve neim of resirsints (e.gt.,
(1.-7 hoes). It WaWs also irMSwoo whern s'xami"s111 ii t the skin irlwntten injuriosus ieurtotnoinf.-
after thw ""If elf the bllister was removes iat 21 h-owi,, R~e seuhsance.6" In the reviewer'so slliniom this; esm-
andi wans routinuint tit 31 homurs, aftser whicls timetsfltt-e clusism, althiougoh not. ns'ssissnrily entirely inceirmtet,
Irlo ilerit'i ani Iuscasnp opaq~ue. P"reisomabeoy, e'ir- At leat taskis foundlation. T'11P j)rE'Wlns of at ls'uso-
4'ulalemry stasis wounl s p fsmees tim dlslp more taxine-like sit ance rharet'niss stl typeN f( ell-
rasiiitv in ft- s'aao of sevs'rr injuris's chgttrsrtl tanvstim injurv, anit in vesicannt injuriest l-us'staxins*
bky 1ce1eiulatisin nee'rsmosis. hiow lwn hsueks's foor ansd fund only after e'xtes'ive,

An impewoitastt. saffi tistailsi sotgiky of tlis'lop~t- imiry hans already dvesmpeel. Ili-it its p)Inesi'lE sir
int of Eirculam11oay su yVmphU'ic clutngt- in vsi-hitt #of "ninenomin" may influene- tho furthessr rosms
srsnt-tns'attesl nilmoit skio lists Iwper madse 27 stuff tslosildelof injury iltvielsmpsns'nt suff hs'gling rsinso li' spists.
1w mIsolt' its fill osillsI ty rs'j.t'rs hnusts'sIr Inl 11 i tia I i l his' ' whsirs' dirrs-tlv insols'r4liet- Ii-
flii, 11iissE'6,4 tlts th 'e .iragi lorElillIll. Wt~ill fsir.'Elil)Itltt ofi t-516110lsils. -0ng's, howesvesr,

it msi1* PlIe, In- "flnosl titti inje'i'ti'i It lrivwlttrils im- nifty If(-egutim s n. IiOs ahessof situ sh ii uajortiuig
m1i'4eij a llolsolowist e'ffl!'ts (OVss'e Chapter 22s. The's' eviolettee, part isultiy s tlit- vc-Aisiagtv arn knoiwn to)
444T4-t0 "illy for maiy 11e1t log- Isfs nisnl uuith e113P IW mfoe Mar't 1 n1iliky Willi anyl. ertts'ssirsilip oH1)f type'g;-
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.IPA; MFEIIANIAM or CUTMOUS1i IN4JURY BY tlt$T%4 1W'4

Which ue of vitnl Importunr in cells (si'o Chapter thivis In. tile clennls. (2) A osidnl&bio' Itri. of thep
to), 11nal am. the firft evidences of Injury(eg. In- davnag su~stainl( byv thip oermirt after expoisurei of
creftsedl capillary peormeability) develeop within it intact skin to It may bet dite to the- destruction of 'ets
matter of miniites after atpplication of fte vsicant protective eopithelitim. In the burivid skin e-%xri-()tot the skin. Iloioever, it ling twin shown thatt it ment.., it new protective layer wats it effeet siluhnti.
proteinasev which is quickly libefrateol from skin ftutedl for the damagd epidlermis andl the( imajor
treatedl with If can art, uimo skin in ritro tot prooltce dermal Ahanges usually aiocriltiei top primary Injury
ltoveotalne 0"18 (wo'e "etm 23. 1.2). by% If were mlnlmlueot.

2326 Reottltst of Skin.( raft ing 2.2.' I'ottihte Efteetit of Vepicants on
lw~vrimentit Inte'reeLllIIlar Subsanc

A stigtostiom thaet t-he death of the epidermis fot. Biritisoh investigators ""'"have shown that lperfusion
towing extpsoare of tile skin top If mayv Ito secondlany of the circulation of frogso withs Ringer tolgitiom con-
to ife-rmna injotr, rather than ftie ft primary injury tamning both It and a colloid (to motintain osmotic
of tile eplithelial cells Ity 11, ledl to the lwirformnance of prestire) Ieolsafter a time to the formation oif edlema
thoe following excperimeniti.18 Two of( foir sites oin el l n ciutan s viosiloov. Pe-rislom withs Ringer *tit
of several shavedl areas (if skin In young pig %vere tion itself leads tot thle formation Elf greater enmi
expooid to liquidl 11 for 21) minsites and then iltecom- b)it no blisters develop. On the boasis of t-es olisi'r-
tneninatedi. Fifteen minittes later thi. following opera- vationt. it lies Iteen comchtltfed 100 that, iniereasoeol
tlan wots performd, ituing asmeptic suirgical techlniquie. aspillary permeabnlility leadling tot development o':

OneP~p"l itewasleft. imdi.stuihed its a eon~trol. vodema is not sufficient top proxthice vesication, lstt.
Thle full thuickness' of flue, epidermis from the other that Ii mdltiott If must primoince it decreaion ftle
exiosedi site and from thep two itnespooed sites wat reistance top the elevation Elf it blister by altering tile
rePMoiveIlwith a sharp nknife-. The,.,' grieft..were then me propelrties of interrellitlar filters and/or omenwtt.
placed lit such at way ats to lye sites wills utnexcpos'ed l*54lensive experiments which miv houtr tilt I hisZ

epierison inxpasel eristaoeposil epdri oncept have be-en performed cont the isohiltad bteef
*oin exposedf dermis, and eoxpioe eopidermis o tin es- (%e31.Pd~ Exllpsres top 1t vapior att Elosages suit-

poisedl dermis. Thpe area of skin containing the foir ficient tip produce severe clinical injury in living
sites weas then isolatef ats an iWand byv cuirvedf i- atnials r( Ait in amarkeff IEo* in thelwthivenessotof
sims and coveredl with it nonirritating memlwrane tn the elpithelitrn. Thle loosteningX of the epithliiim, asJkeep ft, grafts in phla f snI protect the surface. Te testedo bty its resistance to mechanical scraping, Eldes

ete to(flthe skin adjacent lt thle islandl wen-' then ntot otweur imnmeiliatioly, latt only after aon Incuipation
undfercut and broqlught Itogether over it. 1This methlil gxtrhool of several houirs.. It dit" not develop) If thle
of burying tin island of -kin wag at modlifIcation taf 11 vapowr ilasages is vefry% ilwut (i.e., exptotuarp tot matij-

hanrvey's teehinitpie.4" ratedl vapotr for I hosir at -22 C'. RXsermntts witls a
M t-ast somse oif tlt-' tritunsplanteol epiltelitl ii'11 vaiefity iaf pAmts tunl oier Puibstsuires have' beil ft

suirviveil Ilill It tione of fte cases in which an tint. ft-e oncliision that fte loosmening Is noit bssed oil it
expooi grnft. wats plced #on utnespoom it vorino ime clos'etings- li flip pro (-rtks of material similar lt tfeip
Ppithltil cells Aso stirvived tit least for it time Ii interetithar sulptstance of( the eppillary wall, hitt thint
Instances %%here tnit nexposed an'ft w-&% placedl on tlf, toisening maky involve it chaenge in thle properties
expoloeo eoriutm, and the( Izumelta of grafteil vontain Elif the cell1 sttrfi'e' itself.
wits also re'adily culpabule (if suirvivatl. Oin the other to i
found, the( elpithe'tiiim underwent complete nierosis Ii 23l.2.a R "IsIItt,
tall illst:unoPPA Wlu'r n ooSiVN11l4 gftf we ss " leei1o 1111' pss1thologldrilt findings. sitmmariw ol :,love. boil
tinexcpiosed ctritim. It wzsalsanotiolt flipathooltOugal ft tile rovneept that 11 andoltother vecoicents exert a
changes in the fierial tiius of the huricul, tun- rapid a pritiuhbty itirect intjttiouis action vipon foths
gnrfteot, exposed -414-, were t.aaseololky mitre -wven' thoe celts of thoe epidermisa:nol ftai bta.;,o vesels-, flood
thson in flit- case oaf similar itnilaurieff cosutrol sift... pre'imalply Amp upon shei other eluhir eliemenats of

Thle exiiments le: ft thle foillinving eonlu%ions: tloe flerii. lin pzsl, at least, flit- diely in flit- poliffi"-
(I I pidteurmis expossel to, liqidio 11i.. killedl diretly; turno of sifass olametgv is to beo r'litot it a deoy ins th
its otth 1% not seeioary to. any eAwel that 11 pra- mateifcstatiion oif injiry rallier thIs t dftly in tflue'
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initlil preithieftMoh tit injury. As tile leAion eveloips, amount. efi fixed II. Fusrtlwrmeore, till ilse dlatao toll flat
however, injisry to~ solme parts tetftip skin, may he'- proplerties f fixed1 It andi til the reae*tiout tof I I witlh
arenttunte a it restilt (if the patholicdal ehanges, iliolItie'aIy imptortant. chlemical groujil4 ((Chapters
perhapis involving tile ile'ratiern eif see'ondlary toxins', Rfandl 21)n'ait Inaereorutwlth tle conveit that injsum'
lit other piarts of tite skin. 11wue IrohHertles fof n some- ie s e'un' oft fi xali f~ tioU. It laAt not, Il0Wevepr,
what myvsterious intereelltular subs~tmnee maky also lie lbeen) pissilile to remove faxed1 If from tIhe skin 1wy
invellveti in the mnee'hani-im or blister formatitim. Means compalttible With CCeII life' andi so to determine

Datone the fl istrihutiem andi properties f the It thp eflect oft its removal oni the severity o~f titw en-
that is fixedl in the skin aifter an exposure stronigly siug injury. It is highly prhh'that. tile difficultly
sujpjilrt the econeptif that direct injury is suostained reversiblemetierndoft wit! It sonehffssii ilopuents1
byv the ele'ments f hotlifthe epidermis4 andI the dermis, vital to lt lift, of ce(,lt lin the( skin underlies ti1w skin.-
and that the initial relactiems't whichI evelli idly cuii- injuranlt aet urn, but it should bet ree'oguair'l that no)
inate in gross damagr tire' rapid. Iliee ebbt will posit ive pi'erf is available tot shoew that other swtciont;

Ibe stummarized after informa~tion relating toi tile rate f thep 11 passing through skin sire no t respemnsilile for
tif lienetralieln ttfite skin byv vesicant. hs beven the development of injury.
reviewedl. rhe' diffic~ulty, ait present the( itneimility, efr se'

moving fixedl It from the skin by M MSV me n ll~ e' til40

23.3 PEN IETR %TION OF SkIN BY wit!h eell life is oine oft the most. impiortant. genenilima.-
VFSIC NTS ND MX L FV OFtioss emerging chusring World War I I 11roM sties- on1

V E NETRNTS D VN)IENU. F TS fli't-e MeeThssuisn ef Ves4ican1t ation. A% see'onif generali-
I'h.N EII T~l)1'EhC NTSzitiem oft great iniportnce' lis that, even after nut-s'ive

When IL drop01 fi lifquid MAesint is 1)1s51ed oil the skin conteisitlo,, with liqtuid 11, Iwmmit skm eitotains,
andI is left uineovered, it simutltaneou-ii1y spti'*tls te. fuel api-csilile amount (relifrvesir) f uresicted If not,
sorme e'xtent, evaplorates, ande penetrates.- O nly the raiyrievbeyufw'ee'nsmniia(~',b
fnwtiem that petne'trites, can I' oft sigificknce' few I reatment With 11 solvents surbl its pe'troletsm ether).
injury preidaictian. ;)f this fraf'tion some reaects with It is n' coerollary, suppiorteel alsoi by i~reet. eviene,
Stnff beceim-A "fivde" by noneliffiesing eoenstittients that tit( reactions resuilting in ft: fixtation of 11 lkv
(boith living anti tee's) of tile skin. rhe remainer skin constituents flecur, pnu'tiecally spleaking, almost
eif the piene'trating ffaetimr passi-s throtigh te' skin concomitantly with eP~toure. laa bearing ugitun
anti isl carriced away lby Itimly fluids. Pre~sumahk3 that th~ese twol ge1Mnealtions Will IN' presenteel inl this
whicht is carried atwuut is, partly in tlie- form eif tin- st-ttion in I i- detWm' of it systeniativ icuniamary oft in-
reacted vesicsant, patrtly isa tiii' folrm (if lsyereolvtie folrmation hecaring tin tit( li'netnsti',n of skin, lk
preselue'ts of thel vesientt and possily partly in life VeSie'ant-4 and e11 the lItctal Lfie oIf till pesae'trateei
form efi ves'if'ssut. that lis rted witis fliffusulile moleculesA. Stialies on thei' ee als~o sd that eonly low
moletules other thmn waiter. C e'rtainly 151t. elf it ite in conveent hit ilms are' attained lin the vornea il em x.
a form that is toxic for m-m- oif ftat other tismites oft posure be. 11 and! that at titw termination oft e'xposure
the( beuly (s'ei Chouspter 22). thel- free It within the( time rapioly~ dissiears."Im-11

tIt is very like'ly that Plutluteella" inljury% elI ops111 Wt 2.. eetaindSi
at o'iaeuen 'ef thse fixation lif till ve'zie'ant ill tll . .'P nerin r kn
skin. Strong e'vile'nce for this c~oncept in ft- ecase oif (;iExa.:AI I)SuEseVATIOINK
Ie'iiSitte (Il is pie104esl byV thel' faei't thaut ft-e se've'ritv C aimilatioms indicate thast 111in asmallI fraction
lf vutzaneoi.- inajury pairallels the amoiusut cif :tr.ernlc efi tile- meilmcies eof aL ve'sieant 13lldl5 aich ii', rike
fixeel isi the'- skin and that injutry may liN' greatlv ne- the skill are rettkineel I-Y it and lw's-t'trsste; the( great
eluceel if, asfter 1. hass becrome fixe'el in thit' skin, it is nmjority are reflemede back intolt- guts phase'%( over-
ri-melycel from its :u*'ewiation with, tissuie e'ostituent-C lying thle skin.74f"
!kv thit' aections oaf elilliosl e'dlsimpos. e (e'.g., 2.3-flimer- T1e' e414c64 Olf a ligislifl vC-it'sint suppl1ifel tsnceVej~freel

vosptelprolssanol, l11AU.'" in .te c's' elf It thle're is it lt fite A:in are' ele'tersnli,,ee 1se0t onulvy the' fi-itrin-4ie
gresut els':slof tiiusl'e, to1 Is' eserile'elI lw'l , thait. injeu-ry-peinsg jieotese'v elf t ie.- naelm'oult's thlat
showts 41 oemrr.ationa lit'tiweml' st'vi-rity~ tif injusryvi in! m-'st-ntle fihe- -,kisl 1111511 lo byfhle vefdatililv o~f till.

v '4~~~~o sul~:t'teai (mit wS. veie,ssI') '%tqzs x" 41w~lel il-3.5, rates.. Voliatilitv woeuldi tnot Ise (if' ituplrtune if INli-
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rtio oif evapairntioai nitt' top penetration rata' were Ihp laek of iliility iii water, milst. a'nta'r tdw Akin
.4ine for vesirants. of diffe~rent volatility. Th'lat this throtigh oily rhlinena P-taaih mm might lot stipplira 4
ratio dliffers with dliffernt vegiefant%, however, ist n- the mveretiam of( the aaehareoaia Xlawahit in anal'annutild
vealtsol lky thei Holdhing that thle ra'liie paitenelie of hair follielect. 1m, bulk or( thea avilale eviahenvit,
1111114% '111lmj 11iih oIf wil lldffeintg volatilty tins how~'eer, ifullah fin~ ht 1all patrts if ta skin siufal'a

.2 liffe.nt whlat *vajmiatifiit s pre'ventedl (absa~oua tin are ileetrat'lhy 1I11a11l othepr vesie'ats:
vegialy) that when thip liquiidl drops an, apiplical 1. 11 readily )sn'fetflatertit, r outiniotts ktintiai.i
aneovve'a to tlit, skin (empirival ve-4ainy).U.3""4 shenthis of feather rudiments4.1"' It alsoi 3H'ie't rata's
I's' (e -e Table 16.) 9,tit1 plilit' veisteatin fof areas of regenerating

Illici large tcloses (i.e., tievenal nig of If oir tlit- animal epidermi:s whielt contain nill guiadst oir hair
nitrogen maistarals arev flnte4 fil the Akin of man or folliclett (ee Section Z1.2.2).
animalic, it it spossible tot ila'monstrate that raonw of 2. Itaaclio-antigtttjplos reveal tlint, after exIoiinl-
Il. (fl-t, 11t ag'i srht" fil thlp Mkill foir It long list tip ralaosu'tlvi' 11, flit,' a1g01t. 11w R%441 tlaramglifamt 1fla
Piv-u Ho.~ Ir ~ .~'.t ld tnlIhat in the'- entire ejpidearink, naot only lit aiald allmit glads air

ca.-k- of If byv far thep greater propo~rtio~n of the( total hair follieles..'
diwa'q ,alo~Wly 'aarte.' 1 ' When Small eloe Nr 3. Thie toet of a41-i-alithle dhyes 131- anal oif very senisi-
jilata'h an fte skin, tlia' cote'timlraneou-5 proiitases of tive hisdtaheniicah testts fr friv 11 -**w'is deain-
e'vapoiration santi ;wnetration air e omJ)etril moire omstrate that oi.albemolavulvit inaliiditig If ifia'lf
rupidlah- 7 l Te availablo' flitaititsttiv alata for ean, after aittatioutf appliaati-itt, Ise Founal tot have'
humamn skin arne s.,mmitrizeal in Table 2. The1e datta pieneatratedl tlintithoa, tiall loartl orfite epieerinis.

.1. Addaitional otiggesatlve (,vioeant-(- tiainf, fraun tit(-
Ttonxw 2. P:vn~tiavirin is( iall al1tpa', is ticqia It i na findftMin at tlit- rubbiing olf lainalint intafi t-e skin (to

t'uuatlin ahna(n 3sf i h'ilniw~n ~I~a simoute the( pra'ei f fatty sieamtos wieertiont)
Cleo- fain'nrni byv nwni 4i Itt Ilk-ngwda minilll tina dhe clasest naot have muah effect in altering the ituttee'hti.
atnvitlan a'vtnintinX flica'rnewl lay tolAtlaMi nn~h nimty. bility aif the skin tot injury bky If vapwor."t On tit- aother
P&l %it to PtithaW aairwt ~ . -ulm-i hand, the wetting of tlw( skin, with water air with

Toweut nmisatin Time fearevalvau- artificial tmeat, which alters thep physitcal state aif the
.'dflwe'vnixtuing"f rniaaia (mn entire etornifirel layer, marketily inartia" thep tomp'l-

Noti'v s. air ntl tibtility to injury lky 11 ana lte nitrin mitranM%
Am-ii (iluli ata ninar Iiire Wn .Aztav. *AV mg;n~Iate It may hats noteal, however, ftatiitup of thea dlata
11 0.17 12 713 12 1.3 41 ,aaiaa'r fit ilatertnlne witethe-r the entire wirfaca' of tile

113 .4 11 K3 I I I + 2..% Aiun is qmfiledlirdyn uifam with tqw '.o pnetra-
t)N 4.4 14 '44 In It 1 n -1 hility* 1w vesic-anta. That fte regiam af flit hatir faillia'la'1

Ik% AM ffeneui4"W M.is. ain ~ai lve a t n -~it a'i 4 *.I aken Oil, t. (inlt whia'h theiw aecams gtlanii otpm may take ilp
mire vcicatt dutring it given expeastan tihan thep in-

for It anailI1N3 fail to a vveal that, uinder eamimrpsle tervening ati-is of epiadermis, for that the( faormaer re-
aenlitiam.t, Aigitia'antly aifferpnt jN'raentaoe orfit-a Woanas MY he intrilnsicallY maon' ,auraeaPt)iha to injre
twao a't 'aul nit utth e n4.,at~S (if If-Stin 411 1s11WAfigai by. t11e aeapa14ilmal fl-eelopma'nut fif fillit.
mice "a.- inlia'ateal thant .50-55 pser rent orflitia' o. tar cerytha'mas in tha' abLaencc of at OiSHbA' "ret jam ill
plical H.%"3 antial aot 70 per cent of the appliel 11 the interventintg aa'a.-c of thep skin.

* a'evapsorateali tanaereo'mparabl' eonailitiin-4 f floiw rate
stuffl (J.ra-aunaloly) te'um-entiue'. Tis huaman elite, alap lN~fxTR~Al'aiN ItArE
salt'st, lhawvat, tliat at grointior fratla., f the till .A nuitathr of 1st.agahla' hutie ls'titla'141 forf lie' Bali's

l~llal 11evajciraeal t thehigh'r o tha twe r a if t Wiah'l Vesifaants are takae ti the skin.li ha
airflow. It inay aainfiala'ttly lots e-xj'tel flhat. gn.'tta'r east' of 11 tha(.v mi lbe a'ainvcnia'ntly butl rntghaly
ela'hape f ahirlaw ;velawity woatul ra'slit in main siummarispil by t ha' 1stt'ma'n thmait fila- ratae elf wa
proura e d uti ariatiaons in pe-r cent e.vatiotitom.2: tratian oif litaman Akin by tlit- liqida or saturatedl

vapmor at rom tempentunaas (e,70) F) is aif tlit-
e*I%% AO EXTV tinder aif magnituala aif I I ult rim i . Under thiew'

Iroint tine ti, time it lints boeen stipga'steal thint 11 a'e141alitilI1a' a'I14114stuu r of cmny It fc'U muinatta'' ailiaratjam
anal tila, nin nit mu? it., 6wmvnaat of the'ir relative saiflica itsi pruainsile.hjIarir. elf vesitaating --eva'rity.

* * *RL
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The::', thser amnount- #11 t~II.iebh must. he taken tip IT TAUI*v.4.l''tilm uIunu aNtnmhadabyleil
the ~ ~ ~ ~ ~ ~ ~ ~ ~~~~I nki itelrt rener'iete : xrml futiilime ot tcMairatoim'."ttwvokn ; fmer o pothre esintin i enminly Tho aplllne, *aee in shlallow Milom 0.43 rills in nama(x smnll (ie., of the onler of mnagnitude (if 10) 15 c amunigc. 1.1 aug/cm, ctl lii It.

Ik'on, rreiewing the thita, Inf ffWteV ietttii it FnrhwnwnIit Ain Aenifieni is( 11 gIWeflhtiseui
ishiilil fir, emphuape'vI that in eneb i-pivfir a eni'are ~t';e~;rtim nm
must15 for taken 4., clefIne what. I:' iit'at 1w% "pseneitra- .- '---nt)

'jean" f the skin. 44
71w fineit quantitative tlity of rutaneouis pernetra- 102 !r 70 11

thin wits mafh' lkv an DII ~iiio 9 grolp at 3141
Ilarevani with applic'atioms of liqeuid 11 containing 11111 1114. *320lo

320)radiuoactive stilfur (SI)tAM!.I* The s'ensitivity of the 7WS245 270
methodl limitedl qutantitative determinations ft veo- 2J1N)
tively longe etat"r (i.e., I houir or mome). Flowever, 72 113 2M) 220)

220
Use ainmnt of SO~ fixedl in the uekin rostl arvitrately an) 90.5 70) tin
se deptenninedi for morh shorter expootcirce. Thitis, 140)

from the latter tiata, an estimate ran Ise made oft the 2K.5114% It()
penu'tratitm rate for the( short timeu' if it bte assimeel 411 J 1 70
thalt the percentage of penetratting 11 that tuecunes 70)
fixed1 is the mine as at longer expueture times.

In the definitive stues',, liegatid It in shallow, L. 11we aVerage penetration rate (hiring the l-heinr
clot"a lipa wase applied for I hosir to the abdiominal exposuire wait flcpetaeient upon the aeperies andi upon
skin of men, pips, atil raWItN. in each cae the the e'nvirommental And/or skin temperature. Ilie
amount peaetuiating tluringt this periodl was; definedl effect of temperature wais more pronoune'el Inl the

athe differenee between the amouint. of I1 in the cup easet of lte jin than for man ort the rabblit.
*at the beinining of the exposuir andi the stim of the 2. At a rtuwn te-mperature 4f (1) F, the average

amount remaining in the cip andi the amount re- rates for man, the plig, and the rabbiit were 130, 40,
mo:veid fromt the skin sky swabinghl thime times' with and 3e) Oxg cnwhour, r"speti'ely.

rotmsoedili petroleum ether at teend of te 3Atapproximately 1(X) F1h" er-onln
e'puer.rate% were 3310, 250 andi 850W pg'n or "

?.e~i~u2. lhamual ntu~t em w'n'rnhin nd eenl f spetivel..
getliqall I atephilae~nllemla~l kinUt Ihfenaai ~ Simlanr tbut much kewe complete dti Indirate that.

few I hue1r101 the, pe-netratitm rate of liquaid 11 into pip. P-kin rcinats
- --- - irlatively romstatnt for expoittirep of lil tuo is houmrm

1Envinem- Pcwal. 1 latent- r filduration, one! that flt rate oif penetration of If from
fruit aiipll lt in riri"1g 1 it atiieu'ao is in the order of OA.~ 1.0 times as

$iwercq. (F) (11w) lmerfox) hmFlucl inI':. ralpidl au that f the liqu~id at thle- same temperature,''-2

Mien e 4) 11) 12In Coaitutu e'xjIe'rmetits oin the penetration of(
24 it ra %kits by raullcaotlie liq uid 11i 01 tite' skin willgnot,

lt ati (1 ii) 21 W) PgWobb'el with lif 11 soAlet at. the rfl O ile cx-
1t~~e~ia on 21 pcasurese. Instead the skin was lcutted thie times

4)111i 310 04 Mi 9 1
24 0 with atiaorhue'nt paper. The' udata, obtained finder t heste

%inn, 10(2 11 330 12 1 t conditions indicateel that the rate of p-neittion wits
24 2 ) initially Ve'ry rapidf laill .'eubKeee 1,ently fell tif H s oat.
24 0 the average vaelue wits 3.1(X) og em-, hour feur lt- irst

"~t:II IllU) 0 9730 1 Se htuesr anti 2,2(N) #g enm 'hour for tlhc' first 2 letine nse
240 re'viewue'r eousiers it preliabie that uipon r xlosiri t

lii ii I the stuperficial layers of tile- sk:u ejuirkly
From the .e'akt, some of whirlh are pr-entrd in take tit ain aemount. of loo""lyv held 11 tha~t ik ra':nov'e

Millie's 3 andl1 il, 'following eonchisioeas may bte fly swabboling wvith1 If vo;livits bill not romilc'te'y
drawn: r!"movi'd byv blottings with, alimiruc,t paupir.

SM* I.
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"Iliei ltist thorouigh studly of thillt' os(f pelwtMrait ttio nt pass5 tlirotighI, he origin. It %%~ -Altwsle-t.(l tltt
of Iiummiz skin bv ftrl w of1 vesieant-S h111-4 ben this1 Might Ill 1-1111*4 byV at 111~Ietioul onl..thi, skin.
mnade lky applIAng the stiiurted' %Vapors f several' surfae f an apopmrcmbk' .uatiitir flhe ait its ait
ap'tus to skin of the foraro."i A vi'ly precise Anti 'sillt of rapifd jhyslent auisoriion oir diemietal io
delicate techlnique long befen wokd oofutine call. bsuat-aon.

btehin -htah. It is bitedi on deternuinatiin or thle 3. The rentults with the relatively volatile ethlyl
amiont of vesicaunt limt. troon a "penetration (-il)" 0-chlothyl sullfidle showil great variationu iviti no
duiring a peridl f application ft thle skin. Tlutis, thle satisffactory valuie for it pe-netration rate was oh-.
amount penetrating thep skin is defined am that taken tamedo. It. wain suggested that tile skini nty absorbi
lip Il thle "kin fi.e., lst from the Cup). Poaitile losses anipeibeqatt fti gnsm fwhh
lkv evaporntiom frorn the skin after thle cup is mc- Is lost bky evapioniii uon removal of the penistra-
moveti have not beeno experimnentntliv investigaited. tilmn cip. Another complicating factor is th fli et* The techlnique, bielievedf to be- avecurate to I per cent, taim datl tralf.mnteporte
has not as yet been fully expilited anti shioutld prove sttbjee-ts exhibtited an erythemna tt thel exjpimisre site.
to bep usefuil in further vesleant studies, as4 well ast in With the otlher ngents them' Was no4 1lMmedliate'1v
Investilgations ton less spill uedli~ aspectfs fof skint visible, reartion.
physiology. As originally devispid andi as uttell to dite, 4. Ilit' approximateo l i9s I., the amnountof l
thep technitque madle possible determninatiosm f the( vesiennt whicht mtii penetrate thle skin in order t4o
penetration rates mnty of umiaturatedl vapors. It. has prtiluce vesicatiom in rFAo per rent of tle cases, tire

gsince been motlifiedl to pt-rmnit studies with lower given in Table 5. iven also an' the approimitate
clacentrations oif vapor."' corresponding volpor dosages calcuilatel oin the as

7Uh principal findlings (Table 5) may he- stim- sum"ion that thel temp)eratulre f tile cPl wall that
maniur'd all follow": f tile "mom.

I. 11, INN, and IIN.3 penetrate the skin at tlie In assesising thewe datat it shoutld bep bornle in mlind
Mlt given in Table, S. In each case the curve re- thant the penetration rates as defined! wen' determninedl

* ating expoisun' tine, to timount of vapor taken top witlh high precision, althouigh it wasl not. determninedl
by thle skin frolm the coop was linear andi pastied whether aiky of the vapor taken lip by thle skin wail
throuigh the origin. Thei penetration rates (of It anti loset a-4 a result. of posmt-eposfyur evaporation. On the
IINI for negro subjects did not dliffer significantly other hand the I'ses anti tile nMedian blistiring
from thoste for whites, even though thle nwgr.ws th- dosagcet were letermminedl only approximately. "Ilie
velopedl notaly less seven' injuiriep after exposures principal ronclusiomin that may be- drawn are:
of a given duration. 1. The relation between expoiffir tione and the

2. In ftecase of luenxayl a..chlornethvl sulfide at amount. of 11, IINI, anti hlN3 taken uip by the skin
lnear mlatlon hietweien exposue'time ani Orenniount of the( Forearm wasl remarkably linear. T~he pent-P
lost fromn the ClJ) wast also obseervedl hot. tile plist did tioti rate for I I at 70-71 F was 1.4 gAg-'mI/min as

T.;NL? 51. Pkmlwrauism ti Istinsri emrin skin lkv Knat .ti~ vinol imi 3

ItfoluIfelptj Nwltmtwr Pt flm rit -FCempeiuiglvlm-

u'rnjil heinlity o.f V~entifiiy" n.IalL dev. IM,$ V81njrna flowp flimj Ajornt MV (1wrfrnl) ex;urin..nlz (nelg 1) (nsi) (on) (tgminl/n12) Pllirieny

7 77 44-46 to 0.74 1.4 ±0141 4; 1.(4 .0
147 4"-11 40) 1.461 2.7 ±0.11 5 21M1 1.0lsi71-72 I-52 46 1.14 2.x4 0.07 234 19.01111 0.14

511-17 47 '19 .18 3.3 51.1 1 0.153 261 111'.1m1 0.14
11X3 7273 45-44 371 Olin 0.114 ±_0.01 6.4 3,700 1.0

M4 47- 41 in4 0.114 0.211 -01.015 4 2,741 0.1x

r2leie~f.w. 7 .5-0 24 ca. 4).i4 0.35 .... >34 >14,400 ea. 0.5
*(slCa .l s.t iw live npi. that th. IuMINfee. ,4 liow. gwn..rati-0. raft twn that -It 11t I.."I
I 1..,- .1wtlm..M- I USM UII RU Ill.1at- hfoh ~ 0m134S U t h olice ill fh i t 1 .0 Olt -two V.- .ac,,fc of B41.tinw frnlel3~ IMt9  rnt n4 01.

0
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dIetemnedc for exp our times of 3-30 minutes. Thiis penetrattiom measuremntis have ell made' on areasM
figure is to be compared with that of 3-4 jag 'cm2 'min expiosed either to liquid vesicant or t4) essoentially
for the erv of liquid It into human aliolomninal sokin saturated vap)or anti covered with a gtlass cup. NO
at the same temperatue anti uinder the conditions direct measurements have bieen made either uinder
tlcscw'tedliove. conditions in wvhic-h the relative humidity in the cupit

2. T1he penetratimt efficmencmex of dhe three comn- was maintained tit it low value, or und~cer condhitions
gioeunt ait bioth temperatures were approximatelyv thle in whit tOe skin was frankly wet. One jxKssmble iii-
sme. In roimtrmst, tin a dosage (CI) bansis t he vallors terpretatiom tit the finding that wetted human skin is
of it andi 11N3 are much more plotent than the valior matrkedly miore miseptihmle than relatively dry skin
of IlI1. 11wx findings indicate that the fdifferencet in to injury vy the saturated vaor of H andl nitnroe
piotenci' of thewe agents (antio ci enzyl A-lmlroethyl mustards, 31 is that the vesicant vaplors; penetrate the
sulfiffe are tet Ise related more to differences in tile wetted skin more rapidly.
injmry-prodcucig effectivenesso of time molecule% that
have lmeen taken uip bty the skin than to differences in 23.3.2 Local Fate of Penetrated If and
the ability Of fthe agents to penetrate the skin. Free If within Skin

3. Under time comtithms oif time experiments it Vhe mos~et complete study on the local fate of
W~oumld not appear that the skin of the human forearm penetrated If anti other vesicunts, anti on the possible
is markedly more sensitive to the vesicants studied exmortee fit a "reservoir" of free If within thle skin,
at 87 88 F than it is ait 70 72 F. At the sme time it. wasi made by an NIItt 1)ivisitm 9 group at liar.
is a well-establisthed fact that hot, moist skin is4 vardl I1 Th-is6 work will now hep reviewed, anti other
definite'lv more sumeet~ilile toijryb ivnvpo ilings, some of which antedated thle fharvarddomages thtan is relatively cool, dfry skin (se Sectiem studies, will hep treated together in thle following
23.7.2). As an explanation of the fintlings with the sbecon
penetration c'ups it mayi first hep noted that the pre-
vision with whichi the l&,'s were determined does not DATA 0)iTA~i) AT IlmAiRA 5.52.
exclude tipe possibility that thep skin wits definitely Utilizing It containing radioat'tive sulfur (141)

* more sensitive at thle higher temperature. In fart, tim" hatving a halt-lif Of 87 days, it stfmdy imna been matle
data taken at facer value indicate that it, was some- in man, tie pig, andi thle riabit of the amount. Of It
what mo~re sensitive. $ecrnily, the higher rooim tern- penetrating the skiii (ase desc-ribied hiefore), of thle
perature utilized was abiout atl, ami not dlefinitc'ly amiounts or If fixed bty and extractablt' from tipe ex-
abiove, the sweat pioint. The skin's heightened mensi- ised skin, andi (by differeimee) (of tile fraction of
tivity becomes moodt prominent when it is actively pienetrated If thatt is tranisport-m'eititoigh thme skin
usweating anld eeflnitekv moist. Thirdly, the tempera- anti carried awky bky body flu ids tom fit flor parts of the
tire anti eere of humilification of thle areas of skin body. TIme teelinilues have been described in detail."t
ctvered bly the- penetratio". curis were prothlly not With respiect to) thle validity oft thle methodis it, %ill
so differentt at the tuoc room temperatures as would suffice to mention here that no evidence is available
have been in the va!e for area." of bare mkin not to inclii'ate that any biological system can differen-
coverrid l by the e'ups. tiate between isotopes. Thus, tio far as time skin i's

Time experiments cited aboove indicante that witm- obsierved, radlioacrtive Mu" until itts disintegration is
rnte'el If vapoir "penetrates" humann s~kin nearly as beplieved ft bep inmcistinguuisimable from naturally oe'uir-
rapiolly ats liqidie It. Thlis fueling is t'onrobornte'dait ring isoteies cit suilfuir. In tip mot railioac't ive sample
thme niversity of ('bieago Temxieity Labo9ratOry by cOt If utilized, Only I in l04 moleles( wias hsmte'ntiuill3'

Lprelinminary unpuibli.,hed expierimentst in which ain in- riioetive.
dir'ect measum'r of penetration, namely severity 'of me- lime proedu'~ire for &lctermining tie amount cif It
sudting iuijily., Was0 esiliIAeel. In t11Pe' ase oif IIX:I, on pienetrating tipe skie was outlined in tMe precediing
the othe'r haindl, it wats fouind tbat ain expiosure to)mes- section and tim sential findlings were re'viewed. Trie

* ~. sc'ati~Ml s-:tumnmted vaplor mutst bep ai'out 10 timoN as amount orif I (andi reationi prmd-mct-4 thereof) ex-
* , ~;11i1g 11" that ft liquimd agent fremeiveci wtm a melvent tractable from the skin at any tin.e w&.; determinedl

ait tim(-e' cl cit the exploemrel if a 2similair de'gree of in- as follows. After swabb~ing timrece times with cotton
jury is, too requmlu.'1" seoaked in pietroleum ethmer, time skin its frozeni,

With ti e'xeeltiem it some (antielimm data.,13 all excisedl, finely grouind, anmd c'xtrateted withm cilor.:

SE( 'RE
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fowrn. Suobsooqu-tt tflnliiatiolfS of tile Oihloll4fulfl lky iiiviroiiint'iitiil tempeoraiturtiof 'A) IN)0 Fa~l wen-
layer serveol toi fruioinuft the eXtraetalle material essentially uinchangedl 2 V houtrs after expustar. (Crit,
into If itself, thiooliglyroil, and other 11 derivatives. effect of extreme coi ng ando the fixation of 11 dluring
The- amount of If fixed in tile skin was definetl as the thle perlotl followinig short expoS11n"' is 464i111t1044 latvr
amount present thot wits not extruetale It  either in this see-tion.) In the pig thet frmvtion oif penet(41e
441111 iYsotomiP sailt tiolution or hot or rold chloroformn, 11 whieht beomes fixool wast n-inarkably coiititt.
aef-tone, or aleohol. All neoastrements of penetrateol, over it range of pi'netratetl If valutos froan 1t) JAR~ tit
fixeol, ati extraetalile It were banseol on tile nmasure- 2.2 mg em:n;.
ment of beta, panrticle emission dfile to the olisintegra- 11tus, it appears tha~t inl the ease of man, in corn.
tirn oif tP~owiginoelly ineowpoorateil into tile IL flow,- trust with the pigt and rabbit, 11 ist either fixedl ow
Over. the dlata, sire always expresses[ inl terms of the( transportedl almost ats rapidlly as it. penctrate-s, 0111i
eqjuivalent nmosut of muistard gas (i.e.. in If ecquiva- that. tile reservoir of free 11 present in the skin tit tite
tents), end of it 1-hour exposutre is very small.

lfemsaj of I-liour RErposeerex to Liquid It. A suam- Fizration and Trans port of /I Folowing iYX3 iinle
Maly of thr resultm for the three speoies is given in B7riewret. Experiments were performedf in which the
Tauble, 3 anti more- detailed data, for man aire presented expmosure time wats relatively short andu in witiela the
in Tablest 4 and th . Findings relating ft penetration amnounts4 of fixedl andl extratab4le 11 (or derivativeo
have alreadoy been listeusted. I'it following con- thereof) were followedl during the otepou'
elusiems may hec drawvn with reapeet to the fate of peorioih. 11w restilts san- summarizedi in Table 7.
thle penetratedl It. Ther most important result was that with nman, all

1. At the termination of the I-houir exposure, the( ftjo 11 that was to boeome fixed hadl flone so within
skin of booth the pig andl raibt -ntincd sin apl- about 2 minuates after thle endl of the exposoure pe-riodl.
preriable reei-voir of extractable IS'. In the pig abmout At this time the amouint oaf extrtketable S2' was of tile
WE per cent of the chlorofoin extractable fru-.tiom smne confer ws thle amount that hadl become hfime.
was It itself, alsi 25 per rentt thiodiglycol, andi Even if all this extratable material were If ando 12

*al-out 25 per cent unidentifiedl sublstances. Neither per rent of it subsequently iec-aire fixedl, the i-
* the pig nor the rabbit had dletectable extractable If erease in total amount fixed noould be negligible.

derivatives 24 hootric after exposture. Thus, all therapeeetir prnovileres basoed an ncidrolirdion
2. In marked comirast, the reservoirofextractt4e #f free i,-ee'ratW H no est ssemeiasarile whslelessa, ffor

in human skin at the endl of expourr was negligible-. the mrw.u 1taie there is no eignifirant aenunt oef loocalty
3. Vie rraetiom of penetratrtd 11 fixedl at the endl of free. II ,e~hin the *rin eat any line. It ha'. been olemon- ~--

tile exposutre was 25 ±5 per entt. in thle pig, abouit stratedl that thioi oinelusion huohdpievoin when the eon-
It) per cent in fte rabbit, anti abtout 12 per rent in tsosnina~tiom with liquidl If is maussive.
man. The rest of tile penetratetl If (i.e., WIM per cent The situation in the case of the pigt anti rabboit. is;
in man"l mus-t have been) arrioal awaky bky body fluidls different. In the raw oif thle lU-minute expoasires,
before or after reaction with witter (of oithr diffuru~ble ornly abouet one-half of the totA amouint of 11 to, lie
skin components. Thlese valuies were little aietteol fixedl hame olome w) oluring thle o-xpoosre period. The

- Tiuon.oc f. F,.iar nm datortilo to tno irnl# It BI" hueaa skin- t-ho ex'oPwwros

Skin PotnIisom It uu',wotratinot 11 fixedot1wrcmn Ioextrnoleo';reo
tenwrattrn. marinal jrcmWin I h"or aro a4 manit 1" to SIm414liO

(I.± s (hr-i( (OR) aus-nwimainh (OW) pjol-ntiing

10~.0 0 33142 13 1.0 0
io!4.4 01 W14, 37 to. 3.7 1
!r$."1 24 2m40 261 to 0.0 0

iA 0 20 .112 1

0)1. 21 ~ 2 m T 125 0.0 0

244 40 1. I3.1 0.0 0

nla rim 2412
1 .1on -11isefA 1 1"6111iw#blir lw 0" 101011fa-md hw. -(t

SEC niR



TALT.Amtet, o(11"inndextimtalolso If no A* in TAPs,.r R. IBMec tsolen.psck Irietlni aitl fier
iskin at varientus intervalo After lO-iniite expeurs xpxmssrn and'isurface deMonminibms 4ftif ln"n uskin
tititeetive 11." - treatted with liquid 11.1 -

AUf expoisturs were ti 1.1 mug o liqfuid If for 10 minutes.
Ititlits ofE *iithIn tf so In each tisa the p1xiestexitirn perid was; 241 htsuts.

P.oi- .tiitittfi elf, dietd IlhltifiWot BMI virsnmrnsl ie-pk It lixed (lnsifcatiitl
nispilenism extrvtet jifter 24-hiour pot- i.nrpr.usw apgslivaism ;rcnlt 4t

$gelr.gtriido Miiiittl *iltIiitti iitt ~ (hr?) (on) inJury0

Man 2.0min 0.9 .170 3 0.64
2.5nmin 1.1 .00 0V1. I
3.0min 1 1.0 R3 3 1.1h I I

3iA 1 in l.11 10 0 1.11 11
10 min 0.1 1.0 ILI 3 1.2 III

Iuii) mm.11 0.) 0 2.5 Itl

121) mist 0.3 1.0
24 for 0.0 1.0 4, 1. if. owdli III4Moo in Istiurk, oil gw~Isiom isY ..smalssg wviiiy an

Iff~ilii 0) 111 14.9 0.11 ok-it ii Is ak~guii Is ltwtis4 Z2...

10 nil 0.4 0.11
20 min 0.1 1.0 that the immedliate application of ire gretlty fe'-
40 hr 0.01 1.0 emtis'ert ffixAtion of If becase of the high

24 h 0.133,1.0tempratureo coefficient for the artivation of It (wce
remnaining 50) per cent biecomes fixedl 'luring the firit Cha~pter M0), and that. therefowe the 'itantos ewr-
Mf-20 minutes of the ptdt-expoatire peniod, ie ma- T.%sLz 9. VIferi of ie-pack freatint immediately after
terial being drawn (rm the icr emisilerable local exposstr anvi Pairfacis dsrcusinminatitm of pig skin Iiiitd
reervoir of 11 pivesent. within the Pekinl at the terinn- with liquid 11.12
turn of the expoicure. All expnhssttm were to 0.5 Ing liquid If per em'i fewi 1O

minutes. In each rawc the pswt-nipplientitin ;w'ricd wits 21
It may bie notedl that wmm extractable 8" remains hus

in thp eskin fo5r twitne time (minuites with man anti ~Irairo
hounrs with the pig aind rabit). Perhaps little of this if%-pnek 11 fixed (lawiflrifMio
n-pflieet~s unrcact,4 It. In any event the fractien nsilientissn perch 4Sf d
of it that lincomnes fixedl doesA not contribuite a ie- Plog x4). (Itr) (OR) linjury

tectabie increment to) the quantity of If that ha.4 I 1 .22 0
airettuly become fixed1 during'tssotl fe 0.27 0

vilvey shwfy ftr0.311 _t±

tine expoaure. 0 0.711 ++
I1eilii~f Ire-Ilawk 111iwd. efraesyci .711 + +

dleave that there is nit signiticant re-serviiir of tin- 010 + +
reactetl If in honman sekin at the end (if a, shoart ex- 2 a1 0.24 0
posture, but. that there is4 in sigtiflcant. rfeervoir in pig 0.5
skill, is suopplied bty experiments in which sin ire paek +.4 J
U814s apiedt' immediately following surfitce leiton- 0..02 +
tismination wijth petrisenm ether tt tihe end of 4t.7? + +
lft-nniute expetslrms to liquid 11. In man (Tanir 8)
tiw imi-pictk treatment didi not saigniflcunitly affet vtnir ofr It in tine pig dli.! nost reset, it ratthtr %%it"
either tite amount osf fixedl 11 as it'termninevi 21 hentrs sl1owly carried away bty biody thuitla (tiring tline pro-
aifter expipsure or the veverity of tine lestion that de- hingedl periodl of ice-pack ftex'nt mtnt; in man, ice-pack

V ~veinpelti. In fit- pig (Tnhule 9t, tin the other hannd, the tnitment wILS ititt f1emonmini tble effect iNgtos
iri~tnt-k treuntnent r-141lted it) the (Ixittiosm or cosn- practtically till tr tit, fixatiosn oescunrreli 4tl1iitii tx-
sitltmnily it.' If thamn wosuld otherwise hatvie en tine posunre andi nis alspreritildte reservtsir oif 11 was inre~rwtt.
1111n41e, mInd in line partitnl tsr compete, inhibition tof dunring the niittrexore ice-pmnet: treatment, If, tin
%+4illsie injury ItleVt'ltslnmI-1t. 1tne interpretatisn is tit- thier hnnl, tinioti smirfisci iet tfnnfamintimn is
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not practiced, with flhp resut that %i reiorvoir of It ralifit skin for an long. ats it dty aifter i~xissittti'."
eximsson humn iskin, Ic-paotk tnatn-ula des.'~ re'dute' These resultsi with tlK'ir interesting speties variatin
the serverity of Injury (C'anadlian experiments elteil were cifirmd by tests in which thep skin of the, dif-
in reference 12). ferent spciest was., at variotis relatively Icing intervi!..

aifte'r eitiaminttioti, placed in contact with tit(- hit-
(1raIMN I)Ar.. ItI:.Raxe ONx fAcAL l ATF. tip It TAKF:Nc manl f.'eorvnn."" Two an to egr hotirs after eotania.
1,P III Skix tin of husman aind guinea pig skin with 6 -10 nig of 11

&In this section will tip pretientet! additional miseel- spread ove'r it circle I com in dliantur, prolongted stp-
laneouns datta relating to tlie fte of 11 taken tup bky plication of the cointaminutedl skin to thue hitman Fort'.

teskin and ft ihe perstistence of free' If within the m proolstecl tits iiujur' tn ft, other halunt, In sinli-
.'kin. f$ome 'if the findings ,ineilidvorally revved the tat' icrienlt raclt A~in cotatminated 3i hoaurs
existence of a small amount of free If in human skin, previously and1( applied to thle forearm for I hour pro-
Not none appear ft compromise the principal eon- duteedl an orytheuna; not visilcie injury was protiuiedo
elusion reachedl absove -that in human skin there in when fte interval was lelngtlhedic 14 o fr .1 dlays.
never stificient itiroetedf It not remnovable bky star- H owever, goat skin eontaminmited 2 I hosurs, previonsly
farce decontamination lt be of practicai impocrtanee Wilit) MI (if liqidl It produlcd at Ven- fitl cry-
in injury prooluetioni. thema when: kept In clintaut with it human fore-armn.

-n arky obsevation ""* failedl to rIeI anky fix-e 11 ',oi explanation is currently tit. hand for it surpris-
in the skin of an aimpuitated perfuspod human leg that. Ing and ,anroufirmed report that severe injury to
hadu been vlmtaiminatedl With 5-mg drops f uliiil I I, rabbit skint developed as at result of contact with flip'
dccumtfamin.-ttcd with chuarcal paste after 1 minutes, ).kill ff goats that. haul been heavily contaminatedl
andi immedliately thereaifter frown, stop mcdtet, andi With It, 9 andi 18 days pri-viotasly.0? The bsulk fof the
extracted. Anothier study in which radioactive liquid available evidlenee would mnake it seem improbable

Iwas applivid ftt huIman breasft that waosamputated that the rusoe of injury ft the ralciit wax arps iting
Ithe following daty failed to reva any 831 in Ithe blinter reservoir oif 11 in the gut s4kin.
flitii- nivstgto fth neteio frdo In vitro experiments indicate that If may bse re-

* 1.active llqtnid If with excisedf hutman skin in a closedl versihly admiorbed or otherwise houtnd loy constittaent't
Rpace demonstra'teod that after 21 hours abouit 110 per of plasmau I"" and by wooll kernta'in.o* 7Te acetone.
cent fof the .41 appliedl an If wast present in the skin extracted If kerittein %i m sumwewhat irritant after
in a form not extractable With organic*taovenm.'1L* standing 4-6i weekm in a dmirietor NOt teascd ito be

An important but indirect line' of evidence, ft Itse irritant after it fresh extraction iuith arcetomc. It has
ahist'utosved fIrhe in S4celiom Z1.8.2, is thatd derots- ben stuggested that, at similar bindhing and Plow flhera-.
turmintutitn or early treatmetit with none f a large tin of If in nyuo may have a retardling effect oin tHep
nutmlcr of stibstanees that reac iiith stood tletwxify It rate of heauling of cutaneosus injutries.b11 However, lii'
in mom'effetiv.. in mnitis* ting injiiries #lot ftlitiod If Ictulk of the evidenre summariti'd previonsly andl In

thani prompt, fhiinitugh -oirfstre tlecolitna-nitiom with Slection 231.2 leaves little reaaaan too believe th,tt sottIs
The ais senttotsitive himtochemiesa! test that is .%Il of the absove-mtentioned fiats and coneheasionst

presmably ospei for If itself hiss Iseen tused to rc Itibaed fil tieslp Made with liqidl It. fit flip eawe
demonostrute the existence orffice If it, the skin during (if exposure ft ;- vapsor. lt-e currnt ctnstnuits its
And stausequjent. ft expeseuns top liquid I.''""In that tiny reservoir of( It which may exist ii) htuniaua
aeoIfnhwe with tlip Wilk of evideneoe couierolnig kin after exposutre to eveut suturnteid vapor also is-
frwp' If i It isustkit, lt, tent haso reeled that 11 is not suiffichIently large to Is' of paictical implortanlce.
demoniotilu in humanan (also guinea pig: skin onlly and that tra-satnent of the skin: with 1a'hlo'auiile.

§ ~~in the epidermis and there only for limitidf tim., eottillining ointments4 tir 11 ioe' t ua iaI ,

tufter aipplication of the liqtuid amentY" fIn contrast, If after ain i'xlcsire to vapor is u~iliout oigiliflalitf
in sinall quantity Wacs demonstrable its gent and effect onl fte seVeritV forfithe elusitiuag bijtrv.te.2.70

- - $totdit-1 carrim'l ouil during World War 1,'" how-
SFrsvown mvfiew in- so tgyiti with gejel rKhl.eeee whirls er.scem tit affordl convincing evidla'iue that, eluaritng

mItefr. tolum nrlicit wish oulium 9chd,111., fewn.' a, Ito s1urcrI exposun'si nortd1 isir ont o h
;rn-4-e1iaiIe. gon-41eemu1liy 1pwt1gII1g' guate. aument taken oap 1ev lt- .,kin is- lstmlY huellei uar tiv.

.0 4
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Muttee and evatponkteI4 subiaequent to- the oxitti~w'rs Mot'rszuit M R .inzhe MiqItel. ~llltttV,
fairing a periodl of at leat 340 minutes. The evitlenve I*, uontaining Clear filuid Itnd hiaviung tvrytliiutts
fit of~. Iwo kindo. (1) Covering tlie skin with glass ot i- mansit. Slci:'eopieally the veiiles sieparie thep
ing thlt lpr'iutl tolltowittg ermltisur t~ltit itteti It Pithetium from the 'orititn. 'li. E'vtltt-l iejitlertlis
vunmir riesultedl in morei severe bum.- than at, simialy wit-4 neclrotiE'.
e.,low~l d si4'i that were left often tit the stir. 'lit- (1routp III '*err injilry, rhiis group, wits .*Iinre
autgmnentatioin incerai4e1 with inereastmd duration of teriae I nhI-rEN4E'pically lky circuamferenthial nittler
fll-'pro l ovrn i o3 41Snueti,and eoutd than tentril vetticittion, and bky entral neernsies. The
also bse observedt in thll Ilase of eposedW site,. that, were central utica ill epiderisi wits e.'atly nernitle ittill,
not coveredi until 30mintfsaftierextiotitre. (2) When althotitii there were foswal aeas of liittefario, thet
sin ite oif skin tim thlt arm of line volunteer wa" PK- ml.' .sropie vetri.ies thuts formedi failted to coatlesce or
j)iSew,4 to ofatttrateil 11 vispor anti then? pitteesi in ro11- ftol woett ('ntitihi flidt to lie tntt~ieitczilt visible.
tct with the arm of a second v'ohtntrer who head not [it Table W0arp listedthe fl ntiviiti leqioin" in itt-

Im-en direfctly expiosedl to 11. the secimd voliuntec'r sle TAm~et 1. Itelntilm Immween annumnt tint fixed1 If Ir,
vultipicd a mildi 1111 (crythe-mat anti thle injury '.nW ntosrIly ofni ePlting injunri n hunsti iskin."
su~stainedl by flle first volunwtee'r wt less severe than The' Ittititt n talstuitted its tmvq'n.Iin .ml tnt svesrty-.
at control Wites left exposed tot air after exylostire. Slkin '_ nrvininmeunl _Eximurtn If lix(tI
Th'ifse findings are not beslievedl to ecompromise, nor temgwmatrn' iritirrattr tine jwprei 1

necessa"rily tit le incongistent with, thep Y-ties (ni
which, tringt Worlil War 11, have estaiblished the Ga 1291 3 OWdotritie that even prompt divonitaminatiom of a15502
vtur burnm is without pradivsl valuep. Ilowever, in 1119 Mr, A 0.411
retrosiset.t it seems strang.' 'Ont the early s~tiesk- 147 4111 14 O

914 tin 0.77havXe not been re-rvithite expierimnitally, andi that 1145 .10 0.52
thep existette of at Isisisile reservoir Elf free' If in Gimilp it

0 human skin after expoisuire to the agrpnt asl a vapsor 14) W)5 7 1.24
hiss nost Ieen ituljestrll to direct experitmental test by L147tt44) WO5 tol 1.54
littil Elf extrartitln tests utilizing raldioacetive, It. Ir n1.1

151457 1.21
23..3 rPnnwteie or iilti 11 anti 147 IV) I.t 2.-M)

Other Vesteants 04143 IN) l1t 1.1)
si.3 IN) 12 1.211

COERRKLAIEI' WITh IvI RITV (OF IXJtVRT W7E0 12 1.10)
fin loth man nd thep pig a gtwwt rorrelatiom t'xist-6 M4.7 tin Ps 1.74

N47.0) 0N) 1 1.13bietween thel anmoutnt Elf 11 044) Hixed pe-r tinit ar'u of IV) IS 1.141
skiti ztit the sieventy Elf t)!h 'rrsulting injury. Thet cti- Gm,,,, III
Mohttion istnt affe'tedbUm rnlsi x~nun time', I~7152 ..
envlrotinenteit len)IIE'nttitrE, aind othe1r varltleo. Ill &1 I.1 .1.0o

fin the hiiumun e'xiN'flmnts 11 thfl'i "oi wet" -t,,- M47 IV) 21 2.4.1
twessi'.I elinivally and mtirpostlllly, and the amouint.s g47.5 in I Is ID
(if fixed~ If determined, 21I hours after explostire. Thr 17.0 INi) 20) 4.111
nittijl e'ateigorEs Elf injury, ilesctrihsell in d:'-tail in tending orider of meveritv. within earlh of tilt- thre
K$tetion 23.2.1, %v*qn tdesignated "t. folIlows: groups". It utill lie tlnErved that there 11, exi.'t'llt

(44lt1.11J l ;nit# t 1. T his groutp was chtitaete'rtfee takreppit'nt. biet ween steveity Elf les ' st and 11,111111111
iteros.tpi.:dly by cryth.'tna with .,r without edema Elf fixed 11, not Eltilyv tjimll 111. t.lit4 i'ils111 11111 alsoi

' a~~ne in tnw' itllgels 11Y roitiary vesli.vls. 'Mirrot uiiin 4ich group. Itt rtitntvl fiMtres- til111v ltti'
.4li.:ivllvfthe principal ('l':ngte2 were hypieremia ndi fil ftllowing rliimhis
-e..ma Eof the tclritin without -itmfficit'nt 4Ipidprinal in-

jiury tit vausie .h',ttn fir 'r thain 14Isml iElt'Ir.rmW a
groupsi 4l Iniptil cells. (on I hijmiry

Srtip A .11idl, inJi,,y. Thi-i grip wits char- G.-. rtmala I

nuE~~l4~q~ ~bly the foflfltin tt e f'Er >2.5 ~I

0 0
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It will tIs- noet that beith envirotmmentaI undt or lii one known eiciperimetitat predion-ar that rt,-
Aein teniperatsr nti inlvidnat vaeriation markeidly etsses~ the amount, of 11 fixest in hsnuts ekin is pro.
affected the amount (if 11 fixedt per unit titti of longest poet-expsurei treatment with lA~L ointment,

F-.-. ~apptesattem. Nevi-rivess, irre'spec'tive of thews anti conc'omitantly velticatinig Injstrieui can I' von.

14) variatiemps, It was, pseile tip make quanttative pre- vert~'e to noiimsstitng injurlets.11 Tits dtes not 1111-
elirtismis of the seve'rity of reitulting injury from the ply that. thei cutaneouss Injiiry biet-iit-Aesses steen',
amouint. of I I fixed, bt nmly t hat character or the response is Rlte'res (sAV

M4 me of the slta revealing a correspomeling min- i.ectjon 23.8.3). 1Te e'ffe'it (in fie 11 sif the tre-at-
tieminhip in the pig are Igi'e'n in Tatle 0. Thei fixation ment with HAL c'annost he c vaitatvil, for oes sleets

of 0.3 0.4 g (of H per esca'x ventimeter wast eswre- not know whother it restteil In the solution into) the
latest with minimal reverewible injurty in the pig. The ointment of miuperficial keratinizeil epiitermis vim-
eorespemeling flues' for man wais abpout 0. 1 .g emi. taining fixed 1t or whtether it farilitutitsl the etis-

Astititiomat experime-nts wvith pigs al; welt as limiteel integration of susstanceit containing fixed ti Pueu
data for man irvents'd that. when skin was expesseel a way that the~y couitl le earrnest away bky hpoily
repeatedly to donsagees of It, each by itstelf of "subpin- flsuides. The actital splitting of the biond between It
jssriatit" Pelas, there wa's a pgritusive, local aecretiorn anti tisessu csmstitssents iii heievel tp Ile a very uin-
of fixed If anti injury oesurrelltiri pasan with thv' likely jtlioibili.V (vss C'hapter tO).
atftinment of levels of fixeet It cornpanble' U toles The whtbtiomship betwveen amnount of veslcant fixied
preeslewing eimitar injury aftert;ingle, larger elewssgee. andt severity of relititing eutaneous ity tine beven

Iteprssent~t (e dta for the pg are given in Table 1t. slemematmittie esemkgsantitatlvely under at single set
of coenittleimpt for seeveral iutr mustard's lIt astlltitm

TAitLU It. COwreinatowr~tty ofinjury- with flmninint W~ 11 (see Table 12).13 1wTes axents; are bix(O-httro-
ofixbed If litterr jelIeexprrrsofpigsskin tioliqii Hl.1,

Litquid If was ispptlim repe'nedty ito the salm "item for et hylthio)ethane (Q), benayl fl-ehloroethyl itilfisto
A minutt P at W5A F. The apt'-Prity of isejunsswa ami~~ O (enkyl-It), bisxflcelorlpethyt, xiuffeme (11 sulfotee),
awl the nawntsemi f fixeul It ete'rmienedl 24 hwourn after the
final allltilss. TAIMIL. 12. cam4atiom beetween, anassantst of uerml sini

---- il of vrlnt f- -- S1115 ixed In jig %kin and aesverlty eel reemilinit

Eityliunm. nivlatitom kr-pek Fi~ It W~rl In view d fithe difilessley 4of Aelttnnn tinifsrn Whistas
fsims at 24.1w Irentn*st. ,u'rre 4, with sanilllsssssl Q, if melfons', and elivinyl sulfeme'. the'
(min) lillrwiul" (hr) g) injoryt m'lIioltNiYC roessenos wir' stbmolvee In ethyl ('elk6

* Swohe. Ine she ese of II, twueof fll tlsa eveuut 10,00sah not
2 0.24 too niter the rlatiorn INS wees' aneeeat tof fieil vesleant eandt

5 2 6 0.0 sme'rily orf injory.
.3 3 aI 0.3t 0

A4 i1 0tA I .Ampntf fm'slveolaet (it im'ieo X
1 0 0.30 1 10- ) je t's for OWskN lt geesuluwe ohe

A 2 0 0.44 2 folloImng typo' tit Injusry
5 3 0 00t 2 Ampnt M1111e Alessk'huti W4 VPW~

0 0 07'tQ < 1.04LA 1.5-2.0 >2.0
toIi 05 IIferiI-If < 1.0 1.0-6.0 >11.0

in 1 0 0.65 2 if <21.0 1.04.0 >110 -

5 (so ) 1 0 1.0 3 11 villjtsme <10 I"-4 >40t
AV"Wv .4 mh l" 4 ivinyi onslfsmp <10 1040o >40

t A-,. 4s. gn.

ofTIW c't .4 hJW a"~. dntm.wtnet ftivinlyl sifemoe. In cashl ease the( rissastlt of vx-
I it.amm"I' o'"'ke perimentm with pigp reveal it crrelatio lost te e''t
3 qi Iu.ft'e~euantity of vesicant fixed andI severity of injory. (On

the basis sof nuix-sr of fixed1 vesienpt meelestiles pe-r

Furthermore, irrepeet-ive of ive'-;ns'k tre'atment, unit areatitt skiun, tie foellowinjg .i-aiiesiges Iwl weess
the ,q"..erity of injuiry in liath man anti Itse pig paint- thle awente prevail:
leei the amouint of fixe'sI If (Tables M.,9. and I I. It 1. v~'u!l nti telaepriaeysss~

will hie resulted that., in the pig, lee-psuek treatmer~t effective. It wilt Is' recalled, in eoentraust, that ill tel ruS

affecties ltht fixatism ani m-.erity of injury, wh~ereans (if thei amolunt of vesiucant taken tit) lky tile A'in,
it affected1 neither sign~iiantl~. in man. be-nsvl-!1 i%~ musihKs efect4 e thtan IL ('stm. Se4et ion
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23.3. 1). The inference is that a samaller percentage of that the ralliaoaa'tive Sulrtir is fixeal ill all rs'gion'q.! The4
fwctrating ix~sal-Il its fixedl than is the caws with It. e'pidermal coincen'ftration is signlifianitly highvr thanl

2. Q 1wt silgniu'eantly more- effective than- If- analti t'cotwnentration in- the voriulm.
ftensyl-f, possily biecause botth of the chlorine atoms Frathmoation and analysis of piig skin Pexpaxse in
in the Q molecule can react. with important (-ell tint tao liquid If likewises sthow thuat It is tixel in tite

knn giip more freiuiently tihan Its the( came' wish tie a eornifla'ul layevr, In tlip mulpighian layer, at Ill tlie
Smalk'r It moleule. c4)flhm.-11w a'li tills of two quantitative exparinicnti4

3. It saiifame and divinyl sailfosne poiswess otily (Taible 14) reveal that ulsot HOA pe'r vent, of the( finpif
alboaat ome-vieventh the vecacy of It. TIhe diverencep
is not surprising inasmuach a.'a thewe sulfa'nes react hi' TAsrn.u14. Isrlalr ffw iitesanaa ueu . -

a different mechanism than 11 antl pxialesit different. tigki. ---

re-lative rractivitics toward Oni tiseagoaps~see(iapter aPgoffilivil If waa'I.reaotan
19). 11it similarity of the injo-y-prodluring caspneity ut axgmw wulhsft If

uif the twit rlfmese is in accordl with the chemical Isp2 Exa. xa2
ifldence that 11 sailfume retwets throuigh the intermedi. T'sialskin 2.7.1 AM1 lIII) Io

sTaaliuepIrkrmiss 2.1 4.x 71) 82ate' formation -1 divinyl sutlfone (see ('hapter 19). Coinuifkl Inhya'r 1.4 U. Al All
htallIliihanInI'ta 0.70 1.3 2.1 234A~ h tn 1W lAPl'IAHAxa1 (IV FixiM It F'ROM Ilrw.AN (eWhgm~ OJ 1.1 24 IN

Fixedl Itdisappears from theskin onlvev slowl.? stalfiar wats presient in the epidlermis anal only ablout
It. remnainst approiximatl3' e'114Amstt In anint for 20) per cent in the dermis. Of the If fixeal in thoabosut at week aifter expotitur anal then s aol imap. epirittie, absout 70 per cent was presnt in thepears ot a rate that parallels bsoth the rate of healing a'omifledl layer. Since this layer consists of alefa tissue,art evid-ecd in icroscopic. setirnst anti the rate zit it its citt~seho iaimo f nI 'ail
whiah ala'ad opiarnm lt Islesajamateal. Tilst it up. "julsamsilble fear eutanvouts Injury.
pearst that tlie linly cannot readily metalboliute In, the case of mila to moalernta'ly sepvere leionsi,4fixeal It moi of thea injury is eamfinell to the mialpighian layer.Thesec statements are based on experiments witll' In tipe pig, fixation in this layer of ainit 0.25 gag of If

4 eight voluinteers, each a)f whom receiva'al two 10. per 4-m of skin surfac is ausaainteil with exposturest
minute exposuresi tot liquid 11."2 One stite was excispil top If sufficient to produre M~ist('f in man. Since the
afterashart-posttapplipation periodl (I hoarto3th%%-4 nlimbter of cells per en" oif pig malpighiain layer its
anai li o~cether after a relattively long post-pplicat ion alJsut. 2.15 X llP,:! 104 10' muleula's ain- fixeal pe'r
pI'i-oil. The ratio of the amoonlts of fixail 1I in te malpightian cll. Altharngll tils figtir' atppars Into-,twit sites gives a itisure of the loss of fixeal 1I during it -orresponals tot the fixatiam of only abouit 2.S micro.
the lcing post-application perioid. Although miubject tot moles of It per grm-atom of nitrogen, i.e., ft the
vonlalernle #'xperimental P--or, tipi nlf-lt (Table fIxation of I maolacule is' 11 par 111,M1N nitroen atiois
13) sltlag ' t isallih thfltm n s oft e p e e . it p m alpiglian lay er. Sin ace m uch but. not, sill of

ing ar:gr~lll.the skin nitrogen is in the( form of protein, anal since
kc T~ptm* 13. fltia of ei~inwinnar .ut fit...I it rro lwmnn typical proteins "emtain only a few (i.e., approxi-

Pkit- 'finjecw 1)nfl g- tm per sialeiuin grotip
P'~~a-npp~piscnaiaem captiaile ofewgnI refaing Withi I , tis.lgi

3 Ionilep effa'ctm of I1a ti l ee l ivision anti n-rourast ion
14 "n(Pa- (laapter 21) and fte mie asuopia. 4)lwrvsif ipll of

21 15 nitaehf-ir ala'eartiniio in ,:kill c.xpo-A-4 tot If paromputed
:38 a. iat (I-hrolioaatiII auf till' dlistrilifa Of fiNP1l 11 ill fip~

nat1i'liar anad 'xtranorlautr frations ot fi l'axpised
111 namarracu ar Fixt~r) 11 WITIIIN SKINlkn'.gahi aval~ ta a aq~ii~a r~~ii

Asjn-viotasly slatted rmulio-autfgropisa fsetionel (i',12.1iwrtalli I of till fixail 11 Wias, Jsitta-jj4 ili
Ollillal and1 hionaln skin, t retedl in rim with If nvi'al 1eoloslcits ia' he nala'i. O)i ait fisgiln listais tita'
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eont-entrithn of fixed1 It in the itnlpiiiem nuclei wats totl. (I-) Linkmigt4 not. split by% either 4if li ilst- a 4
41t1ly iii wsit 40I pr Pent (if that in the entire majilh- tmitments voistltutedill pexr 4vmil 4, lilt- Witld. Tlme
Jian layer (Table IU i). dimmlfferent'e Is niot bselievedl tot conlwmljs-t (prvsmalll)Y pImmicils) voiltItimmimg. this
have qualitative significance. portion of the mwlloewtive material were, however,

TA.34t 13. 1&Mtrlbtiffim of fixed It in the malplthlan gly iogh ito ultm I teamimlig(~~) - ~layer d f piskin: jw-r eni pirwnt I" tfme nimcfr.' proce~ii
- ~ I - Te sitabilitV tof MIAce 11 in pig skin witlh reslpet. fts

ii wm~rnn~ntm tiytnmmcI~e alkaline loll wits aiso stitdiedl in another expetriment.12
of nitrogen "PlI 1ait In this ('11W ftie fiXed 1 IIMIllf4 amInte to I. 1ny 1111omt

Sk It famboni Eit. I E p . . 2#X rim- of kin sqrfawe and thuns was toimtl with1
Totl inIlistian 617 3.2 1 l.9 only moelitely severe Injury. ltesults obtainedl withI

Ymwrl row mnlplh- 7 042 .J~ skin exciteil after post-application peritwis of I and of
Ia In%* 21 hours were not 4inificanitly eliffieett. 11e primwi.

pal findings were aso follows: .
(mmarLPROPFIRTIES or FixED I ii. Alooeat 10 percrent of the fixeli radiiactive stilftir

17he nature of the rnsitirwnts cif pig skin that fix bcame soluble In -115 houirs III-tP p17. 11wi perventage
11, mandh lt- eharatrr f the ll-tlsstie linkagee that nfluee' twnil progmitively with Ine'rpiwlng jlll 14Ilie.
femmiecd, have' le'n studitA.' 2'3s came virtumally 100P per cent in 415 hours at p,11 13.

In inme experiment *.'! the s'kin that was iself hadl 2. Alinm 25 per cent tof the alkaisme-sohable fixed
been exposetd in rint tot liquid If foar 6i hourse. Twent.- raclitiwutive sualfeur wats pieripitctel by M) pwr eent
fomur hours' lilter it wits frminen, excisedl, and petuihie. ItlMoll The 11 resitumes Invlvivd were 111n11411111144lY
The proslongedl expossure wats sufficient tip prmmhite it attatele tit protein.
very' severe burn. Nevertheless, the fixed1 If amounted 3. About 7.5 per cent of the alkaline-soluible nv~ii-
to only 0. 1 per cent of the (fry weight of thi. skin and wl ative suilfur wase soluble in 80 per cent alcohol. Fifty
only at sinaI! frai-tions of the chemical groups valoable' top -ixty per cent of this stlfear wast in thep form of
of combining with If hadl(lone so. The prinripatl thitsdiglycol.
findings were: 4. At pit I li trte of soution of fixed 11 became

* '.1. Thme treatment witlh It did not markedfly !tfftect nearly negligible after If; hourpt; at loll 9 thep rate 0l
the tailidility characteristics of the skin cownstituents soluition was much islower.
up4 revtltkk-el liv it fractiomatitam pro-ellure simultane- 5. (iiven sufficient time, 70pernt of tme fixed smil-
oumisly mnrriecd oem? willh unexposed1 skin. fur can berevndered sollile hmlv traitnit at pit u'emlmes

2. Thpe It rmst have rencefd with many diffe-rent in the rang 9 11. It appenrs k trequtire a higher Jll
skin conistitmaents, becauise there was4 at least it small tit tender theII remaining 30 per rent soluible.
anmouunt of radimmnutive sumlfur in each of tipe various Irtuwtionatlion ofr skin exlplosed too If eounaininic
fratitions that Were obtatined, mand Imelitime only it part naioac~ttive mtifuti nm umse cof the( Isciooe diltitioti
of the ramlioietive sulfur was split off byv any one of methodl might pe'rmfit thme idetification of varioust of
the movertil primcethirw ithnt were utilized, thme constituents thmat itau-e fixed1 It. Mince, much tof tie

3. 11w fixed 11 was noit a.4swiaitl ito nn nJpMci- fixedl If ist attachIN ., ftProteins, hydroPI.lsi1 oif the
able extent with lipoidil material in the skin, for oinly paiteins4 in suchl a manner us to retain the fixedl 11
negligibile anoumnts of radiiactive suulfmr were fWind* attachied ft aminfo acid residim womualil permit it
in iteet4wrie or zleoltol-ettmer extrats. determination tof tie natumre o)(ftie linkages bietween P

4I. Mmst of thme fixel It wats attac-hed ft skin prot. 11 and lprooteimi tnolcumleem. It hasi beven sm'ee lit
teins rn4 sailiule its 0.9) petr rent simtm chlotride sobi- the, digestion of It-trentedl skin by proteotliv enl-
t ion. At lenst thin-c tipes oif linkagIs appeair to be- in- zyme' might achieve this endil, ha~t. to dalte only lin-
-ilved. (at) fLimknms (lriolitibly etirlsioxyl m split inm fill linihmiry expe-rinmutst have Impen emirfomw.' 2

voeld tit it nilel alkoaline renaetion (pil 9m Its yield (Jumltat11ivi' evidenceof lilts hw'em tolmtmilmael 11mim1 fill
dumb zullim. mideaw ive mualritil (pirimmcznlly tlmio. tkisuin of If hiy skin brm'I in K'imri, emeemrs bty at vomn-
dliglycuib. Thes-e linkages coinstitutedl 40 per eumt cif pe-ftitin fac-tor tnemrlmnism.'2 lime- fnielion oIf timl- 1i
fl, iiittal. (bi) Limikbmgs in addition tot (11) split li* $ill im fixed byv skin constituents is4 less whenm coin-
IulNl1 til fuit Yield [kiwi ehialywahmha ramlloawheive nua- liting smtmiunteim (eo.g., tldmi'mlate imn) t in,' llrwi*tt

* terial. Thm-'s limikaws ewaustittumled 241 per mo'ut. oif the than whmen they atn Momsent.
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HIOCIIEVICAL (:IIAN(;FS IN VV~I(;ANT.TT E 44fl) IN

23.A II~II ICAI. CHtANGES IN parent hoii this knowledge, could he' tiified it) efttt

VK.SICANT.TRI-TIFI)* SKIN improveodtherapy (e Chapters 1I) anti 21). At the'
MaW time It lo is otliR that jiIesM fir Investi.

In this setiom atte'ntion wilt tw' comfinhol prineli- gating thep e'aoisal mseat'nte eof PMints hieween the
pialk to tlip metabiolism of skin treatil in iD with jw-ni'tratitim anti rapid fixiation of( It its flie Initial
vesteants, andl tit studies upon the activity of en- steps andt the dpeveloIpmtnt. of( gross Injury ats the
symes occurring in skin. final ofitcomp tire not exhausted. A promising cla'e

Most (of the( work amn skin biochemistry in relation may hie fotund in the diseoven.ry that some ensymep' an-

to if hurns wits sitimutlatedf hIk the enzyme theory of liberated from their flxa'd positions in the skin ats at
vesication (see (hnpter 21). Althoughi tentative sug- fairly early sequtel to the appliention oif It to the Skin
nextit'ns that thep artion of If depenats upion its nl- surface in avinto.Jtb
actions with proteins andl or enzymes were madle
early ill t-he intalr-war pterio,"AhI the enzyme theory 23.A.1 Oxyvgen Consuiption andaG (;yeolysis
or v'emieatiom receivedl its greatest impetuts shortly In MI~S Heprntm reltortvid to tihat vtli4UWoli5 aP.
Weore' anti attiring the first ptart itf W~orlif War 1t. plleations of 11, It strone, anda other v'a'leanto In.
It, was Net forth bty Pa'ta'rs (19-1101"1 In the opien hibit fte development of tumors (skin earcinemits)
literatuire anald t~it avast amount. of( ahemlcal andl evokeli by~ atitl'ions f coal tar. threntbtum pt at."
biochemiceal n searph Ill the UIt"Ia Kingaotm analti' li, llsa'altently Phowa'al that I I in vifro causes it liitedl
Unitedl States (huring the war years (see ('hapter'4 inhibitiam of the oxyg--n tronsumption of mlnaeal
19, 20, anal 21). Its appliention ito the Arsenicaa lId tumior tissue (Jepnsen rat sarcoma) antl a pronoiuce
tot the fruitful tevelopment of thep aithiol antidotes inhihitlin of its netrobie onit anaerohic glycolysis.
includling 2,3.dimpeaaptopropanol (HIAL) (see ('hap- Tieme olloeervatiarns have histAirical impiortanca' be-
term ti andl 31'). No such conspicuous practical cawse'- cause theyv comtrlbutea to the dlevelopment of thep

quenceso for therapy have attenaleel its applia'atiom tit enhvme theory of vesication antl Wea to a number of
thep sulfuir anti nitrogen mustarats. Althouigh the studlies amn skin metabiolism. 'Most f thep studies
theotry providles a plausible iterpretatiom for the ala'mamnitrate that, sublsequent tit tretitnt of skin
o kin-injurant aetiamof I(If anai relateal eamipasinast, in Pirro fr in rumr with 1I oir othepr sulfuir antl nitrogen
anal although some but not all enzymeso in the skin mileatarls, respiration (oxygen cemsimption) is buIt
hecome iniautivatell as at sequa'l to) the applia'atiam aif slightly inhibitedl, whereas glycolysis is matrkeilly re-
these veiaants, it remainm to IN- teterminell whether iluaa'at. In some' instanceso skin slices were incubiatedi
or not. injury is priusarify detepeoalent upa lionJit W- %%it,1 the, vesia'ants ipj vitro. 3".,1- (W gretr interest,
actiom of the age-nts with (me or a few six-Cifla alI aire thea obef'rvatlams in whiaeh vesicaints werp apliledl
ighly impxortant proteins or tither molecular species to tite skin in vivo andl measurement-4 subseqouently

which contain grouips oniajuely sensitive tot 11.3 Al.. maile after excising the skin.'-W' 0 'AJ."'
ternatively, thep more oir If-" random reaa-tion of the
vesia'ant with tlie remuvr %' gromipts of mostorraum proei ARoteIiaMI i41i
w*ins, which certainly occeurs (Hroctiaon 23.3.3), may Normal skin is ain al-tivaly respiring tissue, fte

undlerlie ix th dvelopment of the otwerveil pnthow oxygen consumption of praations excislal fram

logical effeets, vouing rats lacing as great its 1 5i mm"' hr mg of tin~
At the' present time, anal without prejoii'e tit %%eight.,- Thve reistance afo this oxygpn comsumption

fuitair ile% .topnients, it is probably rca-samable u) to inhibtitiamt lov 11 is -!-ventlca bty t-he aloweana in onae

1 flip~th following cmelusgions. (1) Thiere a'xistaa as studly of siificant, olifferences bietween normnal skin
vet 1141 (41110in0ink I'vilal'n that the( Inac-tivation oif antl skiii treated4 with 21) Iter epnt 11 illn auhol for I
tny ome a'tzvm or gnsip oi enme'.- hals a ctmil re- tmir whe~n mea'.turements wen' muae dairitigft, tirsit
latiami tol thep dePVa'lapIa'i. Of VesAirant bms of the- anti sevosial lirs afte'r tirail ineit " Otheir ohwcerva.
4kNt. It is I rt', hom-y'er, that mosat of fte investlivi. tlatms,14"11" -1 hiwa'vi'r, lnatla'pt*' that It sallia'ptimt.

t10r1s haMve 104'a'1 Po'emtla to Vanzymes involvtl In but V lteoi Ihibit ion or isip ro'splitaory rile' (1.1.,
admlwiyrate mealmNli!sm. (2) Awiumingt it were notstrutra's :uhtat1 fla'al'eia t it first 1 2

found thut. oliw or more enitymes are uinialuely sensi- hours after pavi-atuing. OXY91geM,' amuption it 61 11-

liv' to 11 andl thot thevir il(ivitlion i,4 a'atsiilly n- treateda -,kili is sMill to II' 1auiinllua4i11'eat bly 11llit i'm aif

lateol too tha'- ul(eeloeme'nt of injury, it i?; not 11no- ultialtoae' "14 ltt tit Ie' narka'allv inara-1,4a'ali by ha-
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rinap~li Jhp x-reen. ihiltimproxhil * ret githtw Is itlariealy InhiitA'ai ainti in lilt, pren. t

mpnt wtith if %wi tdelImftel in the presence 4f sitt- iyrtipn soimewhat. Iihibiteei,'1w With liled lacxivif-
(~) enaate. 1 '1 In ime invetitigatiam pyniv ate appeared to maimophosphate there i:4 also a large, inhibitlit o

have little effet. fm thei re-spiratiam 1f then m ali skin phnstphwuua transfrr, but, not 511 great it line% its wi'cenI
buat thelperet inhbttno epraino ltet glucast Is the substrate. With auldate heumselipti.
skin wawinetlaUsvi.", I memelI study pynivaltt Pitate no) eviletaep o4 pisoning iky It is zasiiar-

tim1 byv tiial skin.10% rie lilteim-ttati or tlie.*- It. %vat stresseal that flipi nuptabllie ultf-rtitng Just
findings hasi het'n iletel"t'aescrilleal are t'ot flplNitil't at 0.31 2.5 lans lkftA'r

i'Thp lipme~ glyetilysis oif noirmal flit. skin is lou ati al ppliclt'attaif 11, but. that tipy' oitlisetittenitly dcevaiopil
IN 11t1116441te1 iky lkyivail."f Fir aitt.11 hours altig a int lme flI emi rsiadlling the~t &I *etipinmti~t fi
aifter t reatment with I I there is no significuant changep grow' injuary to the, skin.' "W A .( lin zadition, tpsts of it

in tihp ratl' df arid produiction in the pre-sence of large number of vesic'ant. and naiant subsetanceps
giticase. Within abouitt 3 hotts ilowevet, a mark(-( clemamstratedl the existence, of a goodl correlatiam he-

(1.yxn 4)ituaamptiiin, and the ra~aimrtaty aIititint the( glytailysis tf gthactise by rat mkin. 11h01.1 JI
has falilel fro~m at tlira,)' vailue if( .M. ft almtitt.

4)54110321.1.2 Observations and Interpretation
in Term of Enximes in Skin

APRICl ONaVOLVsAS Thep o ervationA mentloncal above were, intl'pret-
The wo~rk o~f the itin giatap shinwell that uinder alet on the bastis that Pit important, aspet fr skin

anam'iabic cttaaaiitions, normnal excised rat. skin anal nietabolisem is, as in yeast atnd musclep, thep ibreak.
skin extratats i) tie ahs'nae d addedp( stubstrate pm-ai down 4f guitteec by it pathway Ianvolving phosphormyl.
411114 laltil actid at at Iti rate 'Im glya'oysis of ex- sting ieehaanis~ms, anill tihat the initial piusplaoryl-
risedl but otiaerwise intact skin Is great-ly inemAt'nea in ation stages mnealiateal by hexokinase andl alitera.
flthe presence oif glucose, nilrately inciraed by hexaikinasa' air inhibitedl by It andl aother retateal
hexnaaeliphos~thate. very slightly increasied by hexo)- vesicaints. Staaeh an imnrtant alisriaptitin af metabo-
Uimizan o f gmhaae anal not itiae Ifoeiopat' s ptativaa icih t a ute lmntael

%-ell can hep lleton-trate! in cell-frepecxi mets if lit- bky thep IDiam group that yesst hexo~kinase in vitrio is '
vision is mae to) prevent the tiestmeitii of twto readily anal rpidly inaeti-.'ated( bky vesicants; f.l

nemAty clientynem' .'ozvymmme anal zvla'vitriphosy- tiaat ha'xekinava is in fact present. in the skin; 1"' that
platev (Aim), Iky etazymes prsent, ill thea extracts.""'0 treatmnt osf skin w~ith 11 in vivo results in thep In-
In naetothe JXWuIvale extmaat- from noranal skin, tle in- hliitin of this hexokiname afte'r it latcey andi ae-
activator aif r.:iasa' is ala'strayea anal the .%Tit wiomling ti a tuime course, eorresponaing 14) tilt**a fair
inhibiltir wpakeneal ). thaat it an ip itahibitetl byv gciya'aysis inhibitin anu li h evelaipmnut. f gmist
f"Inarialep. Ina the pre"-e t of Huonae anailt- necel-4saary iniary: In*.' anal that symihexase anal other enzkymes
Cawpnzymes, sIch- extrarts utiliat' gile(aas. gi:d'caar aof tileskin were nait inhibiteal in vivaly ii.10*. These
(nilie saImly), hemawaa'ninpimphaate, anal iaexteloaii- atliservatlinsm l lixm tai a'veip til exikinanoo
pliaiplaate tae formn ac-ial. presumaily Xlycerophots- (late'r ipliAP inasie) theiny o)f veiaim''Ac-
phonre anal pho-phafiglyerrie. efomling ft this tha ry a primary causal step in

A~fter treatmnt witha 11 in~ r'im, thip residall v''etiin is the. raatiam ilf the. va'sieaant with thes
glylcaiysts (i.e., nao aalaled mibstr-ate f exekleai t enzymes4, whia'h thereby biecome inaact.ivata'al.
aitherwist' intaat skin remnains unalterni bttheii In aupprai'i f this theory it mayv ha netted that
giyl'a)ysip. 4of adiea xgliuaost to) ;u-tia acidl bwemes lDix remconized tf liificulty cimtseal fair it by tiat(j
aaim icnipletaly inhihiteai."'' (vermwimeingly, eidenaw' that It in skin rnuiiek oinalerirpms ,sartiamlln
in aettne jectualar e!xtrarbts af Il-treateal skin in fip. anal reartim, anal alasa nait persist as sutal foir inauty
p"reel af flumsrie ut witharitnifikkl suttesmt,, minutesA (Setiamn 23.3.2). Imixtm laim..airenifienxtratei
the Aflaiii lialioin oif ATP tit yiplal alifllcittly hydroa that. thep inhibititin #of glyislysis alevilops aufter fill-
lyzala. piatihis is atnaffertial, loot thep xgrer assuati latency even if freo. ii im da'stmoya I by aaa~
litishimawrIs tmiar wicah aicciars in the pre-4encep oftaninatiest tof lt- skin with chinorisinz'-'r, 15 mintatas
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after ri sll oniuttisn. Fit rtleernoisre, impo~rt tt.Ifitle flioiwrtion oft enitytneA in skin,, ait oecs'~t6tIEef
t hough. not cuect'ssnnly obivius p)atholcogil 'vilenees treatment wijth 11 11caie Iseect 111111 byV Xl)it' ill-
esf injuty develop within a few minutes aftor ui. vest igators.n Itat skin was exsi-i-d 4 houirs ttertri-ret-
uiie-iin (if It and other vesiecents (Setion 23.2.14). ment wiith I I antiecamined l )i'hIesiliemns
l,'11114, tijivll. lcl itai W in Its warrant. flee con. told inorgaicl pynsplowsphliftase ac-tivity. Tiles.' ce.
clisioit thalt vieicuttiufl rt oet Ise it eontooiuenh' Hi Z1.flhi'5 wene iiiscti fur f'te au 11- MI hi I'ikl I lhe forneir
Ilieelirect reaction of If *jtlc hexokinase in the skin is not intictivittedl by If while the latter isqut

uselists implauisible acif roomplie'afed silbsieliary by. suseptible tut inac-tivation by vesietants. Th'le tet-
puhs i tre invoked. T7he paranllel bietween lte time ment with If resutlted1 in it loss oif IN) 814) per um-lt of

('ours"es Of hexokinase inhibition and tall (if anaerobic botfh ensymes frum the superficial layers of flie skin
Ieip.vsAis on l othm hand and the development of obitainedl after scraping away tlie edermiltuns sulls-
gtress ei'tihi'cs oif scerius injury rematins striking, tanvotis latyers. I [uwever, atialysi-s of inscrpi i-r
Wut it is prohialcle thaut these alterations art- rophe- fions of skin showed tno signifivant differenc-es Ieo-
nomiena ,,,thuer than causme and effect. In this regard tween the itiomertiote anti inorganic pyrophosphaitase
some observations on thle efferts (of HAL may hie contents of If-tratedl and normal areas. Theseo find- -

pertinent. 1Te glyeolysis inhibition prothcced in rat ingot led to the suiggest urn that after tratt ment, of the
skin lov 11 is reversedl byr HIA, 2'1 Wit it is known that skin with 11, these enzymes are learched from their
long-reemtinuedl applictoon (of nAL, aithotigh pre- it-ual positionsi in fthe skin anti patss into the edema
venting blister formation on if-treatedl human skin, thudt of the( subcuntaneous layers. The( edlema filuid
ifioo not prevent. cell injiiny andi death (i.e., thep wma in fact found tot -mitain higher eoneentnmtins
chanicter but not lte severity of the pathological of booth enzymes than bloodl scrum. These ofisra.
lrsponjSe is altered). tionq illustrate tlie diffirulty of interpreting thep re-

In it search for earty changes in lI-treated skin, tn secltb oif experiments with intact skin andi mulst lie
whihi thep delakyedl hexokin.tse inhibuition might ble consideredl in fte evaluation of till the work dfesc-ribedl
itrimdariy, it was fund that their is an early liera - in this section. Furthermore, it has been emjphasizeel
tion andi disappearance (if a proteinamc.lib6 Fifteen that, when the its Pir'o effect of It veslcatit (on tl ent-
minutes itter heavy emtlaminutiotm of rat skin, in zyme in at given tissue hag beven estabolishedl, thisi
which relatively grotts pathological changes appearedl knowledger cannot hle applied it priori tot otlier
within at few mrinutes, the activity of thist enzyme had tissues.1
ili'e'rensed bky over 20) per~ Mit, and OR) minutes after Ill addition ft the enzkymes considered absove, the(
fte co1ntamination thee, dec-reaser in ae'tivity exceedled possible' relation of the pyrcivate oxithise system tit
40 lier rent. Then, was evidlence that muich or flee vesietiin litts rereivedf eemotideonkti. lie marked
dec-reame in activity is neot at diret inac-tiVation of tlie -41tse't'piliilify Of lkyneVafi' oXidaionl in lprelpmrat.iotts
enzkyme as at rogist of tmcti-ion with flit- ve-sicaint, amnl other than skin ft inehibition hky sulfuir anti nitrogeon
flhat ftse ,nryme is, in patrt tit least, libenmte441 from meustardfs 1l24-11-1141 ledl in fat. to thes first serious eon.
its fixte'l ;5"witioc in fte tistsue and .mfterna time carriedl sideration of ant einzyme theotry of ve-sieation. The(
away y l ce ci( irculattion. T'*o steps whirch must pre'- findings weir that in choppedl brie hprelsitions fte
cele'and I nuesetIheprofeilease liberation tre not kncown. fotnutioe of Pkytilvute it, little affected byv veshcants,
It wets suem'sted. howeverh flit-e liberation of the wle.reats oxidation of this acid is strikimegly inhibitedl
pniteintoi'. however it may lie enspo. may piriei' 11 , 11 sculfisne, divinkyl sulfcone, soled 11X3. Thei
andi caus- thee locail appearaince of leue'otaicine. In ffect did eost. dl-pend emn inaictivattion of vitamnin Ill

It tany event dligestioin of tissues1 and pnit-ins by fle nor of glututhionc. Although flee heauring or thce finde-
proteinuse in riun, (loes libraute Icuicofaiie, emil ings onl the dc-velopmient of skin injuir, ell c

leue ini prileuced in the( Akin its at con-eejteenc:' eeinieii' aoed do01ubt Pilm'ssed( f ll IcyruavtI' icita
of! treatincet with vetticants."b .As stattedi is, setin, tioci is of implortamne' in the normal metabolismn is!
Z13.2.5. t he time relattion-t ffor thle nlppearnnee fif leurts- skin, "' 16I theepcibjetfioins in turn heave horiiti er'ti-

taiis ice vrent-l rentted skin (lip) nost appear to heave 4iYA'ilA'2n
-its elftennined-, ceesr is cvidmlete nvnilahde tuA to T'I( lNK-dilble role- of elelcceea.ein skitn mtalt-

who-tlcer flee- Iprosuu'im- touli or 1-oleutle pites in- 4,i-sman ein ie feIscti oe ve'siefosnts has Iuk.0 ls'e't
atiivate Ise'tijea. ccmnsiele'n'l."1*4 This e'nzve i,4 prol'sctt ice skit, und

Ato impisrfcmint aidditionail obsri cition biearing on has 64-11e fountde too fiv inetivatlee 111 4-1. e'sI.taceelsei

............... . . . .



app'ieations of 11, TI, and methyl X-(-hlorvx-thyl)- World War I that, ill addiitiont, it sqwile siett'4ti.
N-nitrosovawntite. MitiOn i1 IMMO- M~~liw as I'restlt Of tIM4441iit VX-

23.4.3 Nf loellapls Gtresatolvi l ipt majority of tilt earlier workers 4?
2.i.43 MiueettaeottA(,bws'rvatoni~anti all of the mote rwent Ivs gt~1

out, Few studies hanve been madep on uirie gross chemical are agreed that secnsitizatio~n deQVelops itiIa cOttstdf-r-
chnt tha fit. occ'ur in vi'scarwt-trtetd skin. One dlay abler proplortion of individuals. At thip presentt tilt%(-
141hIsVItte(nt to eXposu~re ti 11Vapor WCI = 7,M1() mg there can lv iet) doubt that HI, likv some otlltu' suAmple
min 2m), the total phosphorus content of rat skin chtemical sutbstanes (e.g., dinlitrocltlorobenzenet1 callt
(jN'lt') was lower byv alott 20 per cent thtan in fthe net ats at potent. sensitilting apent ill tman and also) in
vito' of( fast*'4l ('ottrol rats."" A further changei did1 thte gutinea it . £ID~k. aKIa ott otlter sit-ips b'
notet occur but the conenation in the ptelt of thep (e.g., fi the rabb1t,"" rat,"p atnd motS 0) tin- ill.
control pMWgesively decrease, to become ton the complete. In main anti the guinea pig tht- e cqtined
t-hird dlay essentially the xate as that in thet gassed1 hywrsen'ditivity is eliaracteri"e both by skin rvet-

*animals. The rethtetiern ini'olvedl predominantly the tions tol(iosages to which 46tnortmal" indlividtuaiot t o
aeid-jtsohtth e t-ion of the skin phosphorus. Under ivact and byv more dlefinite ei't iotns t41 largpr tit mxpe

the conditions of the experiment little change in the than air exhibitedl by normal indiividttals.
water contentt of thip skin wits producedi, andt it is not
knoiin whether the early pltfluphorus chautig di'- ... SE.NSITIz4TH)N IN MA N
jIendled utom a diteel effect of the v'esipant on the

* skin. L~ocali*ed ext'istiret to It appear in many o'tiesto 4
Stiuhieutent to application oif It to tttbbit and tat lie follotwrid by an inereaeti sensitivity of tilt biody

skin in Pro,no ntcleoprotein wvas extractable,whereas surfacep as a whole in man its well ats inl the guiineat pig,2

a large qtuantity could lip emt'tA4 from eontrol alreu but it is ptossible that a greater degree of hypersen-
of untreatedl skin."3"p sitivity depvelo~p in the nelighborhoodl of at previouslyv

Thle silittm nitroprmttl test hat% been appliedi to Imirned area thtan at. more distant. ti'gions of thlt
frown sections of normaitl rat skin tind of %kin pre- hoidy.10 In exprements, in which sutbjects were ex-

* viottshi tretedt in Pro with liquid 11.1 The color posedI to localized applications of liquid 11, et'utets
develtie byv the test in the litetd skin was less hypersensitivity euld ite demonstrat44d within 8
intense than itt thep crntrol skin, at finding interpmrelt ltkys but wag more pronouincdtitter 4 weeks. Tile
to mean thtat inalflydryl groutp had disappeared as at actiredl hkypersensmitivity appears to persist for long
14etguuel tot applieat ionsi of the vestieunt. periodis inaI perhaptifor lift.47.IM l IiesltS of animl cx-

Trhe' lomiori ltt fOr alklitu l el hosiattisp Is almost Jflettmets 1-1" are it utimil with this view ill it
titeg'tive in normual skin but stropgly piositive itt tile maky be- ntt that at worker who. apilears4 tot have ilpe
seab oif heat butni. In tlie vase of 11 burns the s4cab) veloped it hypersensitivity to 11 during World War I
and immnediately sibljaemut tissue, is negative, but exiihiitedi an extreme tiegm reli sensitivity when lie
ru'geu inig derotuil ti6,4ta lis sim-wnithy lisitil.lr augait etwotttteredl tlt, apgi'ttlutiigx Woritld War 11,

Ohiservatios tt 444l' (Ifli diet Ott flip 5t4'l'1-11ti- ''he ".'ett lts of hliersettsitlve itiiduttls tW test
bility oif skint tot injurty by ve-ivanatts "' Will lip Ilis1- :LIplicatiots of Itlin small dosps0 treqtiettly tir-e lhur-
cuis'ud il A 4-t iOn 23.7. 1. arterized by the delatyed dervelopmeitt of t'rythetnau-

tsous, paputlar, ai vi'sii'tlar le-sions. This forin of
~ l~1~tN~lA~~Al. Pl~:NosENx nN) , smilar to those evOked It etematous

IM U W M Ill STUIESh. zutherges such ws ioisen ivy and certain dyes, is Ie-
lipvted by -mime- authoritiestf Ite fypillil of* IiyIN-r-

Itiortoatioti sivihthl'ias Of Nolwetitler 1911 on spnsitivity ti It 1114' Ihtre-tut o l, hiteacipi iitiSl-
,.kin~ smn~tizu-tior tipewaf hns bveen authorita- after fresh contaminatiotn it atiother site haks also
tivvly atidl eX1di1Aitivelv "6vieed.' 7 I rreqtenthv beren obse-rv#ed.47"" Plare-ap may mani- .

'I'The inhernt Or "Iminry #hi:maging artion whirh test. itself asitching, as erytliema and edemia, or even
is exerti~l It, It oin the skin of previou,4lv iine,%xose in some instilttec' 14 as ItlI-hiIl Ve-sienttil. Ill :1111li-

men andl anninals prsents soni features itt conmmon tion to, the( t.-tual eP',ttlitl m sisiti?4Ltionfs, thurt'
iiith rhautiges -"en in etcn'mittous allrric rtilms.' have' hecat r'puirleil two ca-4es Of urtirarial setusitizai-
AlIthotugh it was denied by sotne' intivetigtrs duritng turn. Ill thie4- instancet44 WIIMea format je1iti l.l PVajntlf
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it short time after npjtliratitn of 11 tot sublIjects who 23.3.2 SeflsitzatKion and Deiinsitizatioti
h110 proiily been exposed tt thle Itgcnt."' in Gule hap

[in various investigntliott the indence of hyper- Under NXI)113 ainspices an Investigation of tilt
mt-nsitivity subseqititnt to exposure to 11, its teted4 byV tevelopmentt anti pososible prevention or ablition of

1,)Ijplit-ations) of small amount-M of It fdlit(41 in It41 iI)p hypersensitivity tot It was initiated very ilearly Inl thel
of stolvent, has vitrieid 11iteten teNmtt M1) per cent anti war andi 141 tot what appe'ar to have bee-n tdoe first(
about IM) per cent.17 I)egrcesof rnsitivity 1,() times experimental siensitizattions of laboiratory atnimalls tit
greater than thi' "normaFd as determinedl by drop thim agent." 'te results together with tht.ose of simul-
ilMltin iiit eest 1Vlp in it few inttct."'It is taiwotly and subsequoently condlttte(I American,''
dlifficuilt, however, tot esAtimatte in how litre a per- HrtshIttk l.I ioil ('analifa 1012 stuldie will Ise
centage otf cases the hypersensitivity becomes" staf- reviewed in til? section. It ma~y be- noted1 that the
ficient to hecar pratically on the field aspects of active NIMIC work in this field was disicontinuedl
chemical warfare. It bt clear,in ainy event, that at smaill late in 19412 b erausoe it was boelievedl that no informa-
liroolmortion of individuals do develop such high de- tion of pracetical importance to the military 'hirireg
gies of lwprstetitivitv 47 anti a few -tPtxurntiY the war would reult from additional short-term
pooss such exceptional tmeonditionmed sehitivity,"l studlies. Although partial desenaitisatiom anti i-
that it is impractical for them to work in laboratories fractoriness to sensitiztation have been prodluce in
or factories where 11 is present in such smatl Con- guinea pigs, the studies have not beven extendled to
centrations as to hte without atpparnt effect on the hunmn subjects, anti thte frt'ttlts, although interesting .

majority of workers. anad provocalive, dec not suiggesot practical procedutres
A triking example of extreme stelisitivity UP If for protection against 11 in warfare.

vapor is suippliedl by a recent, incident at Ed~gewoodl
Arsenal."4' A soldier who hadl prviosisly experiencedl I?(tI'417OF IW I IRM1:tENSITIVITTr
seveh, mreaiotis from exportire to small amounts oif Definite cutaneous hyperstensitivity to It !n gutinvit
chemical warfare, agents andi who was known to stiffer pigs has beven proslucedt quite consistently by the
from haty fever wats ac-cidentally exposedl to a small following procedures:
amount oft It vapo-r which drifted over thte area in 1. Treatment f thet skin of the block with 8 drops
which hie was4 quartered. Although normal subjects of it 0.05 or 0.10 per cent solution of 11 in ligroin
in the same area experienced no symptoms andi al- about 10 times during 3 weeks." Two to 3 weeks after
though two other i-sensitive individuals developedl .t-hc fintal application almostt alil of the animalsm re-
onlyslght reactions, t he willdier in quest ion developedt ac-ted to at test (application of 0.1 per cent If ill
stiffieiently severe systemic' -ymptotms taul4 e'ttaneOUts castor oil1) which in normal control animals w,is con.
injuri-os, incltuding extensive, intense edePma and sistently negative. Thet animals reactedl ats vigoroustly

arcaofvsicitiu~atort~atehopitlimtie. $ t uisan consistently to tests with highly purifiet. (re-
of thet skin Insions reoqtaired 291 days to hecal. erystallia~l) It its tot less pure thittillglyrol or lke-in-

One instance of ateoli ure' tuneots hypermensi- stein it. The sensitizing applications 4)f 00.5 A(.10) per
tivity to at nitrogen mustlard (11N3) hals bveen ole- rent. 11 elic-ited4 voniulerihle inflammation 41f the skin.

7 scrilwcd.M TheInre is also one' reo-mrtedl case of tion- Sensitiztinst application of 0.012 1%,r ccitt likeimis"-
cut ttteotis Aetusitivityv to IIN I, ill which slight ex. elirl4*il uIllltnnnllt Ioin 111111411144,41i hywlwsltlvty,
Iositre tit the( vesiviant eitit-,l alle.rgic* citnjutntiviti-s loot 0.)(11I pier centt. It 4awmpieI relatively little inflitm-
an"d actute astthmnat,il 1mbriti-OA" The subtljec(t was mation anid practically no hyls'rsen-titivity. S4ix ap-
not excijttiotlly INeltsitiv4' to 11I or L~. It is not kno~wn jpli4ItionIs of 0.5 p'er cent It ill ligroin, which cutts4I'i
whether thel relative altsencet olf repoorts on cottaiteout4 -M-vere 11MI' buntslrved lesa effectiv4' titan thE. mitre
senl'itizatitui to nitrogen1 nitistards reflects low sensi- numerutis treatmients with 0.0)5 (0.10) per cen-tt s*lo-
t izing potencwy of the4s4' rnipotindl or m4'rely thet tions. Animanls tuirnetl severely with at single drop of
fattat re1L a1tively fMV S11h+11-1- liltVP' 1144-t e4ctto'eci, 1t1t4liltiteil 11 10ivims dt-v4loloetl hltyINrm.tisiIivity of(
tundil ii aurt iE'tlar nmti.tt4'ly cX'i141*41l, to th$e'sa ontly it hl 4h4't'4'. ltePecVIA1d 4'XNttfl'5 10) dlliate 11
art'tts.11 volmir 4'livitt-4 slight tyivx-rs4.n.'it ivit V ilt some)4 un~initlm

Tlht-rr is gasiol 4.'.idenee' thot 4isi zt~t t~l 11 j4 l)1ut 114t iltl! es
1141t it."wi4b4al wilt im-1-u:1.4'tI ~tsesh itv t ar* 2. T'Ittitt4nt ilt 01. 15 lier cent I I ilt ligrosin oeltE

54ItWul ~ ir~uit-. 41:ily for it) ElaysY:- itt Nott tast all amnuuds I)"--
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vioiisly giv en a sinle4 small (bueit of It also1 exhIbitd t4PIClVIClTY (IF SENITIZAION
hyfiersensitivity. tieVera li i in arkedfly htypersenisit ive to it

3. tnt rperitonleal Injectim 4of ormtalin-killedf faikvil to reat either ta bim(O-chloroet hyl) oftler or ti)
tiiolopmcle Iuwilll, followedl I daty later lky l'ttrli. thloilgxlyrol applied1 to) Life shaved skin."
tolletl injeetlm of 0. 1 Mgt of 11.11" In vaother investigat ion itnimals haypersensitive to

1. MtIcling of the skin stifficient to produleP edlema It provedf to Ihe lhyjpernsitiv(' to IWopyl Ia-hloro.
Without uikerittiom, followed I (fay later byv intralieri- ethyl sulfide, X-heptyl 0-clornethl~y sulfide, stuld 14)
toftia injetifm *,f 0.4 Mg Of IL."1' 0-ethoxy ehloroethyl stilide (xid), lbut. nlot to phenyl

5. ltepeaxted applications to tlie MInespo)Et onI thr 0-chloropthiy1 sulfide, it stilrone, oir 1X.l~
skin uif smatll dlosesA f i I ilitedl in bienzien."'1t This
methimd produced gientlim-l hypersnsitivity over IthL*TiV. SmTilFPT1IIILITV (IF llVI-IKNI:sTgWI .%Dthe hotly su lae but the site where thep ensitizing N i~. im. (frs: Pus .O 4.i~i lxitr
llit-ltionsl hint bien utlpled wits distinctly mom11 It 61 impoirtanit. to kinow whet her large' (''costaltv.
iii'iisitii'i. It WILK consiilemel that this prolcedure is fthe prodcing") 14)JplientiEUns of It prislTic miore spee'
isimplest a most effei-tive tiwthi for meflsititinxl or monre prolongedl injury in hypersensitiv*e thanu in
guineat PION to U.l no~rmal animal.4. The limitedf available dhatat inditcate

* I6. i lyv application for 1f) days to the same lp'r- that th fl ifferetlee fire not. great." The onset of
th i oflthe skin of 2 dropsf of 0. i per cet I I in dir.y marked1 injury appears to iie somewhat more rapid in
benxene.1'4 As in (I) abiove, a single severe burn with thep mensitized1 animals; and can bxe t.% oke l by slightly
It Wits folwdby tlie de(ve'lopment of hyperse(ns4i- simaller dloses f liquid 11, but. in general the severity
tivity, bilt only f a low dlegree. tind4 hetillnuI lime( of( severe injuies In thip two cihasses

Titken its it Whole, thip oluservamsnln demonstrate of animtls aire not. v'ery diffiett.. Hypersensitive
that Ii the guinea pig hyperst-nsitivity is mm'. ef- anirmals provedf to bep little if any more suseptibhe to
fefetively prolucedi by repeatted applicationis of It in the effects of inhalted vapo~r than did normal eotntrol.)-.
flomes which, t-hough rlattively smnall, are suff16ici to
produte skini injory. ()ne( or at few larger applicatiotis Pni.VirTO). iw A4iXAtTIZATloN TO If
fiare leSS effeCtive. Partial reatoriness to sensitization to It hins

been pislited byv a variety f procedutres:
D00 AMt) TIim. ('ovtwsir oIIYPI:Rto:NSITIVITI 1. (hIiinea flipg repeat4lv ('5p4154 to very small

Thep degre of hypersen-titivity, ats tested hy the, flmitgns f It Vapor andt 1suilseq11untlv subj(0ted to at
evEN'tiimof treshold responses t,0flitItef If SohlitiOns "estzag ceueofittioii 4jle4tEtSifI

2 3t Weeks after the end ff aL votire fr sensitizinK in ligroin uisually fikl-d lo develop, as ptonoticeed a
ap4.plif-atiOnIS, is ConsideraleI. In in inVP4,igatium " dlegree of hype~rsensitivity its wis obtainedl with
thep emvthlemit-produucing ilose for nortnil conteol normal animinls2'
animals wits Ivicgol IfIi benzene. Thie huyp-rsensit~ve 2. Partial refractoriness to ftill sensitiztation by It
animals reuted ito alriv, 0.2 jig, indicating a 2041,111 wats also iduced byv Prior t-reatmetut With at series fi
ireluse Ii sensitivity. In atnother investigation "'4 app;licittins af highly dlliuted1 II in ligroin ie, l u.

control imnialm reted~ to If ait at maximumi diltit ion centnrtions lower than those, whibil proihue inijur~y
Sof I ,MN) to I 2,NNR ilirA'ne-, whu'reasasensitizing aind hinee hypersensitivity)."

course' of applications wits followed ;n the majority of 3. (;iinm pigs that hiul susltined at sa-vere burn
animials 1) reaction to at (ilttion (if I .32,MX). diii' to li~auid If andif were subisequently given at

n'u. I imr of oiset of hvperse-n-itivity has. not bee.n 'senlsitizitug" sc-hdle (of cuataneouls applivations of
L il1Avestigated quuau11tit4t ivly litut. them' is e-videe that 1IInu-tzne depveloped~ c4oidlezly lessm hayprru si-

it is prehent. to~ a significant degre within 1thtdy.; tivity than normal control animith..'l
aftcr Iui start of it men-ifiiin% sebeduak'.'2' All Ii- C. % similar tesult wats iitied whin t-he ce~ndi-
vestimtlu4 ' '' gree that havpersenisitivitv, ooce tioning 11aji;:licti~ iiu 'If h, ilHI.1tea Of l)(ing V(Tfl large

(111111111(1,pi-gite mesitlgd (irprolongedl periodis. ausiol piiN'itet ive f severe hi.jilrl', wa.- Ollit nIt m
* Ili 41t11. 1iti4tature till m~ir ionsp of *aial toested 22 clome (10 ug) given *pll(- 1; wiis iit4eqi't to Ibhe

imimilithtifter senisiftitiii were not siknifimmli ly lf"ss icnsit ixilg ,w19- lq.11.'" $uaechuuNt.11-1 to fill M-Il.it izing , -

ffoiuuieI thati the reaqctilons. '! the sment anlimals sd ie-dule, I I If the 1111mc1cindit ifineid ILttuum1N n.actAil to
2 :1 %Ao4-k% iuIftr ,ec'nitizst ion.' at maitcugutn liltton (if I :12,fX1 I i ls'nvie mnid

4WE
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3 o16Mwhereats (if the conditionedf auulmals on the preparation :%nil tchemical andit Imnuo logical4
15- of 16; reactedf only tit maximum- dilutions (if properte4 (if l[-serum r'limu-in ftlt4'''
1 /9,000) or less. 714?lsenitt protein c i lexe preparedl in pluse-

5. There lit some evidence that previous immuniua* phrate buffler contain re-sidues of phosphate ats well its
tion with liptheria toxoid may redlue thle eaparity of of diethyl sulfide anti protein. 27 Injection of I -serumi
guinlea pigs tot be rendered hypersensitive ito 11 by the protein complexles produces ant ilingeile-e which give(
usneal Proceelureie.Ii jpi1'ipitit) renetionfl witli the antig'm itjt(t 4 4. 'loll

11.14? Similar observations havei been nuule with IntI-
DRONITIATIOJ gens preppare-d by treatment of( serum protelin with 11

T"he only procedur which hits resultedl in signifi- sulfone and divinyl stlferne.11'5' 147 Their is cross-re-
cant udesensitization of hypersensitive guinean pigs aetiom be~tween proteins treatedi with the two stat-
has been thle prolongedl daily administration of 11 in funnes, but not between sulfone-treatedt and Il-treatedl
smtall (loses to the skin.124 In one experiment a group proteins 1"4 -- an olmsri'atjon of historicral itfrest
(A, of animals receivedl daily for 10 days 2 drops of in relation ito the "sulfone theory" of tite action of I1I.
0.1 per cent If in pe-tmileumn ether. A eond group Implantation of an it-collagen (eoiplex uinder the(
(8) reeivedl these dlomes andi in addition 20 daily skins of rabbits evo~kedl not particular reaction,"' nor
administrations of 0.02 per cent. If in petroleum in normal guinea pigs dlid intrailermal injetion of n
ether. The skin responses oif bioth groupie at 10) days li-serum protein conjugate.'" In somte hypersensitive
indicated that. all animals were becomliing senslitized. guinea pigs, however, injection of( the lIs-erum pro-
However, 2 weeks after the completion of t-he eotirr~ tein cromplex evokedl a severe delayedl reaction con-
of injectionis given to group B, it, was; found that in sisting of an area of mrked erythema and edlema
this group, I animal reacted ito a aximum dilution with central nerrosis.12'
of 1 '14,MN), 9 to I '4,1100, and I to 1 '2,(M0, %% hereas in No anaphylactic symptoms were obsrved(4 in
group A, 41 reactedl ito 1 32,(M0 and 2 tito I 16,M1). In 11-Sensitiue14t guineai pigs 11apen initraVenous11 Injec4tion
a Wecond experiment hypersensitive animals were of Il-protin Plimplexilli.'H
treate-d daily for 10 days with at drop of 0.02 per cent The limited available- evidenee would seem to mndi-
If in petroleum ether. Before the course, 3 of 4; re- cate that a skin site on a norinal human subject is. not

0 atedl to a maximum dilution of 1,32,000 and 3 of to sentsitized ito the injury-produceing ac-tion of It bky
to 1/10,0M0. After the course, 2 of 6; rected to it int radermnal injection of serum from at hypersen-isit ive
maximum dilution of I I 6,0M0, 3 of Is to I 8.1M), andi individual,"* although the possible existence of stich
I of 6 to, 114,M1). passive sensitiztation hadl beven suggesAtedl by earlier

Attempts tot dew-nsItime hyprsnsitlitve animalm by obst-rvat ion".,'
the following pns14-11xlAis lhave not Met with1 1411ce4W:
repeatexi Intraperitoneal injetions of If in olive oiii, 23.6 MIOLECULAR STRUJCTURE IN
repeatedf exposures ito low dosages of If vapor, intra- IWLkTION TO) VISIC&NCY
peritoineal injec-tions oif 11-treated proteins, anti ru-
taneousm applieatieont&l hin(~-chorcwthyl) ether or of In order to producer veltication at substance nmust.
thittilmlyol; production of a.severe It burn, intra- (1) bep brought into contact. withe the skin, (2) pisne-
peritoneal injec-tion of I I in sesame oil, an immunizing trate into toe skin, andi (3) there exert actions that
sechteluh' with an Il-serum eonjeegate, and intripi- eulmlnatt- in Injitry.
toutedl injec-tionst of it poteint aintiereun against it 'nb. reaghiteess with which a stehstaceec' emovIltill'
conjugate of 11 with serum globumlin; 1-i anti feedling tically Is brought. into contact with fte skin bus'
of 1 I-treated keratein or oif piwderedl skin from little htearing on them~eirchnism of vesicat ion buit is of
li-sensitive guinea higs.113 The effiets of ingesAtion great praw-tival impoirtance in thle hoice Of Ia vesicunt

1t I lie olive oil were errati Ic' i a mull series of for use- In warfare. Numnwrou phlysild ati divinit-al

* i~~itjslir liressaire, stuliility, sttse'tiliility to hydleut.33. %ist'ilaneous Observations ysis, etc.) Y kly. role- alill tc~ejjuj:Pentlv r..g1lttit eo-1
O f interest in relation to varicmus miseelaneoes obi- sideration in evaluate-mm msuch as i-Sose pre-s-ito4I ill

st-rvatioes andi tAs ftuture work on sensitivity andi ('Iu,ters 5 and ot. 1t will suffice here vi mention two
hypersiensitivity ft vesitcants are a numbe-r of studies generahizacions. First, ai solidl ve-ticunt (u.erystal-
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* Liquiii saqlieei tuee'ew'mt lin "kin: the' QJ arro eieltvkel it, eihe e.
t ljoluido usq& eiie Ceekito atwl .'eea'e t . t o n'eut e-vagsentie . ei ski"t ie~tse tit kt oeew , eege (0,S) fir visgsw.

line (1) of grieat intrinsie potenry may in pme'tive top physical andi chemic'al proplertiesA can asf yet. he
prove to lip relativeltr ine'ffeetive when arppied to matde for any series olf chemitially ri'lateeil ceita-
har', drye skin, lifeause it makes floor eemntart andI is polund~s. This situation prrvails for the sulfur zail
apt tot lif nkixi' oir loewn off! hieftwe it penetrates.M 3; iititii mtustarils in spite elf dtlatzili't stuietlt on thep
Seeoind, if ine compares. It with the moset vesiicnt natuire andI kinotics of their chemical reacitionst (Chap-
sulfur mutaele having either mucfh higher or mueh ten' 19) anti 204) and on thevir toxiroltig ((%apt-'rs 5,
lower vapior pretsures, there apperars (Table 116) tat 6, 21, and 22). T"he mea*ger re'sultse of attempts til
Inver*e correlationi between vesic~ant plotenci laid correlate' kinetic data with toxirity are aeummaurixetl
vapior pressure, "Ilitim, fte ineit vemirant compiounds in; t14vetiton 22.8. P'eiit( I-f i the niort" HIMee Ini te'veuitit i p tallue'd at higth vapoier otiventatimge. tin 2.A will revel hoew diffle'ullt It hut beenI tt obltin~

Witli regard tot penetration of tile skin, some subh- ftor only a few compoundso twome of thliplilaitilative
staneem' ((e.g., ifeline, me'thyl salieylate) which fradily telxirolical informaticln that. would he requireel, fani
penetite lark vesicant jlroie'rtirs. Other suttsfnui% attention half liven cahletl to prcautionse that should
which an' liotent cytettoxie. agents when ietrtshticeti he ohse'rved in empurative stuelie's."T
into the hoetly an'e relatively innlcuotus when applied ihuen' aire availablle, however, tit(' reult4 cif ve'si-to the skin, presumabily hecause they an' poo~r caneyv screening tetet with numerous sulfur andt
penetrants. Thve ilfonim sailts elf If provide tine nitrogen meistanlsandln'lat1eeemlintlif (ife'e Ulesexml.Anoither ien4ngexample is sppliedl by I ofChpes5adFo tee
at etompiarisoi of 11 with its4 selenium analog, b*e ela, it hits bieen ipotsillle to derive for the s4ulfur
(O.chlorethyl) toeleniele; thet, two agents peuteteest lip- eceimpunls at rnumltr elf empjliul correltions he'-
Prox~imately thle same ttixieity it-. mea-..erel w their t.weew'n me)leeular strtniuire atiel vellienney.'" J.14 SAMPL(ChI..e,'s foir mire, hut tlie sr'leniulp wtvuld appear to cif thle enire general cehiclsietns foillow:
lp ait lea-4t sevenda timor 'lre potent than If Pum a I. O-('hlelothiethers tei most effective vesi-
vesiaat.t esints among sulfutr ceiponinis. Chaip elf peicition

Amiong the v'esicant siulistancers, quianticative data of the -hlt irine atom rausest vesipant aetiern ito falll off
tin rate of pienet ration n available only for 11, sluarfrpy.
hentzyl-lf, lIINI, andi l1N3 (see .sertion 23.3.1). It is 2. Ther ve,4ieuno plower is greaitly eercneseil if thep
notteworthyi that fite valtorg oif tlht's foutr suhtetancwef rilewint- atfin is n';laeeI hyv an iidlisie atom oir by at

*wbich iiffer temngidenraulv in plevcieoefleniienal Kroup such, as eyanlo, tliiocyano, aceetoxy, ear clximinot.
properties4 are taken upi hey the skin with apprimi- 3. [ntrotiitiom eif a substituient en a -ho-
mately f lie, samte e~ffievieneyv (ie Table is;. Thulse the ethlthlie gretipelf a ve'sirant dereaMS fior lestryS its4
liffennelep e "l 1, thcy exhiibit in vet'ienant potencyv vesicaint netioee.

musat lie dlue Ili denli rfsue' in tlip injury-p hruing 1. lie vesic'ant Nitwe'r of at Ibtiowtlwr is tieeua-Me
effeectivenems f thle meolee'ulef- that have penetriteel liy any efItnge' in sntrue which lessen.. the.- biasiit~y

* into, the' skin. .of thle sulfur atom.
The iti-obe utielu, sutivaution, and reietion of i. Q atnd its luomoilig haviug, thet genleral felrmullaseli n i i s t a n ce s i n a s ucfg e t o s y t r n v i h n m o r f 4 u t

as thet skin sire* o emplivateod that nit eltl ra- theta 11 when n 5; the viesieancy efrols tifftitil inte'rpretatifof %'cit rant Itoteney in oelntitin markely for higher vitu iof n.
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0~. 0..Vhloras'tlyl ulicsalfidles ar" ovily ve'ry slightly rabblit- uansitiverelative, to main, laItit tindr .lifa'aa'u
Vesicant. cocnditis octhersa " have found it ncacn.' resistant evenc

7. ('ompacund.4 of the type (iCI1IfS((1l-I.- though injury develops more rapidly than in man.
1((IlI)SCu4V ,11,(i af1 less vesl(icnt than 1i. lce pig is a cocnvencient experimental animal when(

X, (omacaanals mantaining fte >S04 gihctlp, sa1i01 ase human subiljiecs cauaiact IN- limsitI,'.11
sul1fites IncItlixil',ae~cl~~atl addlitiont fldifferaf sftslfpic~l 4 n

9. Certain 0-chlonracthyl anid 0-hlromolwthvi sill- jolry, there arc marked splea aliffen-eae-4 inl the
tun,.,sacfon l llaidaes, anti sualfates are Ves4icat -hrter and time cacirse acf injury dievelocpment and

10. VPi4ieatny is a115) t'xhilciteil in lasIt-i dlagrre lkw healing (see' Mk'tion 23.2).
ea-rtain halhcge-n-frea' siulfones anti sulfates. w:,PaarA)('crLxex

1I. All of dw i' aghly vesiciant ecmpoutndls pow'A
eacsilentacle lipoald *1achallfty. A nttmha'r Of achaarvatlacns dlemniastrate that.

It may lie notixd in caneltimion that the che~mipal negroes are more resista.1t than whlites4 (('attelixalws)
mec-hanism or itiv'atiori aind rpaatli'cn k different for toc If as vaport antl iqai.'' t  A similar difference
tile stalfas(eMg., divinlyl saalfacne) than for the morr ii revealedl by less extensive- aata. for 1 IM (Table 17)
tyical 0-chlacrawthyl sulfur and nltralten mustai Tmeme. 17. lItkilva' saaso'jtileifitay~ orwgnipo mad W11l14"
(Capter 19), andi that the N-0-chlorfoltbyl-N-nitro. ao sanmci uimw of liqsild 11 muida 11N2.21
siccarlcamates (Chapter 8) and the arsenicals4 (Chap. = - -- -. = -- -- - - -- .

let 71 aet Icy stlill Octher mel-hanigms. :4n.. IIW~N tW' Eylcta t~an
it liii W11u11% .314e AIN ITIA

112Ntgnl 2941 R/-i
23.7 E4CI'ORS INF'LUENCING; INJURY- IM10 White 26,J 11 / N

PRt)'ING EFFECTIVENSS4 OF ~ ~
VS I C.AN T anal IIXI.2" In the cast- (if IINI, tes4teal by lawahal -- *

The injury-pfrcahtainst effec-tiveness of It andl Other applicatiams acf saiturated vapoor, the re'sults indicate
sulfur and nitrogrn muistarals is iacflupiea'e by at multi- that. the raio oif the e-xx~lpate times4 tac porcalca equaul1
tuale Or hiaclagiaal antl physienl variable's. All thee injury in tile twao races may lie in the acader of I 1/3 Or
varitbles shoculdalhe cacnsiaeled in thae planning andl1 I 'IliTe ratio in the came of 11 alas' not aipPear toc
Interpretatiocn of quantitative stia'lie-s tin the metaha- he greater canal may'h le ts.-Iln spite of this significant
aulem tit vesicatiam. Mainy oft them btnr hanpactantlyaon racial alifferenaa' in susc'eptibcility tio injuiry, fte vapours
tile e1ffa'atiVetce's aOf vsicataktS inl the field. T1v- fiecrp acf If anti IIN'l penetrate tita skin aof negluctai a'itatlly
thut haive kteen eoacalateal with sumieptilcilitY Will as rapidly as that Of whiteS.1' It bIA Pi een sgga'tll
first ha' listead anal aisf-tswed empirically (Mectian that the relative rpsistanac f negroes maty loce ae-
23.7.1), with the understandhing that correlations alac hated tothe relativly thiak homnylayerof thaeirskin."
ncot neatsailv imply dirt t aucal rdation.4hips. A 1Thaw dif not appear t4) Ivive hca'an nian-chamlcer Or
b~ria-f at tempt will Ilcen lie riacale toc integtrate tOe field tests toc ahtermine whe'ther ltcer'nwlyradc-
finahinga and tic alefine- some aof the variahles(4 that ap- ing affect of If in nagraces is sufficiently hI" thun in

jo-i tIN O primany impocrtuner (.Skvtion 23.7.2i. whiites% to be- af fora'etiacal significance in warfaure.

M-4~.1 Faa'tora Comvlateal with In vi.-w c fite apparently wall-extablishMa differ-
ence lit-tween the susieptihility acf negrices anal whites

~tisil~ihiitywheni tested in temperate climalts, it is fcr intaenat top
note that hattla alferenee wats fotndlbet-wieen fte

It isci-ar tat six-riesalifft-m-ncesin %saseptiliiity tc severity of injuries produaa'l Icy upIplitcatitccacf small
clitanvofils injory Icy II ctsvapcarmida liquid exi-tt 12 2-*- amwounts, of liqida If itciPerto iin triolips andl itc
4".Ali 116 but there- iiac nact appear to have Le.-n ixe- lrmcacp froom the eamtitina..ici Uciiial S4ia&iv." 114itlc
vtiin tc 4c make ixtenxive, aacmpccrctivi' stufidia'. 71ci gniujcs ac tluhcj4.ls were aua4limacl tic thei trcpies.
ocrlar icf .aaaaaapil;ify manghct hail lrnwa' t I li in. lce ilevehoicpeat ct of esivittion intha Icul~tarei Iticanas
VAcrfant uticahar varactas to-stinig voalli.:,ms4 fuePrP ist teau41ied toc INe shoiwer buat ft- ahilfiraaaaa uacta t aslc.
agreaniant. that tit( laarse is rehatit.aay ,aainsitive,11a.147 HIMca with statistival Aignifivatica.

.4 *41anal the guiuii pig cadt micnkcey appear tic I*- reha- An extensive. siries of tfasts has :4-1 bean idatte tic
lively n-4i4111111.'3 11, aS1mle aciusrveas I? '.4der tlce d1ernta lice r lrie,r.asitivilv oif white anl
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9jaitnefltwAmteruinn(iN1) tnxqm i tile lni*l isnot gnerali4fe tig. ilnt-nmris jrt it'itl
Stats Arny.,414 ibN significant- dlffemneu vvere data from man..ehamlwr antd field testsu have reently

to 11liuid 11 at stmall dosesw'i or tob vapwor tt duuagt (if 75 five reglimut ame thoste thiat ustially aml warml andt
andi 154) mg mm 'in'. moist and'lor subject to friction." Thiese arium in-

Ainme olbmerveu have reported tlint, among whiters, Oide the siruttm, pe-nis, axilliw, fuid tL~e etuhifll 11114
fair-complexiorneti individuals react morep SueVerMy to poplitt'aI fibsata. Hoiweve'r, tite palin the htit i is
11 than darker-skinned subjects i it. otherst have' exc-eptionally resistant."1 Reagional iiifferentes still
faile to note ennsPAi'iioii4 differenes." exist but are much lIss prwmtuunteil wn till- otly 0

ju )t flth relat ion in animals of pigmentation tot surface its at whole is wet with swt'at."'-44
stisceptibility tit If tire nlot consistent. In a blnark antd Regional iiiffeionecs in sentsitivity have beeni ibi)-
white pielould pig no difference in suscoeptibility of serveti in animals its well its in Iaa.M4HrA (9e' zIlso
pigmentedl andi nompigmented arvas wast observedl." 16ctitrn 21.2.2.)
In pillld rn's, on thle other hiantd, it is iortedt that.
liquid If prodluced larger and deeper hurm in the Atii AxI) Siu~
pigmentetf areas than in thep ntbnpivmentedl regionis,41 Within thip rather limited1 age range of 17 -35 years,
whewreas 111ght-skinnedl ginnea pigs appeared tt hie nob correlation of suscptilbility withI age ti humian
decidedly mtore seinsitive tob milli injuiry Iby 11 vapoir sulbject hats been found In tentts with several sulfur
than tlark-skinni'd animals." anti nitrogen mustartis, ntimely 11, IIQ mixture, Tb

I1tPt% ItflAI VARIATION IINI, antd lIN3. 1 r ht iik t'sii r

Tile eriburu inherent in testing methodls as well its t ts lw miresenstive that inuryks sm tists odarf
thep action of spurious enivirnpental vanialk tin- liti l mor than sitive to monts btlk"sal"" i-oo

tittibltetdly have tomtributedl to) the commonly heldflqi tta uk 8mnh4od*11

impression thant normal (i.e., not prieviouslyv expised) NURTIONbAL SqTATtE
indivitils differ t'normoustlv in their sen~itivity to hr per o i ovdnethtete uep
If. Nevertheless, there ean lie little- tdoutbt that c*tin- tilbility to injury by 11 o~r time for htealing of 11I i-

* ~sideraili anit, rarely, large variatiobns in susceptibility juries are apjbrivialbly uffmtti Iby splNtlly fort itlood
tab njuy db exst etwen ndivduas o a l~vbiP hat diet4 ibr Iby sulmwliniical nutritional lideni'u. fl1b)1-

it4 apparently homoigenitmis with respect tob the ivi~ri ever, a se-ries tof Atudies '"ion tile severity and healing
Wlets i'numi'rateti t&Ibive atnd lb-libw. The( pertinent timne of Iburnsi prlitedl ibv liqidit 1i ill rats diittin.
literature on man and an~imalsu wa-s ri-vit-wed Ii deu. ,trats thint alterations4 can hie proditecl Iby certain
tail iii 1944. lit atddition to thle more important paipet5rs rm u~liba eiinieweese'lit he
evaliiatetl in thve review tj&lI.iI&.tthe results Mr urtoameiceceweescr ainote

lita fw oherAt 11lp" re vailibP.1-14variations in diet are withiobt iffivi. The findings ta
of afewtuthr sudie ar avalahe~i!'lie summariv-ed as fobllowst.

In one group tbf previe'nsiy tinexpeueIi itntildiiils, 1. Nutritioinal ik'flcivint'y appairently resutlting in
relaitive sens-itivity to) 'If w-is fouind tot he definitely less extensive injury than in normal ratst: advanced

eorltil with sttieptilbility tob lN3 slightly cur- toi eiinc hrrirxt lk. ge~ teil x
related with msiipilbilitv ttb Q and To NOt. not ciur- folialiv*e uermatiis.411k
relateil signifivall with suseptihility tot 1, or 2. Ntiinldrcetc aigltl rfbefc

plwn~diclorasine77 ion extenit of injury #or time for healing: carbohydrate
A~tJ~~t~i hl~'E~sEsiTIiT1 ~defiriency:1"' modlerte nribttin deficiency;" Onit-

lXiitsure antI, partivularly, rpatedl exposire to min A defliie; 10Pg anti magnesiulm dehici-ry
If often leads to the development (if aiquired ly-is chiaraeteruzed by erythematouls and edumznatoulS
lwes'hu.'tivity (*.aeiSetion 23.5). skin."

3. Nutriltinal uleiicnuviis risuiling inl iniitiis
PART O( 1004 .extent tof injury anid dutrat ion of htaling t itne: ovr

Oine of thep mostt KItriking facfts about sutaceptiitility filt teficieney *harateriuedI by an itt rophie, seilly,
tow 11 and the% nitrogen mustardls is tit( existence of iniAst ie Akin; 411 se-vert, proute~in gdi'ie iley: "' so-e

pronobunced flitfiereluces bectweent thte various regio~ns deficiency o~f !Ihe entire viltniil 11 roiplex exxv~pt
of f lie Iviuoy. at least undlir eonfitibns when there thiamin, chnnractizeil 1wv an iv!rolpiii, thiin skin; 414.
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n)mi(ratf' hiotin- deficiencyv; In* pyridotxine 4deli- tilt sihljects imutliately pritir (to it EA-Ilitilit4 PX-

cney; I'l riboflavin 4lefieiiy; 4"', pantiitieiiid itt ouai poeriti!' definitely dlerint-114 thp everity ofr~
cle'fleieneyb' I-" mnd, lloototlbly, fevere iianitlon.me jury, amid It. wi otitaxestett thal.t- ith etter muight,

41. Adflitim~ ts it normial, complete diet having not underlie the ottervoil twivonal effect. it ally evenlt
.'ffui on vxtelat if inijury or (inl time for heailing: it iA apparent that aldequlate. evaluaition of it possib~le(
thianmin; 4111 rillofhmavin; 01 pyridloxitne; 40, pantothenic pffeqt (if acclimatization on Sensitivity reqiriex that
avid: 4Of nitcotii. ac-id: Of inositol: 411 pzira-auiuuo- tl&'- mubjectA lip maintainled ait at chunimbem tpuinjs'ni-
IsenNmlie mid;I "I Miotis: 1"choline; IN' rystilie; 411 and ttin, and humidity fir a short while' lifoti' iid mi~t'r

(w d'ilimiterp'd uIv~l 1.11~imllitent to tille mppica-. thet afwtual Pq).lre too vesiAmjIjt vapor if tilt Oliiill
tion f 11) vitaunin A eemenittnutp.411 teliilitiolii t in, greatly dilferetit front tuhse in thep

5. IDiptaryv mlteratioti haIving nlo tletec'ii4 effPct: cha1IMber.
substitution of parn-amnin-th'nzatmide for para- T'him coudition wits fulfilledt in thpe oulrAe tit lniteti
amuioIN'nzolie mwif l.4""' mrniebunher obstervat ions with I tNt visior." The(

resultm intdicatecl that. nt it tempeirature, of IN) F andl
AcCUjMATmzA-141%; NO.~- AND~ POSr-HAM'osvi re'lative humnidity' tif WS per entt thiA agent prolucedi
( :M)ITION:E lpewinta, nlNe en definitely more osevere injurws4 in fte summer thban

ambient teiprat tre sinel humidity, flit- Akinis IrA Som4?Eufe Aut~tlhthitf ohistervatiithi ) topin e4(lt'irly toi
otnsitiie to injurty bky 11 in the wint4r than in thep revetil tin effect of either pie- or tvt-xpsurp potuth-

sutmmer in teimprate Climnate", andI thilt aechimati- tioninX.1' -'1 Expemtre o! m14tlltA to It vapor at the
satlionti t ft, tir)w mayv alter surfceptibility. hlow- lziuiling of the( hot iseasoon resultedl in definite'ly more
ever, evidtiuep hecaring on thewr suIppwitieofli' ii soevere injuies than coimparable i'xpsur'st ait the(
limite-d andi apparently eeinflieting. Ambient tern- ame siml~ict temperature anti replative husmidity at.
r-rtuire antti humidity we're not adequtately con- tlite end f tlip hot ,s'muioii. The tentative interpret-u-

trolived in *)tilt- f tit o~trlipr observation-41 More- tiii given its fthe original re'port,142 that tlie mofre
@2over, measutrement oft ambient tempserature is ain mevere effects pnoduiced ait the liegiiin i tile hot,

inconipicte nuilsitre Elf thermal environment: tit.' murmon1 iA to lip relates to th ligoer environmetntal
radiant energy co)mponent has beoen overitsled in itelnilsoratutre prevailing tiring thep jtexosn4ire P
sill work to dlate. jws-riowl, iA j1111A1m'Sihle. IAa llnhy, however, there existA

Two thorough investiraltiimnstat. tile U'niversity Elf thet alternattive jNtmoiblifity that ft- differI'tenc inl
(iliemigo Toxitcity LAIloratE~ry '"*' fail ito revea ainy sivw.ejtihlitv wits relatedl to differences in pre-ex-
Eiffteeue in intrinsic sensit ivity tol I I in Atnmmer anti petwure meterlotgical condlitions ar in the acntivities
winter at 'hmiesuiv. flste first EI) these investititonis of thet- ubjecets dlurting thf~lit Eitl35 ay, Eor wvpEk,4 ims
wast it sAtitien14-l analysis1 f extenitive Elatit solbthil fern' their e~~~e
witn liquid 11 in smal iim-ese..1 Not evidence Elf at It teas genterally liven auuttnwiv that pecwt.4'xi)Eowun-
cimiilative AiAonal rfiet indelentlent of ambient physical exercisfe, bky protiticing mechlanild (-hitting

tempx-rataue and hu11iiditV WON aplarnht. Thle anid traima to plartially injured Akin (e.g., of thep
Aeisn'i "' wnasiln extensive' opripp, o man-chambefr scrtuim), uwea-ses l othsverity ot iveAunt. inl-
triail' in which quisjeft-4 were evjNscd4 to It vapor it juries"'"'1 lionever, in actual tests Auistralian Ill-
i ag o10'Ef 14111 Ing nin neO A~ various eliamber vt-stigators have notedl no, markedl differenceS ill
tenijz'raumis- nilu! hiilnifiitices. l>Njswrit" durting spvc-riy Efi injury or time for healing between b~urnedi
February antel Mart-h (cewl weather) prodluced neither volunteer subjects who engageti in dlaily as..ailit.
mo~rt, ittr less4 s-e iti us tsat ewt'reliis at teorri- cotirse r'.ns and (Ithero; who uiidrtook it% tolltt
P-potlitg iimwr tenuperiuurs :uad !-:nmueities Elur- ext'rciAe.""13
lug .huub 11111 .A1ilm-dt thot wienthllrl.

()i tlle oilier haind obser-vationsA at thep lnitted oSATI: OF VtsaA4XT

**tates .Saval 114escartsm LaLEoratory vti that ex- A' veieu myv lip appifee its4 vape)r, a.- lic'u'o'e ill
~Nt tt) El su'jei'e es im va;sorsoEf i, IINI, andi IIN3 large drilps or sjpla.lue-e, or nt it izrtiEvultto Elf varyiiiug

nder teintmli riet ulitivlus in at ounaimchtrnhr leads, (:,mall) iertitle size. Comaifjiuisn-4 olf Ilipi Efte1A oif
It Aoune,%hmat inirn Aeveuc injutries in summer than in liquidl and vapsor hav( Items mai( ie tit-me lclig
wiutr."'' Iwioti-etu ns prochitmpod that priEEolling itectiln-t oft tiois Ebmipter sunult- e-hmaeterist-s oef par-
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510 ~~IlCOI SM OF~'1 cl (:1 ?LNIFta- i~JtH1 Oil it 4rTltD.4

tie'tiate iolls(i eAvllits 4 tin *1 -u11 s' it,~c I 'al 1 tt iii A i s iati Ina er taif 'lee' ive'iy I iet-sit II%.4
Chaapte'r 111. liIN siwi-fnekjI ifliltt-1irAl-111-t

1114' Iue'miei wverit' car tlP Inijun pr ieil lk it* a 6 filte nominal p'ncl efi the PsIMMure. MIte'ilatoupt Iny
given amolint of lifejeid vesie'ant (eg. i) isaffmeted Amsc Ill i'xgaeettx for shoratt e'xctorurt, tinu-s when Lte
by tile tit-gym' to whic'h thli ti'i i, spr'ead oaver ft- osgaje'ets entera chamliernmaintained it t truijwnitlin'

(~~) skin.1Ti' in torn may Ise affet-teei eithe'r lay the lt moilc and i humidity sglnititly eliffe'rvitt frot thoast' to
eaf auapliv'cttion 1W lray move'me'nts (if tfl eit llajt'ct whiebl they live expcase'cl lae'leat, I It'e:Ip acl''T'i
or ittini tia whiehth li ctra im *llptliill.I1 Little infoarmatioan N~ availtalp with regard tea the(

t'ff'iv''ev* of If v'apor ait ve'iy long expissim' time's
J~~os.4eIE ear w~ith regard tea theeffec'ts ccixe'pc'tl small chLocges.

I'he time that It lie juid 'eosietint rematinot in conflict It apispai that Lte injitry resuliting froatit aglve,i total
with fte skin Solid, in flit' efst' oft visitor, fte cdositgf' 411a1410- lae'ecanaesA l)tlagrc'ssiVPe'l It"cc sc'-'e' asm lIi
(0') tot wlait ft(e skitn is m e d tclian, prime feaetca, inl dolovge It giv'en lin mort, nutne'rotu jaatrts and ti t. paro.
ete'rinnig isc'verity Of hilmri. TIit(e naimp'oau avail. gi's,4lvely grc'ate'r intt'rvidit.1''3 0laer'ers exaeated to at

cuts!. man-cehaniN'r and fielde teqt datait iotitflee me'sean- ilesage oaf alauntt 3WN Ing min m2l dl~iied in ftour ex,-
albly we'llI to elefile tile effie'ts fof e'xpeature to vearitanit jacastres ait 2. ear 1-day inate'rvals sustain'ch alacaut. fte
eleaccegem caf It v'aplor tan totally expcasc' hunmnial slila- state cle'gie of inijury ats oalacerve'a's ex~easee tO IM) tu
JMe't unieer v'arioaus e'tantitiemns JU13 13.4 04" mi 'ni in il( aexpo~asure', andit sigttitie'titt ' Ie'ss itjilry
and huave ree'ntly Ixet summatizeci anti re'vieweei."' th11n suIhjee'ts eXpeIAse tea IL desage'- efi 270 nix min'in3

Similar hit If's c'XteniA%' data011, asMa aviithi' fear iii twia exN'gpat"W too'aratirl lay oanly I Silly.
ft- ie atreags'it inuotrtimr.A lData ean ite 'leelttitans ti
ti'ta,te'u.le',ion rc'latieaalthip Foar vt'sieautx its vealacar- .AtDlITlI't' ANIa lDlLVENTxS
tint liquiutls apapaie4l tea small areai oaf Atin tare' aisa Tlac atkin-iajimrnt. poatte'y eaf mist rit" ef v'esie'ant 14

14alaae .11.21.2.'Z~ hasti lwc'n tc'st'ed fear at variety cfi tl'Ipaow., i.p., lie'-ause
the mixtitl'I laapjweneil toa hue pnoricteil ly miu-

EXrcaSI RF Tout'; Ml:MP~LE hNaosneitt fae'tuning 1)nxv**-.4i, laee'cwse it aeceoesseci mean' elesir-
Wt, tan fthe'I((I),,,*4 eaf It an ian tilt' eVe C'Il'c'c't ahale' jailysa'ctil prcape'tif's (Asue'la as low frP'c'iIag aaitoit)

* ~~~~~~of 11IId the' nitragen nnu'et2ref' give e'!'r vidc'nee than tile indeiviedual eeaipanis, or hw'e'atlsc' it witsc
eaf eviation~s fro1an liar's law for ft-e ntutgl cli x c' IIM4 lace it t a patentiatian ofat' ite etieans eaf te' coinm.
ittvitin' t ime 10 210) mintlt4s (see~ ( 'llalatet~ ' Isti 11). ,acanets might eace'r. Ini e'ne'rtil mixtture's f sullfr
Altheaugh early ialastirveat itawits a1-sa stiggi-0441 the e'xi.-- cachtl ntragen mu-41trlm with vc''h eat iper er wilt 

4,e'nv caf ,)roaiealneed~ v'aria ioan in hslis~tcrinK elcaucae (Ch/ aimi'iStiA, lWhc'll I&tajallect te lii' in its small iittatita
4 C'0 If viapor ats it fanetiean eaf time,11 ftat bulk oaf rnat. eafliellidl with evapearittia l jrrmitteel, ,NasN'5 v'c-ivtt

qlat4I intli'tt' that varication caf e'xilashare time oecr pctunric's intermfc'eiitf 1aetWe'eTH till"-t eaf the ih-
thep attige' .5 210) mintee" has n'markally little effect, Vi4IcIa 11m(nens'~' l caned ht' mieAin's
(ia I te injilntnt tiatio oaf xiven (Ifeasiges eat 11 vcar. 1' crn notaly mean' poate'nt titctit i itate'lf ia'c'uansc' ear tat'
$;ac'e'itie exqainac'nptt te' ie'st thlgiocint ineluh,~ (1) hligh jacaetiic' tf Q antd TI (ose C hapter 5).
vct,)ear tralua e'xlwcritnci %ithi iaart' skitn cxpea'd tea It *e'W Ve'Sit-Iantchv ea~t' OIVII l01c-11 f-VIII'ca luceI as chihito
va'itar fear 3, 11, aine fit) nunittes; "1 (2) man-e'hamnlir sealistieana ini inert volvet-4, candafipt relative aN'tsitivi-
tc'ss with It v'apear ca n ~e'lethitl skin ares oaf cab- ties caf inelivihuial tea If t' rutinely eeenintel 1a3
serrvc'rs eclacsc'l fear 15, :30, and IN) minutes lacath at ajaplie'atiean- caf eliat stclitieai-. It i6 th'r'fcare caf
IN) F anti 65a jN'r e'nt Mo'htive humidity ancd ait 78 F ittc'rt's tea note that, thle injlilint t'tiean (af If at a deuce'

7'aned t1 ;ac'r ent r'ltive humihioy: ' (3) man-e'ham- of 65 jag wa.' foaund toa lit less when applied clllte'e in
haer to-sts with If vzalacr en aan'lcatlael skin areats af c'rtain solvents than whaen capL))i(41 itnlibiltecI, cttld
oahaaqrve't m'ooevih frr:10 ul 1114) Inlut's ait IV) F 11t1ch that ehil-e'n'nI. reltsb we're callatiia'cl Wit h liifc're'itt
M5 1acr midlt re'lisve' humaidity: 11 Ittich ( 1) mail- -4alVe'uts1. 3 (M0e' T1111le 114.
e'hamber Itests (af 11 vap-ar oan e'leathee s~tjc't~ -, x. Ilt ettr ad ie orI (cuis i amliats tea
litim-d fear 10 saolid 211) miuiiat'4.'21 incnae tile ;acale'ne'y eaf u lay use car itimitivecs, caita'

Do)cvitimata froant 1i lawr%, lcaw~ ntty lip VNI)PI'ti-1 14Ic'e'iil M-t ef ireittae'' JutsII iacc a ll i whtiell
whea c'llithe'l "ilaje'tts rv t vtl' epcae fear shoart timies, elithel 11 is macre' potaentt thaait atetclitee Il.1" Wivil't
hac't'caaasc f thte' c'fee' oaf e'ittiing ill ltc'lavig thte'llit re-iatively icrge ieac' ea-44 f It in i lay1 ( 'elhasclve are'

SEX( 1111-71

As -1.



In @tit+' Irwin"" 61 ofli It wcim t 1404l, p'ith"' 11"111. witl If *.MAl
lcaee a e '~ittl ern n il 41 Ifo l'eeuI "e 011010 e' 1 c41 nn' 11W laimeai l Ii'tl~*jhlit.' f 111tecIM AP14 thekea'e VIA44111) V41141-

' = I)7 F. rc'tnfivc luuamicly aw42'afIttt In warfitti Intac Iflllit'i ItE.ct efi tiltsl'tit ec
- .-. ~ ~~v('sieaiiem of atianthleket'aee atne variata'ly thit'k'iuc'I

oilm E'ww 1ryvte'note Illi-ferc 11 and IT nuxture's ealt har- Akin and c oi g rcand 'h'
?4.,ciicill cIiTl-l $ixtP Sixe hj2r.l k l..11 'Undter it varie'y oaf v'cidit jens ft-e
411'Iivc'n'eI (cini) \to. (nina) \ec. (meu) a~ii. a likntgt~~t astnv'Itala

limit; it 0AIL 4 M 1910 7 MA N Is aimarkaahh little e'tTee, atltllcaanla t h l101 11t siA111
til I I ile IT"l 1l).1 17' 1M 7 ill IN 'atnt diitle'enni's have' laemifn d intael'm soante eia'c'aan-

heNI;, 11 0.011 17/17 7 13,17 3 stantes 'T"'" and may lN'-raAll'cha etorrelateu thi
ll 1it 4mll ".i 0I. I 17,17 El 7. 17 3 ist3.~

IItNa' hi Ol'i IIIIIII m 141'# a
2.11 1 Ill laPE:' 0121 11,111 A 1/1 4in l~*aENV I:? TAa. 'rI~M'KMHATC11F
Ion,I I OCLI 11a'11) 14/1 'h 1, Xtunaotus eahervatieas ele-monastat that It its

II h~ 4chlceimc 0,211 - 1IS ill 7 21111 a . l-ee te 'i)a ~ciacts metin se-vene hagtrits of higha
I pil%Ie.-Otwch.. eiavirouniitat te'mMIitti1' 1119th att IEIw t'nilerit-

tuens when oather eavireocnmential v'irial4se ' ma, uin-
itp)itell tea e'iaw'imrin ivla'l tits eat pix hkin iwl 4t144011- fue aelamInt4Ul~u.~i etIaat an-
tatminattel after A mintest, 'a'rtain ehilat ioans (i.e.*, 1 '9 c'hannlar uatil fieldj test flitt- Itaive Iteeta sinimtarlsed
aned I I ) preliee as meracans injury its tilt- 'same voalume an l ieei4 l.u6 I'lae- moost jprenmc~i l'' .tec't. of tein-
oft litilillitel 11, and either (illaioans (i.e., 2 8 tea 3i 7) peniftme~ change oae'iro in the range' that resuiltsc in
prewln'ep mean' awritais injuary tlia !intlililtel If. nlphp c'hange (if skini eciateitiom froint mn'hively idry to) wet
eahamervattieanm havte lac'en c'enfirtneih " bunt it liac Iten wtithI 5tW4'att.
eli'nionotrztte tatt ft- eoamaeitioan d accer waie'h tile IMloaiaa
nai~ctun- is the moare petent iii' very lin-ite'l.I '*." In
pip thene' Is nia eifferenee ae't weem fte in~juries pro Inee'uame in MOMt (fye eamlascahte) Itainbiet3' ill the
dueel lay heait If aned dilutted 11 if the' c'xpasomAc' cn' "'I"' ' c~hangie efr tismimja'itt- eor other onvirata-
fear 10I mitntes ica'ctceli caf 5.21 Ilin u ti lt- li i mmtal variuabales alii ne'nuaes ft- satateptilility eof
11441t If ill 114e111 lalrge' fiid eunlall deasc', 111 041e'444I nuivac'l i t skin Itoa IL""A-Alla Teet afo iaianleityt m'latme
mean' e'Ve're'n injtirie', thanis m e'are'saecalicag veahac~ne, eaf mayil teat Ice' ileti-'cte whi'm it clew' noit ro-siltf ill naeac'

that'~~~~~~~~~~ mitIe if eleaa3umaie I4na ~letei .2  alhteratiaa eat ft-e mocistness eaf the' bin. ll lait ills
If fre'e ecpiqi fait the skin is ;ae'riitt'el aned ei4'e01a1- fortinaeaeucaeil when it re'silts in mmtrke'l ehuiac.~ isa
teouh1ntita jwau'i'el fit I injintite, 11 Celeeoclvc' cklia we'It aes.c
preece's larger baet less ievmvre ll'sio)1122 It is ocallcS :x Fnea. s1
that fti isc caf 11 ('e' hl' ,a~ "nixturt-s wepule have rlla Evc'iiisc whiela1 r'caalts ill sweettimag eliaring exNAeasare
p)rit'tica time in wierfatr' lbut thet- intve'antatian eaf the Proeieic'es a gareanoeaae'd isue'numtv iii skin seansitivity toa
e'nlaneeel effc'ct undelr the a'gae'c'taa roemcitieans weauld li "w ~ Iiiitl'ciraeamacacs.~..a.:.I eri

eaf c'enc'rahl illia-w~et filtl- sthiiy21 at ne'at nan-e'laamlaer aned fie'il test. dhata hime' laimn

cef staluetimcif ea 1 ill water2 und gr-aly cleerezes iar sth e nur'l "olnvewc

iatc'rfcgciual tc'nsin hw'twee'ni 11 tande water.''7 ' It miight %llaV)~ wr - AannFeatv
tlac'fre'fan 1w' exiliqte that 'iflitican of we'tting tigents Windc vc'lewity ammilme'sgr-at imjeeartane' it) t envie
tea If wiacilel ianrast its ve-cie'eiflt c'fT'e't, ,aurticcahrlyv ef vI'i'tt' l4a'sehisueracae arhe attecht'
call SVe'ueticag skill. .\ltleaemt~hc za preliminary *-t et( ex~- (.qe Chapte'r 15). It sr'ean. tea lac' ear eanly mita'ar mm-
gwe11-o' ieivial iciecetecI flood 1 lii,.& 114 lie' diM',' c'Icia jrtan'14 in flie' eae' of tv~asr4,21 A-3 "', andriel lre-
see es' f vuI- ita -'eMail anid lmee tel'es fir litiulli 1 p-'
hahie(41c acimial skini mitl tea .mveatiniag t nom nswerticag -At. imoulmei omiiulotIcl osing'crvaiomw ti it- -io-wo %t~i'~ ilt-
Iteantan .,kill fiiil 14, reveal tany pletc'latiatican 1w :iavk 4a 10"l,' lI IN I v:iIHor uoony goeceleec' eun' ece'vi'n' itojeary till %kill
it large mnile'r fear ttcingt aents?; M.oi.k.7m. % t'~e'It uie l'r egontuittitox vN weiiti ngci (Ze';ahinmi - to

a'imihr ailh''fl'c ct Iecefft'limbntiuaf vc'sie'alcy 1ev nileli. foe'.tc', tic:.. thou tilkill We'iiu'eIli Imittelemu"e'
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li)43Watfo Prinelpuitv via. Its effeet- on- thle eiegn6 ft Alf Inten-ollitin eunionflrmeda obitervathmi wits thlat
whie'h the skin Is wet %%-ill swteat."'l exipotere elf it narrow wnutl (if foirm skin tit 11

of interet in rneelll'tionf %%-itit IllNratell' studiies is smoke or vaplor ait a given di 'age resuiteci ill Iin"(~~~) t~ill, olm-4rvatiorn that tlimal convee'tiln currentmsei4vere injury if it. secondi nuiltisl I or 2 indeset *Ii~tad
liver tie goirfue' olf is f~iiii'trllt animal 44'EltltlmIiII31ted4 em11 thE'11 IfiIn isiI'en*xoelt i tlndit
%%-ih liquid 11 carry vapor in tite' direetiem eof flow
iff eiisult in finso-r-like extensions fi thep litrnieil (IEllI

are.! Fr ft- stiko i elligdmettepw It maiiy It( etil oned
t hat ill general- tll' elffect.S fr Vt'SieaiIts thrlOligh tiot hi

"RAIATOR E EV"lit tIF(T'lu aelcf greater praetIieal interest Ithall t heir eitetts
ExNelires El ihl(Nt bt tii givenu eliissigo f II vajlr oni Iar' -,kill, il thait aige'ssawents f flit' (.11,1111ty-

in it nan-ehaillter ait 90 F andti~ 65per rent relative jtrnuiiieiiig effeetiveneie fr agents as liqiuidis or its
huideity peldlireel Aiinife*uitly moer se'vem injury vapors tire, ordinarily made fo'r troopsm eresse'e in
ta their tiring thazn extiew'tm' of the airing tillom. f stills. ithepr orsiinziry hatti dregs or in giroteetive ehothiiig
joets in an arm-chnnihevr tit 0F a nti IV, pr rent (see (liapter AI atnd 0I).
re-lative hutmidity whiens fhil remaninder of the INNIly
wats in a rim ait 70 M) F~ andi 20 .10 pe-r rent relative 21.7.2 Pactort; of I'rintaary hittisowtun'e
hutmidlity. When tiit- room temperature wats also in Deierinining Siiscejiiihv
raisedm tet ll 0 ranti t Ier rent relative huimidiity, ft- XNuirotim olhlgrvatielns ile'monstrut tiul tniumu
arm lesionsll approximatved in seerity* those obitainevi skin, that is hellI. finch swveaty is Muchl More Sligeptiljl P
in the( man-chitinli'r. It wvas conrh'Ideel thaLt the '"t Its injuty lay It(, sulfur and nitrogen niuisturuls thani
Elf thle- lody "i-4 eambnle olf funetioning as at 'rculiator' ptlmpaeilp areas of skin that are, relatively (-full aianti thisis aeureees in altering thep reactivity of thlip Illeximisped surfaces and rtiee thep severity elf fte n- fat, Fo~r pruetical purposies it is votisidered that slesi-

atm"when fithll y NN is tit tll' lower noon tent- tivity top vagwor f tilmp not1 eeiuiijsol wititmire-t'
JN'niture.T ' It apilwmurs thlat the "rittltr effeaet" can tive ellltilinot is 1elt'ennilEtI jprillwiigtiIV fly till- feIgrIe'.
Ie interpreted ats follows: "At it room t4'm1-1P.1rt ire Elf tit wich'I thefir skin is wet. uiith sweat..2e in till jprOllil-
IN) F generalized sweating eN'Etirs, whereaUs at 710 90 F bilift3 ,kinll inlistftlI' e.iit(lt uineie'nhies- till fiffe'etl elf
it titles not (fir is ntild): thus fte expIU 41 flnenMIS e'nviienl temlleratim, enlvironmlfenitl iiuii-
were prolihlly sweaiting ill tile fornmer easpE Nait no~t ity,ruereise anid airflow, tOe is uhiatorefee't," andii, in
fi lit, leatter. large- part., thep strikingly oiffernut woeniliivite' elf thep

$131': lI' ExrlsI:I) uI:.4 eVaioulia' nrts of flie Ililily uinder cool~ and14 teiige'ntpSIZEOF AMME AR OFSKI codiitiolns.' .Althoithgl it is tulle that. wolrk eoErrelatillgt
It us 'miuenly see wiefI wth tinise tht fit stistre'pliblnal til If valmwlr with facelor' wlieh inl-hblistering dosgi' tiaf 11411 '-itroeln mustard vapoicr as flientee' swe'atinlg anti skill %%tllesm iifeir ft$ most

Eleternlllpol lky expolln. f smaull itreas f skill 113 part fNlow rathler quialitat ive, l'iitities for at molre
valilrorfniia or v'*sixor-eupj titchilites is mmae'i higher rgEoroals Z.Vahliationl are suiggestedl lky a nreell Auls-thlanlle e'Easllalty-pnsllne'ing dosages4 of thel vapors tralilkli s4tial3' 141in whichi aveounllt i't taken Elf neetltv
ats deftE'fr'ilu'l ill nial-e'hliinillNr test",. Tol it 'f in-illent-illy Ilaeiamnulate'e quniaie 113111tiltlv fl t he flit lllas~lll
life- flite , ile ilII*Ev is lased me'ra'-ly lneifI- n'spilolses anid charac-teristics of slidijfel's munder vani-
fer.'nces in tile, w-vf'nitv olf injury ta.ken sts an e'114 ems conditions with res4pet til me'teorllo-, elf )filing~,
j)Elilit, till differnces-f- in till' sea'liitv of tie ~lt', f eXera'ise, and( aplna i n
ft- oilE' stlv irf314et e'xclst'io, fill EiiffEe'll(e's iii tw'nijurz. I'a tillh 1' iilin licit-'nilll't th IE'IUIel
liaon' ani huiiilty, mid14 fill fte ritlor e'lfewt JP~- til the' e'ffert ofr hauniieity ati teunjx'-ratiur on1 sive't-
"efiri lll~a ' It 6s INlKsill that, in 'Ifeiitieln, Px- ing andI Il i ito tlIf have' hIe i e-drlel'I inl the(
ilIsort- Elf it sniall area Elf skill leads tol k'ss severe infeloamhlEr 11 itl he litel States Naval hle'e'zirch
illJeir jw'r unit tin-it3 thlan 4E\hxwiure Elf at latre' m i eof IJ1jorsltlry." S4we'at ing, IN. nte'asiiit'I-1 lk I1 f'hiuaif'zth4 .e~~kin. A prnioi fl'lLweiig lieti i lt, ie' cntllisien that
shlI ntllit IllE tile' msr54, blt no4 tests leviven1111 maihe CIf nerf'iiiisjil too 1111 or iIl o'liVin~ifiii( ,.littld,

tel 4h414'ii fill llt'ril elf tin-it ill lif lit$e JlNO'Ell. Pe ,.lflve' t.igllI.t"itelW l'.ll'e'rnl,
111441Pff4-1I% ntiis it ir wimtuse 4,41fivillfI Ill, IEMfflIlf fle'f'liill 1g~ t 11 bll f~ ill es-Pm1111t ,ir 41.4
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staii'itolint test, wits- elett'rnvtil indfer the saine tot It vaplor off (it) skin wet wilt distilleds water amidt
ee01fitijins asi munseeptibilitv tot injury Ikv It vapovr. (b iskin wet with 4 per eent soiumti -lilt smI.'
At "M1 F ani! 112 per ii'nt. relative, Iuntitlity, stilojeet4 3. Applications of stimulted mehumin (litnolin hy-
te-xpsel tot 11 vapear i iti ililagt- for 14141 mit uinl fill ditte;d i1 percent)tobtlsw tigmi itsetig

deli~lif4i ilitt-it.4( e'tthqiii lor only fte i%;Iljt and skini neiither in*,i-'a241d nlor ilerASed1 tithe injury pro-
Sh1owed ininuinm lY ffct 11 other patrts f ft- body ltiedi bvy exposutre tit 11 vitpor "I
(protective shorts were wvorn). Ciorrspirndingly, With regaili to tht- e-fl41 the vaporm f If ndt
sweait tests reveillNI active swintfing only in fthe IFNI prllitet miii' severe itljut-e filt l:tr ltd
ztxilhwt 11t141 geltital ,etioll'A. At MN) F aind 67pe cn thius ou dry skinl, posqtiblf. explatnat ionsl have bee,11t
t +tie hlumidity, ulen exjwsel tit :IINJ mg main fill disetisseil " butt (ito not aippear to lizive Iweit reoilved
81141%%4d inltensl genelrillifzed erytitemat in 'pite for te experimentally.
lower ilosige anl, correspondingly, genitlizeit active O ther' facitors thanu skill miitutre aire anlso flit-
swi-altilg iotihld lie ideflillstflt~il. TiStS tis reVeaI lt-e do01ttily ofim uportatnee as primaury deternitut-t of
effetst fof relattive lutunu1ility were e'arried it it t V~I susceptiboility toi intjuryv. The' ptlit. fir e'xample, wam
inivomuch its thi-s temperituire is approximately that round to Ise mom re.istant than fte body surfacev its
aliv 1e which niif mn~f begin tot show generudixeh a %%hole even iuulir conditions when active sweting
active siietting. At 36; per cent relative humidlity, ocetrred on flt paxt bitt not fin thep grisuera INImly
atfiV'eSwtUP1,6g W119 P0111111141 tii fh tlitnVitf 114lul iutl stirfai'."I It it, temptiuig tit spjeculaitei that fte thick
regXions, While- lt 75 per cenlt there wats molerte( hoirny layer o(fite pathlnuir skiti ionfi'rreih resitune
genitirhiel swveating. ( ormn'spondiigly, fte inijtr~li wichtl motre tilta VOcit -MIPt'i1t IlIIP VensitIVity tILtL
prolmied l 11 expolsurei to :1 mg mini W if I I vapsor WAs 1.011*1t1ttily ti.S"Wittteil with miiistiie..

ui're at the( low humidity similar ito thosec tierilietl 'Ilie importance of skin temperattire permie cannot
above for 70 F, and iat tite, hiitdt humiifiy were Mimnilalr a,111e11uAt-ly heP assessed at the( present time* butt it
tot thorse iheserihedi for qN) F. also mayv play3 at role f some imnlortittee. liith ites

'That indliviual variations4 in sensitivity mit in of extreme cooing, ais in fte ie-pewxk experiments
pairt bei relakted to skin inoitttre ist revealed bty thet- les.'riloci in Aetlion 23.3, it is f impofrtance if for fit)
finding that ill ia man-chiamber test at mubjec-t who iother reason fluin iventist- it slows the We~t f ativat-
uita, )N'Fcijptihlly sweating experiencied mnore severe tion of I land muretsthe ffnwtrn of penetritcl lit hat
injury than simttltaieolAly exposedl subject., will isA hxeil in tite skin. Within more, inotlente andil utsttal
we",' hit. pseceptibly swi'attung.7m  Also in accordlance r~ilgePS Of teMlleratUires, there is little effect of temi-
with fte ceilipt tltat skin nmiistuire i,4 impoirtont ill perthire oin pe'r ceint of pelnetratedl If thut is fixedf
fli-teniiiix M-14t ivity im fi ht, obserivattion t hat -Akin i fit(tll skill, hitt fte ;wnt rtion rae fr liqutid 11 in
resi.aiee treamtmemeut4 Ill' (lf 1441me1 V.-ltui', ;~flrob-thlv booth nm anid animalds is markedily 0l1ectINI Ily the
fir more11 vitlmth an skill tenerti e loi':tettI'lh'i, tmenirttre i lt- ?-kinl ituil or at ft- skini surface.
ill d1-viii'nuiit which o( -, Itroup or muen will ex- (see Atee.ioii 21.3. 1). li1i4, extent to %% tle'l' 1-1144 ti'ln-
hoilii greite~t sei1-sit ivity * :115151 exjti 1' it vpsi- pw'ritiirr ilepi~ene 6 is eiliateil vinan; effet tin
eaiits.1" Measurentt f skiut res4itner shoulal -Akin inoi-4ttre conltenut is not kninun. Other, more
help make ftutre work more quantitative. ilc effect9 (iLe., ef444't oil rate of pln'ietrittin ile-

'Iim. follwing fininlgs ilemlustnite, thttt fte ini- petmilent fr skiii itri't) maty hoe of eqtial for greite-r
petv"41e iitivity fr lust, sweattingt skill is ihtie, tit isuportaunee.
lemtst inllasrge' Imirt, mehirely toi till- lrieeici of itter
fill :11111 in tlw( ,ulperlivil layers, irrespective, f other 23.11 PRE'VENTION A~ND 'itawlt'; lON
ceimilolefit4 of 5-vitt. *tctivi 4weatiing, iIevaiteif skit OhF (aT VILN O1S I NitUt
Iteihlertunl', firi Nruher-al vssiazto

I Ili -4oiji-et+4 ut~io in-' iit perephtihily .%eftiflV. A matjir ilentivi' for mnu*nof the Attei reviPWed1
fte vli~sr, of( lmth If and IFNI prclie markedly in tit(e pree'eahung sections ihas cIte( hop..X that theyV
moliri *4vire misltr fill arieas f skill thaut !i- we~t with woulti leadm liogicu:llv lt sii'eessful methisl for mitl-
ihist illiI iiater -tr aun lie'inAlw.-It timn onll rompatrhli' gatungK 4-11tt1si1-flls injories ohtalit ft- sulfuir m*i Sli-
2111,:IIA of .kin lnot wet with wte4r.31 41 14.9.i4l grl. mitarik-, jlutiimilarly II. A'e It.&, teen -Attii',iaI

2. Inli -e xlwn-imit no mnarkeelil ifferenee existedl ill 4'ilhtr-4t wilt illt lii 414111 1, 4 st udliv- lilt arelivals
Ibel a.t e ' ait fi-ov erit illjimeu ritc Ihliei by escpostir (( 'hapters 7 Molle 3,1P,6 i isll~h' sscc'se1114hs
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ef'iftinc andit ll1f'1t llleliitw il lltet by' plreven'ting~ ti) tilt liteest uellostoinet and fir jprseiat'tlres to) Athtin
vitiuts from nwulaing thes~kin andt by dIestreikvin Ilincitiai iff't-ta'01 "It tllh~itiil itele)n4 (e.K., b~y tit.
lliptid vet'sittilt o the %kill gurfate. Hotweve'r, tit- tele'rititig hlilii).(

tensiej inwestilgiteitio ti de taminautionanti tro'it- M11.1tt'itf
nt'nt fir Ii I Itmllitive beven of value in that 111ev havse Iv fir the mist effecivet tiethtwl f ceeamhattilig thet
t'xilltllstl many Ilow-4ible livet'le't f apjprividei and15 skiininjiurnti (414-1'.9 eIf I I twi1 t'41 Ilitreigell tlIjjtttueI
have; fdon' n:;ll~ lt d:;tlle angefl e'inrify flhe' prniems is lit ,ir sen: tile veiimit frtam readflv it(, skin.

ItislllJirtzlt ft dtitgtii tle'tkriy iat'tw'e'iti t-I brlef, 11nmx'rvleiml tit h itfluxAm 1iteir4' Pe't''lItt tW14ttll't'tea
vaieillit kVl1V$li wil lienefle'iai tffeei,' might Ise tit- ev~eni tIMaiiiittist t liqui vos tellt ilillattjelll Nit ilpolses
ttlitls'tJ iIv jprewi)( ll', eIjfX tle t o t' llet ve'sietiilI. i ueii sev*erte limitail itiiitllm 4 I teefitieiiey forthe welrer

jut. 'e~iseie e'rilt'(~flitilm e'dsettit etlt flit' ea1rly' thalt itst jllletivl l ist- i-4 l'eitrit'tt'lt teo, .1iw'eismi tusks."

41l-fillitiall4 tlllte we'iNi I-veaivfe't 21444. 11i11h i'sii w iIitle tttetl~tlteviii usld priadlif'tilln esr

'rifdilhopt. Tit( iqne'fie'isi efe'ets t'xe'rted lay e'oioth- 2l; M1.) igr'aui ha54s10 ali lien imilt, ill till- eeve'tlo)-
lug. andil -Mw., uc ~ :r phyval aw uni eart-is4'tiat atiit f citenits wlie'lt raim lx- ilse'e tbw priote'ilivt
zige'llt. 0'i11piiv't' Ifsifrt e'xpsurem tel it v''eiit. A~ pupr~t (ite Chiapter 25).1"" Trie eiie'ultiie"' un.
IN-~li'nhfifeitl alttlnl (:ill lift O'T411'te Isd va pieventI ia il I ss~ laCV y tll:, irritsuis' f fte m'rlie'r ointmentse have
V''PitsUnt frivim reie'liig aind e'ite'inflie t i nkl, eli II.V ill large Ilirt ist't'iereeime. Ilesweve'r, tit' lprmi)hy-

-llll~letie flitilliIt uitiell (of Mllstill t'V5e fhetil(lle'Ii Isi't ie Vsltlle' efi 11111 fihius, efi elillI ielt atillat hicilliet
to IlaVe tilt' jMaPS41114e 44144''4 (If tago'tlts itwd ill e-arly 11 l it small, tuil amisiit 1t valstir it. it hiilee byV tile
treatmIfent. Imilet't'3'y efo tile iitttnt l it':'e)itt M1.,1'1'e1 ear WIL-Atie'e

IheeoIu,,i~iliu~.Aniy pim'eto lky wili ve'ijelt c tilt' chekinl.
* ~~~~~~u.itl a it ite ikill i's r'e'nesvteil and4 for Ililslftitslte . I hilv limtited~ at tetmpt"sizit have'e i tiuiele tel lIe'ilie'le

I )e't'eantseinjnittlie~ rUnty ' N-f4-Metted Itly flue'ett~if:Ill IM gi ito jel itilgmlenflt ilg tilt rel' ie' efo ft- skinl
1111111111 (e.eg., liistttilt fir wilpilli), byv ilvhent ear flit. ititell ftl iN'e'itlt llil 41 itrV Cir by3 l~ti hlhiket e
tergetit slet ill, eor It% ehlll'ilel itiai 4fi Il e'Ie'*(. melillit lt 41 efi numrte'lm tlt'Siglflti tel 4ie'tel."f3' If
li t iiateliat'tnlting aIgenit. I istttltian iwithiii m11.1 etihe'r Mte'hti'. -t it witinlite skin. At the

tile- skill f jN'hipri'i fie yeiiieut. moet ii'twive'i l, by presenit timeit thl'!ee stllli'slselie aliqxir top hilll little

Pitlsirt'v dt istuiist ilull is teaisieie' eierly Irl5t-l illim4'..
me'nt. Ase tle4seril)(ei in lsl ltttr 22, tie' ms'temic 411+1 e f ir a

Tir-nalnu',. Noinietlibig thle'r tilatl pruate-t ieal eir fit-- 11:1and1 fit roWgeil lilstarti terttling tile' 1)45413 tllreligi
t'tlillmiillat 1411: sotsfi' 'tilli tinits e slititin it hm-e'leiah thme skills #-t til 'yjll-iste tel *tit"' e"xtet'iI1 l il'l.
nettlml isjirr tile vt"'isl Is lW'lle' tate'i tile' SItmiki'le It-nil Il liinist niitiln, Ately oII!, ier'telltlliltill
taf flit' skinl. Tro-'sm lil may13 Ise' 1iec'u1, SI its 'lsits ill tatirth i h'1'iuIDf-115101)iilt efi 446'm'ti ill 10ttlie'e'i Ivil

4 ~~~thiss ,S4t'tje11, ear we'is'nl (wae Ch*iapter 22j. It mlay Is' ighfi wie'C Ht it ilim fswteIs (e m.ilimiliilttitlhfultt,
e'slrly (it'ifie) fsr lute' (itsia'ss.ixi i, 41te'li vt'. AErly~ hl'ale'l3i'tetrrafil' siritxtlillt ileslst 1111
trose' t eit n'fei'st)a tile' adsiniiiiistrat imal eat flit&a~ee' eIlitepilelspilalte). 1mlev'ter, thk, 31s eylf fitvste'iive
t~l altiill tift'-MwIX-lti' (4,14+4t (M iii re'iutiss ifsts' pl'it- rqlyw4I titz ? le IN 'n roeund t exert i blltieiaiI
tiit0lie'S Wit ll e" e'j:eult far it's iliirilels preeltire's, aliai ealt tile' iMse'I 'skill lesisails tit th itt'14 o eatJljihit-
('il byv ro'1ni1ai i eftixe'el ve'N4ie'ali frso s ow i it'esli- tiomli a the t't'ie1111 .'', It t'lilleat Ili' 4l'~41 '4IN1 eat
jlme'lt ',. tsr GOa li exemlIitllf 111*tiesi411ti 11" fill mieb jarae'tis'al Vtiiie -%-(t'n its it titemins fir pilith~tig lgllil't
tutale.. thi ts, wa~rdl iff far ettafie'c the' e'tf'e't; 'it a, y3stemtfir t Ifrei ts lae-it 4L' 'flit. limnited, ile'gr' efo Ili-.#-
v-vt' ier it-, pai'sMlets. Tis, f-ir1l' treatnt im- te'e'tI fiatuill'eh, ft- large' lea'.e, eat fireit4t''iv lkge'ilt

tilit"4 it Irsse'ten :intti sjle'eifi':liy at imlhiltiftimt 4 e n41lin'el, ande it-e brie'f Is'riexcl slitring Q llie'l lartatm-
flit-s teo I isisi efile IN fie'aler it's hu1s4lia14t's, eit 114r loa tifi simachievede (sme Ch'iapter 2'2t.

jinre flit' e'sisr bia o lteril fite et'hht ill oml t asilmer ftll'1114s'e ltl te'it filel:eseiae IN-1Par'eet~ 111-1444111 sfi
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intrpmut n a dminaetnstiaet eat vurimicts nferitas. in~ T~,4ixa Ill. 1151' thN' fitelisr initi tatlili,tIititi itaitill 1l.1i

41114. Inveofl Itlean " AecIeIIII n1i lllte WIM liol I' 11we If witto 'c ti blelty Nit. 3i Ielc'cwiti rtl (Ox., i'i,
ei~~~~alaec'~~~~~ jilt the' I'IrIIs theies eatri c'titearlete' iteanros The i' , 1a::: 1~;i

rate eat aietivirtm et It si' (ihapthr 20)), 1twuelfte iaoialie'iillm cat iatala~ml'.'mnala Tannacl 7'
Ixtauit' for its Nii (evnlitil iton twter (cee'e ( '11V4'rse filF
it) lile 211). anIael l' "spim-fiix fettea" '" iae'enalies :%we~ thati 1 'Hilitahibih :i 31 albtittv wti% f onitrkisc

le 1111. Azlilsu ilt. ucI II taIIlll5 fboo J. 4 11 'ipuclikVe hat asi.

fot ftc'w i, thrxigh ft-e inta'reitlar sputef's. flit- n.Ilttivi'y 141W e'aiiinaeawqnt:1I te'lljM'i-ialn..

In reabits, injeetieat et 1.14 jw'r eent aegiliin 'clltrieie, arinic'e1.l
eijther with ear iitacacet Ildttiti it( glre'ituing (I ttiar, esa~~aaal~a
sdaertk' loo-feal- iipjiliettfiact of I mot~ tat If it flit- i- Nitcuie~~'~ lm-~Sr 1.ryiwciiii'IIes'

jt't'tt'i sli' halel flia e'ffi'wt oan f liep vcerity for' thxe lnicn (hIti) laae'I) fo r Ill (AvIc xlo Powi (mfir

tha Ith-VI-.eIea"iee. IiajeV'tlifIn for tl ,asr evu'nt aicltilm hitea. .-

sulfate' witliset iuteleff opretdang tatiefcr halel it Aslefh. 31:91 fit if .4 3i
4i :M2 101) 11 MI 4

tw'nefleial MOMlret, mutail ih sprv'tnhng ftetfir It ttinite 11 .19 X)ci ~ 4
loiieri'itil effiteet. %glin-allng ftu-irl nlimf' tLs not. IaatcIIrftljI

teacteet. TIar tziVeaIIMP Me'AHNOg -"4it edtt' I t ills thieseefte e1sealol .371 fil) 11 714 3
seemsit tea eainfln i i.' t elwieali ;wclietem thait Iaenue-
flc-ild ,'e'Alcnt. A I Iatlf- 41' .alatedne'e 41ca1e1 14e11111 iuitiilin Teap o :lcietl'cj'ain al1w 'f''lca's i

in fte skintinwiflie'ttly high (teaflec'iitl"Ittiaflt eat It" euu'ri 2. Ecaaicerfa t(Iealvnlor fhaiill I',' aflelt 111 " 41flti'l

iniae'teaeia as tl'' wtiit l'eal ft4 fiar calr cttier. lhiea.1
Ilist' festreaya' ear ettxitit's It for tf'liit- eage'l1 Wi 41 i:"'pm ct liejeael It w.'ee iajaol'ei Ito tll-. Girince cfi

~~uii~etiti'els. latanas fla Wilcl'i. 'eIt II111eIf" IaereeHll -1lat Iaaalhcali Wei

2112Dicrontar;nstaon al'le I'calrai-

W ita liiel ecttuer or nit rwiW' mne1tre14116'i T'tpIe'ete Nt. risillA 111114-41
Tr laccuilily so( ';, 41 % Nie

Ptiflit-' skin, ;lnetl'aftloand fth lt-e iiiitiatl ailpjwtl'h 13' ill I F) (f% "it-ms Ia11lsera (nan) Maiasters (iniaa)
irrc'e~'.itte eijlry-arealllimi a tc re'ilr riat lely (A. IN 4 2 9

S~ee'tem 23.3). In fte a etw fi , st-e'e iat'l inHil. ca 671cwIc L 41 21 fil 3 t 00
InattvciuI eAmily ti e f ~litqi is4 e'vetivi-ely rpt'tivmaie'Ir .1,i11, 711 417 15 an1 7 7.3 7
fltriktleate Withinit it iast it ft't nhinhitt's. tl11111ie'tl N) Ill I12 IN4N I t u M

its' pteletraltital rate' I ist figie't( itel ay ille'rv'e'c efir --- ~
e'liviransitii n d foeer skin to-ingae'rzl tare (w'.4- $eetlean
21.3.1 t, ft- timle feulear is incare' e'ritical :it high thutntitIlal, 11114iietiiic'ni renifawal (e.g.-, lay tiating tar willing)
tit hoaw ear naewleraftt e I'riraill".K'. The iiiltmovealu 4a) is tea lt raeemrinneteel Ar tilt- wcmeawal car flip baulk efi

thest timte sthel temlIx-rtt- 'hteairs ist rv'w tht'e lay the hetiiw j9)~wl"t' eat ve'slt".llit. It is that, hoaweveir, ases vf-

etu~ pre'w'nee in Awltowl 23.1.I tutet ZI.3.2 andt is teve as5 catlie'r mnkaws far n'lniaviag tall ttae' vesle'ent
$ ~~~~tlrtclT ilheastntletl, fAr appt)Phitah. eat silI lesJim's eat that is fall aw in tiff, saiw'ieil hayc'rs ear tlit- skin,~ .

it, by tilt- 1111At fr rcale's 19 :%ic 20. 2tudte with (scci sAi Tealic 21 aned . 4eticaea 21.3.1 i.
etlisrnlis haIVe Aheen l11i ict. 2"1 IFttr ftlaruairla sarrfei'e the'eatlfumjlhel iead #if tall liide

Althisatiodi aicl chewe',' tat liqllicl It clnientir nr vesi'anl, itwe ta( sealvnte in large amfnielsi ained flow- o
flit- Akin ,fivrfurf-e willain it nicatte'r ea fir ialte4-', large' n silaostilan.e whaje'ia ra'*et'ee'litmielthi3' Willi thi' t'c'sil-aiif
w4tiAett's illy 11111 e'eaflI.te'y eliniotiw'a hay t'etjwari- Itoa dl'xiffy it nnl highly3, andte iiatcaxlmitte'ty I'lltllIy,
ticll "fil IwflftIntIOaa in lfe' thanm viien 'rr lo Iaean (sci' e ferve.a1-11c Fewa i-xix~rimnteatu ininxiss it is ttfl

114e't1e11121.3.11. ls'Iat% bei el''eltaiilaiet p%1 at '. e'iaiieiettit t itcc i vsu Wcate e.g., 1% tr~lnileti ae' calo r

;at1'teai tee 1w' eat VHlIll' -9a 10a11 eas Iicellail it w l54ht. It IN'ttt tear IIeeeelimlilaalaa.' iac i-ei to I lit
c'ilililat pri'e'iit it Vow't ww"Vei' learith ttsm, at it MA lipt tat l') freely *tael ttilt ve'e, hiawo'ver, if fte t'e'esetuit.
rictit'e tile' sige' talE qetl tet injory 3.11el it ewL e'inii- is weat tiwre'I ta ita 41wf li cal I li' skill ande tilt' Ie',cia
little- ft-e gcAccillit' at further iepr'el eaIf vei41ar ndw est'eae' ntl3' mitai l. Vet oi fill- thtfie'h, eIhae'niile'n

ttieIfi e Imlle haitS 14Nfi tle' f-fn Iaut' ett'atttlhlit.lel laetawt'rt cevaatagncC sal

4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I 111n Mslh'su'ieleetele'il tcceltt~ilt he tt~~lwaehtct.leen:~fat'I e clfe~lIai
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T,4hLr 21. (,noeinri-ien 4f u'l ti nd nchaideal tOle ointment ina.e :tdoile ' j:-s tff-j-i% I tit(.he olicet.
clc'~e~nnniintim *e liqid 1.21mnent e'toftacijii ft! jlcloraciiik.

fllt.kerws .a.liqiioul If~wpn' tppliml'to flit- fooennw ri n the ea ill totfurrpw tin', va 1tpor tlierpi N9 two litithiuman ,ncbje'ct. ('eliWI th.m111nccnnnt WI effeclee
1lIE no(- a oininnlla.ec.u~ng .lan, niwhanflI fr-e vetteatnt on 01in the stiperfieid al vrs offthe'skin 1
ak'mneinnihm by wilting with cleaiisi Ibmeew. tendet weihip t~l "stirfte" (11%., 111amuelact.. that1

r M EPi 1 relative lmitunlitv - El"4% 4Iettamillittiol) (-:)1w Its.o little ialte'l fnrot till.
- - -- -~~-- -. - pneicl ttandjooicet (se Spetion 2..) '"

reaetky obtaineil met. of talto, relating to tis poitt .

eu,.,,, g ~is prieicteel ice lhle 22. 'licl ata flit not "uiflicee ftI

eeeeuslen141 euf'im. A$.x .ult,. Tim cc 22. Atte'ttitel ileintinlint, of If vnww -&-sI eI.oniiiutti tier (min)

OII'nsIi.* lQ . nntlim effecte'e by npplication tof a ciemi~-ielin
Chemienl 3/lI0 5 r - to F. rrlsive hugcnldjgvy 111%:

Merhnlcz-t silo 4
Ownseirtil 4/l10 5 IntervAl he'weem

Merlstical 9/li0 5 fwmamntitlm

enuwntnnihme Avgt oIite .Wt 14124
(min) Neaimir (stint) Mminlipr (mmn)

tetd7.1 0li!.~3.I.I~...l6..t.7 ~i.~3.e4 13/13 11 3113 3
rhencieni clerottiintints feor If. llipy heave i' Ireltfl~mrm I2'3 i33 3
vzcriuocc.. oxidixing agenits andi substance. that. inl .ngucc nomnil 13/ 15 it 315 El

$ IIEp.IspolI,; wiliatiolms have higth eomjw'Ltititat fteetors(se
(liitpters 1t) anti 21) fo~r If. Aome of them arc' us ef- ci~rniu ewe lc eaiiiista lcm

4, fetiv' a tin e'eicrunies ,e~ccilw in 'hater 1. laminatione was oft no value or of slight valee. lix-floVpVpr, none U has ben fcwMId4 thttis cu IPerior tot Isrmnsidtaii ha sri- lvofmntothewe roomuiucde o r more eonvenient ti lisp. ranmlentfs litin thueae spretdi Sectinat3.i.2.'rie nitreogen rauestarels tire not treulity oxieilec l t w fsigtitc r peete nzyete 332
tin' efieortimiles thait are curretl in most rommen 2.. a ramnus ts9 1 lreemtttntitittt. for If. llcaever, oither 2311iarv1r'tnc-1hlormitc's %ihel tio effeeifivelv deserntumin:'te the(-'No uAgent or proeedere cof significant valise in lIii
nitrogen mostamnl, by chenical reatction have bietone enrky toi'atme-lit of 11 for nitrugen tmustil buns of

avsoilahh' (ece Chiptere 11 tind 24). 4iiingso agentts litiman skin ate y'et, been clisroeveitel in spite' of P. -
such as istimani i ermnanuate air' abe.. effective. teasime R ~r~ .. l.I.I 3  .1 .I*st It urill Ix.
Fecre'xsprimirmtad ImerIlossAit a,' smptame-4rinvcenjeft appurenft. thtat tew valise (or . pros.'euire for eacly
Ice inolkyldilutetencilis. lite - tifvc'ly insiolple' tminis tfl'ttment vaun ies IP rrl aitsteesmee only when tice'
tire Own et, cer'tmle tot thcir recrnslom.litest hkydro.- peessilility is obhvitatedl that it, mere-ly e'ffests sitrfare
chldoridle., whicht tine highti soclublle tand t it liven- .lervimtaminatiemt. Ilus, in (,tw of liqguid lcre,
ientlx he' %vwsae away. sturfire deetaminiatiolm must first lie performedN fir

lIt; the. testing of( cheImical dmientacminants it is thep treatmewnt delayedl until fdl file appliedl sigent h1ate
imlicrtzint Ito iclge t, necuants ofi vescc-ult.1 Snetill eithe'r c'vapsortlef il- "Pentrae flipe skin. It wecdd

* tiMounts mmcy Its too vi~etfive'ly elilcteil byv thr ic'lent seem that vttpor Iwnati might mocre conveniently Its
or iele in which e'v..ce an ineffeetiw. cieceetminmint usedl in the evaltiation(o etirly treatments.
is gnlei thalt 1e1s injuryM fiellep14. Wihet; till smeP lce temewan! of (ree It thast is neot remeved fromet
lceeffee'tive .letinititl is teoted tigainst it btrpe lcumsntu ikite Ick' "urftee le eitteittec ;-4 -4 -teeall
dits' #of %.irset, fte lat ter is merely ,Iinudl anti a anti its persistence time so shcort that "'.ftnetets

4 seveir', wieltnn'tte!icsn thevelecps. Thais sirseiemstancc' lousseei 4)m its flestrtetiole in flie &kiml cainnot Ise ex-
celtcin, ft-e finding that small denies fr lirm3 ecaul pee'teii to he of significant valise (see 1Sc'et if t 231.3.2).
tffwiiveIy N, e crntfeninitcel Ity M-A) oimntment, thle For instancer, 2 minuteps atir stirlfuei'eecm-mic
elslotramielp of whiiehe clew.. not wituliy ole"trcv hlY3:' ticu n tumtt skin eeinutinatfefl %%lll litjegiel If tie'n
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he in tlep skin only in the crcler (if I mg or free HI per that the skin proteins %viatildel IN eg-eniteeat'l litntative4
poiuart cetitecr. If 12 irr rent (af this (i.e., 0.12 fomnti uw remocval of tilt' fixed 11, or that thi' tell
Og cem2) were tit lwctc'w flxecl,a2 it wouild ecarres4pul machinery woiuldl not 1c piertuneuaitvy cisrupt(4l :1s
to1 11111y lilt thlroshold vlue for mildest injury, or toa it ron'itience of even barief c~ombiaiition oaf Sof of
the'- 1,nuouat fixed jeer minute of e-xilooiire to liquid 11 them- groulps with tile voelut.
tit. til cnivrninmentaI te'mgwrature of ea. 7M5 F.12 In pig Nor o then' ugpewar ito Ix ftvorle)I cles suggest-
and11 abbit skin tile re-servotir of free Itl6 lrr and int it methodl of treatment lansedi im exertingx anl
it p-ristsdi lfange-r (swce Awcton 23.3.2). Thlus in thies iotil ot tisim' which wvoilld e'nahale them tot wardl
speiest early trintment heisecl on its, nii d or in. oiff or caveen-te thet- effeets of 11 or !it l~inilts.
acetivitiern might bie of grater-vtlne. INaS dlifference4 A relport "1* thast vesilationl maiy he' j)nilltelh hak; -
beitween humatn ani animal skin inest lIt' Istre in promipt and pnohemgrd applications of HIAI, toe skik,
mind when treatment procedures fire tested in that has4 been haurneel with It We toe some hope thalt ItV
etilltils. tim-fid preduiri' fr treating It Injuries Intd heimn

It lit not known top what extent "surface-" decm- bound. Althougth the( finding hast htecn amnply eonl-
tamination removes liqidf vesicant. thatt hast peme- flrnmd,!.Ia&.i it Is not believedl to offer a J)pretede
trited Into the suiperficial layers (if the skin. Apmr (of pnactical 'ahuie.2" Vesication is Itreventedl not be-
studliie suggriet that ehlffitisloi In and ouit fr tOr mor- cause Injutry Is wriese or lesse-nedl but beause t he
suuperflc'itl (tead) layers is relatively free but that a character of the piatholciqietti rescne is altered. Al-
ha brrder to the pasuige of -solittes exists at the trransi- thougth HAL appears ft reverse the inhibition (of
tiomal Iayent betwveen comrniel andi neomoifieei naerobpic glyrolysis prollneect by application of I I tot
eplthe-lium.'" Ilistcaclhemieut evitic'nce has liven adt- skit.,2"I the au'tifm cf BALoemvesicatieanis noat specifc
eluici that the ehploramieles oit antigrut ointments for I L It also inhibits the formatioin of b~listers til-e to
penetrate intoi the skin buit nop detectable amotimts of cold," althoigh nopt the ntemi rapidly forming ones
tiviilale', ("fret,") chlorine could hec tutne in skin ohe tea hent. or tincture, of 1.1114 haritleyI4 b 1

inuncted with these opintmenitt." It has been flemom- Caustics (e.g., triehionrcetir aci) Van le)i he
* s tn that varioats subspttances penetrate the skin usvedi toPrevent viearltioni 1w to It, hlN2, I1NI, orL

more eff'ectively frown mixtures of ethyleneglycoil- Thepy, tie, act neot by alle-viating Injuiry but bky adeding
mitntethyle'ther (C elleasolve) with diethyt ether than insult to injuiry anti th'relay altering tie grew mani-
from aelueoaus teolutiims.6 'lThus the utse of carriers toe fesitatimns (if injur."',.W
promote the pecnetnitioin of therapeuite agents might Thew eirrcuetjon in It lesiemst is fictive for many
prolve to) hat' af value, houirs after eryhem hase appearedI and the capillary

There lis not evidence that anky of the many testedl walls are- ahanwrmally peritwihie, permitting even
proceduires of treatment effectively mtre\colie It large moclecules itosaccumulate in the tissue itipues oaf
frovn tissupecomnpoewnt4c in living skin in the mnner thep skin. Opcseejuently, if it subtance iaf valite In
that HAL remeaves trl#..,le'nt arte'nie. Thu- fine itip- eairly far late treaitment ould btediseavereel, theeon- .
parnt exception 1to this sttatement was elitiusioeot in clitions for its adlministration via the 1)10011 stream
Mctio~n 23.3.3. Thie bulk of the chemical eViientee wouldi appea'to Is. faweonll.2 7

(se Chapters tO anti 21) gives littk le hoe that re-
molval cain bte effixet.il 1ky proeedurn's which in them. -8.6 Late T're'atment
selves westild neot hec highly injurious, altheigxh suime im treatment of definitive (et.ttblsieel veiciantp
tIc-uls which maty merit further investigatiom have injuries fils outslele thle secaple car this o'hautc'fr. lIn
iae'eorne avatlable.I1b.f1i1t-u It hasl often been assuumetd brief, it, sc'ms to presernt lif fundlamental features nlot

On the' basIis of analogy With the eff'ec'ts elf HIAL in eneotine'ret in other kinds cof haurns. Somw treat-
nriaethicai poisoning that the( probilemt of coambatting ments step moare favoiarble thi.t others bu it in uus
I I ijurie- woudl in latrge part ber slol if .ini coutld of tuarbydly acceleraingli thet Iliig nill' hl, we. w'
eistc'er at priaedrtin whic~h removes fi\ed 11 frown the
stkin ainiwhielh i'o notf in Oitef inuuious.T1h4 woeilelnwit that, ats in the'rmallars4oe.iIluak rnftoi
"Nees-4irily bte the eas. Unlike the arseals,, It re- ifsPlixigi removal latv proilongrid applietiions cif weaik
aicts nost cmiv with -.utilhyryl grepujas but alsio with ais (ilayiivic e mid) in starc-h lNLte cor other
variisuc their sifle'.ehiin greaups in tissue (wee ('hap- veliio'es .t.wtygmn...Je?7 usjwtirs too lxe' of
ters, III ind 21). O ne eot leasre in aelviune- somwc v~Alne.
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23.a.., Mefthoti of Evalsuting rrhtNNduan', s4tudies4 on flit, dmouttIstinhiatimiItid tv-11fiti))ltt 41f
for PiorIeetiflf. Dt'uimnaninstim, A~in expnuwd tn seirtiur or nitn a mustirnIK "Mlt~iII

and reqatment b'% ('OtO~thfllt~. itt inv'tuti, tlmt lu ivi i te ..
Sthat hase bee(n puained tiing World ieloped1 for evidtaating twintmentit det'g u I for pro.()Witr If hapt beeni -stimarizeti in detatil in it rport 21 teetiemiti id ileMt11ainintiit ihim-e also 4 tiN'tl antri.

that should he, teunmltted in fte oriptinal if further tatlvely
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* - Chapter 24

Z_- CHLAR AMIDES FOR PROTECTION AGAINST VESICANTS
By Ileineir Avdkif 11nd Wdllanai Rcere

2$;INTRtODUCT N ointments appeair at thist time to be, bv till ewll, the

CII PVI N#5 CA~ YIN a osiiv chori e ateri o~ Ixut ai mos utleful compounds for priste(*tion
nirgnhave provedf to be the rmot effective ~iftI.(V2hshelitdntgcthtot

agets or l~t1!cfyng he opos o I [b,'(.'llews. 14.5 per rent of the total weilgh., of fte pore corn.
ethl) ulfde]impngig e skn o fawies.P 12.a A potind ii effective for the dletoxiflcation of It. Thie

'8 ei 1gr eat manny reiptatives of this type have bern protese for proiluring it is relatively exptensive, andi
preperel In seare'bino for the most satisfartory comn h e.ieet nmaeiladeli~eta
jwntuil to mecet a vtt6-ty of remermns.t.S 2 . rther heavy. Nevorthek*4e its high and .sustainedl

tan activity against. it, its relative nonirritancy, and its -

First., the low%% comeentration of the chioraimite' on relative inactivity againstt fahrics make t the mosct
the skin or In clothing must react very apilly em satiefcitony known Impregnte for elothln.U.I
cemtact with It vapor ativery low coneentratimonsc a 84.1 carri'm more than twice as much active

few icroram perlitr.'2 Seondthe mpoenul chlorine per unit weight an does4 CV2, anti it is oh-
aowl it hydrolysis Mil reaction prodlucts must lier of tittbcya oewatimlrnd oeeoeme

* suc~~moh phyical and chemical charseteristics as will Nes fo thsanpitfhotnitrll nI
permit it to retain its capitly few reacting %%;tlk It ,pet"I~s'~irtetntiumn~i ~u
few king periods. of time after it has been impreg- "~Z anitotthadtonfaaileri
nateel into clothing. Third, the compoundi must l retcsiee.tneigofafbi hn es(i-.
stable In storage, and alseo when impri-gnatedl in lkcvr,130apantyde.nteaiIsa't-
fabries or Incorporatrel in an ointment. Fourth, a k oadI hnipentdo arc otes
ehloramide for use em clothing shoul not bve reartive snatiftovfwu'Inpteieclhng'
towardf fat desof tottom, wvool, tw synthetic fltber, andi (V-2 andi 841M) ract more uluggshly with Op'

me reduce their tensile strength undler the various nirgnmsadthnwhIwthheest.htK
ccmdtion of emp'ratre, umidtypersiraton heir usefulneme in protecting against. these agents ie

dirt, and landering ft whieh fith,. are, normally lmitcel. Certain roenpotind.. are known anti aup rr-
subjcte. Fiththe ompunelshold 1' a hlt~ fersml ft below, which are effective agatinst the nitres-

,3irritating s jlonible to human skin, since it mIte~; AMn mutars swl saans.I.hwvrths
wor fer cays i th cae o anoitmet, nd or mirr reactive compounds aire much more irritating

weekot and momthit it- the casm' of impregnate otehma knta ae(. w8.3 adscloting.cannot loing he tolerateci in an ointment or in
In alitiemfi these various requoirements with clth-g

spet t us', o cmpond an w' emeideed inlss Pe'rhapst little need he aellee to these statements

it, can be- preec' rm vial aeias1 aingn the, merits of MC-2, K4410, andi the other
prcia ndeeoi pee. ectll knowin ehilkramidleti. flowe%,er, the follovving setioms
setale tnmterat. Even few ume in an ointment, it u... "umnrise h hnigcniin n e ieo.

consdere nerseqay Ic meke Povism fe tiw ~ riest whielt havei, closing the pwresml of the reent war.
clct' irmlon. iueies i aeil.Fr ~ ~ wght abet change in t ie reqirements and avail-

of vronmy in proeluctiuin and trasport, it- 6i cesrt abtility of chloramidles.
aOi' that the roeinc tim oif the' vffertivepato'
f1.. c'ompotionel, i.e., fte positive chlorine, crntitute 09.2 DE)E1.011"XIMEN ANI c It~ )N
an Is lare It 111"ri"I as peassible of tIm tolttl weight of~ClLl.~t~S-

A the "impound.wacciiclit
'No known rm;ssuntl omplotlyawl qatisaorily. lwirUAticm in l91l anti in 1912woeiiu i~

meets all it the cepinients no eaee~a~se respc'crt ft availability of im~we~niftes for pretectlve
Iloweves, (V.2 few ceaot?,ngnitnd 8-331) few jprote'ctive clothing. The Ihoitish lhad eerninef t'~ de Impreg-
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nite E," ut ftjis'eomptitnal IVIMait eonisila'aa siat is- riatitil'lpra's1ntittivt-.4 t ( *%vs, is, I ti'* a ifna' 1 112.

va'ai~ ill th nita'al States (iwmial Warfare' wia'ra mue'h more tavorabaly hoini'l tawaili S-329
Metrvirp CCW14 represenettative.s. All late'r work hall thatn towil 8-401, berlausa tihe foirmear Is it wtiu a'w f
shoiwn that Imprektnite E is intferir in ever.% wayk Co soltible ill tt'tait'lono-anet and sit t'atil INe susa'juill
(N'-2f20-'1 whuala wits dliseoverell ainti alevelaijwal t.te flp IVS4 solve'nt prawess fr imp~reganatioin of ftiliiA.
N~Itwoouil .Ant'nal. I lawever, the sittuatiamn in regaral .429 reilalira's tolaus'nP s it startintg inati'rial, wlia'll
to flue' jsralitian ot ittitcuaitqanuitities ot (( -2 itas is 'ainvertell 14teeesiWiVtIy to1 lIX-1auustabIuyaile, IWK'ii2.ai,

f a~~iallt' iiuauitsti qtil W) 13.Y CC.-2 was4 prouloeal lieni, alipheanylglyaolitriI, andi tia ehlainautal It)in a small plant in I !rwooll Arsanl lky a prot'ss 32.Ti.5-2 sueronofteliavntgs
whic~h gave a praiahaat of varitlel quality. In fact, ot ('(-2, i.e., it deape'nds Iuponl the( availability (if anl
w~hen tite material manutae'turral byv thip alieni'luea, atrainatia' hydalearbamn. lfiomer', hoiaaust' of flit. ill.
(l)IT) prooet" at lOalgavtusul was ilad fto thle Navy, te'rest at ri'pra'sa'ntativ('s af ('IiS, ainti in awaler it)
it wi)ts t ca t ('tP Vtf tk'etriritin ot fablins, provide insuranee axiainst ptsible failare ii tlhe alapanti gaia' it in 19 12 an umalettervedily Ixual repautation, 'elaipme'n 1t4-461, fte poes tar prolluig -2
espealy with the( reporteentatives ot thle Navy, was wuurkeal (nit. an a pilaot-plant.sal

11Ne newe'r t r'hiloraianiline (Tr(A) prtwess4 for mak- On thep basis ot work ait the Naval Iteseariela Lab-
ing ('(-2 "1 haoul nait ha'n tialeatately alevelapedf in thle oratory, S-4011 wawst-alievetl to Ise nan-irritating anal
lahuortairy lx'taure it wats nevtsry to put it intai pra.- fuite reactive with If.-" It. is mair' stable taiwarals
ahietaur amn a large scvale. Whlen the ('W8' plants we'M hiydrolysis aind thermal let'ompasitin thati is ('Q-2
put into operatiam. tht(- jpralitetiofl of thip material air anuy athe'r aompinal realctive with 11. Hoawevear,

wasfarhe'a~wthereautiemetieana flt'rata'il vt- ome thermal dec''aimpaositiona is undear wity, it. i atJ loneltipitaif flit' touir plants. Attpmpts4 to increase', pro- prolligatf-ing. Onw' issittl tot S-01 vilt eiits as tnua'huel'iant urll a'fell in a alet'rease in finality of positive 'lwn s3jsnl f(V2
material, sot that some ait the ('(-2 proalue'el by tlis, 8-61 all be proehuea'al in almost falistituitivpe''h
W(A process in 1912 wats nat bietter than that prui. tromin ti -tyl, whic'h wasl tin attractive intermeditea.

n tiea'l kv thep oldler I)PI7 prawess. Thle repi'isentativt's ot the Naval lfrseae ht LaturaL-
Thle praweu tar prothas'inK ('(-2 is sinoularty tin- tairy lanaIl, dluring the early part of 1912, uttimuhateal It4

attral'tive ba'tuts' at thle mataerials relluirell, andi lie- great ait- ito interet in v'ariaous caompainies in the
cause aWlt, e arrisive, rharaa'ter of( tht' varions a"- prepiartion atr aiaieetyl. Tteretore, 1-4111 wits prf-
artiam mixtitrea anailkhy-proaluaefs.2 On~ly ine-a'ighth patrpl fromi aliatefyl,14 sot that is pilait fi'ant proslHia
ofali te hlawine uspal in the mantat tire -- even itft' %votl he- available it, ast seemedl tram tilait' Ito times'
%ieldls were IM1 gier cent - wouild aiccair in the ;rnid- paossible, dima'ttyl eaula li ue prlua'el byv fermentit-tact in at torm which is aa'tiv gis .Avr lag tiona. LUntairtunately, dituetyt has never Ix't'ame'aal
amount or at'eti' Wcial is requirel ats a solvent, anal, able throungh ternentatioin, aUltitau,gh it not aleuubt
aluing 1912, auotat 4 paountds wen' lost pe-r pauna ot culal ha' prca iehia 1wv fermentatiam of migar fsu 2.3-
('(-2 ponaaalai'l. Gretv tiffillt ws s'nvosnterel bautylent, glyrol, toohtwnia lay oxitlatiam.

A h~Isiaasa' fr ftat aaumwuian catasca l b mix:itae. oif hadrao- Sinae' tlat'r ws, in flie opintion aut tite- rppri-A'nlta-
Ment c'lolar'e aunaltia :hacitl, saa that thac t'tstnatetimo fives atf thle Natiamal hDerensit Rtesearcha (itnmitte
anti mitintt'nanae coasts -t tile plants4 were excessve. [XIMlI( 1 little likaelihooda that tlineetyl ivolal Ie-
Moreover, ft'e amaiunt.'o aut ettit' at'ial nal.a's.-cairy tar oetiazvailable', it appeareda ne'eessary t;o aubtain
'lIa. potaiueti at flhe rmqairpal ('(-2 was apparently 8461~ froim some other material. Stataies wa'ra' under-
in ex'a'u auf that available i'" this castntrv. Blenisen .is taken in IDeeemboer 1941 tot tievelop a priwes tor pre-
at na'eii-ty starting mata'ri'l tair ('(-2, ad this was paring 5-4111 ba-e b1y thac nitrostiuair methykl ethyl

V ~al-fo iii short .4upplv in flai- a'anntry in 1912. For tho~s keltama taulloial by reilf jam wif t a r'a. li1ds svt'lap
vuarlsuuss rensampa, it 00'e'me'al ineumlw'nt uipom roaprv- meat lea fat a milnet o psa'A r iuogs fir hirosliIhg

uaaua~ilva?:ofNIIIC' d ut tilu t. aa~a~~p w~inmi S-el 34.i8.i.~iWhich itas uiaea am as matnitstaring
leatl praww's-s fair prodaaa'ing a tabrit' impregnite nai. scale. Still late'r, at nmorae eonaomiaal praxeKs Was

lN'*Asinx ttut-aa iligaalvantaga's fof prtluatiom. wairkeal tint in which me- tyl ethylkl ke'tone' is (oxialized
The survaeys madaea in ft-e Naval hs'aa'aravis La-hiora. with hir over it catalyst Iao give at aihiate soli~tian #it

fairy 10 sina I elsewhierae 1 haad tin'auva,sal nothing -ifo at- tlinv'ttl, trom whialt .- 4611 basie it, pra'paurcai 1)3 t'-
tria'tiv' as 1-- 161 oir .5-328 an possible impregnifas. a-fiam with urea.14 This ;rosa's.4 makesm M-16 teh lu
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tililly aivallalile at at pos. of :Ithut one-tenth that of made from ft- aamme nuitetils ust-d i making
CC2 t-i' llrmonlEI lit'ing made tin ft,. hasist of lil-J with the ailmitlion of fornidehyde, wits

8'iiltiit aniount.4 of ehiorint. nitive agaitist It. eoisitliemd to it 8 atrai-tlve possHillity IA tin 181.
Tile chlorinatiorn of 1.-461lobase to 14-461 is iardel lint pregnite. It now appears thant this compiound is Some-
its a slightly alkline inedium, so thint there is nit what like 84M2, in that the agent does not, retain its
ilifllilly Wilit EommEio. activity towardl 11 under till (41114litien."

1188' Phief tiiainta of 8-Jl n.4 an imn'gwmite. The( investigators ait. thle Naval ltemearh Ijiloora-
as tine matter Wats undelirstoodl ill 1912, wats its tin- tor- were greatly inten-stedl in utilaing 8-340) as til
ee tip lower ft- ltnili' strrngth of fabrics MIMI impregnite. 843M) was first prepairedl at. the Naval

weir imlproitateEl Witli it and then stored miller lleseareh Laloratfry by.% it IprWeA similar to 1-hat
"slinetl tropild condiititionts. It its felt that tix-ti' III' for S.328, eeipt. that. gunnitlini' enrlionate was
ioritintil obljectioni. that S-Il6, erstld no! lie umseil in tised intreti of urea for eoinilensation W~illi loputil.
thle ,olvent pruwess heegiuse.. of its insoluboility, hail Its poreparatiem andi use Were not desirable for several
iitfri'ared with the- dewelopinwnt tolftthe :lureotw reamonms: Neither hrnxil nor guaniine varbionate Weon
protess for impre'gnation (see Chaapter 261), anti, lit avaltabh' in tiny rotIuiii-ler h)i antity. Slcmnd, the
facet, 14-.l6 m4 priwluice't commereially was- moem press for prothwing Mwu c'imiiind llt a rather
simply ttiliteed inl ft, aqguels prowess than wais hlborious oine; the pridtct. wamt obitainedl in low yield
(( .2A4 Somna'uent work osho~wel thant fabris i- and18 a praetical me-thol fir separation of fhlji NI prool-
pregnated ili 8-111 and a suitable iqtaliliuer were Itrts of ft- voniletnatiwi was noit known. A sample Eof
not greatlyv infertior in stontge stability to ftos im- 8-34) roucedl Iy a commercial conern at thle re-
pregnatetl Wilit ('(-2 anti lih preferred stalpilitirrs. 4qut-t of the 'Naval eeairrh Llboratory, late' in
All thep teotts then available indiedied that 14-46till W- i12, wait quite onsatisfactory wit It mpect. to homo-
('(.2 were approximately tequivalent with respemt tt oneity anti stability. The matterial atvailable at. flip
effertiveness against It, extept. that. 1111 hadl thip endl of 1942 wims Ef suchl poaor quality that its lise
aulvantacr that, 1vorause of Its htigher content of rold~ tnt lIs' seriously ronsilereil. I lowever, smnall

* 4act~lve vhi winle pr unit weilght, fabnrc couhi bep im- fuauntitis olf pur' material becmew available early
progaimeil to at mui'h higher level of netive Mhorine in 1913 ams thle ix'stlt (lf wolrk tiome under ND~I(W.
pier unit area, thuis proividing at greater captcity for contracts 4118 tosto from thep Naval Itesetmeli
dletoxifyingt T1124his was comsidceml to~ lo'- particu. Liahlrtw-.
larly important in conetioln With proteetionaagains4t D)uring the( first eilght mimthil olf 1943, fairly satis-
lllidi 11 spray. facetory lnyeesa's for proohucing anti isolating pun'm

M4-32t probved to lo qeiuite unsatisfactolry as4 ant im- 84.105 were develospeol by thle Naval lteii'tirc Laboo-
* .,pregnite; although thep agent was" active algainsd t hi ontlr anl Ni)IU' anti stepsw Were immediately

ifrsl iunpiretintod fabries, reacmmtivity in mouiw taken, uinder thle auspices of MNi)IC to t-amrst
inAnntice e'ameE' grestty f111 stiwmpgi 10 thint, fail) proestot for piiwlttiic 10.3.30 thilmugh pilot plant fdc-
rio"' whil showeil it lalrly high concentration of velopinent. ilhe protevo* oeveloiletl at, thip Naval lie.
chlorine peir unit area offered very lwmw porotection seanh-1 LlioAntolry for the Pruixtratioto of 14-31), 'ill.
A0:4111s1 11 as juIugr by iaboratuir tests. S-161 uno miig o'n!il and~ guanimin valr.toat, viam takeni oeri
had18 it isadlvantage' in that it rather vigxlrEot ftw'mil undier tin XI 'onttrac't,2 anti, with imnprovemnit.*
ilelitnpoositiom occrurredl in tlie *olid materiail Wi it it% and Aimplifieat it 1, h1111s belk-Pe ft- procn'o't 11' Which
imee initiatedl byv sPark~i or it temperature (if ft- ni'ilr abiout. 2 million lioills of 14-4) hirw beer.nmroduced
ot 210C.( I Later work in IM1 showed thant fabrics naier tin Army gImpetrment -ounac for iluto)rpomi-
inimregnfted with .1-1ill were sigificantly moewt irri- tion into fte p)ltrecive ointnt M-5. Anosther anti
tatting than it*% hwmpr'gnatril with a gewwol gaate IIppiI'tItly "Eon' mn'ol-aEl jirgwess for J)roIllt:'Itng

Two iother comflE~toul5, 14-2!0 andi 1. M.0 were gioven i,,stenad of gintiolini ca-rboonate.7
setrious ceonsbidratiiln as itprgni , for linotectionl Thus, prior to ft-i fall olf 19)13, S40'$ colildl not 1ll'
ngainst 11-.97 Both tile Army andi thep N'ivy proh'.urvl seritously considerec a." an impregit"o bsm- ia'of its
in large quantities it iecontaininant (1111-195), au'- unaivailablility, and yv thint litime it hai WIIi estaho-
artita' Withi 11. Which cannot IN' ust-1l 0s n" ipreg- lisheml that4-3W1) was. somtewhait. like %.*GX in that it
niti'. hhoueiver, ft,' closly related q1'WlmoilNl.d %L.210. dlid not, indler aill minfdition., retainl its Itivity

7,' T I I
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- teowrl 11 aifter inijim-pnittian ein eleti. 1i1e Advaii- Will Itfilm- ehiatrines is ealkil 1,:1lil: I limit wit It t w, I~
tape of 8410 its tin impmt-gnite epnlec tnaH the fet known, as A-277. 'te famirthliirima iii '. 1311 is( al-
that it brings ,lwmiit leastneitgo h alrahi mMt ats mmative tomI the( I1jt rogenit 11stialsias is
arny otlher known eiilermiele. Hoewever, ( N '2 hn- W-C2 touim Ii; the, twit elemrineg ih 8-277 are~ tii
pn'gittedl fabhric enntininig xine oxidle emr ettlemim more muwtive than thoi in (N '2. mhe thirdl chlorine
varbionitte ats zi statlpilimer has no xmeater ill effetet upon Ii 44141 is interneilitite in its emu-tivity 1et wee i t-
tilme tensile stri-ngth eof it garment iring mtairag tihan famri hiii n-IIludIlit wt i ellt rines i f .1-21,7.
des 8-3.11 impmi'gti~el without it astaiii'r. flow. S- 1:01 is piiflelentl~ li tumh liti firirue tom mmmke it.
ever, S41 %%-it it stitiliier Noti. IjtlyINIYles efleet jImtwlbie tous mit it it aHfeld or helmnet lrnitess. Tfit- irri-
duiring sltoe on the tensile strngth of ienringione fancy atisvid by 8-4361c oii fabric is Iiljpzreatly maim-
twill than ainy known chlatrmial. Of all known rorn- iltir ito that omf :Jill, mo that It might lit femisilila' tam
im1m111il ietive towaim l 11, ii unsiem'n 5 i It for pniteetlem iaauist ime ultremgen immistmmials.nustiontaluly the( least irritating tm thep skin. (NSee Time, prateetie Value of 1.-111 intpirguiateil ill it

* (iapter 2.5.) faimrie ham not us ye't been vonfirmail by Itstima it
Tlhe ieffe'tivemness of ('(.2 tuinmrl t1m, nitruiti toxi' gasx ehamilm

mustitillso k l to it mearch for at eompound ats ef- Improsved pniemses fill- prmhicing another Odiorm-
fertive against fte nitrmgen mutnar is is (N -2 timide, refe'mal tot lky the (;emans as D~semtmumfai-
nii t 11.14-2 le hmet. a'ompocmna iam known for nant 40(, i.e.,
this ume is 9-43. 11 It is mitfle by thep chlorination omf 0 (11 0 (11 0 (11

* 2-lmenyll~t-ehaminm-l3,u~trm~une, which is ohi-
tamned in high yield lk by tm conefen-atimn of phenyl L _ _ _
e~vatiee ained e'yemntam niline. Then' ire feour aetive wait aheelomjs'e."T The new proces fer irn'girimg lDe-
chlorines in the mamleemile omf S-436, whliei MY lie et.ntmmmnt 40o utilliine i new tuthamc famr preparing
repm-mentedl bv Ime forimlit, aeyantmrie .4m'iel, thmemmgh tile metetimmi of 11mmam01ii ana

XCi± Mii phemegene. te pnxasm is himilmir to) thamt evelollieh
I I ~fer time pre'paraion of methyl isis'yanizte from

* C~I!.(LIILlLi p anal phioagene.27  I)eainteimitiant 40,m
like-S,436, itrqute tabtle anal is very effective feor

Thie e'ontpeauine is stabmle andl melts withamat aleeeamjsm lecemutamimation, patriiemilrly foin tie nitamg'm
Autirn ait almmit. 1.38 C. lie cormislsitnaling compmnelf mugimsl.



Chapter 2S

PROTECTIVE OINTMENTS
11v I1eamcr lAkins andl fl'4iiaea vvr

2 .tINTRODUl)CTION tetian anti etaminatifin against 1I.1114111 1iiit-
t, thAignted 'l- on mtaiiting 2U parts tofA1 mitasftnl gag (I1) dlepends~, first, utipe -obtaining iclrmiwT1Lpattrwtnen 10pt.

WAtill asuie ngent, ande, "es-frnd, 11pemn fleijsing a rellie,,e acetate' bettyrtev, W~as Moreceamied for
vele for a lyiag atie rtaining the wtivie agent nnfctetthtti.Zeee'h'IlrieTwa(om the surfaceP ofitx- skin. It is eliffleicit tt obttain Hiot. immedlintely Availale, an fointment emtaining
a rinpt-el) satisfartiory niierritating t~rlion .hloramnine-T, iesignateei 11.2, awel ciii. roeinaining

2 which will fleteaifI' it instantly in low eneentrittitom uic'lrieuil, ilesexgnateel A141, wen-' manusetefwen~l
andiyet. will noit raeest, skin irritatitm tunder tn~i'z Ii smnall amomints. The egnsitiem f Al-l was then

cemliteme Th j~e~bem f otaiingthe inectsui- hangrd too A14. The fact that 114 woof texi irritant
able act ive agents lias looen conisitleeil in (Chapter 24. tol'cslasapteivontwatw oliay

Net the prctial ypeof ompaeenl fat.. a.' et ice adi~ee in the fall oif 1912, awl it was thereatfter
fond whic-h I.' i-elitve ats it proitertive agent ag~ainst reim'eee ereeetmntlmet~~

~~ ~ The primary reeieisites of the autve 11w British hadefotenel ointments4 temtainlng Pihllow-I agnt ar'. tha it.lieniauablein ale~eaat cgtiinitie, atm-T for clichboarmint-T ti irritant few rise. as,
that, it lhe stfable- com steirage Ii the vehirle anti rern- l""lective Antmentot. Alitit lw miel~ldlf i9il, their
taine*ri electeel, unit that it nott irritate the skin, even Prehclapottie inm tofteaihng
tiwtugh it is applied! repecstedly utiner tropiral mon creamn type eemnpwecel of 25 partst Imprenite 1., 20
ditimau over a periodl of mety~ heaters tor miend lit k.parts eliethyl plithalate, 11) patrts hyelrogrnateol

0 ~~~A stuiiyr of a gretf many different clloamuieles ling whoale eAl, 41 parts micenta ttiu tt* 2 arts psteiamoittm
shin that the ime iana~r from lienzil and gttanidine, itrtte, anti .19 parts wiater.24t6 1Tis ointment Is
rcseld H401, is the mnost atisfawt~ary age'nt fromn the kneown as A.G. \'e.. S. 1ecaeeae tof the unavailaibility w

C.stanelpoiut eaf irritatifim andi stability emr st4fWpg.r of htdreaeueteol whitle oil, aneather tointmeutt, knotwn
Exlx'ritenee hists shiown that it is preae'arntbl in almotst as1 .( No. 41, waUs recomniel for precurement in
any fesinnd eglantity at a watseae cost. which hydnregenatedl peanitt oil replaceel the whale

The, primary reellisit.' in a vele 6 thoat, in aedi- ol.ltlettiswr nontelInhem tfate
lifim tot being nfamirritattingc, it retain thre aw-tive agentof.( e.0 ota t a o rauelI n
oil thee- skine iii' longx as lichesil . No velele se far too cemsidc,.lole amint. Neither A.(;t. Nor. 8 neowA(
tatinid ig fetmplete'y sill isfai.*tir in giving long per. Nor. f; was tit"-ptalole !t Uniteed States Armedl *4 rv-
sl1sta'nce' of preatei-float witheait. Interfering with tl'eg 41'' eatt'of hic-k iosaihim Fnim heaith thre hihysil
suthjee't hataidling tof tools ati weapeaes. It appears, ec n ~wacelsunpans ilhenhte er

thowever, that at this time fte protfetiVe ointmnti n-mceanirel s liig quite nemirritatig, anti its' benig
prowtmel by the Armey nel Navy, awl cessieel A1-5Y eor etite gsatisfaetoty ats it elee'emtfaminaant for humanl f*
2440) prootertive fointnit, i% the moost matisfae't~ary. skin, clothingx, anl we'npeans.".U3
1'heis the' weark onr otdective tintmnt iI naer t was wiely reeeagnisel in lftl2lat thlefoinctnb4a
taut knome, souimmatrim..h In the frmuilali tow MI-S eli.'. availuhhe t fte Anneol lervhent were- efe'e'ive ill

*~ IW'ffA~fl~T *~N) IVI.L Tfite Army wainrritnthig whenl agajahlel it, tOhe ,'ii anl
wats intabhik Ii Motage. It ulit-aared lloot nia first-

' 4*'l'K~jl.411l. Elf~T~INI~4meuit -omtainifig diehlieaamnilw4. (t-e aaetii atnt
in Sf-I; weaoemi IeIatisfactewy, 'ilher with nespeowt ft'rior tot Ilecerber i9i0, the- Toxtioual-# lke- etflet can skili for stability In gtoonj)e.. 1Te aigent in

iWarli :filumteoi f the ('lemicetl ..'Arfar' 14evvice' the British ointment wits sittisfactory fromn the standh-
UCt hatch de'-iqlpit Niewaee irea n olnt- pt'oit irritaawy, beut ..fit famn fhle standpouint of

me Wt111ah11 the'y kitisfaceiry fewt 1 ;r. ailbltoree'tlihteaer'sattisofit!m
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Foil

Artnee 11w~ 4.lii waiter-oil t'Nltth4itom itwi4 it-, fit-. sicIIe('-$itl, duaring it .3.dzy Itwiti.t.AI D ai
Z'777 veldieie' In the Britisha iintmnwnt wits tiantiifiehiry Janary, iVehiray. and sitiarh, 11113, the sitialtisna

frsaan tlit- standipoinat f( staiatlity fin mfemage. It thnt Wilit nsi'gaa t agnatettive 4taiatanst wit e'taat'stsaepol
-t''l' I-4s~tir to 'el-f tlip miost stable aind least Iwv an impartialt s'omnittsit fte 'qestet fi lt,

irriting litoltitilly aiiliabte e'iotormiete', ansd too ('WS.NIC( T'e'haaiet ('oanditp."' It wit-s seaal-
iloineaaite it lue an 111ttihlrsium vehlieh. 1-t111te'c t.11aat t-Ilp S-11 a vy 4aitatias'ia, III, It tl101Hi.

mte e'hae'aie'tatue moyiriti e'hatraastpl'ftl efi S- t6t fieiaitiin a rryin~g at healer s'naasitnutiliaf tit f r iast livi
Pt,,.g L:IMt sain. too ilk(- theni pettentiIalhV vatible~t agenPt. WASe thlip bet'. Iriate'itive nitnitivi eItt
itst inigrnlie'aate Air it prstetivc' ointment. lie',es ism. thus' tinas'. Thi' 'aehis iei Wast ,ehorpli h t fll-
INNIII419 nte twfiIN-11 han'l111 1a Sit tlie Naviti iitotntnsta seuiativss ear th ( acituaa Anaay. WIN), aa1Ir ita,
biaIlrits ati I famind tit IN- stiabihi ltwtrett' hle't tandt loi- off thaip infomiaatiflaaa aiihbt frilln Lilitteel 4taes,
i~te'-r, jandt re'aiti'tly taemirrittilng. 1iaw pseAeility fir Biritish. 111111 ('alliuaiaelrl 't. prorte's'stte Wii ti lt-
laign t1Hes' eflulolslns ila It prilte'e'lvp foiitnhs'tit wulat piwiiiu'aeit taf .4- tllatcits and epaea fit 11'A hal it

rulma I ts flt -i tti'tificn 4l n'nutatie oflthip hmoteive fliuatiale'iat havinag tlit- sianas' I'eanillooelits itt'
( 'he'inleat Witifaurs' S'ri vs in N -ov e'm r 1911. hlow- tlip ealutipent prisNlin~I by tli' ('Ilit ' I tte
ivve', it faii le ri-optE' n twas'Wit neat tn'4iVi'tI, lier'ttit Naavy."j
Iatwitutse III. thuat timie thatp asripnwittativnA'4 sfli the' ha eifieulaties Iii eeltl)iaag at hareat4tive' sint-
(''nieat IWarfiturp *4 rvice hxi'isvtt thait thep netivt' meaat were ttaa, ili large Intrt, to) ft(e liek oaf aeleegiaaft
lig-nt ill it piltec5tivis eiinitit maust IN' Ii t'eattitn meitals fur testling tint) tint~ft fear lte'tvi valli'
nIt~l tut ne'n'hy eisix-rseil. Ns'ittatr 9-11tit le $1 tiner rpitlistis' et'aelitiosae. 'lar onlay nas'taswh tivitl

is Psaafletty seahlahbe in anky siiituate' seatvent tea mAke aleip fear te'stiaag tir twsatd'etivp vulais' eaf ani ointaiat j
it locowilile' tea sni'urn tin elintmenit similar to 'M4 11 %%;,. Ooet * iiaa utsteatt' Itwls'tw rutp nietlt." tilist it
whith tIt i*t ive' .ag'nt is Ii seaitltonIlih trintaelltn. janet e'etlaaraktlvs' tets lau heatI tw4.ia tarrlil Itut. tea

-A )Hiiutnito e'ea11ii ntg ianinahiae thaill a et'eria' 111w'1lk liitih it fpemn flrrltsecieit' 4-89110141 lkV n-111-11,14-1 atatateIIt.
4 t'th~~)5'toltinsin in it nelmselaleeas medstinn hitt aapaasntty titan eat it jarottetil(' iiaiuatmt't. Ikte'ginag ill tONe

ntit hioorto hloom'tv preparstn ear evaluzateel. I leawe'ver. it -qvinjg f 1913. rsaatine testiag for inriituwy wits ear-
Prae'tieittl weahatteac forfte' ili)aham elf miaking lip miceh rieel etlt# uner it Natiemat Di-efe-nope 114e'searth 'eana-
aan e~llitu-lit wiai' IIattluiart Ill MAr111ta 1912. Wittain nait te'[X D I(] 44 liltrMCI, ti It lit, teadag eltaaatlit 11t*'.
eighlt ta-ys tafter it wats prwilmta'4t hay a mpIri-eaAtitivt' evzataateel anon' themaaghty uander variouts reatat rae't
f tt( nivial litessanrht itihwarttrv. 1hai' eintnpat. witlas tOr ('eammittes' em Mi'slivit lise'nt't E(C5IU]

e'elasistetof tr- tti (3 I w'r es'aat) Ito n'agneiunim stra- lie i' ' lats otitasinp l Its tefiar ehiaeesve'rv that 84430
lp. (I I 1aeret'aa).etiqisw'rse iltiquaidl triaeetin (52 jr was thar- Iscast irritating efi thip knoawn chwtgtatists,
i vnt) ,.4$-16 wits ft-t least irritting tivaihatloke cltahr- Wil1it h u'C' -2 atnet $-1 hw'iaag thelip e'eiinl tdtairt
amie inatil A$4N1 wast testede in .Aaagust, 1913. 11wa c anstietes, rvsifeetive'ty. 1-33t1 its attwo very sabtle

nnagne'sitam 14tearitte' witts sele's'te'tt ass4thli soeato stoliod whaent s'aonsts'iet intia amn eintnas'at. andc 0tuireol fear
Motun ieat earfl 4t it' -tat, in tmt.'r I', imae it mews' severnt mcotihas at 44) C.

* *uha'tlirs'aat tea It.e $kila ide Ita tuaeilitatte span'aeing, atndi tiriaag tlie' seannasr and ret faitho 1913, tests. we're
ft gtive' It htte'r ..eewsino'tie haeaa'rne'. 1,. a;aast e'iirieotilt ii teawle' juts s'htini'rsf tit tNaige'wewwt Aia'-
sao s'eampaiist0 wa1 W t.t~ fe44 'rir staibility in stearaagt I anl :Intl tit- h'Navadltesar't Litbearateary, wtse'n'hay
m ned fear tano' e'tiean 2-* ataih irritancy. It. itas aeheapiee taiuatnat~s 'aht-011 il' gItVe'a Ia nsa~re' rt'-ahist it'VI lilattitIlli
lay tit Natv in aielvg.I4s 1912, amnel ;arsmefto in Ap- ist too tleir e'tf'tivu'ners fewr lirntfetiom ltiner eooemehi-
-M vtw' 19142, tanl again in Marteha 1913. Fier mooar- tems A1111m1wluzt similiar to thesesp enefetintere'e i ite

thaan at year andi :t half tit(' Nav S4.46t oaintnment. wwc fielut.'7 Thae'se test.- ule'mtraaa4' whiat hluals tre'astv
ft-e eoaay prmat-tivs cintanent avtibibhahe' Stlalth a l opia's'a saaslase'ts'eh, thait this' vehuiehs in Whic'h fit- aetive
,anot'arpent 4a msany naihltis frloof ir eaM.I I eajut. aage'i wits W8i04rs'e Iatefo mean' bllraie lht edr-
twil. wan. ef lilt iaaae h' " I.tl.Army until ti( fal #)r tertinitag fta. gwnisteaave elf tar41tats6I he I-Illt uILas hlit

Tests nmle emn fl~;it, IM.p6 cointmnt ;haaring Iaitit-toitment.-tiv' s nt orliat-aa p o-unfi it peiat
flit-tlte' thl i 92n lt-fr ni 93A we 1*-3.'lt havinag hwms'n wcorks's tilt$ tairitig tha! first eight
that ths eaiia'tmnaat eaiN'ed irritatea il t aa.sat,:'ame moanth's efo 1913, it hle's'aaan ths'atetiit' stgtgl ;a.s'e'rn-e
iaunatoo-r (af th %seilisa :applip' it, thioe tea six t4in ha fer ste Ii a Inetetivp ettii'tant. hIRt(w-wel iatteliatimn

AIvi i
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ilm ie ts givenl 14) the' eI'$tiln elf flip meost suitable tlwir v'ery tature, till 'iltienunitlett,' r ike'ly tA IN)
v'eliie'h for 1443:11. 1411Ifle'wllIt irritating Whl, 1411li(4l e'eiltinlsliey for

In coeder top sweeo it lx'tter ulhierv',reI t il skin reosi'pl'41If) tern ini skin. X.%t eernlsouel ither titin
tluring eveme', it proomi dvelantigmictse tope dtfp it ei'inmielte siwe-i found wh'iie'h was octiffieie'Itl13

rat'eilins-' hutyrute tae''te inte tipl nintmnft." e'ffe'etive taitt. If tic justlr3' it.e is.
'11i, 11(felitifsts efo titalilil emeil woos lllse' fitild tip lNp .I iflterestiiigloulte'1nie lf at temt tip li tie he 4
111veeeatilX4eills, lwe is it.*-sa e'Iimiiite'eil stime eftilt'w 11'aihaiie 4pintime'tts wits fte eirmulatitlpl fir it Irm-
flitfiil11tie il je'jei'tz i til l niii mbltfut-i fr tin) toilt- tt'etivein 11tfl1'tt, similair Ito M1,-5, lin wliiehl eiineilyi

invit eolia'Iilew.4u'1v titte, aend it zilms im- phithalite rv'phi'd triaetin its tlip lieiti vehjele
prlvd li- 'lrfuin flititipt It 'l'Iilt'Ei siie~iabie' Tis eihtm'lt isI appa~urenly sitiluir to M-4 in staii-

tit iiieeorlitt elveiHI i the' il(iiiint'fll feir tipl stoke f it3', 1*u'k elf irrltt, iti e ln P'ffietiW'e'ne's elf ilflltl'41tlll
e'aloni.utg' he- f-ornmulatieot, efo flit- N-5 eointroellt aigainsat 11;Il li alitiom, it. iui tide' neiantuge' elr r'-

* aeleIP1t441 in iDeere'imetr 1913 wits 251 pe-r rent 14411, pemling nulscluittews Air a lr'fl( 11.s teg sis.4 ltimirs
I N-. .'e'll e'llliee' teetate 11111'iltt, 9 per cent ti- aifter till' tipiie*tiifn f flit,' eIl 'ilt -Iit.-

tutini dije,,ite, 9 ;wer ent mgnesim ste'arate, 52 Preoteretivo' pnevlen e'erntunnjng it e'lebrnitih weis'
Ix'r emi't trute'efin, 0.8 ,'r #-('iit stilfunttlii'ee lorewit rlirtede top 114' infoelr miisfuim-tir3 i ft- tniesiW, in'-
flo, and 01.2 jwcr ent miolra,'rl fasct green (i. An chint- ealisa' eat tipe bowe'r irritmney3, tlium were proeaetive
mle'lt (ifat tpriniatI'i tis rOeMpe4itim tiptompit te, einatitt. Peiwele'rm Vtitnig .144111, lininig t'xe''-
Ie- tite' nuciff stitisiettiry y'et attauneil Aer irttei'titt Wi'lt clum eiii'lnsties w~itht reixt14top ti) e'e fing aind notl-
aiginst 11 andt fear ele4ellfin :intim fl i s h kin.'"- hening tUp the skin, were iI)l'e':l.' Tile' Iiml'id'rs werp'

it iriilttitig t) tip skin; ho~wevle'r, thie3' ehiel uit elfe'r
If .9410I is meot tivailabile, ('('2 4)f KtwXI (111111 it3' i.4 inteh priec'tim eai s judel 1)3 thle AI~elgwewxi e'11

foreidilikl'1 the jirefe'rrl *ie-tive age'nt ftor use in a Pp- ,niptitei." Pe)lelrs emian ing it e'ldirtuiie' havie not
tee'tive e,'lltlflent.2 1 'e' jaease.'ilihty of siting ('(-2 it- iw'en *'vaitatiei r prelte'e'tin Ii it tioxie4 eliuunlae'r. . .

Ills eittnienit W8ut i locise:rleil 1' fte repr'eeniit~Ive' orff

MIS ir e missions thaut nu4w f~litwit see'm tit lilt milli- 11 ~ ro ~ d' $I'iN'S O
e~4~.11p.u1 U til e mielell of 1913,4-'eattifeit~iltn 4e11utl4l -"

fltstlots given tep tit(, iI'e fof ('(-2 inl a pretertive tint- lR)Ti'ECriIVE OINTMEt~NTS
'i itl4eltI5( e4 ils tlInt1vaillliti fewr this' puurpotow Thle e'lw?miile in a prutc-'ti'e 4aitment, remaeto;

'Ihie imalitv efo ( 1 -2 villein 1912 was sue'h that wifll if ill sitebl Si w3k t~ltt emt'p top Ijiitei "itfil'C
it efeietel ieat IN' sa'ritoiISI3 econsidetl Air use' in an elit- eltiretre mi rStli"4'e tel iletfixif' lole' tneulee'tile' elf It.
sne'nt, 1111141 tpp pmirei e'4npehunel I'l4 1 t f t 'ei felr irrn- Ii ian euntise'nt, tile small atoenht elf aie'tive agenut tdhtt

ary3 itsn teitltflent, ill si) far a-& is kneao'n, until tile' n 41)11 sp~read licone till' A'in has it rathter n'gligibhie

slirilig andi sum ler efo 191:3. Tpe re'presa'ntittives ilf ra'Stwlit3 ftw ele's3Itg oelile'ts efo illiuid II. Hoew-
Xl )t( We're 1110111Iltl ule4)tl1'l-e'I(e til 114' elf ('('-2 iI ever), it tilin tat it gimel toinltilfl prlSti)13 mt'e ati114

ItI tltverti'e ellntnellt W1114-1 tile$ Prrt oe's t few pil. otiii'iit. ae'ti'e eliterine I.,eto dpmfy'c l ti ' II R.1
flooinig 401~W 1nel till' fae' e4 its nelnirritaet re'nity ie'e'uh',4 hiiligii 114 til e' flp 'fsui4'4' thliig ex-

petillisllll it Anjist 19 13. 'rie phy~3sical pt'tlprtkme's peNmtfor cit mfewit Imurs taItli i~'ti)u elf If vdipl' 1

efo 4 '('2 arp' nell. -t4) sa isfctyret~~ am. e'itier 1%-t6ilto off eaf" ie eanle'f 20 MIug efor1 I ir lite'rei stir. Sidflele'it
$41,from ftsie'1tne1llltint fof (itbrie'aitingi tn flint- utetive eltiei four prt'' erl)i will l't'11Sh. ipo Ow)1 Ile

tiil-lit. 11nt1iIt-- how' e'emnt1e't f itell'' e'therlue tkes It sklin fe a few hetirsc, pu'eelte uttteiti 111~
iiuiioew''le Ito prewhull' till eiiiitment. hia'ng mews' than Ito at relative' ly t 111,esurfams'e, "~i-titas eill the', Inie eat

ami~s'~t *. pet' ii~t.ite'tii' e'll~lfltt'fipl foearm*'n, uill prooel'uleu tineit. the'. sellhiet clhw's sil
E'>teinsive se'uu'elle's Ilive lw'e'l nitule ft fined aupe'ntm ps'rspire' tie fmee'h for flint ftile iltnisait is mt il ilm-'e

soiiitr timleiil~ni~' wt'iejs' will IN, e'tfeet'live ill sil etiff 1)'e'eth e li ethi e'r toli i', E iilV4 l ittCl liilll
44jl011116'11 Ill i1"1144-filig IlgiuIllot 11 for Mte'r veo'l* t'll~tlelI t i) 14tit'e' 4411t111n1' 31t cost ,Ily he' ex~-

4'itltts.1 'iueee se 11e'i W IN-1-' lw''t eriede Isro'e't' tip re'*huge eagsuseities seni c'annisl Iting eolfe're'el,.
eode lit F'nlitiei. 11tI In sa've'ril hiwriteirii's Ii tise lile-ts' llhte4'lll he~ till' NUi fill, sleevk, a'ut fits'.' efo sm'iu

* ~~$.4 411111ill''nle'r flit,' cmuapiei elf XMICt ',4.liI, ('%V1'$, Ii 4ee1mim.
111 ite Xt 'vl If'se'itr.'h L4ilirrlt''. 'Fbi' jaustifie'a. 'lill'e'ji aro e'ieralhe eiffene'' tim- uicong ilificr-
lioi Air thi-t e"te'n'4ve mese'ay1: in the ftwt that, 1)3' aemite'-', (V-2, .441, S-16;I, and .14'330 wti~ lt , h

,.C~t"~l
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leiathl o~f tfl 'itliol thiring whirb1 the np-lnt remnaiins tundler rather IU'VPI1 itititils, ft flit , iN'11 flint.-
suma fte skin. lit10 inceceheicle s4tt f'ofipiItt4, stlell ans mfenit dem~ not) give tUK great ot Irrittionct to, perohibnit
84.28, S44111, anti 14-33, appirt'tfty remain on the itse lew even in the trollie's." IDuring 3 days of vec,-
skin lermgrr thtan diees aiehlornmine.T. ('C-2 iniffers tintions e itr In manenvers in thle Jiungle, thte Hil-

rA) A unuder tle' dsl Iveenteia, its e'cenipcirel with ?I-32, lacrlty of ceoldei't were imewleat irritatted. Tile Irri-
JM-011l, and S4.) of low content oef ative ehlorint' t"1t0111 ('Iilclli~' Ik -is lierhlls somtfe'what ga-at4r

And i e'nsitlvity top light, mee thitt want- eeempecition thain when S44.10) is iictec inl the simpler vehticle of tltip
d; the rompeeind ew-eurs in sunlight.7 Hocwever, the .4-401 Navy ointment.
persistene ocf proetection cef an ointment eomtaining It hits been repeerteot that, amn thle hetsisor ftipa E'hliti
thee' meni' stahelP ehloruumieles is in large part deter- leer tests at belgewecil Arenal, men are practeoa't 41' . .. ... Imineod lk tile vehlt*e intot Whtich thle ointment is in- for 1 --2 hutit tgiinst l'xhil tie iit ctmeefltrat iolt of

e'tcrjitiit'tt."II of artinel 34) ag 'I acf air, at it It-nloerittre of IN) F
The' eleeratiom of protection Iky an ointmeit is ale- anti N4) per ccitt. re'lative' humidity. ()i11' heor's ex.ternit'el in large lpart Iky fte erlrtims maile Iky the jlitiitli ta eonca'ntratiem of 34) pg I eorresipatils it) it

oihejeet dluring the ripil ocf his wearing the- AiMt vapecrleescage (Ch) fi 1,14N) mg min in, I.e.. IN) X W4)1%
mtit: thus1, fill mocre vigaeoowy tie suelct. exe'r- li e'llamieer Itss lin Aetralit, till- sueliltos after
e'itte's, the more lielky will thll- prate'etian le hoset, appclying the ointment were expe'riael feir liff'rent,
e'spec-itilly o it t'ioltieofls'of hads jaw and neek periodis of time iefoe being euehjeteel tie ftea Oham-wh-re there are sharp tangles ati ereatams in thep stir- leer tests tinder temliwrntere anti iltmlillty coniditiocns
fitei f tlie' skn.11-4 Exe'els ani higth te-mpientiurn similar top thosae emnelikyeet itgeAI~woetl Arpcenld.i All
alme inc'rease the aiceunt anal "tent. oft irritatioen subijaets were exitlcee tip aut If vaper etmes ofr
'atell hey tix, ue' of it iroteietlve eintmre'nt." In view IA.KNV tg mittlit, anl the relative prottestll JrMc.

teo t heope vareettIens, It bi lintceue'able teo gtive finly *la'ill viell ity till' ointments il14 otedl. It wits fo4u1n1111 tut e
tive le'tue oef the atmeeent of preetecetimr offlerei Icy it 144601 ani 14411) olntnwents were markeilly secp'riaor
prectee'ive ointment, oer cf fte extent of irritation eca to thle A.(;. No. .5 ointmnlt in having a nutte gretrr
repeatedl applicatioen. The nhemerot repierts licetect in plersisteney of tcretet'liern, that is, thoose sublje'ets Wie (
flht- l1ilcliiraphly shoeulid lee' renslteil if eletaili 1 in- e'xerriopol I or 2 houers lee'fere entering flipeituamher
fomtini teeeiral as tp the effee'tiveaese ani Moial- were still mieletely well praeteltede Icy thiese. eint-

IfroIeiitialft te itse' of repr'eentative praetae'tiva' me'nts, wherets~ tlip A.U. 'No. A oilntnent wits gereu'I-
oilntme'nts. 'll aelcw .a

Thm, foelloewing state'nietts give a fair inadicatioen of Neo knocwn precte'ctive ointment wili give cactnle'te
the ehinreeristies oft the M,-5 ointment coentatining ;crateetiecn withoaut irritatione lt any mioel~', hult thee'
843:11. An aciutmett aeettaitg,% 43 Nh' ttpplii'eh M-c ointnment shoeuld inate'rially Meiler' easulfles Illt3 timies it dle feer 3 sltie iye' s tic flipe most sects- eame men e'neacnter If vapier lit ft- i'el. It is tli-
tive areas of skin witeeimt mignifleitnt. irritatioen, if ft, least irritating ointment fite retee'ate'al afpplifcatien,
men1 ame t'xposrel tee Ienv'erattire' whit-it (it)~ eae'i wthte nNetlcIea'pic itte' rts rm - 'N..5,
IN) F ski re'lative ieeenu'~itie" lict awvenruging ntlueve leer- althouegh thce lattior maty eucese aevnais.'a*2' lIce'
lle* 70) lxr (ent. Tests e'tirre'l oo it i is eslntry, its greate'r sttelclllty oft 3,13 an steerage im1lt, hi' ulewell as Ii Auestnilizt " 21- 3 inolien:to, thcat poider tl, grouter lpi-rsistene acf turteetim its eacmpttta'a with,

e'emehtioam almostct noetiat the men weariung thet- oint- A.G;. Nao. 5S make it ft-c lest preotective eenie't see
mntt shociw ainy irriftlta . As thee eacetelitics noire fer rtloeel.31.24 M.." ointmnt is alse it gacecl cleraocn-
evlisa'lv appramtelh tlepse of tlit- trolliies, the e'xtent of taiciitt facr kte,"ltthicg, anal weapetions, atil maiy
irritationt iter'.t.s' liwe'ui'r, it haes leen acim- lee teicil inl re'ndeiring elitleicg p~rateative' against 11
deflfi'l Is fill- "-stf cf te'sts e'terrii'il cittin I"fanionie lin re~a~ of rmine ne.
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CHLORAMII)E411PREGNATED TYPE OF PROTECTIVE CLOTHING '4

26.1 INTRO~t2(Tfl)Ntitttevit, the- ftevihptnt f tan tIti' Imlirgna-
rt v1.ir teki:.tv of war, in 1941, the Armeou tIES! )hnt'i. IN're pVniii5$tuiensAinmati thO w)u O.

$rvies fa-edi critiral problms in cimnertlim jeotive hai mm mI'n*) i najt ii'''tl ieIvT' IA
with the~ provisien I)f g ispritteive clothing fir the tleiwtneves. meiawhile, the tweet for jxtiralel hand
entoos Army anti watvyv cirginizii s plnnd impregnating units was reegtiued ani set tip it an f
Peetinx w re by the ('hemical WArAtkvvrirr aetdititinai tilictrtiv' undter the proet. 'llrnisait
E( W.SJ hailt pnvitlivl at themical impregnation syf. this woirk, NIICandli tl r atmmnt agi'fliesj
tern f4 ar itrit'.nitim elothing which madep otioh c'lth- eemt11iniied the!r efffit to) make baisi imprmntts
lagt prtoetive IIIaintion ustrdg (11 ).4 Ihower,r in jwotertive seystem, Inclwling eviuitI III newly
the unplree'nteol tiemandls f g~tlbl warfare, with iknthr5I I itIpites, AtI af th% latrinslc Ala.
respect to emdn-ilfis f storage, uise, andl vtolume af b4itty f fabr, and devtelopment a of pperl biinderst
eltithing, iiemessitatrit riulieitl melfieitiois in Imoth antil disprsing agents.F

Zfilarmtiiem nd WIeie. (leneral pr~ogrmsn involving the NDIltC trsarch
The 1941 impen~atIng prewem wats buse fin Im- grotip wmi. olanned in rohAiitIn with the Toph-

pregnlite C-2, at cirmidep vimtainlng available nival Dilvimlem of( the (hemlcal Woirfawe Sprvr fit
clorine whieh react with It anti thus protecsletit AIwomoo Arsenal anl the- Naval Itesearh lAbImi-
against it. The cle,~hing, lieling herringbofne twill ttry ai Waswhingtam. TheNJ)IW research wasam t-
convrls, 01) wespi uniforms, underwmear, and arres- panleel by deveflomnt work at NRit, anit at Edgi'-
wries, was, Impregnatedl with a smtiOt of (V-2 in wvood, mAtite dinvcty related t4) the XIC! program
host tetaahrnethane (TME eemltainn chlioo awl sme indepenent 4if it,. Plant td&ls f new fir
plaraffin ((T). The tetraa4 liorthane solivent was odlifie peeseensem derI fremi the NDRC', meesicrh
then evaptorated, leaI the (V.2 biioded tov the program were ordinarily condthedro jointly by the -

fabr boy the visetis ehlonqpurAffn. TIsA "solution *tervl awlt NDRC peremnel, with the, latter In thOr ~
pnrso" was operated in mixwhine impregnating capacity for oviia'entiw observer. Pntetic~al testaof a
;mhuits Mpecialy eemslotriet' to) reAit (cmorrnl, anti researh character, such as trop awringt anti hand Ll
provitle for soolvenlt recoivery.4t 11 Th lthing wito Imptqguatlem trials, wpme plannedi jointly, ailminis.

l Wed fA t~rg unatil "MIMI. temrc bty tw he $eve andi usually observel boy
tSevIou difficulties fAme' in earlyv I 12 inclitdeet the NIMlI( persimnel. All gas chambewr tests were Service-

* ~ve'ry limitedi lit,' fof haled impse'gnatesl elothaing store condted~f. 11W engineering Of stndrlm il
utiner troicaml cmitms"nolabeanti dlanger- impirgnin plants unti Aets wast handoled lay them
fils delays in proc-uringnniigh f the comrplex solu- Service orginiuatim. In ailditloin, representatives
tim-Iimwntifig pllantst( fur glbal so, inatiequate for the uanritermaster ('niswee active in joint rviii-
suplies- to( T, the necessity for transporting very ntin wiwk on fabwr quiality. The probalel pIn-
lairge amtints 4oI 1'K awi hItsaint top operating per- teetive vuan oif tatlesm wetr' ctetermlneol by uabiomt-
semfnel fro-mtixcT' aos tr inetheios ty NlDl( cmtratohrs, as welil as at

'lIIIe Initial pleiin :f pre-venting deiruetjm f F.geIsa Arsenal andi the Navil l1treh rlm Lahora
eltitig imlrenateil with ('('-2 was, refe'rred ti thep tory. Rprnitati f slip V. K4 lFIssd andt lDMu
N1t141t111 lh'f' Reelt"csenr' Cmmittee ENIoitci by Admninistrai twixistvw in planniug ndi in analyxing

th'Nvlilesomr.'hIi oifi ry [XIlL) In lFeltruaryv thp results o0f wearing te-sts.
11)12. 'this mwuhsle' wats the-n tussigneil by XI tot Thes prolilei fof Ilin-mguat fabric's with ('(-2 is
It teseuticli gtottp. ('emlats with activitis f the rathver t'omnplex 51111' it livolves, aplll it highlyPiI

(liemil Wtrfar Servic oe aoi st till within a few reactivep che'inca te, fabhric for mneeirtain rhemical hi*"-

oiftia! lsle I.sant ImaIjor obetv'Was In- btoth ite' strengthI fi 14. f(bi1 anid thI cIII 6vIty efi tIe'II
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impientethrontgl- lontg peritool- f sotage anelwear- antil imprilving tit( 1comnfort f iniirt'gilattel glir- . ~
ing se'nice undler adv'eie cmilithims. The circtn- Monts;" build-i.p of impsgnatiemcopnet ont
stances required san impregnatiemt process permitting t'lothilg (hiring several periods oft tse and reimpreg.
immedllIate prtcurement of equipmlent anti a rellw. natitn; 19-2 anti sitiffening of( clothing boy impreg-
tivin efo supply trancport to) a minismum, and simple natin.
entsugh for field operationi. The nemd WitS urgent, &4 Attention hasu also) hiet givel it, alternative iii
aliqtlate' gw'parnttilmt fir flip protfection f 14 1 mit- pIgil"-l" with *sitno attentiott 141 IthAite thatt
;I" ow mn requtiredl both iMpregnalltiflm of ClOthing for Might be% effetctive against thep nitrogent mustartls, its
oftrntvr, anti1 prnwistrisment, (fi e'qtipliwft for use in 'veil ar against It. The effeet f tit(' prewessinc fi
fte Theaters4 eif Operationis (To(f 0) anti in the acrtual textiles, prior ft impri'gnaie, upoin the life tf the'
comba14t 11411100 imprpgte4 anti the imp)rignutee fubrie, have. seeu

The ge'nera i objeet wast to apply ;mpwegaite e~juiv- invnstigtil.Ii1224.ft The results of the, study f aill
ale'nt tit 0.5i mg f available Chlorine per wittare centi- these problem are given in the techinical reports,
inch~ r of fithric bky the simplest possible proceevlure, but oinly a few are discussedt here.
int a formulatiem whirlh would inmure a useful life for OIf the majior dievelopments under thle proiject,
Nll fzutwic anti impen~ite in sturage' anti in lisp. ft"' were adloptedl by the Armed Services in 1912

The majior ac-hiewvement. in the proiject oin the ehlew- atn4 194.3; four were tundergtoig practical se'rrice
amidte tvpC fr proitective clothing hits In th ti4- tests bty the, ervices when heeiits tpped4; andI
elointut andi Improvement f a proces in which finm, uupmrn which initial leads h~ad been olitaincel, wasa

water replaces the, organic sulvent foirmerl, reiqime. referreil to the 1%ervice labotratories for conaleicpra-
Thle aelutlo, ofis(l, problemn obvintn thle necessity titm.A
for the- ptactiilt anod transeumt 4f lamp. itnftint'
di tetrihltiniptlituie, it reslt which was f particular ~ SAIIAEN 0"iA~tC
iniportttn;i in thle T o~f 0) plants. Thew stut'tttftil s".lti STILIZ:ATIODNV OLUTAION
tion f the prvAPem ledt to thle development of eastily IM RG AE YSLTO
transopot~ed hand impregnatio~n sets for uste IT trenpeeIRO 8
in fihe field The, field proces hits nmule protective Fabrics impregate with V-2 without ainy sta-
clothing available for use by tr-ops in etimlitt are.s, biiiarr lst practically all their tensile strength %hen,
(w in areA -so isoilatedl as toi make imprac-tical a Alup- AtoN[ in a N.'cimuiatcel tropical Stfiragi' room (141("
ply 4f impre'gnateel clothing fromn the T of (0 plants. andi K5 per cent 11l1) after a periti of 3 months.
The ne'essty fur freqluent reimpregnestiem in hoft Unsder thle eemiitior.s elf storage' in the Hodl, 1)33 Pspr
humid weather makes the field proces fe impregAna- cent efi thle original tensile strngth was retined after
ti pairtieularly ueful in tropical e-limateg.39 stforage' foir 12 ninmths. Similarly, all the peleitive

Numerious ceriliary% problems have beven studiefd, chlorine wat; lostd in the Admulatee trospi-al stowauge t
inel, in ist instantes, at ptwtieal sotin elbtinflel, rooim during 3 monthp,, whereas 0 -76 per !Pnt %as
e.g., grinding ('(-2 to at ibnp particle size to permit rptainedt in storaget under field ee'neitionis.
stable suaep'nsims anit effirient rpaetiem nitle 11 The xtanelartI aeolutifin impre'gnatiemn process ie-
vapor; 0 tiist'dlvenry elispersing agnts resistant ft v4411p1141by ('IAS Wast nfeiiifl'tih 1Sv eiprsng it) ftee
the clieially reutlve ('(-2 nde yet effective, in let rafu'hitewthune' soltlen efi (V.2 abtt il) Ipirls
emulsifying cliorinateel paraffin antid eelieeiltting of caltcium culifinate per tOO) parts of (V.2, witi Iit
('(-2 in all types (if water, ' 22 elinsinaltem, for sittable stirfare active agenit, sokya lethivin. Tile
camiinollage psss's, f thep urface-whiten"ing eo( ralim ecbnte' cisoentratiemr wait adjusted soi
falrie's causeel isy thep ajueous disperstfim; "I tener- that tile (leflt.iinjr nickedl up about 2) parts of cal-
lug f 1.1-ll1l4,41. shipping celntailtwr byv the finely elum e'arbsomatp e'r I() pairts it( ('('2. An tilter'iattit'i,
eifviileel ('('2 ir pwde~kr form: ' thermal opnshlivity siaboilizer, zinc eaxicte, eie'velopril uinder tin' N'lIIltt
efi penlwl (( '2:2 lauuneryfamses f impirt'gnates progtram, wa% ati'ipteei boy the' Navy. They used 25'
faltries; 10 11 nuetheiis ftir rapiudly evaluating in the liarts f zine oIxide boased upoin ('(-2.
IalIoratoiry tihe tlanewrstiee tirftn iinpri'tiltee T1H. prowess Was" adoipteel for use in tlhe Zeme tof t
fabric, wh~ich manifest tlueirris'lve,4during stige anti Interioir (Z t 1) M-1; planits in Iieemblr 19)13.
weair f garnnts un~er realistie' eun-iitic; '*" ('lesli1ing iMprVgnateel Ily tuef Hew s41tiz'fl Wiluiini
tskiat oiitti,n aeilntaeel bo inipregnateel fabori's Ppoes, using calcium e'arlictate, re-tained 11) ;ae'r

V..



GROUP IMPHICONATIN; SETS FOR IVK BY ThRMI'IN i F IK~l .,D

cent or its' tent'ilet't'ghtfe 'iVR'frI ct TheN va als'o tulogited thlit Poless', with1 formiula
in alnuaitvtIropicalet4ag. After 3-mtontht',j 57 per changmi- to- meet their, euonit. In: thle formlla
ce'nt of the vetive chlorine Wast retained, anti, after tumd by the Navy, the zinc oxide wias lfl('rci' to o
11 namithe., 27 Per cent. O ver 50) per cent of tlip tensile" 21)parte.prlt ate f(..Tepolynl loo
pitrength anti MWI Per cent of tlip active chlorine ivat wast' deeasoel to 3.75 Parisi with 0.75 3xirt of lbaxavl-
retuinedl by Impregnatel fahric. ..torpod in the field 11, 0.15 Part of D)nponol INE and 1) Parts' of ilia.
for 12 monithi.. The risualtt' with sine oxide wrel s'ig. pert'ible color. M ld-l I or Taimol NINO ii; nophitha-
nffcaity bietter, the retention of tent'l t'tf'tlth ho- lene forlrthiplhyde 'od miim tUlontate, and lDuponiol
ing 841 anti 'if; per cent, andi of active chlorine IN; anI N MEit' a technical gradep of st'oitim lituryl tlfate.

4 .43 Per rent, oifter s.torage' for 3 itrnd 01 months., re- Fabrics sltnhiliued with xinc oxide (10 Per cent) and,
- - spectively."' impregnatedl bi* the aqueiots Prix"%, retained 94 Per

cent of their tent'ile strength andi IN; per cent of their
* ~iAQUE01,S SUAPFNSION PROCESS active chlorine after storage for 3 nionths in t'lmit-

PNll lWilltF ;ATlNG (CLIV)iIING lat4il tropical t'toragcp. The morri-spicnfling figure,. for
IN r or' 1 IPlANTS"

The pjtaoue pnxce. it' advantageois, ns compared INMT-N t
with fthepesolvent Processt, for svmevrl reamrt'. Them' -lo"A

is a rteuce re-quirement for Procurement anti trans.- MW fola
Port of materials, t'ince water locally available is tispi -cdOPMMm
1nt'teaul of fte organnic solvenit, tetrawhlomaethane.
Abut IV) million pounds. oif fte solvent, tetrarwbioroo-
ethane, wouild have liven requairetl mnnually to) takeMis %C-
cait' of tlip lou of s'olvent incidlental to) the impreg.
naition of thep amnoont of (M(-2 catll for annually in #M
the- procurement prorrm. Thie original requiirement
for solvent would blawe been mutch greater than Wit

4 miiiim pott. n lit e .'.ipment rrjoirir for the
waiter proweso could hep nstie.mbledl rther quickly
from ttndard lainndry andi dry cleaning machinery i .,i4iIqni.luw,?tI
conmt'trctcd of galvaninced iron and stel, with woodlen Prt:1 lh mratohnm.M1
tanks.. The smoltioni proce,.. is quite corrootive andi, 1 ots trieae7 w 3 e et omtherefor, requircd apial equiipment of ttrate II m(t2tstr)eae78ad3 per ent) r'
s.tainless estcl, Momel, andi aluminum, which could 'potilig figurp.. for calcim parbcmnafte()prct)
not h~ave beoen obtainpod within thep time limits.. Thep aur 47 and 41 Per cent. for 3 months', and 41 anti 101
water procervis Is auilititmn)L aulvaidamis. in ftht pecntfr1moti. trg.
there W~ no hinir to per..nnel Friim the dnniis.ly
toxic valiom of tetraciorethiane, anti the usW 4f :6 tGROUP IMIPREGNATING SETS F'OR

.4water at'ia medlium maikes. unu'cesiry a ruilvcnt USE BYV TRIXNWS IN FIEL)
recoivery tky-Aem.

In flip Prioress s; developedl, ehhm~paraffin is corn- 26..i.t %1.1 rueeld Impregnation Set
talied in a water ifolution of jIlyrinyl altcohol by it- T7he development oif a proem-.A for impregnation
rialatiom through pear Ptumps; unitrtim-al ('(-2 uAinx unatrr insteai of ion orgatnic smolvent madep po.
conaiin 10 per cent oif lit ieigt of sine oxidle t'ilc a proesew for impregnation of clothling byv small

(XX('(3) s smilrlydimprsil n tis nmisio..grrups in t-he field (igure 1). All mate~rial~s and
T7he restiling comeentrate it' iiluteil for impret~na- ciquipmcsat ate cointainedl iit iy"wot"l b.si~ weighuing
turnt. Witer sdisporsiltlo pigments., tievelopedl for the M40 piot, and oretipying 13.A X 13.5 X 2H4 inirbe.,
jsurpowu, tmre tulil for eamiuim puirpicst. The or 2.1) cubic (eeL. Thei wet Providles for the itnpreg-
propowtiom of ingeuuernts is 14 parts XX-CC-43, nation ofthe Protective clothing for 2M5.3 men ti.

* -7. Partsi ehlutnatedl Paraffins 3 ptgrt. Polyvinyl tOe etaniia-al loading or 0.5 mgt ifatet ive chlorine Per
ailae I, and) A parts ditipcrslile coelor. miquaure centimeter of fabric. Thp mtixinug f~unk is at

F1FVIWI



- l0a isdw'd-viaua ear w ow nlit water. Pasirsgnsast
iop ticlk lit ritp K and C.
A. A.'imls p.11ke anti vanva,in lixisg iseseket. op. 1115%. -

ulff triplede. Namt ilo P'kio %to. I jnslo. Then.,

toslnkiv' In Ptstkng Noo. 2. Nfix t he ry wepna by~

15 pminutes' uint il all luim~u pope pint.
- ~C Adil entire rintei tf Paelkags %is. 3. t41lr the thirk

guailpeWiikly lowt 2.0 ,nillstta'.

agu~.g ----- 1) Fill the Iergr mettimne ttithI waiter ati fmi gsnekzsge'
SS .CNWS*O dt** E1041 11'"t. ""losm wsu 111toM. 4. S~tir until Ilost tie tsu ni lii the tiittre

WAS"C lotMill 0THCCA"$ IM Ml$a4wly too thirk Ifflote' ill the' cantVss'1111 n l u 'ket
whlittirritg lsrixkk. Stir lit thsree eiliiibssl Iir
lni'arttrvot iii waster.

Keep vfits1: Ki'g. e poon l 11041 1 s'itae".

TOI)II C)1 lArriloN
Al 1 Ionnt: Moisik large 1ie4'e et cloisloitg lirsut, emil ssnleriis,

umots. tisni lsves last. Aiwnysi tli isetiorn dlilvging t'lsls*.i

I - $iek unt uisseclitrx,htones lit tin' naixtuse unill wi'l
tisra'se1gl antil threnagh.

2 - Wring lightly iowee i.A Intis mixing lo~g. Di). nest
wastntimterial to the grena. Wring jasai eniigh

S ta pro-velt deilpsing.
__________________ 3 - Iling ilsp top dry3 im elnthelinoe 4ir Impnlies.i, s'mesthlng

&votu mm ssca feuMISSa * KES nt wrinkleno. Avitidl seasnliclit if lopnasiltlc.
tooI TS1%TH 10*141 AG TpO IVSTOW" avO S 4 -- SovNisass ist vllpt with hsand i intthsl while cittheno

fir' wet.

Piivit 2. lnnarstirono, fair ite at fi'li inolrnignti ng set. M-L~

eioflitpilbte ctnv'as bt-ket, the itatofr it twit-pieee tunnel-. Approiximtely 21N),INXI M-l (biti linpregaf-
w~oilien puwaei. 'lir t' Ie'r mitineeena.e 'if itisestit. Ing~ sv144 Wen pu late 4it 103 nti haebe

23 gflimns isn mettsrpt in tile till and Imettwionfloor- atoekeei few Army, Navy, andh Marine C'orps e r-
tiottat f the' drumi iaseti foir stesrag anti tntpitr f setiel.""

the MV.2. 11iv box tontslns tit- ntinin~~i material Ii
foutr pae'kapes, i.e., the mieronixecd CC-2 with pAint* 26.1.2 ~ightweight Shnjilifiml'eIlde

itle, ft-e iplyittyt alehotll-Dupino mixtuas, the St"'=.3

chloirinatted paraffin, apos tile waiter-tlinperle evolor. An improvemnent in tlip M-1 Hleldl impregnatin
The ftiut iad so is 110 rtatrtaa XX-('(-3, 75 fiarits set, e'aie'tl the lightweight simplifieti fidl oeet,lisn

* joodyvifkl idatlith, 0.A part Dtipioi AME, 3 mis ta' heen dieiliril. lii net Is 1) lpe'r ent.i lighter lanid
ilisqwrnriitle iesisr. The XX-VC-,3 anti poiyiiityi 511 pier tent snuaie'r tan theo M. I. Making up theli

nkolsoll~niaa n amixecl tiry. A numntm 41 oejwm- baith fior imjwregnatit'" is simple'r tnail nuistt raidii
titv it water k addled anti the, mixtim' cimvertesi ft than in flit- rine oif the M-l.
a thitck jwt.' ty stirring. The ehltsipnraffin isnailileti In the simplifiede eet, Al the. itagrodionts art' noixrei
ti e'musnil by mixing -- ts flipt'hie'k lact. Tih' tosgtle'r itit invasnrel inii- of watter Ii a. tan-

eanosniflapi pignitn il Iii't'eio inl wtte'r andlftle vats lns4g, unixeal it, at jpopt, litIl iiliitt'l lip iinptgit-
paste titit ito tlip vmnenttfitmn jistireol foir im- ing centnraii. The time reeituirtel isn u'lahipl in

pri'gluat ionl. i'lsa Irrnints airp ininurwe. -Aisiwezedli tt'4niass1ifiNse't. top 25 nihnzte :v (t1IsInpzut'e %vit.!s
tonti lsi-r'' anti hitig ill) in tip atir Ins dry (Fig- I ittr foir tin' NM-l. rhTionimpiticin of lit Y4t in

tie 2). I4111 patrts of mientllivel (N -2 ji.e., X X-CC -2), 25,
The'- prwt-a..a is nintphe' anti hit.& iwt' reiwistteelly part.; M.aersarihn i parts Areskklene-111, nde

otiiate l ,tivee~sslly by ttotollv itw'njoeriet'Iitl psr- It prssls einiit'iaelle colir, Ti s ipgniiveaul ei'stiign lit
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vinm~mition (non fI' 3M wt Isthat chorpmfin opentn, pennitting it to lie i.%i Iiy 1il1iftrn
is mWhiei'tN fnm 7.5 tv .25 partN, the piolyvinyl alcohol trop in whateve'r nutmber may IK' idosimtl. Tac' wt

replan'dnt10 at h ssili a lt eselb repreientativeit ofIohteA
tNe fuAbri (sine oxidle) Is )nllt ted. The stabilizer in and Nav-y with milpect to make-tap anal pirott n itt
omfitte'd Afite the Ifflpnvtl l 'ot-hittg wotuld not he a toxic chambher, and ap);)earlt to lis tfttjfltt't41
stormi, awl the timissione makest possilk' not onily a
rctitiaim in wrigtht oif m'st*riuils tranqpwt"aI, bait %.6~ A~LTERNA~TE s'iAR~Il~LIZER. HlINDERSt.
Mlto, moi- important, ai vomMe'lhut ina'reasa' Ptiiity -%ND A;KNT2I4 FORl %QVE()LS-
of the imprognite oil the fahNa'. SUSPENSIONjfl plt1ME NS 1

The tegsti mu-rir'l out undler the ilitr'eflti f the
Naval tteiieura'h Lahorzitorv anal the Marines have Ita'sults have hieno obtaina'il whie'h inalia'zte thot
inflia'.atl l th 'l simplilim'a wet meets their reqire. the alttluentl uitivnsiti PnN'E 'd i l i Th I of 0)

merits." equipe n y lie tulv'antageaaisly maadiflil fin aer-
tamn re'apccts. There it; mitne evidalea that 4-11101111
a'nrlinzate ia to hIm-~ferrt' too mine' oxide its i stahl-
Iiti'r rateiliAricia in 11h, impregnat ion pnietM~. 'ala'ium
eairlsitaate Is appatrenitly smewhat less effertive thant
tint' oxidle In 1)ra'1ttng tendlerinig of the tabria', If' It"a ~IP4 uitl Ini the wtifiei conttitittlaI ivi la sine oxidea.
Hoev~er, when u*iw' in sma'what. higher amounts4,
e-g., 21) parts of calt'aaam carixinate per IMN patrts of

'j (V2, it is ecqueaiy ieetive.1IaM 'nhe premumedl ad.
t'*uittim -of alcitin? carbionate is that c'lothiing virry.
Ing thi.; stabilizer as *amw'whast. kw,. irritatiaon

. wltt'when 'ofl utider tropia'id conditions than clothing
carrying tinc miil. 2'1

Il~lUP~3. ~a'ma' llitiit'giflI~l Ne. T' aidiitimn of zine oxide or calcium carbonate in
the itiprt'nation proces uniftestiomably iht'i''ti-'

'.1. IWIAII'2Tt~x ieft' ofthe garments, pairt it ailarly it theyv are xtomet
I IP tN.%INII) s"rFnuv y ;nder tropieni conditiow.""'.14.' flowei'er, although

1 T~ltEIN4IN FIl MU-2 heOh Ltd I41'sJ)iliza'r are efftethie in extending fte life of
T~oOPS IN flipI) the a, theyv mr'e the lire of the impregnfite on

A linekaga, faormula, and process fair at' in indi- the- fabwrc dannx vrear"Al' It appea' thmit the almita.
vialaal impregation of clothing fins be-en ieva'loptea sion oif the' fatbric stablizier woailal he advantaeor'ti n
(Figarn' 3). Ttac eompo'aitiasn ik 110 parts of XX.( '('-2, imtaaal field impregnation wshen no, lathing storage is g
25 Ixtrts t'hloroptraffin, 1O pwriti .Aret'Ine'4O, andi inv'olva'. T7here is strong evideance that kiss in paxt4.
01 parts alimprsile 'olor. "Itie ptu'ktiga' is 1.75x tive t'lorine is ssrniewlint less resii when no fidirne
303 inea'hes in iimm'neion, anid weighs 0.13 pasantl. stabilim-r is presnt.
Tha' XX%-( '-3 i-4 1)l1(-(41 ill it lhu'qaer-fiiieai steel run, Extensive te'xts hna'e inietifttil that lthe atmount aof
fte patrtt aof whia'h se'*'-'a' far mesuring the waitt'r. clloparatran aisad in thep sltndird impregation
That' Ailaronitllfn andl A"OtLa'na at- a'oticiti in grnme'".s acan Ix ''lit-noic i t ine-tii lit that. now
14113111-41 1111 titllws PI'mhea'a1Ia in fte mh'raniu'ai ('('2 r-a'rnirmndae~l withouatt any iigaivintage1 4

.12" T6sts
(X X4 V('2). Tha' ineatmretiaino tna printe'd dill the aitt- sit ft(- a' vat Ita'se',ara'h NOMMorata' have eonfirnma'l

salt' of tlit- voantiuna'r att st4,t(' that tip ceantts aif thisA eoneltisiusin, and tit'- Navy hit-& idaopted the tsa' of
ft-w tilm, nda fta' XX-( ( '-2 :in- to, lie' laamjx into 35 piartm of a'Iloraarsiffin instead of tlip 75 psirts is'r
that'- hel'met, tasing a metwo'aiar voalu~me 4f water. After IM) parts aof ('('2 hitherto oase'.l by the Army uantl
it ntjijig 1wV ban lwta'r is4 :ua#a1a14, jil~l thee impn'gnap~- I t( Nm v
ti'u i IN 'zri'ii' ou~t by inimelarsitig thet gartuent, patrt bcy A~ttempts4 have lXISen inma' to th'vehop tilt'rntat i VP
luart, in thle ha'lna't and i%'ringing. axibts in -eking 1pi',ible impniver'm'ts, m4s uiiih AL

Tlw *,I? iNatt.raa'tii'c lwN'uue fit ct'r ocf transpoirt, 14) gawim agatinst licsihce fatilure ini the umliy cit
lIc itir air aotlaa'rwimie, and im''Zil4' fif thet simpciaiti' aot a'tfil'o~nilm ffll, ptolyvinyl ite'liol, itutid ('(-2. S'iavar&t



grades of mineral oil have lienifound'to- liequiivw. tem'c be-morrethorolghl* evilciateil andi eomplired inl
lent to chloroparaffin In Inding aiction anti, In "time troop wearing trials anti in chambier performane,
ca"e, the fabirics wo impregnatedl thowevd a stiperior with the objective of amirtaining poible adivin-
laundering resistanci' to) thoote carrying chlopai' t;*m' In lowered Irritatio anti longer or morn corn-
affin. Irutowev*er, tlu, adivritt-igs demomstratedl fli not, pleto protelctIon. Ilieci' tes4tm sh1ouii Ile madep under
ind icate thatf ehloroliarafin shouldi Ill replaed am the hot anti humid coinfitots with ttoolis living wider
standardi binding aWjt.1Lll fieldi combiat tconditionit. For me.4oms indi-afAed in an-..

Methol (methylceplulose) andt Aresklene-Ifl other sec-tion of this summary (Chapter 11)), till gar-
*(dibilty3+henylpheniol sodlium disulfonate) appear to ments should lie made from one uniform lot of fabric,

bep applic-able to thep T of 0 tuwnotts process, bint they so that unefluivocal conclusions may lie drawn from
offer no apparent adlvantage anti are somewhat mom. the resualts of the test. lothing impregnatedl by thep
dliilfiult to cOntrol in flth ltnt prwwes." Areskiene- following prol-esses is inuXestedl for the( tests:
440, however, appears to Ill more satistfactory im a ~ -'n'Pp* 0 1/5S- 4ad
surfce active agent foruise in fild sets, andi is recom-
mendedl for use in the simple lightwveight field set VP arti ziloous system
ferred to abiove. Methocel might also lie insec for this 2 -X~/P I 21 Esai

£ ~ ~ ~~ltw, lit it granular form of this agent, such as adsletstm
3i. (V-21('/nostaliliser 0'5 -must lip umedl in the fipld set where rapid solutiotm is ~ (91

essential, was not comerciAly available in 19 15. *C 2//P'/ustbier1/5/)
In 1942 especially, a great deal of attention wits . C.2/PAekeen thicr1/21 /0

given to the evaluatiomnclcld evelopment of procesAs 5. ((2!C M( Ar)'('PI e/no otllK) 1/2J5,1/
fir uttillsing impregnites other tMan ('('.22t.! ''he 41C-/h sVP %A M2218
remzims tor this attention have becen ciscttsscd in Thle group of six Processes inehades litbrics impreg-
some detail in Chapter 2. TheU objectives souight in ,uited lki' the three standardl systems for purpioses of
new impregnites were to obtain a elia~per and a comparison with three newer systems. The results of

*More available, comptound than ('C-2: tLb 11"icle thep tests would show: tlnedecitior omtting the( stabi-
against a posiblle inittlecpnate, supply of ('(-2 or thelit er foW h arco frdcn h hoocut
clisccwery of somte such fatal weakness Its --w fouind from 75 to 25 potrts pler 100 ports oif (X4.; the eWOct
in 1911 for the standatro Btritish Impregnite E;49-8 ti of *tlen. UK~) ast comiared with Piolyvinyl alcohol
fir to obAin aun impregnite whiceh wits less active as ani emulsifyIng and diolpersing agetnt.; and tille rela,
than ('('2 In brtinging tawuot at tendlering Of tile five merits, as judgedM lnkV irritanucy, of calvium ear-
fabhric, or which offered at grater oir morep permanent. hoinate and sine oxide uns Ptzubllis'rs for thep fabiric.
protection after impri-gnation. Agents were ales Thne resltso fihe tests would also estlb"lh thel lengthi
sought, finch an MM-34, whichs would offi'r proft-tion oft time biefore reimpregnalemi of fAbrics, originally
against nitrogra mustard's as well ats against IL. In impregnatedl tki different procee and composwitions,
thep end, none oif thll- imr:1-'gnites to whicht attention hneco)me ncSy ome of the qluest ions refesrred tot
was given (i.e., 1442T1, 10-16, .4-211), antai %33) jist 'ablove hate bee~n answePred to the satisfaction fi
provedl to have any significaint advantagep owe *V-2; repre-sentatives of one- Servie, but not of flie (ither.
moreover, thep improvement in thle process and final. The remilts of such wearing trials, tinder realistie con-
ity of (V-2, and the, aubsenci' of gas warfare, ma1k' ditioms, wouild serve to emfirm or rejec-t tentative
the results f the invest igatirri f these imprenites comclu-tions resuilting front extensi-Ve labe~ntoryM
appiear lt lip of only histeical interpt't.

26~1IPIW; 'N %1'lN(; SYSTEIIS UEO - 265 LNSOLVElD 11HRI LEAt$
MEIE)FR tIlI V1 TO Faubrics impregnated %~itl, (CC-2 mon- or lcs-n rap-
WThen hiostilities Plovet! in August 1911, several idly lose their content of ft- active agent., iLe., posi-

mollificatiouxe oif tlit- standard impregnating proc-esses tive chllorine, dunr;ng storage andi wear. Under thep
hadu bteen indicat4ed Ik the. results (if researh andi very s-vere Polmditions oif we~nr in thep tropics, till- im-
tes'ts totready etirrim'l ount. The retresentttves lof pregntee! fabhrics aire perhaps nst. mffleiut-ly pro.
NIA tiat thot time stigum l~se that six different sys. tef tive' for iore tia week aifterprentcn'"



- r~UNSLVED) PROBLEMS z:1

Thleextemoinmof the'effetive- life of- the-impregnite- inlt referred to.3 It is clinr that any worth-while
uponthefabic s prhapsftie most sleriotts unoolvd Pthilis, looking towards the prolonratlem of ian-

problem in connection with protertive fabrics carr pre'gnite life of a fabric, must start w~ith and lho
inx! etchloatinile, fer protection sginet 11. Thiis prob- based upon fabhrics of tuilform and reprotlue'ible
lem in intimately cosmneeteel with another, i.e., the chararteristics.
,icii'dtin of fabtric's which will allow the maximum, Patch wearing tests VsuXWst that the lise of iic
liff' of the lmpre'glte. HNxperienee hs shown that oxide or c'alcium carbonatc in tilt tultumimus system re'.
there Is a great v'ariatiotm in the length of life of thep glnced clorine retentlim (hiring wear bky abot.t 24) per

*impregnite, dl'pc'ninX upon thep process te, which tNe cent, so Ithat it appears that, where garments aire not
- fabric hes beven seibject'el prior to impregnation.'3 to lie stored, thep stasbilix-r fo~r the fabice should lie

At the( time when the Phit'f problem appeardl tot he omit-.ta 21' This lead has been follcowetl in thet formula
the pr"ervation of the tensilc' strength of thep fabric reecommened for the( simplified lightweight field sit
thiring starnig, fabnt's from rertaini mills were se- anti tlie helmet set. Patch wearing Uests have inch-
keetel as the besgt fer impregntation. Thils war- clone 'astiml that thet effect of the stabllwr, ait. le'ast in thel,
aft*'r extensive' murveys of faibric seamples from ti ll aejuevots lproemea can bei minimitiet byv adding an

presicer ofherrngboe till had apparently shown arie agcent,, like alim, tot the impreitatingss4m'

that lightly procesmed textile fabric's rtainedl their The validity of patch wearing tests as at guide to re-
tensile strength better and longer than did more corn- ,aeare'l has not yet beven estalslislsecl ky a cleime corn'-
pletelyv proi'eee fabrs. Hlowever, this selection lation with tlie results of ocuf1cii.ttly contrllce trosop
wvasa maic upon thp batsise of impregnation with an wearing tests.'3 It appears that at fnitful approachU'l
vistjeabiliza'd scelutiem syistem, ats usedl in 19 11, but nit to tht lsrolentIi of inc'reasing thle life o f t le imprtvnite'
lmger used byv either of thep A4jrviecs.' Intrcmiction on tile fabric clc'pe'ncs upon care'fully planned wearing

it( calcium carbonaste or xine oxile, as as stab~ilizing tests. c'arrivil ouit uinder realistic' emlitionti. It, is es-
a411-1t practlcaslllY climinastecl this clif'er-e'n'c in te'nsile sential is stich sftaiies, if useful results are ft bei oll-
strengllth etfWcc'n fftbrifcs of eliffc'rent oireps. lteent. taineel, that tite fibrie variable be. bch c'onstait..
sttrveyso have shown that certain more completely Lack cif c'omnl of the fabric variabsle, unarcuilablc
processedl textile fabrics, impregnastced by the stabi- at the time, is a weakness whnich may vitiate the re-
hued4 aqueouis skystem, re'tauine' their chlorine mic smilts of previous wearing trials iii which chilorinei
ONwt4r than did sAMPc Of tIn' liKghtly lflnesscd fab~ricsi retention wIas cdeterminedl.
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-~ Chaplet-27

PREPARATION OP CARBON-TREATED) FABRICS

INTRODUCTION for thw s ents which are 'lestwyed by the ehiepmtm-
ilK ~vtsyua~no~ oVmetoalsaifinfopomfn ie type of lnli~pf'lltL', (2) the protect ion jwewlelledl.Ta etivattearlion intouttonmfabireswits pnrnpt(41 Aginst It Nbs~p.4hIornwthyl) seelflel is of it iiitar

lky kneowk'le that the itit litu elemelespea a pirw- wirtoht.pei'llaaham llemngtd
i'~ ((' te t'einmtitf Orearam''emainng abrc'lothling, M) the, proitectioin proitbl Vdts aln eqn
whic na~ Ww latx u theI wlog ~g o( IlI [ethyl bid($.cliothylhamineJ anal I1X3

that they were ,'tiuding this pre'e in -1941f a ii(cbwh)e~~)i qprirt htpo
plant Pr.2e'*If In this a'aiintry, three fointunentatuyvhl ecl y claminlk'.Impregnateal clothing, andi (1) in
allffere't approarwls ft the problem wpmc dinvelopeil. the fuetuee, It maty he econmieally anti techniallIy
The first invaaIvei impregnting piece gernels t or more feasile to proewhk' carbon clothing thanI
finishet) garmets with aietiva4l carbon elispra l~m I~iU~~f't'ltig

t. In a imitable nm'aium. The ,mecamd involves applying
the atatIcabmto the pkwc gemels lky scouting 2-,. CHICE OF MATERIALS
preE'sa4!ng vimre Ma a bitnding amet, 1 ierd
iivalves ineaoiting the netivateil earbon into via'. 27.1 Adieolients
cow rayon yarn dluring the preparatam of the I-am Aa'tivataeil carbon is the only adlsorlient. which less
anti prior to the weewing of the fabrc. All three been uscid in the work raricel otit in thist country.
prorres are aaitahk'e for the priparatienrm Ift Preliminary studaics carrietl ount by thev Britimh have
garments on it larac male, antl eaceh hae certain teal- shown that certain huiia ri stfildm trunmly sulsoth P
vantmantei llimitations, Thep first prenew, noa ajp- 11 even fromn orguip psolvents.3' Thee Might, be, given
plied to garninta, was naot, da'valopcal until AihiitY Mariness P0amsieethio in (suture researh work. Their
befor the end of hostilities antl hence hs ben very work hast shown Pilis ge'l anti ailuorteent aliumina tee
intulpiately sotli'el; It tippears to be' an evcellent he' iln rf'd t 1i a tl~au Ialw
nx-thiNl fex, applying tietivattel cairbon tabip s 1wpoecie ~ fltItles 1'nttlln
w'hich ame In the, furea of garnint-s. Vitint Imethaig tirtivata'al a'ariam am' aleenthnt, on the ailsorptive
aetivateeil carboen nre les aleirabli, than the sacea in teem are alepa'nmle't an the, mnethoaIlk% which Ote
ie'thoel involving the coating of the fitbric. TheP .01wtie' eatrlm is prepuw'd. t 11w alie oArptive a-
sew'on am e m 'a is faecbnire,% mital'le foir the aptpliea- ;eeitit e-ffectiv senter contlitiains of timw is only a
thin of ae'tivateal ejtim to a lrge fraitiam of the "mall pereentaxpo' lis th otl adsmwptive capeerityand
cotton twill (Iubice preweriml fori aaeutr lcornints. Thm' is not necessarily a (1ent.1e1 (If the hltter. 1t Is I^-
trMUNa ralik tic s of hXig 4jteetlIty, asnal the pml'Ot fi hveal the' xei'tria'al trne'ment of fte c'arboin
rawat Is low. 1Te thlid pnew'a'a' enubles it lirgar atuiint. emeirfiwa' wit hue I lit' carbont gsert le'l' Ns tof rooleenuble
o( easrin toe e leawpufeta Iw'r 1111t A"'reo fihicwle. inlior't'ene 1t ain jurt les consist of iue't waork
11P iv'(sles have re'laiva'13 gaogul teXt'ie prope-rtive of large tuaropores through whichJ all sts can alif-
(amalor, handl, drape, etc.) bNit. at' more expn.'mve to fease, mirrores opening into the mewurolvinei, estel
p~'re' anal edo tiai war soc well 114 shtitahrol tin. Aub..nivor.4 ope~ningt into thee naieroamr'e. A.ti

tr'staalcotentwill"a. v'ateil calIn.. :wpr 'd b lkiiffeividi. proxmt-llm's have
('utrsm fnilirt :sre' expcltAml toa lot' ofC ancreaing thesir sterfave aneas (lismtribete'e alil1enitly aznermg the

inimortnce in providing lprateetaaf against cheeniesul vaitpoit potes: faor tjis nae'ain, viushi lga, liit a haum
wirfare Agrtis 111ime'at' (1) pintfeetiam ill Prwialeal teistle tv lssrlihien iamitlseri lfor eitiwle typ' of varuill,

01Vi "alrb'o" famlwimm. or 4inm-es s wteaa* - 'arin may v~.ryd'epenaling am th'uI f it- Inrhil'pmstun
etnE1-1 fithries or o:mnaw'tme'. ofC tlu, ael-rli'al out-& at# whirh amimgnriwas ii' ,ncUle.
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Thme c'xension of tiit' effee'tive tire f the, Impregmnite juset. mfrmer l lt.* It lIs clear tht imy wearth-will.

' AV t p t the fWide is erm lpe mosct meerliemm manmolve~il ietuditit, hook~ing teawarhe tfli b i pr longat fi !III.
problem In emnee'ticm with protective fabritA carry- poregnite life of a fabric, must start with aindel be

~ ing a c1mommide forr protectiorn aigainmet If. Thiis prob.- tmd upon fabhries or uniform andi reprocaheible'
11-m is intimaitely 4'c111'c4t1'4l with anotmer, I.. thf lit ramt'rImItl'.
,io'iei'tbn f fabric', wih1 will allow time' munimutm flatch w~earinag tests ic'tig~ that thet Isc' (if ile'
life of fte imprgtmitp. ExNperivee hits shown that oxide or calcium carbornate in thep afjuoms ,eyst'mm ne-
theme is a great vairiation in the lengti f life of the, fkwe'c chlorine retention ering wear by alcmt 201 per
Imipregifie, ciepc'ncing upoin fte proseicec tot which tilte remit, soa that It appeaurs that, whire garnients sire not.
falbri. base been memmljrtel ptrior to ;mregtvitionmY* M to bet storecd, the stubiliticr fear thlt fabaric shmouldi be- q

At the( tirme when fte etmief problem apprum to bw omitteeI.2 Tisimelt Imas been foliciweet in the forannia
fte preservation fr tilt' te-ngile strength f the, faric' rce'ommeneecd for thep mimphliflcc lightweighlt field set

uliring storage, fabrieto froam ertain mills wre soe- atidc thime'hlmt met. Ilateh wcariug te'stse have' 111ll-
teeeto as thlt ba'st for impri-gnatiom. limis wait flonme inteel that tipe effeert of the stabliscr, sit. least in time'

atfea"teive surlvys da faibric souimjles from aill ittlocoems prmeeste, can beo minimixt-d by imeiding ain
proohmeers fof limrringbctme t will hail tappamrntly shown aiieii sigtl, like, alum, to) timw imprivinathmg systemn. 2"
thmat lightly gtrxrssecl textile faborics retane their 'rim- validity of pati wetiring testst its at guid' Itop me-

te sil trength ik-tteran tuu ongertimaindiii meare om- search hats not yet bmeeun cstWlisie' lay it clies earre-
jtlcte'ly proaisceed fabrie',. ilowevcr, tis selection lation wiithm time- esMuIMe of Mcuflielently e'umntm'oll'el t1 011it
wase madeh uapon ftie iaa'im f impregnlation with tin wearing tests.' It atppears thmat. at frumitful atpprmem
auntalbil izev scolution syste'm, tm u.'cee in 1911, buet no. to ft-i probilem of inemaning time life' (if time impregnite'
lemg'r timcife lky eitmc'r cat time fvwrvit"'e'. Introlmetion on flie' fatbric' eepenItt upomn carefuily iatnneel wearing
f ealciuim carlaonte or zinc' v:icle ts a stabilizing tests carrit'ci nfi rncr re-alimle condcitions. It lis cm,-
aig't practimilly celiminaited this iliffie're'ucs' in te'nsile' smntial in sutch if lic's, if uscefuml resulmtse time' to11 be'llb

strength be'twe'c'n fabries for different muscere,. Rlecent. tamnei, that time fubre variable iei h'cid constart..
sure'y hiveshomewn that certain mor comlete'ly Lacek of control cif time fabric variable, unavoidill

prweecmcc'e te'xtile fabrivs, impregatteil bky time- stahi- atl the'- time, iseia weakte'sto wmie'h maty vitiate' ftime r-
lize'el aulaicoms system, ro'taiincd ei hir chlorine much stilts of previousm wearing trials in whiich chtleorine
better than did sonic' cfo thme lightly preasricsel abis rctenionm wae elc'termnicei.
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PREPANATION OF CARtION.TREATEI) F'ABRIICS
Bly IoerAkiaanot Wikins *.ifm*

INTRomu mTO fenr thawe agets which arp ulestnivcl byv the aelhnmm-
lIE xV~flaA~li~ (f mthaalsoaf ncaportin id t.yw of Irnpr'n~ite, (2) tile linitetlivi pniviuilT wiae grmm~tcattmf~~lsfsrin a apainst. It [h-ichmoehyl) 11anflale) is lof I simtilAr '

Ity knoswledge' that the Blritish hoofa tie alco at tm re a ta rvdelIvexaula.ns-'nt
eisafai th prpnrtlen of airlw~eat~tnin filw~~. llithiltg, (3) thle protection pruivitlasl againlst. viijwirs

whit-h iispil robbier latex as the lulnifing agent, anti to( iNI (eti'biua1D..cIotnx'thl)anineI anti 1E.K3
that theyv were stilking this priores in 1941 on a Cr$'haw'~~lmn)i ueirt htpo

The rstinvalve imregntin pice gssim*l lk o e fiait ~iproi e cro cthing ta) n
polant In this tmtwy, threr fimnuinentalk ielb llrniaeepenta cohnad()a

al~fawn appasahes o te prble ~ ae1~~a~ta~. the featurt', it may lot- co'amitimically andl ftchieally .

finitied gairments with tietivatd'd eadbm dileso chlortumiit.-trrateol cllthing.
in a suitable mealitim. Thei sproimd inviolves applying
the activntedo earism top the foiec goauals by a casotting 2-..2 CHOICE OF MATERIALS
prowcess tising vitMN' a it bhinoing ligeti. 11m thirdl
invoilves inettrporatlng te *tativaa1l carimm int4) vis- 27.2.1 AdmIitlnto
cuss' rayam yarn da1ring thll preounritiam od the yarn Artivatedl aarlaam is the (ally ado,rbeont which lw
and 1,ritor ft the weaving oif the fabrip. All three 1l.'n uimtd in the woirk carriedl tot lIn this cotitry.
pflr~w'1 amm sitalel fir tlie preiratitm 4f carbon Prenitninauy stiesli crried oumt by the MrOMs have
getrnwnts in at la~ scale, and each has pertain I-. shown thuat certain intae sulfidle, st-ramglyv adsorb
viultisgo and limitatiams. 11w first prowtm, ait sall 11, even fromn organic soilvents."I These might lee given .-

polied U t i rnwnts, was not. dev-flopeal until showtlyv spiplt aamsileratiton in fetqre resa'aith aojawk. Their
lieffore the end fifleaesuilitia' antl himce has lwm 'P~vry wtr g,,.o shm- silica. gel anti sohorba'nt alumias to

* ,inaduaitely tudiatd: it appetars too lip an excellent top inferior top aativ-Atol caem ." LW;
methoaml fir applying activatedl arlion too fabris ThW prvotertive prortie 41f faricsr cmtainlngt
which ar in tile-form (of garments. Plant mnethoiaws actfivatedf cadmin ame olepnden. m thep aalsorptfive
fair the imprrgnatilm oif aaattam pIiece gioods with prw'teftacvtecrloIntfbrwih
artivateil arlmon tire lessalesirabie than the semn in tilm air dlea'nent 4m tile- methodm by which the

*"*"aIn prueves is tochlnlull sitaible foir t he appliest- paaitfy u'ifactive Ianal4r caindlllinim of u' is tonly a
tioi it o-fcivatedl carbam ftita large fraa-tia "if the' iliall iii-nenta d of lit- tiltl ull artv'ceo'tyntl
cioltan twill faborla promot to ar aooter garments. The- is notf neo".oneily as foncliam to( dhe later. It is loe.
treantedl filorfe is oif heigh iltiality, anai 1114 PrIMa-S.ing lieveol the gcamwtrieul arrangemetnt 4of the carbam
lot is flow. Tba. thairal praweso enables" a larger ainfont. stirfmcae within thle carion IlUrticle is oif elinslolcraale

olf earbam too ha' ina'orporateol loer unit 3"1a (Of fabric". inquirtan. 'm 11.arboni Imra iala's croist ofit tiat wtork
111P faiaiS Ilzw ru'latlva'ly goo11 taxtila' prope1rtie"so of r naaa'naapoora's thraul wheo till gases cran alif.
(a-folor, bestil, alplw',m et".) lint are mire m'lopnotlve ft fuse*, micr.qxlrvm ,oiing Int'l I, 1 naaeeaeal
prepa"re anal last tla weair of) waIIlogs P1a18alarlim t.~n sfl~~lri oire mauaing Iota. thel fiaela'repare. AIt.11
itel'l amaetta twills. vittedl varbamis jim-eparel by aiifa'i'tt. ldImMiI'-s h.ae

Cairbon ruabriies a art-exim,4pa''t l to(a ino-reu-iflg their surfaimnires distirlloteil alitferantly atni ni tlea
inupaituIaII infavial*ing1"14404 praeati m ginst a'hlemniauut varasis parts; fair thlis reasas .nd gtA hcam it a'h,:irt-

unara sigmo'tIsm is f'a:u~a I liraitttbin is praividnal tenistia' aalsirptian isootherin fir eiulu typm of r arlitin,
agaiinst fill tIpo'uA #If Vesia('jnnto insta'aal aif hia'iee specia't MnCI the relative nalsorptiva' pripa'ortitesaaf tWao alil'rot

a11v "'nrlseo aiwi o~.r rmi k oeI nea'isus "rrim eanamn- may vary- alpnaing af pthfial partia iti suira'm
itrati-fI huibri' #it cnnownocl. at tip" acklosifa gaa at whitb a-aimarison -ra imnala'..
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CttHIC OF W %TEI I1.ts

Thi' fewer processi's whirls have been used foar the dittel feor eventual usin eitttstl hait s utoilet
pre-panitlim of a'tivatrel carbonm (m a large settle for sp range- of 12 ,*) megs. The grinding orl this mna-
use in canisters ae s' follows: teriati is difficultberatise of the hiizutes of ft- ' car-

1. Weacel sine clorie prores. Woold in the form hoin. The material can bie "micenmiseil" with sltun
of ailust Is' impen~ateel with sin(e' hlotik, heate, tit an %Venip Pathc'k' Aspa of 3 5 p3 or It can '

(~) ai exctnite inder bloth pronsum'. The veahatihluatiem hamnwr-milih'cl and taiM'l.0'iie iNo that the' partle'f
it( the, sine e'hleritee on twirolvasis ran~s tlip neccessary size rangi is approximatoly 1) 31) it.? I ilt s hoe' ob-
loome stnieture tea form anti also activates the carbion. serveei that the PCC e'arhem is too lard to hie stit-

Ths arloan wats prexhicec lky ther National ('arboon ee'ssuhly hammer-milldwten nhe ero h
'oetmpany and is known no Natiemial e'arbon. grinding (%Nittnlent. Other typesi f eqeuipue'nt, V-11h
2. C'arbonization of coal. Puls'erim'el coal is ear- its Raiymond mills, hatve not bepen invetitp'el but1

lootiiml in -vtorts andi activateti with steam. The shounld be imitable for the grinding of till typs of
activatedh canrbem io prohace'el is charocu'riech bv at carliom.
high 41ensity anti a relatively hila (2) per ent) asth
content. This caracmt w~as proehae'el bky the Pitsl- Hidr
laurgit Coke & (Chemical ('emitany ande is knoaw a4 A idrms eue omk h ciae zr-
IN V' (or I'I from sin varlier name eaf thip ronemlpny) hoon aihhere tea the fabric. In the ease, eif thip synt hetie
:wtivateil earlitm. fies-itiigativated carboni, flit- tihepr ittelf
3. ('arloemizatiom of sawust briqtuettes. The saw- ti-tt us the binder. The- binder must hold the e'arlaon

dusit lot treatlee with 141t4-h aind formed Intoa botlett. semilele'ntly firmly sea that, rrsklnx (rubbing tTiffo
Th'e r arloomispel ineh'r preseurn' aind the riesult- noabein) eleics not eee'ur, midh must not serlausl e'-t

Ing carbson artivateel with steam. This prewe'ae' was, Cease t-he aetsewptive capacpities of the atctivittedl
emplokyed byv the ('rnwntehherbewch Compiany, at earloem. The following typett of binelers have bseen
flit- tuae'rila 6s known its ( arliete rarlsan. rel

4. Carbemlizalt es el nut. hulls. Nut, litils frem it 1. Rubber latex. Natural rubberv latex wats ticel hby
veaiey o nts.tr crhsnie'l aelth cabe ni- t- British "MA feor the impregnalto of -waen

vatecl with steam. The final prodluct is neot soe uniform geirments. ZSynt.betip hitexes have tilso bieit invest i-
as the rarboonx tee'eribieel aboove hopaimns- f t-he noen- gatteel. The former was unavailable during t-le war
uniformity of sttarting miaterials. This carbson was4 years anti, in aeheitiom, underwent a slAw erlcanosi-
madle lay thep Ilarneby.Cheney Company and is tion with lte Formation fit preuluets whielh sloawly
known aos 1arneloiyv..( ieuy varlaesn. eheactivateel the e-arlaim. This causd fte i-fective-

Forw use in canisters, fte above tyrps of carboon are ness of the earloom garments tea dle'rvaie 4hitring
"whetk'rie'eh" with% ertain heavy metal 'salts tel in- stoage.

cn'metheprateretiern prmvie'elaginst ce'rtain nesnper- 2. Cellulee. leperateil cellew ;% is h h't,
seiten ce'me'l wrfa. gens;beae'v~r wle'ls'izeel laiadr neaw knowvn fear the roating (of fitaritc uith

earlin was neat time'u iii ft- paroteetive clothing woark e'arlooan. A sealtien eaf the'- seacittem xatthate sailt, ast
2itansnmaaeh as none eaf tite. ncaniprsistent age-nts aire usedl foar the- arunifaeture o~f %kayon, is atixeil with

ve'sivantts. Sine tunwlt..'hc'ric'eh Nattiemal earhaim hll a varhaem. ceaeieh oan lte fabric, ande cemverteel ft go-
larger surfaepe area thin the cther unwhetlerixt'l mgene'nateel elhlatie lay tae'atnwnt wihtwaidl." it thep
carbemss baut wits leci s:Ltisf:utoi-y after iwet~erizcation jloaraticln elf raraem. rayem yarn, thte costa is like-
than tlip ethers, it. wits meare availallle anei stppc'eemi wisp mixed1 with the scicm vmnthiat!( e.0elhaale iuaat-
tea lo' mean' suitalhe for the( pretctive clothing weark tion and extriteliel throuigh sp;sane'n'ts into i ahle1d
than the'- eotlher typoes. Ne'arly all extwrimenteil weark bath eat rege'nirrate tits- cellulese.".4
wits e raie'ei esat withs twit eliffe'rpst teats ct this mas- 3. Ahkali-tieahdole' zine eelitileto. Thbists bee'it ussed
terial Otte wits known tea livi-ien 9 investigattars as &-4 a bineer in the impregtaiian of pieee geaehs 1 and
N-4 I ainc r'llreluz'nte'el the' material proohltcet in thsp garments *- with aetivatt'ul Parlacan.
('hemieal Warfare $e'rvieve's [('Wi) pllant, liational 4. C'elllouse ele'rlvalives ai relatedl prcacluts. A
4 bihio, fronm the sunimer of 19 12 outil the A1111anr of viahiety (of ei'lluluWA.e eiaivuivs ineclulliag. met fayl.
1913. Tite othepr, ehesigitteel X-192, was prohaicec at e'ellitlote, ethylrelltlaelo hexe'iyeltlae, aned
fite' 1411,1' p1h81,1t freom .latIary ts N18r11h1 1914. d'Iwlacxyme'-th3'leelhtlae soiim sath heave liw in-

Avl'tiateet~ml ue'tlerizeel National carbean its pips vertiotelh as" hinelers ita anitll 61ata11ui fc It M little' f44"t
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on tOl M-tiVity of tipe erronl2S priovi(ling thep 8. AMimellanvoits hindlers. Miscelkineinas lijtidrs4
ratio of Milder to tlip rariom is swuffirientlv low A)e that. inliide eoium silicate I anid chlorittatil p:araillin40. ~ thb cisrbon 124 not covered bYV a vcinithlolls HIM. wMV.'1

Me nd -tyclhl~ an IIise i * iretly. In
t~x threwPf tiling afieant its conemrftl ilto a~ 27.2.3 Fahries
watr-olulleform boy alkali, andl tn-ateed with acid In thep ease of the roatted aui Impregnated ma-

tit regenerate fixe material after applieatilon tit the tenalt, nearly' all wvork lin tisw (intry- has loven delo
faic-. (a'1llokste etatr filaments containing htt- wills hieningloone twill anti Amuien cloth. Il tin-U~
vti earloonli have bepen spun bot fit not :itplxnr 8- to t .j-onitnce, tightlyv woven, linag-resistant, tietton
promising. twills. Thse first is provureff by the Army For the

A. Various joti et. cd iahtsa.1 These do not lIoivim prepiaratlim of otancihird cotton Army hattledrem,, se-
the catrbtot, bitt fte carboon i24 not lound siifllcientkylcainlIew of whether or not it is to lie mai, Eats-pro
firmly ft prevent croc-king. Natural and synthetic tective. T'ie litter is at higher quality, more exisensive
guims,' voruons types of startlieq and stairclt ietate," fabiric whihi 1is prortircul by tie Navy for i 1e prepara-

it. Prostein proolurts. Caseiin hasJ beetn stu'l its a suilt. .Arnan cloth differs from Iterringhione twill ii
binihr for tOw impregnatlion of fabrics I-- and gar- that (1) ftere are minor differpree in details of pull.
intst 11-1 witls earhwm. rThe raweln iot lnoeolitillsopi bky Otruction, (2) It is not ihyeil, (3) It ins mieh or n ion 1-1
treatmeunt with formzaldehyde or lime. In the Former Form biecaumee it Is mamnfaeturedl andi procssedl bky
tit-*, tse crofwking properties air satisfatory, Itt imly one company, andi (4) it is suljeatcdei tos rela-
formunlih ie 2 iifflcil ft hanle- tin it plant settle, lively light pro-emsin lit fte finiphing jlant.
andthe gax rments are- exiemsively stiff. In the latter A few hundredl yad4 tif a light-weIght "80 sqluare"
case, thep carbon cro-cs exesively. Other matterials4 prut cloth have 1m5 licen ('Bt4'Il with carboon, butItried ll itle mnsein I anti chrome gelatin.' tMerv nippefari t4o hi' no, military nevid for siiels ma.-

7. 14yntloetii poolymers. hSyntltle~i filaments con- terial.
taining atfivatedf carhimn have bee4n prepoaredf from it the cawe of the carbons-rayon fabrics, woven and
4opsolymers of vinyl 4chloridle and other vinyl rorn- knit fabhrivs uen cr*pamerr whichi hail coemstrurtiomis

*lootind4," antl lalooratory andf ann-ehambier tests indi- different from tim stancdau materials istd by th0
cate that carbson retains most, fof its artivitvA421 insee Anneel Servicef. Tiese will bcdiscwumel in teoetlem
inmnfacturing facilities for the icreloaration of large dealing withs thep hrepfaratlim of the ttirlioti-rayoit

- quiantitiesua(of thtis typse of myntitetie yarn wen- not materials.
Aaliilalble, these materials wert' not iliveltilitil.

Potlyviiiyl alcohlolo. iwlyvillyl chloriide, and Poly'-
vinyl acetaitehaeop tiia:Iniesfi i-is. 2. R M A ON F
pregnatiom of fabrics and garments withs rarloo.T-1 CRllO(N-tltIIRlF(;N%*rl) FU1111thC$

aloivemmlotids ireexcllet oinprsinsfaras, C-awite.mity is.- impregnattedl withs carloom by im-
btinding the carboon too tit( falurie is conterniedl; hw e-i nitsuitable ileso orfxcaot.Se .

eefl.atctivity orthe carboin fabaji's, :smeasured trfehphsfipe ailvantaxi- tht.t, e Ini ilin thti lialsratory, isppeanrs isifet or. O-ter synthetic corptMM41IW fintxth finlished1 garment anti makes it.
psolymers indlde poyuee,.. arbowvax arry- ;xwibe tW imprente t hte large numbesr (If garments
lates,' methaectylates,' -1 alkydl resinls, ureal-fo, maslie- hlil in stilrsgi by tit--atruistr The rhivie of it
ityue wmills2,,' Nihmii-iiulllgheresilts," and "litabole .ihudses wo-gi depetndsm ont tMw
nifidifiedl tyrene. initleht 1zuthvdridie intimolymers." relative impsortaiwe oef having at inetlitit(f imnpriegia-

( oPlilier5 of ethIyl and methl acrvlate have been flon easily applird in the( fild as (Ipitosed tic it nior"triedl ill 'iilel1mwith t. inipregnuiion orf ,)Itil*. cilie hliiahltiolt Iprixeviur relifrisig ineihaii-
2* geOJWwl.0 with aeutivated .'arcein.*2 The eturlin i24 firmly iiii equlipmetnt, evil tltaiiglo the( garments iniprg-

Irnunfil, bu1t flit,' ativty oif fte arloom is much n- nateol byv the( Former lprtiilitlos mifft' ti m fW t thoisa'-Z- 1il14-1u1. 1uahi'.s 'jriet'ctcal" Ily at prior treattnent withs plurpl loy the( latter. lit itrdt-r foor tin imapregnation
lillt11101111114. 0a1tf liroefiluiri'ft lIs snhithalit fair lIst' lov flit- average
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vsdolklir undter filda capmalitiaoim, it is camsealere4i flTSi'- 27.3.2 Prep'jaration *tnd Caaninflag.'

iary that aewngleimpregnating bath Iteemployca ad of curetr
thint this i'oAst tif tn a.jinsimim diliperim. 11w elinmi. APtl ea ennal fterltusi wwe
nation 4f trganile molvents and of twostep prxm particle sa' ofit-e carlsut and resistanee Ito Ivemoval
prevents the cow' tpf many attrictive biae ee- frirn ft- impregnatedl fabrie by crumpling andt water
tlwl.'ia% severall aacIH'OII5 .,initt systems hatva'en " ~ ig am' ijngaaa i I -)2Xtaa
ale-velolxad coalining t".lrir tnieiti'ate,14 variouso eramn alisix-roi1l in an aapIcocls iehieid~
velltwed ik-rivativ(s& atndi polyvinyvl alcohol 6 IV ~ l3lallhPi-t'axl ytmtxi~tt
bintk'rs. Practieal wearinig teMts on the' m1111t greatly increasedl washifastaess as ft weight mneilan

jagaptth melcycelulss'aqeou sytes dm~m 4iflla'4v was reduced tio 3 pa. A abre imp)regated
istrateal ~ ~ ~ ~ ~ ~ ~ ~ ~ Wil thtntcal mut fcro r uie it a ethylvelhlosa'm systemn containing 22-pI carbion

tioff undler Wet field rontlitlots.2' retained III I- eent 4f its carim after eniniplitig and
Bly Ili( end of t otilities, it foitilittiom min g wetriiwi~ tt ltvninelly I11icapct

fltimp te'of a'thlelliti ipi' s a bindear iaovaa IN 'tjn~aettmielen, wlesrit a hjnilarly ;tfilgitevialtes
ta'ralgspsselclta'liiiyl Iweti EleilfPifal amn at lanl in ta ipl' Witli *I-# eattloi retaim'l 11141 per mint. It was

tony sezile. It is be-lieved this Imp-pgntilon ptI'dts .w.les.l hi. lciro o N ewt n t' mt'gi
migh gw~ve ernl~' ulthpla fo cii' I theA~m's t tlan of garments shcoulel hNamt finely gronulndn II lit n

Thteater df 4 hxal iamit' (Tot, I) solvent M-.2 impraw- inersially practical.11mst (if the laboratoiry work wits
nu gplants. The fabrics4 werei' sudn wit varid ot with minnfei -18 ai ace.-
tlwt I soift-nesst, It voeirt reistane in lioth tli' 1.1tell carlsm having at vaeigltt encdiaec dicuneter of A p.

pre t i.. an r a diips na ak o arcig T e tearhesm in the coiateal fabie or Lihe impregnatedl
f PralU'tlC.4. flrmast can IN- eamoctflags'ai hi ineorlitirei g in thec

teveral maw.' complex processes were levehlmped nrla~n4eader mixture eliter "Mapco lion yelhwn"
priair tn the aboive work. lia original Biritish alweanp- lm oite pigment oir white titeaitiat aiioxialek?'1
meant 27 ifvlol'o (1) the tharnnigh impregntiof t"le After impregnata ithWil a canoicn aispersitsn con1-
fabhnic ii eu-tivatI'd carbon, (2) the remnoval 4if the taining 75 piarts yellow lignimcnt lw'r lEM of catrboi,
hidn ouface it earl m i y ringa 3 the fbiu thoxroaghx herringbamp twill gatrment.. still have tin olve drli

bindng f te crl~n i th fabic iit ne~he laex. shaals' which is only slightly tleirka'r t han the originall.
It was thep knowledget of this process1 that led to) ife White Am pen cloth impregnateal with at carbotn 's. 1undlertatking 4f a researchi progrm in this country am piersin tcamtaining if) parts titannim tlioxial' per lEM
carbon ftllrfla. oif carbon iK an attractive bluef-gray shia-e.

A somla'et similar metod wits ideve~laml in this
e'cetry for till' 'mrga Iam Pit" "N'. sis iih V.3.3 Irnpragnatioe with Caron frm
catibon alispe-rst-a in it zina zemminium alginaea ,aolit- Aqeoi Methvce'lluhose-Carbon
tiam. After impregnatin, thep stiptr :wa trbpa is ni'-IisP'ifl

- ma(1,1a4 I seiarIliig, etit*:tn euucpteo sliersiamn of it
Iwilyarrylatte resin isappli(A' tao hind the carbam in thee In its prese-nt stat.' ap adevelopmnent, the aqluapes
falpria'.1' Thew nfltbaN is la-felaveil Itp be less practical metblalellslawssvste-milaxesnaptmea'tthalsieai al
than thant a'mparnvi-l lin the~ ;preparanitim at thme earbm- oif copilete~ reisistance tn remofval by~ water, but It 114
e'~iteal tetieria. htit-vimd tat havse rnallia'lent. Witter resistance lt be

A two-Stal) lpnNi',t for fte impregnatiaon aif gar- timseful in ase of necessity. lit it traaap wearing trial,
4 meats Wits di'velopeal whcis'b involveal1 the use of cassin the skins oif tipe tramps wearing the clothing went

ats it Nuialing-dispe-ri-ing eegent tiloweil bty at seionat badly arkened l b ceirbapn whichi nulleal 44t wheta
1ti4i In whl'ha fte amssit wits ias,leulp1ilizeal hi eXposing expaisesi to at heavy alawsaiar sir reucm.11 itIsiratry
thie inipregetttl gunms'nt toi thas vapotrs of fatrenalhl If resixt:tne ahta ealia ialiaat.'e If vi'eer enpeity
Ity la' aesriigmt tit t m tisin-rittisra.1 Th11. st-i o1f 41t the( fAric tao la. vibajaiala'rjtlpl laaWI-real ivhs'; UPL. A 0

faarineali'lrnyala %%-is les4rnv AIee .1at fiese ll rit alanelt pri-linetr an be dn i' vabllon inillatea lint. new
* sc~MAe, ana flit,' prmw wets, :ise-anklea because it was4 garments providle pmroteatiaan for aippraimAtaly two-

las'ljevej ft-a ascaiher of garments Whihtulal 1ds' tlhirssla'smch alPI ir tima' 11MirrVial bay 4.cp-caaat11--41iel

IN- fix) loaw tap ha- ;pratial. The, lpri'rtfcl system capnists of htX) Inti'4 gii



510 PRNM'RATI0O or CANDON4.fllATRt V 4RtIC

crnmimcdN..182 varlmm, 2.% parts 10M cu imthyleli- anti 025 Ig imise lu catrito and -it' I iroinn oxide4
los, 2A parlt '"AIapiro lo'mo.voyllow" inin oxide pig- pigmnent tire then auldil and stirring cenfintied flor
men, ant I prt Tuil NN'0 (nathtiaeneformalik-e.1 ininut4es. The falwica an, mitakel hit the, Iniliguat.
hydep mtuha ufnt It 10 w tlIly formiulated lnv lag situpimawln NdI then wrung, to 1411 it wilt plecup
issolving the fibrous methyleellulow (2.A pounds1 ) In (174~ per vent) and drlid by itumbling at w) c. rhe

14) parts of water byv hand stirring for sevral hoorte impregnAted fabrie cwtalns abtout 3 mng carbton per
andi then 4111uting lt a 5 pwr rent molutim. The. ron- scquare ventinweter.
Pentratedl 1411eHifnsm Is PppRMd by bAleig the Thw fuliett ae relatively soft, andi are of an olive
solid1 itttrie'fts into the nicthylvllulose solutioam 14 drab) Adic oily slightly darker tlhan die 01)7 of Onee
handl stirrii altout I hoor. rite suispension iw ilt"'u original herringbone twill. Wills Anitien Mloth, an
w Ith water to4 11.8 1 er eenit eanrl w to A I at It so propared1 attractiVe hihee4-gRay. 101111is I)nwlsis-(l by. 0suiwati.
lot suifl'ent to Iniprenite approximately 25 teni- tatting MA litirt titaihun ioxide for tt- 7.5 Itwrts of!
forms. The wet clothIng is wrong byv bawl until it Iron oxido. If earity v'alues dt~erme in the
veto"w to drip awl is then (Irkid in a tumble, drier, laboratory are approximately three-furths thomte ohs.
The clothing conttains approximately 3 nix (of craim t&JmInc with the carbon-ratedl herriuulaime twill.
per squarep centimieter. Tests run on wet wamplesm indicate that the aidsorp.

Tu nestigatitim of this sysvtemi was termninat"d tive capt it.y hi nt impaired by the pfretsefwater.
beove it roul he developedl completely. Thew aystem Leaching the fabicst with water or laundering with
Is mot now lin a pratfleah state ofi deveclopmnetI, but 0.2 per vent KatlyecA (an InorgaItil detergent con.
fuerther lahrnratory woark should Indicate mnethodis byv ssting of( 75 per cent sailtim mnetisilicate andl 28 per
which the present ,teflciencies can be- overvivme, cent tet msiutiium pyrophosiphate) rmoved prac-ticlly

In the developmnent of (tie above system, a laWg not carbon andi di not, lower the It capacity valuies: --

numhber of alternativ'e binderst nere inv"etiaed. The laboratory invettigatm were termninatedl be.
Thesie incliuded water-soluble binders sucih as by- fore the systemn was ckevelopedl completely; however,
uiroxyithylvelltlwue, polyvinyl alcohol, corn anl pow it appears extremnely promising anti shottlul e in-
Inttowt On~aein namimoniuam pohmetharyhate, vestlgatl In plant eqluipment, it weatring trials, and
ammimium algtinate, carhtoxymnethylcellulase sodlium in chambiler testw.

* ~~ salt, lMktcase (deacylateit chitin) actalle, ('aritowa
MOO(K, mioified styrene malre acld interpokymer, 2..3.5 Prraration of Carbon-Imjwe'giiateu4
imelamine-foninalehyde rein, tarra-formaldehyde Woolen FahtfitI witlh 1ttbit Laten
rein, awl Swim gum: and water-insoluble bindersA Hinder
witch ats polyvinyl acetate, polyvinyl alc-ohol, poly- 11w ume oif ribbher latex its a binder for earbom waw
buteite, chlorhtaticd patraffin, r.utd ethylellalow. not studied in this country becaumse of' thie shortage

of this material ndi because the earlier Blritish work
V7.3.1 tprepnation with Carbon indietted that a slow dec-omposition of the rubberr

Dliersed in Tetrachiornethane occurred with conseqluent ptoisoning of the carbton.
Solution of '4lldecllulose 1 The procem Is more adlaptahile to) relivelly tick

Hferringbtone- twill fabtries impregnatedl with acrti. wowuk'n fabricsi titan it Is to closely woven, thin icutto~n
vatedl carvin from sottsiiofs in orgnt solventst fabvrie4 suelt "s Ierringhsmne twill.
contalinn etilyleellaihoss am it binder and dispersing The impreigntton bath, its usetl bay l1w flrlish In
agrent have exhiaihed higth if capacity under labtora- 11)12,40AI Oriswt of0I per eeit atlivataml enrhsun, I peer
tory condlitions, nearly complete leac-h and wasth re- cent ntibber latex, lessier amounts4 of met-hyicellose
slstanier, andi little tendeney ito dust whe-n crampled. lt serve as a stabilizing colloid, and Perntinul WA
Ti1- preferred formulatioin hats the composition t411) (an I.( .1. ltid. prodluct) to) improve pettetration of
ptirtw, ntuli N'.192 earbon, 25 parts e-thtylvel. thie fabric. T1e fabrie Is drhtl to coa1ItPlt priary
11114"P (hO epal4, 71S partw "Mapico) lemton yellow" Iron fiitin ml it theii titoroitiy wel ft rcnsovs'

*oxie pigment, 1,510) parts4 ttawhloroethane. superficial and losely adhering carbon. Tu'le carbton
Thse impregKnatingt suspension ill prepared by- dis. is then More tltorontghly fixed byv dippinag tIlit frihrie

soling lAM g ethvellialome in 9,7311 g tetratuikiiem in a I per cent Pinsiten dispersioc eil dryingc.
e't-hane witht vigoross.mitation at room temperatmve. Thi. P-witex utwqd wves olititined bky the itdilition of
Thle binder elissolves compiptely in abouit I i minutes, Lissoemmine A lt a csinmerriilkv vidized~MI littex
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(Ielte) to the exte'nt. (if 7.5 per rent of' h r 71f Imjwegnation of Iom'iee ccis' in
7rubbe'vcontent. Thpe binding action depenfls upon the FInlithingx Plant "

pferential sbeeorptiom by the fabrie of( the t . Certain alginie cid .,iats have the eunitiue property
soilamine A and fte roeient preipitation of the of preventing activatedl carbion In a fitbric f rom bring
vtoueanlmsld latex. F'abrics wowe also Made Uasing onl Inactivatetd by the applic'ation of( a. water emulsiorn
~invietinilU littex having superior fixative prop- of tin arm. litte ulynwr. Th1is Is usind Ill t le follo~wing

es',. nmdifleatiem cof the Biritish proesse for the impriegn-
Bly impregnation In fluc' manner, the cierlpn is ticancafpit'e jptitin the textile plant.

etmnfineel tot the, body or eon' of the fabiric so that. a Thpe preiceieing of the fabhric s'tarts with the- idying
scection of( the fitbric presetnts a laminated s1trute', of the lawc fabpric, since the darker tsade of the
the Asurfare layers beng clean andi sublstantially free fabhric after thec acrtivated carlion has been inc'orptcr-
of carbotn. T1w normal carbemn rontent is, 10-18 Per atedi makes It nececcecery tt hame the unimpregnatetiV
cent, fabpric a lighter anti more yellow shaik' than tlip

Wearing trialpt of garmenis Impregatedl apt abotve standardl olive drah. UnmereceAxrtl cloth lIs useti to
have been carriedl twit bky the Biritish. The dlat&alcdm- nectirn'bet-ter penetration ofthe Carltninto theoeaebs.
talneel Indicate thep hiss of pro~tective valute (im wear Other than the above, the preparation. of the btw
top he duep tot (1) poisoning of the earbemi througlh fabric involveat the usual processing, namely, singe,
genera soiling andi persiration, to which muist b. dinstafoir, waih, IS-hour kier boll, senor, waah, wash,
addled any effect due top atmospheric contamination, imp, hoct water wih, frame-dry, five.
andi (2) loss oft carbion from t he garments dew ft wear The impregnating bath ias prepaired according tot

4anti inadletiuate initial fixation. Of these, (1) is the the ffollowing formuala: 4 per rent ammitnium alginato
L * momt .crlotif. The crbon exectst an abrnAive action tAmcololcl IS', 2.8 per cent. sinc sculfate hieptahty-

on the textile andi increases fte rate of( wear. The cirate, 4 per cent, coneentrated ammlum hydroxide
effects of the varbion poisoning are rev'erirtd by cx- (28 per cent XII,), 15 per cent National activak-d
traction with acetone anti presiuably Isy oither ceol- carbem, 74.2 per cent water. The alginate, carbonit,

* vents. Ther impregated1 falprics show progressive andf zinc suilfate anm tfsperse or dissolved in sepa-
lowes of penetration times oin sttantling in the atmoss rate portiotis of the water. The ammonia lin added 14)
phere, presumab)Ylm ue iti~crptiom of atmowpherie the xinc' suilfate solution andi stirred until the zine
Impurities of( an ocily natire. 11w' fabrits alsoe ticufr hydroxide has isstolved, after which the carbon Iso
deterioration of the fixcation of the cario o e x- addied. The dlyed fabtr 114 Impregatedl Iy runnIng
1pisture to bright slight. A limited1 evaltuation of( it twice through a mangl-e iuippeci with oine lirais
carbin-impregnatei garments was carriedl out bky anti orwe maple roll. The cloth fis not uiried i etwen
ciposeing subjects wearing new anti worn "pantees" nins, but the face of the cloth lot revermel. Following
to It vapor, anti it was ulemotmstratc that the gar- the impregnation, thr cloth is' frame-dried and then
ments wouild lpnilele a certiin ilegre' of pridertion. : given eight pasess throuigh a specially bceilt. stecrubbing
I owever, duec toi the' explbratery nuteure tot this work, machine ft temmv tlip surface carben. The fWbide
it is difficult top comnparr the- resuilts with ft- resuilts 6i then dIried anti toppedl with at 5 per rent. aelucouts
of the chamber pnreigam ait EelnpewooaI Arsenal andl emulsi ipf a eofqsolymwr of ethyl acrylate anti methyl
ani thec N'aval ltesicareh Lesbitoruy. wcrylate (Itloplex W('-9). lollowing this4, the goewas

Not work has becen corriedl out in the tnitetl tltate are frime-tlrletl anti cm'rel, wascel in a lto'lncy-Ilunt.
tim the use of rubbeir latex as a binder. Following the waslier in colel water for 15 minutes, frami-ef.lI,
development o4 the abpove impregnation proetelitue, again given fAptir passes through the selbbing ma&-
the firitis~h wolmIeinu a loew priority tip work emn caracm chine, frimepclritel, f~ittifc'rluecl, given fouir panits
priolective celothing, presunmzcily Iie'caupir of the tin- throtagh the sntiblier with 0.2 per cent Knye-.A (ain
avnvilali ty o~f rubbver latex anti the tietericration of inaganie' deterge'nt. consisting of 75 per cent soellim
the activateid earbemn cmn wear anti storage, with the metaisilicate andi 25 per cent tetrmtlium pyrophos-
resuilt that pratic'sully nowork was carriedi out. after phate), foutr pases throuigh the scrubbeir with cotldl
1913. It its hb'hic'v.d that tit(, British process is not water, anti framc-clrIe.
s1 "sitalile foar the Impregnation of compecrntively The proaperties of thle finishedl fabhric, XIWt Car-
thin ati tightly' woavene eottcm fabics as foar the lwm-Imptrgatecl IT~, Type A (llIarc its

tlk'rweioit ft,: e's. los

0I
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442 PREPARMTON OF CAMNP~IONTRIEATED VNI1

Ttw~ilt' oia'ngth (4cwitt Im'ndltim type -- MA41!TN xneb inclldedl polynitir of til-hetlirrylitte, jit'rylnte, il-

want 144 th Itilkydl, un'at-formidlehyde modifli atlkydl, urea-.
Tear n ilance(Nceit Inelinmi plane fester - .MMt? tnlw. fornalehytde, polybutitense, andi l)Olyvvitll aileohol

anitbnl me-fhmul) tpe;natuiral anti ynthetie gums; maxein, eaiaein,

Filii .1 anti chrome grittin: miodlum ilicate; nwtnilh't jIsetitv'i
Air irrawnluilily (meihvwI f Meiefer anti lfInlnal)" 2 andi tlginates; andihtytyeluoe

IMI tW11,11,11 Ylud40 AIInI IBt1111M/ imipregnation with Carbson front
tn/pin, at 2J4(V) Atjueoteis t~ niin aen

(jCoiiily n"tMI rw'fntlem efflcewy 1W1p/rint IDiusierltionu. 13
(InjoaIhy at U11" retentifom efirie~nry I,110 ox Call
(,Rmeity at q01/ rrientim effickey 1,21111 et'i ('asci halt been fournd to servii'wia btinder for the
(VStw4ItrtWigEI nw "I (Diult it 102. impregficntihon of fairicit with artivatedl carbon. Un-

fai ll n~Mentiret din (huir!eyv II.V. Milititin fungi, therefore, has litle washalsnness. In
toeter the follfowing proceitren, lp entivinf is initulitilieii byv

V'tr (ive ld'1 ptluse~e treatnent with formAlehyde to Inerenaili thle waigh-
Cuiu cmlnt3 mga/cm' fastnss 11wl pre-ferred formulation has the following

Three Iarg-ale mill rutno, Paris of 1,001) yardm or composition: 24 parts N-182 activatedl carbson, 18
Moir, have been maie. The materiail watt so~mewhat parts "Mapico lemom yellow" iron oxidle pigment, 12
mor stiff thanu the carhot-eimted fabric. Match (if flit, parts cawtin, 0.5 part lDaxad (naphithalene formal-
material prilutiti wa (if a darker shade than detie - khytt sollitim ittilfonfifet), 1.3 parts coinentrated S
Airable. This wast in part a result. of the relatively ar-mmitim hydrixide, 237 parts water, excess ot*n-
ineffick-flt experimental scrubbh~er which was em- ois formaldehyder. After the dry ingmljetits -tre
ploved4. With a propnerly designett serablw'r, the thorougly mixedl eit her in a beaker oir hlli mill, the*~

* uioality oif the material produiedl couild be improved,. water awd ammonia are graduially added willh stir-
N-44 carbotm %%w tweed in all the plant rnn rather ring. The material t4o be imprenatedl in sotakedl in
than Uee more active N-192 carbom whirls became tile mixture anti the excess liqutid remov ed by wring-
available ater. Evaluation in the toxic chambiler 11 at ing. The fabric in then Oriedl in a laundry drier. Thep
Bdewooil in the stunmer of 1944 inicated tlie ma- impregnatedl fatbrics or liarments aire curedl Ikv rx-
feri tot be as- eftoc-tive as the earbion-coteoi fabic postire ft flie vaplors of formlutifelkvfil for 12 hours.
containing apprtxinbltely t he same amsouint of N- I T 1his is carriedl ot. by sealIng appni~xmatelyv 20)
tarhion peer miqulirn centimeter. Inasmuhel it thep poutis of dry Imprepgnatedl ginnerts lIn large parn~
chamber trials. indicatedA little choie between ft- muks in the bilotto of which approiximately 150 ml
carbotn-coa~ted and the crimo-impregnatedl fabpric, of 40) per cent forrumldehyfdesolatimt has bee'n pouredi.
anti the former was less stilT and did not requite a After cting, thef-clothing it; driptl in it drier ventedi
scrubbting operationt in it- pIi'paration, efforts were to the m~ittti ntil flhe odlor (if formaldehyde it, not.
cotmeentratedl im hafving thle carbemontedr fab~ric uitjetionable. Coveralls imp~regnated in tlis manutne'r
thoroaitchlv evaluated,. are too stiff to loe worn and tire softenedb hkauni e-

An alternative plant. impregnating pnicesst wat dle- ing in a wash wheel at 11M1 F for 15 minutes in 0.2
velopedl bamd or. fle limp oif Koplin, an alkali-soluble per "et Kakyt-A, followedl by tfim 5-minte rinses
sinc cellulosei, &-A the ispersingt ax-tt, and !,M() at ION) F.
:.ards of herringlione twill were impmrenatced to A similar proeduhre wat investilgated in sinall-
demn~estrate its fenogaility om a plant scale. T'his seni lqilpment Amimtlaing an M-2 T lt 0impnegnsi-
miterial wats not evitlatd in cliamlier tests or wear- I iom plant. Thep curing step was c-arriedl out I~v intrw-
ing trials, butf i! is be-lievtd ft Ite the egquivalent (if diteingt formielivtile vitnpo" into the drier iluringj flu
I hepi,. -A l'" '11mploying 2ine aanatihm algrinate.' uiryinstopertiiem. After preliminary trials, til'nstlinel

In thep develIopmenlt oif thle nibovt' uivitenis, many wats distcarded since it wits be-lieved 1,4 2111411nt of
other hinde'r, werv- j intate, bit nome 1111111-a".1 4le0thnllo Uilild ic treated byv an M-2 T of 4)
to lie more 'aiftovthasn thtigge used in thep two plant lo-etdb togo small it) Ix- prartical.
proue..ses dlewerilydw lwe. Thwe' .dternativ,' bindlev (41rm~r-nis impregnated liv fte lixlsiatory ,,rt;-

.q~r p, "



PREPARATION OF CA1RRON.0EOh PARRICIS 13

ceduire offer conmiolerable reistance ito It vapor am imet the warp andi filling mitaimum tensile strength
(etermlned by the OVS procedure. The laundry requirenents, itat the manufacturer is given thia

I'ista~nve comparrit faivorabtly withI that it( h fl ip r options of plinfg the ('etmw yarn In Pit her thep warp
ho~n-coated fabrh*. or the filling. ti lip1 fidirle mudt he nappedl prioir

S~mall-scale wearing trials weir carriedl out with to cpating, aind napping involves a preferential weaki-
garments (hiring the development work. Blecause of cining of the filling threnils, tile gray flabric- usedi
file stiffnessa of tile 'alooratory-impregnitteil garment should have a minimum filling tensile strengtht(
andte Ilaelief that the plant procesti was not practi- 125 psi. Ther material is uniformly nappedl of% the
CalI, nn extensive program for weariiag trials anti "hoack" murface of the fabaric to twh. til extent that
chamber tests was never undertaken, the filling strength ist redluedo approximattely 51% per

pent, providing this is not bWow IN) psi. Following thle
273. Prent Statism of Carbon napping, dhe gray goodsm are submittedl toi tlat- usul

Impregnation Systems finishing process andi finally dyedl tin olive drabt shadle
11w proow biied oni the time of ethylceliilt-P, di,.- in accordlance with fte Q trt4'rmuster specifications.

euivid in tetrachloreicthane, ititadispersing anti bind.- All traces of oap oir msnthetlic dtergent tmust lie
ing agent. for activated cearbion holds mitch promise completely removed byv thorough rinsing.
for the impregnttion of garments, butt has not been
deontlrated oin & T is( 4) plant scanle. Thle impregKna- 2'. . Ite'lisrItiofl of Carbon
tifi fr piee goluds In thei textile finishing plant bky Ilia- oi)~mitm patrticle sloe for flhe carbaon tit be
any of the methodis vet triedl is be-lievedl tot li inferior nw.4d in tile etuating process is approximately 25 u.
too the application of ft, carbon bay thip coating pivic- ('olmro of this particle size mixed1 with one-half itsa
esw decrled'tt in thle next siection. weight ,~ran iron oxidle yellow pigment anti cotttd oin

the ftslirie htw tin olive drab) shadc. Material of a
.s PREPARATION OF' CARBON- smaller part icle Poite refquiresi larger atmuntt of yellow

CO04TlED lFllHICS pigm-nt to obtain an eqtilvalent shade, fiad carbion
of at owri particle size is not biound so firmly to) the(

Introiduction fabric. National enrbion can lie ground to atilVenlge
('arhumi-ciuttedl fatbrics ar preparedl by app)lying a particle size of 25u I by micropuiveriuling the. 12:i

mnixture of finely grouind ac-tivatedl carbion, dispersedl nu-h material atuni air classifying the ground proil-
in a soluition of vistcosei, to fte filbric bky a standardl uet. PCI carbion ix tax) hard to be- ground in this
knife-bld cotithig technique. Thei viscose is coon- way; however, it shouild bei posstible ti, grind it satis-
verted( into regeneratedl rellulo. byv treatment with factorily to a similar average particle sisse by other* jsulfuric twiti, and the fibric io then miljectpid ito a means.
serries of washings and meechanical treatments ito Anhydlrous N%182 National activatedf carbion ad-
soiftrn the fabric andi to) remove chernicial and ltorslv morbsm water t) sitch an extent that it partially dehy-
held cnono. thrates; the cellulotie xant-hate solugtion and irreversibly

co'agulateS it. This4 is alvoidedllIt prcnioutsly mixing
27A.2 Preparation of Ilerritigbone Twill ilia- enrloon with one-half its weight. of water atill al-

Fabric P'rior to Coating lowing the carbion-water mixtuire to) sitanol for 3 dlays
Standarol herringbotme twi!l grow cloth woven ac- to assiure uniform olistrilot ion of the water throlugh-

cordling to Quiartermouster %pecifications will have a out tlie material.
filling tensile strength, fleternuind lay thle "grab"
mo'thool, lactween 1.50 pi andl t lip spec-ificat itm mini- 27-1.1 Prejparotion of Visctose
mumi of M) p.-i, olependiing un the spinning and wof.iv- 11w visfcose is pro'parel in thep usual waky from
ing teoiuipuet tised bly the manufac-turer." T'he filling cellutlose, in the foorm of w'osxl ptilp,, fly fthe folloiwing
ten i' strength%~ oet'miineol li the "strip"' niethod .4iies of tolas.

* d will Ile slisditiv diffe-ro'nt bit will also vary from A. Treatincutt of fio'oll- c tbloiso wit h oonoent rateol
saimple- to) sample.'0 The nofniiniformity of fte ma- Mulitum hyflroxide.
to'rijil rott frosn the( fut tlizt ft-e mtns of yann It. Aging of fte tlksli elHiltosp fioitel in i'l ..

ulkr' hio~pnu's lie usedl t, civo tdie fitbri a minimum I *. Tremstmo'nt ipf thep siged ulksili ve~llhwe with ti r-
Weig~ht. (if 8.5 o miol i-4 Moira' 01,111 i.".reijuireol to) lion lisutlfiule.
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544 PNEP4R4TION OF CARONTRKATFI puluics

1). Aging of thep cellualoese xanthate solution fortuet soltitiote, and final rinsing. Foliowinlg t his, ft, faral
I-% (C') fort sm-'al dlays until the right is'eit.. it, washeil in it 0.2 jeer epent itlyt'-A maolt ib rill%,
is eoltlf'd. forml in a silack waseh". The washling is fOleeWe'l byV

Ther alkali cellulose (Step B) Ise uxmudl3 aw~ciatt IN C hilt nil ielt ~Iriwi to remove),'( any dttrgenit tetliaiii.
for 52 hours. Lr'r agling derailes the vileeeity Ing In the fabrie. T~he faltrip is then Inti al ld 1+4.
of the( final i'isroe soleutioni. The aging of the finid The politel film is furthier beroen up1 hy re'pe'nteellY
vipcecsese ,eelhtien (Step D) is usually carricel c(ntl t passing the labhric Over a but-ton bereaker (at serivs, oef
18 C' for 80) hoeta's. Tile viscos~it y of the sohit ion in- rollse studded wiih mvial projeteticens) while the in-
emu"s with thle time and tempermur of aging. The terial is maintijned undlerais mittch tension ats pO~Sible'
final silti on hits the( following phy'eical and chemicatl withount injuring the' fabhric. If necessr., tit(% nlateril
properties: may then he- suected teo further wasihitngs, cer

('ellilgsse' 'cmtent vA, 'itiu lptneall to, i'emove loocse, vaieet. Tlhe fabhric'Allil enit 6.6-4.711% is finally foanforiecl teo insirn' a maximum tielinitalgeV-Prottity 3,30"-,(M lO'im at 23 C Oef leos than 2 per cent.

27.4.3 P'reparation of Caiting fTti~ttmf' 2TI. 030et andt Production ,..pueity
* ~~~~The c'omposition tif the ('ciating mixture is not feel- ~ ~etmtdi 94ta iece fpecleil

Io'':t wil~ts estmted n144ta l l o rthcnlw:vittoe'e' 721; tieli~o-one erringboe til wouild hep nie-
('srlos Igsmnillfle'l wit It SIO% lHss wc'iglt proximately am5 shown Ini Tatble 1.1"

sofwitter 2.3.m,;,
Iro ssxileeyellaw pignient. 4. 1,;, TABLEc 1. Est~itutpil rost (If jerncxitig (eari~oo-esetet

'hin' isittity (if thip t'teeting mixteire is lKt1wren~ lilgSfl wil20,MK) andi 25,1011 rps at. 25 C, The coating mixtore.prolae
shouldl le ttilized1 within 6 houirs following its initial fiIlwlyr
prcaduectio since its viscotsity will remain reasonmablly (;n-----oclo (10"--j------inflo- IlP)constant during this periodl of time. It is essential incluing fmuiglst from l.inelhile. on.. toa [.Wia'-
that the vipseity he- maintained within a irlatively ton,. Sr. 2e41
narroew range if tiw routing openittin is te lip kept P"r'pnrini, udiving (Vat 01)7 eshatle), nMoel isapiigi

undp sai"Iietry ontol.the fithrlic nc'lullng freighst fromn Lewiston, Mr'.,
unce: atIseareer centree, o etylessvinle, It. 1. anjiMAI

('arluntrouling trratnicont Incofteling toiforliingt
27.1.6 Couting antd Proerseing of ist execlusve to! tive reo of 11w taetivaste'l casrlson 1.1.20#

Ihe'rringieone Twill Tsaexlsic ~ h'euto 1 cIvtdctrsei0.te
Thle coating mixtuare is appliedl tee the fabric b 1e v if -__________#oflite_____ofthe__________________MA

metins oif ai ('exting mtachline. The essntial pa-ts "i' pouceting machine will coait. l,WNX) 2,flfifyarvis perthis machitne air twoe nil) rols tee apply teo noting horcepnligtnhescdatwi' hem 'ln
mixture andi an aeljuawtle' knife Wle' to rpmeeve Ilip' is seperate. The clmilaity of sla-c washlere and ielexcess The htem Of tlie two nip rolls is nartill3 iM fixing ranges is appreoximately 2,(M)yards per hour.mc'rsecl in at trocugh containing the ceating macod lsieir eea ute raesi'e~~ er'iic
pilok ilp the- material tind applies it to thle nappedl teve evera tuteo maripa rcehscc would n11 eting
side of the herritigheme twill as oir fabri passes4 hIn-

' ~~~~tween tiie two ruoll% Tle' coated fabric'- then mapneasseshi e asowoeaten
oever the, aiijumfthle knife' Mlade, whiele rc'meves tf'lip R Caatritc f iib'I ~ire
exers of the c'enting mixtuire. Tie coat log film is 'm1 hrceitc fFnsi
partiall i ried1 byv passing fte fabhric' over steam- 'fle p~roeertiese 44 thep fabric, sin' summurizei in
huntrdel etuente, titter which tit' fabric' is hxiteheeI oan Table 2.
a reoll, 2 1. 1.9 Present Statu.-

Thle e'elhtloe' xanthate in the vi-iroti film is e'sm- S'ie'ral MNJ-v':l nills and eilne 5,(XN)k'anl not have
vert'el inte, re'generaiteel e'elluleua ili' pas~sing lte klen nwtale. Tile (1814ta eeletaine'el indicaIO 111,1t the' dI'-
fabric' iniee it dilte sulrtiric aridl seeltition. This is gre'. eef e'et rell aueldevi'ee in the' smmulle'r runs wits titfis-
feellewedl hey rinsitis u'itl' watter, ninlbeutitsn oaf tite' fitetry. Thene lis less e'ertitinty t"oei-certling thiit laergi'r
res'tnhlg twiel illfthp fibric by' a dilute ammoiia -tize reinsA beause' or varintionm intred'gcel u(hiring flit,
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-. TAnrux 2. Prnq*etlW of flnhd'lect frilwic. Creasing perrentag of tle~ agpglomerates of carboti in

Mean Maxilmm milnm the yarn wvilt be romnpletely sutmpunded byv an 114.Im
Fabrle ehamctsvbst Ie"_ Value 'ultie vle permealie frelltlow~ film. In the came of &.,v carbon

_______________ -anti filaments of 1.5-denoiepr sme, few of lt- carbon

nietecel, ie I.R ggltimeriits art, completely walletl off. Most lilt out

ai. Want tIM . ... 144 thniig fte filaments, tis opiening till e ay
It. Filn o the iliffustion of papt. irk into i t( earwei

2. Tior ,trentt (Imetinnlioeatl

wan 8.7.IIl t .... 41.9 TIw eaili isl beat ground Iky the "iironizing"
It. Filling 711 .... 5.4'

3. P1ereu'Ily (riecA ftmin eq ff) 8.1 .... 4.5 J)pel'e filing steam astitcarier gat. T'his methodx has

4. (neleem implelet (film ell") len fond suitable' for the grinding of the different.
n.lrgied3.1 3.5 2.1 types of earlhn investigafril, namely, National ear-

t,. ~ ~ ~ ~ ~ ~ ~ Io Iur~eulgndnan . . ypes N44 atil N-182, and fte P(C anti Carlisle

5. Iliepea'l'~ueg'em',NI~t(' arlpots. I'nwhleirhoell arlwaot hasl lwten iid lit till

n. Original 2.2111 .... 1.700
It. Afler wetedlilW noel in- 0

16o"1.0m0 .... 7401 -4.3.3 Preparation of Yarn
41. Siflfeest (mea flepilrni- 11Te Kpinning tiolution is prepared in the- same min-

gildity) (neg/cni!) 1,100 1,4m1 .... ner as fopr high-te'nneity yvmr. Thle N%1182 I -gs rurlpon
7. ShirnkWg (;ler cent)

". wan), . 2.0 .... is ineorrwrnrt"d and thle orsulting %displersion aie,

1). Ftiing .... 2.0 .. filtered, anti sptin in the usufal manner. In sptinning,
x4. If "malnnfr timees (min), pc~: prevauttions muto lit- taken to) washIl all aidit

('W1 Directive' 1412,
Eatguwu .Arpenni - off tile yarno asrapidly as; possible. ThiK is donme by
14111111 having water dripst on thep gullet andi on thle spinning

et t'nnh 3M1 .... .... funnel through which the yarn must pass bepfore en-
ii. nesu'eInue nireelil . .. trng the basket. Bec-as of thep secnd water dlrip,

proessing. It isl beievedl improvements in thle eontedl the lmsket must he perforated with holes to allow the

fabri will resut if the heating of the fab~ric following escap of the wash water. Unfortunately, the yarn

the routing offetrtion ill redlured to a minimum. The iuent iep processed in tile form of skeins. It hall not,

best system wouild Ile to haive thep aeif-fhxing mnge been peisible to proressp the yarn in cake form becausei

lirectly attachedri Up thle cientitg machline' andi not tol of exessive- shrinkage and rimieliaent brealdung of

drn- fte fabrie belfore regenrttig with nttld. tlie weak yarn. l'rnoesltg conissti' emeipiltlilly off
thor~oughly washing wit It water anti drying. Nof soaipi

21.71 PR ATION OF CARRON- or stynthetic (letermgrnt-s are usedi.
F,%"I* The amounts of carbon isee have be-en such that
S3AYO tile yarns eonitaincil 204AS per re'ht. carbpon. ThMe

216.3.1 Introdioetion strengths of such yamns are very low, namely, ault,

('arbem-ravyon yarn isl PrepiNIIII y dispersing finely 0.1; It denier comparedl witht 2 i denier for cotton and

p"ond ,uetivated4 carbion in it villeotie soolution andl omlinary rayon andi 5 X denier for nylon and high.

Opinning thll- "ilt 1111 1dlspersiom by t-he methodsi used4 tenacity vispoie yarn. 'ripe artivIty off tlipearbion

in the prepamition of "high tenaceity" viscose rayon drops off uliuen less than 21) per cent isl in thle yarn,

yarn. The carbpon-containing yarn isi characeriaedi presumably lieraucee the carbpon particlest are corn-

bky a low tensile strength anti a high frictional value; pletely surroundedl hiy :, noeneratedl celluloset film.

accordingly, spmcial techlnifques. must lie followeil if Ther carbion exhibit' M) VA) per cent o Its oiinaul

it. ist lle win enl or knit sueewfully. activity when present In tiecyarn in the highfer Pon-
entrations. The most pirtitial lM'4t-I'Ilii 11i1sts Is'

V12 Pr'eparation of Cat hxon dleterminted bly hialin euple or fabrication anti

1Tvn optimism sizse of( the carbpon to bei uamel in the durailiffty on wear against thee' ni-tivity of tip e arbpon.

preparattiota of tlie carlmrn-rayiin yard is approxi- In the eajw of N-182 carbpon, wear and ehaltn'r trials

mutely 5 is. ('nurse materiAi will clog the spinnrets, carried ut shortly before the end of hiostihitif" Eil-

andu liner niateritil mity hte le'"4 aetive beciauser an in- ca11te4 fte1" 1es baklanceP W-11IVPl lie ahieVed Wh14-1 lte

-SECRE



yarn) I-Ontie9(l 25 214 per eentt ctirlin.24 Tin'e prioiesr- IFiVP. thoIiitald yrdls (if Mw :aiovt- inattri;Il were
(fisti. of yam ronttaining 30 per renst N-182 carliom are prodhuce andi cvaltlatell byv thie . avil Ita*arelt

as folows: L.aimoratAiry In wror and clamber trialc.2-" It Ii I
I)M.r triNgtl OAft g 'al..1r tnt ieipateli that it similairly eoidnttiett'lI .l01ttask. twill
Woet tnri'nah Pr..'trn o 10n. gift-lr fabritc in whie'h tlip filling yamn eo(nt4Iiia 25~ 2.0 p-r

Fleilni l2tt5;;% Veyeoh -nt artt~ittlel earhrin and is jplieil twn*4' with 76) 231
iaylon will losstuperior frot it- taiioil ofii nutaiher

27.S.4 4Weaving or Fawri of r*iainilser vxpootiwm jproteetel againgt tifter m'verv-

In thip prf'Jlibfl of woven fabries, flip' rabut wett inrM hemt'ltlI ifwrtta i

raym yrn as I,~ exlusvel inthefilinglacniae eVinig of herringbione twill sinee the f.ablric- hitis
of tite int sel (a of flibrcalion anti tile antica Ifipirks ii. insteeulf f45-50, and tjael~xnmefllc-iencvy
plited loetter wetiring clitlitips. Die to the low Is no so hig as in tlip weaving of it cotton fabtric.

octnvigh rarnlerstis o flp rrlon-mon amit However, thep experivee oeiltainvol in thle preparation
wits "P1,4ttay to inlfsr,ratp scupporting yarns in ,fte0(K ad nlct~ htcm eca rihc
the filling tot increase the drty anti wet strengths of tflip m offis fe1)0asibl Flingti tht weav ring h abri )xis

fabric.~ ~ ~ ~ ~ ~ ~~ ~ ~~~xP Thswsitmlsf( ntvofietft~a5 ~(f water rinise, tSanforispil, and 411*(41. A~iftjit muild.
In tlit' early expe-riments, iI lom loom 111. vimpliVE9(, not bep itii, and sy'ntlietir detergents should lotandi alternate filling thread.., were of earixsm-ravan utid. Iisaigrmothteilcmtrte
andi of cotton (('ostaL faitric 3). A bietter methivd . I aoif. Vgr sadarmo i( etl osn

volv'es plying thep carionivraOn yarn with nylion prior A 1111)1* similar ft that tk'tn'nlled nlxOIT (-tit is
1to weaving. A double twill vonstruction, whielh is not "Wll closing a earl ton-rayern yarn prepatredl from it
apparent to) the untinitiated, enalles a major Jioti ota staple, fibert cotton blend. Infhicationot were obtainefi
oif the rathion-rayem yarn tot lip saflniwi('he' between that garmnentot pre-paredl from sud*i it fabhriv (Sample
the twot twill layers ati then-tciy iflf'real fite ihtnra- No. 15-5) 4hadl isupeorior wsearing julte. H~Inuamg
hility of the figbric to wear. Thie characteristis oif the work has not beoen done to demonstrate the practaca-

ANIDlRt Carbon-hikyon Thiill, *eries 11S, Type 176, bility of carrying ouit. ft, neeep..*ry manuifaturing
we It"ia follows: operations on istalnd ard textile machinery. 'fhe fabrics

(era'fnwtict: IDueilt 2%1 ti il. IME WairpeaPil~i otsU ii i st~4m('whtt hcavier and not o flexilel as thel fabrie
Wanrp: f10/2 miutin ifyid 01)7 pipr- ia otnosflietyt.(ornn
lliog: 32%; ('W N-1142 eurlrnn ynm.,0 denier O. irlaf( rm otnosflmetyr.(ret

"K.111. Pliedl Willi. .1 Iflyltiu, (aaieiynl) .5 1ftanm Z. prninirid from fabries (Samnples 190 and 191) simuila!'-
Olwn joiilt Willi ;o~ 34 stylists 6(Ivt*ed o ) 5 fitisi~ Z. to thli NIW( ( 'arhoin-hRayot Twill, Series 1 $14, Type

Canrlsson ooutent: 41.1) nix roll IN bit rontaniag :31 petr (-(itt P(( tiiatt~sd eiriNon
We'hs~t:'10 ii ~q3..hintrud'II of 32 per cenit N-182 atwtivala'd fvarbon peor-

Wtri tenll-e Pa'tvttgl I: 'frmied tL9( well as t he Typoe 1761 gurnients in at wi-aritag
Dryj 113 Ill ill. trial andtelhatenber test suipervised )kv tile Naval 1(te-
We~ht 1 11)iih'.n'i,: l.'art'la JLlsntory.' 1 If n inflrtned bkv future work,
D ry 1111 its., t his would thentimanAnte t hat P('( varixin van bec
welt 1111111 ill. stalntittited for ft, X 1842 carbson without siterilice'.

Pe'rtniiity: 1- 43 roo I't odil ntt 0. fitI. Water ljAleIrnklery evaluaition ittivaoAIt'iiti th'r~arlf's euarryhig
.~~Iwnsle ~ 1.01 r.wl4"Mee:S~I Its'i h woiht .t f-ihrle tf.er thi' P( '(Carsotis Il In, inferior to I beise4 pn-reprd fron

2,40) nolw its Wy7A-eilh.'k ahpir iti ult'r -t 3 potinId tile N- 182 cirdsfln.

ati 3~e tutuk et~i

rilyolaim its 1y v ac seqf vapits ritIha1ata

4 uN uI litinsele ni'ito 'e (3 PIj't i l ittl ioi rib V'a.Vk i uarvv-u o-pe'n 4 rniv iii
5 4 'a1114-41 1111#1 4-1117 reite~ 28:1 C fIi'qw nltiK) ylg" eIkV ti Its(l itfe 110 ToLin kofen Ina-

- ( "~CtiiAt naeliii: *:1 CW 14 92 v:art ein y.ris XmAI e-er.
D :a iihiitim i nw. eel: $ ila N-. 1 451 if wa~rly ile-titit-i 2411) fiI::mnegui jelo-4l Willhi 51 1 feet teeti, kow i l e,*letmlikksi.
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uoool Ito po.m W. . . 4.ii awt c i. .-. .*if .&i t .- f .(wct h4 . r t -.,l .+- d.4 . Fill ig i. ifii'tri-i414A i ci 2 lIi 4-1. .4 wceg i c I ho

voi oti flo irt- fue'ii will flee it nn' recitileese i toe for th~'e v' fro m t1111P e't'lit blooaem imith, yartie evonit ining
l~e'.10 1Ix crti-lII4 alon1IIM1iitro

* ~Weilght iiintuplviliI.: .~ fly. pi yd il'l Ow.:itiite XDIW t t'N U it rile'ter niethotl.'
Weijght % ng~lei'el 1 7.11 co? poll ydl Twoe ty'I's of fui'em pre';nrrtl front viny3 oll yii 1

Ilijwiee''t 11 ieieir XIC 1hiinieeer nielleecil' 01111l1 nnlg2. xree'teIrlenJ'fl elv'y el l
11g it .e 2 till nirw eplede iiiiii ren* ill 25' C('Iilnn 2 xren alinl-fil41VIVW l

* . (1111celt ve ft2N IN, Mt-i!logel e'tlivielle' 110)oxpil Ic te XI )M~ ' fit rimt'ter tetst..' ( 11m,' witil 1wNrinnl
Cuiit tit 1 ; II reTi'~ iti e'vbien eee' 2,311111 just v'in' 11ntie I-WVi V fil irie' ithI largt 'te vrli-inyonH yarns4

( *rlin-avol KitFabic aml ilPA i 0 ;:-ev warp ndi thet filling. This fabric' its pre-

enerneceelonele tol flit' e.3etevi. It is Iw!ie'i.e' that lii~lter for"4 flto S)rejIItiellit fllter e . ue elf Ilg i 215 2

* ficlric-c invo'elving l-tme (ie f 21N)de'nier PiLrili-rayotn for i iOtll(-p--uito f trie'itntlice rI'll ) telo ft it
3'11111lgh-%vih 1%nel 30ri Ir-xr~ front telvottflIe eeki 'oI'lll fbr

e'eumme'r1e1141l.30 1 cottonAvan iiltt Ir, knrf voirimmnlellr
rii epkn lenvithlile, leii t hik 111.410 11,e4-f IW'e'2l s VVe'vniggn of11e t hime nte'riaiI ut. flit' Naval Item-'uri'i,

factert , v s dvi nitt4e I. Ij41I i e r'4' inclilitt'e I14 it lii It' NCligliflt initrio r tel Owii
A l:trKce' ninills'r eef f-x;eerinien~t. ha~ve islill e'rri'ei e'r I,,-f'ee..t( (I fablriv.11 Sine'e not fae'ilif it's Wve'll avitil-

ccit tl ink' pesiler te'tie' ef el ee' tfN" el kiftI ill(-de foer the preletie'tien ofl tit' itf~e'ri11 t'Vei if furt her
niae'hilies. Di), i telit' fnlingii 211111 flit, frict iona Afar1eii- eaork Iline I- e':'e':e t it 21I'1eI f i.'lif work tIIi~ inon-varl 1111
:set er'ivis (ilthe' tithibr live':fee 11d vahl-riv ' v i Yorn, faI re"C wa1:1 e Ie lif fillf iee .
till fit-i he' t l ilk les ifnt-( ui i w'e i i 21 ieeKtisfll. 'rie
Tol'i ~kitim, mlituie'i tlithniilt' ill tflow1 it e lt-et'ili litivI' 2 .eiriee~ titg
sin ker APi lit pit l iet 111'in Ie v l gee. A hItlilt' till iw'r i t m eIe''lei'il 15 tti 121 li 'iI t le qil

e'~N'ii ~e'l t hive 22i'e I~'ei ':.e'e1112 te ele'. eIeijl21 t ii ig e'eelitill tee I filaintl'l v'zrlmine Il -il %iVtrii (-fill
'lube'.%nIItrie':nt fo r tite' . trl -Ae Itat flee' eether le rele''le-n t'~lsit"tii 'ltpl~t ii

fyjee~~~1 11nef14-4 ni1e'Iiie't te'ntit lee'ptv-1t 1e,114.~fteI l~ti ii

e':itt'l ie', 22.44 elf 1Ijer ent I llbl tiell the van ftlt) e'~I~t"ahge 'nil eit'i e ilta
I flaill othie'r I% ix-A eef varleil falrie'sa:tiel iIn" i esirulveIN' prefe'rab l ee l oteer Itliva nie: I le llever, ai kni; 1:1f. t rlf--i- fe tvr-wa

fakeir' profl'lN fnetei -eiei vairn gave- e'vife'i'e eef lnu. I-pet'tme le~er eeatrtCv'e i'i
41121414'4 11:111- I i 'v~ r4 tei ig -til 4eee.4- 0 11,eie11%4.1111 ill Ille' "n d,ix i ee lt v ll i e:er i of li erii rmo te l ri'n ug Ilil' IV ii

horii ef li's mie211'e' 'i:iiecl u'r i'elilelit jeti" CI7
11-e41314'i1 oe ilitpregned eI i th vai e ie, f lit- iieireolt' in
"ie'ight fii 'll ji Vi %it Ii i .ale r e a 4.1.:Ie', iil I lie' tee-fUee' tef S.nflietie' lillm'nt O the'r llII1.l' llliei1:tI4 IVi1' itof l'

tha~ll ~( "'l4 ~l )1ceIfole'u T iff Im hsreecvii t valitc.-ii if fte t'i,l)t(K)
f"4~le' e ilet'2- e'iiilifilg :ie'tjitt'el v'aililooI li:tel Y' vInI. 4e llee.e'll t:LIonie'.iie2 Ao lelue iehe'11 n1 lis filr

IHVe'iI'I : e'uI I (iitg ' 1le'i ''4111141 -11' :14'e04111'eeIl) i' 1 If fle'e ife n- e let'e'nlllhig 2. I' '4. %a e (if till' :11111 eil..
plc.~iilill.-,~ 11141111u il.4 ' \illi~ vi ol ' \ I) ifere " It '4'4:I, I'ho ii' iee' ' fat I eii' jn IIIe' 'e1 f il Il- 'ctl 1-ho ll V. til
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tcontintious Momarent yiirn have nfot kePn n Xwlaei 411 it Should(IIK WHO wellsit(41 for tht- jprepa:rLttio,, of
IL :loluw enlolgh w~alt- or ei ~tailfc tlifinIItghky enol~Ugh gloves.
toi i'naW a ikwlolon toi lx- rnuebtd its to ftir viaue. ( hnlsctehIe etarlxm yun ti not uuhplir
The knit fzuhrie wouild sw"'m to have isily limited1 pnimising, but inyon sind other ytptip yttrtu.e
1uw4fultwS itn ti i Imrepation of uinderwear and soek containing carbon~ shuould he- more thorotighly ill-
hx'etIM01- ii iti. %wthit and textile eonstruetion, hilt Vfstilttmi'.
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Chapter 28

DETERIORATION, LAUNDERING, AND) 1ECONTLAMINATrION 01"

CARBON-TREATED FABRICS
fky Houser Adkins aind Wilkitip Ree

28.11 NTBODUCTION fabrie heave been subjec-ted fur several months to ot;

III t~ ~:'%r of deit4'riontatiofl of E'arIl-tt'frt4i door3 emmistire aind to simtatedl tropical storag.
I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~i prtciefdrshsbe ttleltne ~,* ti te outdloor eximosire tests, ttamples wi e x-

tit ty of expterimenital cornditions in order to 8Ls's4 w isdfo a o~wmKrolI-ereea
bietter their probable protec-tive v.-ttle in the field. To racks facing south. i~xpnseares were carriedl lint- in

Wasingtoan, D.C., aund in F~lorida. 11 penletratiuuIIP (If IMLatt-iee valiti' tinder field eontlitions, ptoteetitve
geurnu'tets ~ ~ ~ ~ ~ ~ tllf- wnitntol rvd esn~l a ei're determinedi bv thle Naval liese'eh

ga retmust nt only haulp ut retainae fleret. aliorttory method (.siv (luipter 29) eneli uotuth.
able lic-ireentair f their original protective p~roperties Thep penetration times dlecre'aAd during the first
after I wing .1111j1'V4441 to those ,totttitions wlaiehi will month exeept in the( ems of the carbion-rayon fiulhrie
Is- encrountivred in prac-tice, namely, storage, wear (in- (Taleli I ). After this6 inlitial de4rease, t lthe ntion
chiuding perspiration anti soil), latindering, anti tit- timm' remfaifl~ SltiliantiaillyV ttlie111i dutring the
cotmtaminut ion. ( arixin garments (byv *earlw,," Or itceefling months except in the ense or the' carboin.
.. chlornmide" ruulries or garment-4 is meaent "etar- imrenateff lerringliono twill prn'larpil by thep zinc

lio-twtf~" fr "hlomid-trntrl" jtlti(,4 iramnt ium alginiute proces, uit h showedi signs fir
virm-teated" or elt imltrtO te" o" rics o fi'ltin after 4 months. This lenth f time undter the

* e'aateriaed byv netstnding stortge wthiif.3'. il~ eximosua'Icotlit iornsemlloyeil impiqte.vaw'nt kmc
aeuw peairtialli' inlactiVAted1 by treatment witb furl l longer jwrioil of wear thant would ever 1w' encoumnteredl
oir liersJitito. (Chapter 27 S1101uld IW eonsielted for in praetice.

*a devaripitinaa of the fabricsA disteusseff in this chapter. Stornaga tests have becen carriedi out to determine
N14thimis of laundering atnd decontaminating car- thle deereeuseP in 11 reistanceI Of earIwan fabriesA StOrei

hoin fultrips heuti' lxrwn inavestigntedl andi at practical ait rooam temperature andtiunder simulatedf tropical
Jproi-ehir developedl wit i oth cleanse thle gar. storage condlitions boith alone and with ehloramitle.
ment andi removes thle major part. or whatever ad- tifpilWtItIMi fabirics. When storedl tit room tempera-
sorbedl 11 ' ix(okchlrofwthayl) stilfidle] is present. tasre, the chloramide fabhrics have little effect oin thle
Ondinary soap cannot lie aiusi lietanse it iniutiiates Irssmeoftaczrmfais.Udritlte
4he varloon. tr opical storI4ge eondit ions, t-11' carbon01-4oated faibric

%tored iith chioramide fabrics wa.4adversely affi-etd;
the penetrationt time of the carbion-raon fabric wets

vu,, t)VTlltOH% Tlt)N ON STOR4(;E Vlut"4144'i'ftMi' tilt KtrIbfli With astieolls-inmpregttt4'l
~u I E~'I)4t~~ T) ~M IllEI~I~.a.Ie chloramide feubric, lint thle penetrettion time wats

halved after storage w~ith AOlIeu-iMj)MII'gnt44htl hlra
-.Anah' of varboin-etoeited herringbionp twill, car- mule fabric. 1Te dauta, ein- given lit Table 2.

lrn-imreneaedla~rij~bnetwill, und curbon-rayotm Thle deutp'rieration of carbion f'ehrius prepared4 wuith

'r,nrV 1. 11 rt"I.',,nft' tins',' CNil!. awiwlml) of "strmn-trpnt fibtrir' lifter esimithxrex~uuaw'i.?

(Masrvh InndA) (VW'ts% fnbirir) fithrivMty iat aaoil)

I Iligueil V111114 411 inult 5,72 inin 1III) mm
I aualm 39 2114 179 2M9 212

2 nwwsm 1414 2 70 2*41 2114 324
3 nunth4n 207 243 I94M 47.'s
4 nionita" 227 2101 011) 494332

:011) 272 547 in107
- Cl 6111411014 _ 214e1 275 7 M L~
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"A . 1 mtfiivtoi I\hrni 4-1iamtw'mr evalliatlt, hitile loen :'arrietltii ter4-n.

Pu-mwtraten ftii (MfLJ fletIHIIN) Nattiornal ll- se'arch ('eninlti te aml~(

I'ftNtlCI~tt4i i~d~f4N im titrimeter It reeistanve tests."4fi In ( thvase of tite'
* I~on~ eoeli~uns (aree meele) (ue,, Scrip') t;le 1418 auimn-rayon fabrics, thep numboer (if

- ------- standlard chambher "llotitlrei for wh Iebst)j'etL4 are
Orinwi Ilt 7l~ va lii III Min .57 o, protetcil against It vapoir mayi lop devrca'.e'd fromt0t to 110 ti 7.11" Iii + weil- ten tfit sntii folloilng it ml lntl nering u t It I Kalyp-A

Aiitceereiit'c'eie 0 i, 7)mi (an itiorigtnie detergent eotinjiisted of 7A Ifer vent
0 11411e el,te.1mie ", Ith .10 m+ 7(N) m soiumii metasilieate anti 2.5 per cent tetrasodiumn

a mu em) tVCIemlrmnr + 94i- pynifphoecphilatej, even though tNe labooratory test in-
vent vhturnikelo.th PW) MaID 1 .111t dmiiateft bt, little changes In the( fidirie.'."4 After this
Mnoo to-IN-'iutile"t + 3 m 421) min initial tleerease, t-he number of chamber ('xpiiirei'
---- - - -______ ___ withsxtood iiy sitibjectst is relattively constant regitrd-

Holier latex it binder hall been investigatedi earlier les of whether tite initial ilieawe lot causedl by watsh.
in thle 1'nitell Kingdeom 11n1411 m1u1e11to hie rapid under inig thep garments wit-h 0.2 per cent hialye-A, or byv
certain condlitions."' To a certain extent, this was first subjecting thte gatrmehnts to it series of chamber

A ettaused bky thle degradation of thip hintder aind l ibse- expotistm anti then laundering with lialye-A.14
eglent aulmarptiern lkv the Parlitn of thle CIlecoMINIitiem linartiiation of the carilin may bep thtie to either the
prolhiets. On ex poisure to fihe aitnmsphere, the British preferential atorption of another material for thfe
fithrie stiffored as hoets oif protectfive times, as meas- mechunical coating of the activatedf carboon byv an
uteet ly tfbe i4potted D~ick procedutre, tof su1ch at magni- hI..resistant film. In the( first cases If aulorheel tin the
futle that the penetraition time oif a fabric having an cairiln may lie elsorbepil, and further attbeorititin of
initial vatlue oif 140) minutes wouil deerease to 10 1 i4 Jptv'tn'flt. InI the secofnd case, the carbofn may
minutes after f; weeks' expiosure. It wast shown that still hfe active, lbnt it is not pifossible for the If vapior
this lowss witst tite to the. adsoirption (if fin at,.nospheric Ito come In eetaet with It. TheP followingf W4ection6 list
impurity rather than to a lrn-aktlown of thle niblier the stibstaine known to inactivate the, traditon.

*latex binder, since fasIriex containing no hindler be- MINERAL OIL 9
bayedl in a similatr manner. The activity could lbe Chamnber tests with litiman subojects have shiown
coimpletely restoed bv tin itetone extruetion unless that asi-yngrmntlekrdmri11viothe, teiuure hisad loven fitta tempierature of IN F or cro~a'ngret eko eobI aoWher 1 101oilhat beven s4pilled1. bbon1 amrhither, in which case the fithric could not he reviv- :~mtnte carboon-rayon gamets ith tin oal~-fledl. Strong sunlight hfadl a Antil:tr effct., biut to a eti aiet ih nol
lesser degree. Penetration times of fatlarie's4 st4)rnl 2 wiuntedf rag cawees the desorption f f previously adf-
weeks ait at temperatutre of 10)I F unde'r moist corn- scorbted IL I. ('rbea garments c1ontAminated with oil
ditions wern' reducedP1 to 15 per cent oif a heir original "tin lie laundered with IKalye-A and rstoredl to sipl-

pni~iidek th r iginal awrtivity. It is alpparenltvalitetind ceaulel not Is- rtrd bky aitertne ~exttieon.primtl otaitelwtilsod
that rments griissflis nie it ilsol

*not Iie ieernt. Triwio[t ots 4P1 uIts W01ul4 IP' obtainled
281.3 lwITE;RIOltO DTf!~tlIT TO TBE 'iT from handling rifles, air believedl ft be without effiect..

\IF:NT 1111'rli V'iII)1 S SI'BST'iN(;i
Tile rivistitnet' of earlosm fitlmncst to If vapoir. as thL eneei~~tateli hme et ht

- eterniinedl in ft(e laloortteirY, is not lost t trent- garowtfi prepatred frn lte carbion-rayot. fabirics atnd
ment with IS wide vatriety of ivuter-s'ilidile poalar re- incitet it5-3)itetpodel'.

aigets, nehiehiu suc, wiely ivere ~'impeuneh e tion itemto ie'( carbean-nivein faibrics tineoht-
lei m il'e~hir ie glt alehu k in ofiirc~tie ' f a m inateel by S430) ointm ent. It is ls'lieVe'd t1at the'

~ ~~n celeo e e nt h ate ( air l i s prepa atio 141 it triactfin vehiele c.f the. f eiin ti'n i-' guruferctiiahlv ad-
I~eI~ei~ec~fte~ :oel 'araen-rve~ faari's) 1 aite icmlo 5wir5'l I%%- thle earloon.

tiins oif hiyplolilrie.e (vandicldatc' deccint4minant 5).'

Veilat it' solvents,, sulh a." gAlsoline andI tiloe'ne, SOiAP A\11 lvie,.rIMTHI )iTERaUcTs
ha~Ve' lit lP fi' at fill t PI 4 ()11y It limitedl niemlor eof Treetiment oaf eierloon fshric's withI soulp sociit i



I1.4WERING AND) DRV (;t.K.NtNt OF CARBON-THP.1TTE FNhti:s1 5

under the usuatl laundering conditions emuises the weair. fIn tbe chiamler, the g:,rivents. protecwd for4
adfsorptive capacity of the eismi fabric if. fall to an average of 1.11 1-hour exposumris against 5I Pg 1,
otie-thirll to one-half its origrqtal vnaue.' The extent whereas the new garments providled protection for
of fte deerease depends (in the presence f builtlers, six l-honr expisure against. 20 og, 1. Tite datai corne-
the coneentratiEin Eof the soap, pe. The addition firlfiting the lost; in protective properties ats me'attred
certain comfpoundl~s stick its timmonium lhydroxide' by chamber expfistrei' and the( loss of carbion for the
irnd soiutm phoi~sp~hate le-ssens the- loss In penetration rarbion..eoutedl (S 38 run) and thetcarbion-aviim
time. 14ynthetle detergetst- such its Kilye-A, Mir- twill (Merles 1711) tine given in Tablep 3.
enu N It (an alkyl naphthalene sulronie arid soffitim
salt), lundl Tritomn 770 (soffiium aryl alkyl polyether 23. UNDFltlN(; AND) DRY C13YANING
suilfatte) causedl mutch lests loss5 in the penetration OF' ;4RlON-THEATED FARBICIS
timne than d~id sop-41'" Of theste, Kalye-A is pre-
ferre.'" (arimm-coateil fahlries having an initial Tle preferredf laundlerng proceduire for all types Elf
petittiom time f 170 11M) minuttes uminlmli crtrtm fabics invlives treatment ait approximately
hNd a penetration time Eof 97 minutes niter five IN0 F for a 15-minute perifidi with 0.2-0.5 per emit
launderings with a 0.2 per cent Kalye-A soluttion at Kalye-A fEllowed1 li three 5-minutte rinse with
14M) 1"; with a 0.5 per cent Triton 770 solution con- wtr..." The 11sW Elf Kailye-A is r(cTlMM~I-46 he-

Staining 0.2'1 per rent ammonium carbonate, tie causep, unlike soap, it his little effect. on the( ad.I
crorresponding uhtpm was 15 minuttest.' sorptive properties oif the carbon its mesuml-l in tlie

hlboratory anti by chamrni tes4ts."4 It is almost
PmuRPRnArmON "' crtatin that the effectiveness of crarbion garments ats

lilt. rapidI fleerE'atf' in the protective properties Eof evaitutetd in a toxic gas chambner will be seriouisly
carbion-rayon andl carb'irotetl garments on wmar imanre by one or more' laimnlheringit with soup al-
is duep in part to the loss of carbon, but mostly to the thouigh there are no chamber dlata beatring on this
inactivation f the crarbon bky perspiratiom. M~ta olb- point. (;armeitts laundered with Kalye-A are ef-
tained following the serond Marine wearing trial ait fetctively eleanW4d of dlirt, oil, anth rosin, anti, in iuhli-

* (Camp Lejeune, Nolrth Carolina, in 1945 show that tion, any 11, IINI, oir iIN3 awlsErileml onf the carbon
carln-ryon garments (Type 1 76) after 2 uwk.4' is nearly completely remolved.1-1A-lC The tensile
weair providled nlleqluat4 proltectioln for two I-hour strength of the carbion fallries is nolt materially
expolsutres agaiinst. 11 ait at eoEneentratiom cfi I0) .g 1. lesAsened by fte laundlering treatment.' Naceromuol Nit
New garments prlltert foir an average Elf 4.5 exipsures It,:-. bieen used tol laund-r earbln fabrics, but pro.
against 40 pg 1. Carbon anatlyses on thep same gp:- gresitive loss Elf activity resfults."
meats indicate that ajljlroinmtely 22 per cent. Elf the( Early British wolrk shoiwed fte Sphm't Iiek petN
earbion was losft dhurinig this lK'riotd. Folhiwing this tritiflin timies f their carbion fairiE's tf)li be eltively
initial raplid Elecremute, the loss in the protel'tive unaffecte-Il byv low Wsiling canflifhle ElrI-ch-eulning
properties f thep eariti- ayoEn garments fluring t1w solvents smlli tut petrolleum ether (hip Wll) 0Cr,, etr-
siilowItje.SInt Ihirt f thf, wearing trial was in prtipor- blo IE'tritelellritle' (l'p 77 C(. fir trie'ldor.thywE'nE
tIES)I t$- h"4 lsf carbofn from the garment. In the (lilt K1 Cj. O n thp other hitad. Elet-alim (lip lIM C).,
eafe Elf fte E-rlEln-c~mit(d Ifabe~, carbofn analyses in- and at pe'trleum fraction Edistilling aroun#1 IN) C
Elie~tE'El oelI-ha~lf Elf tIlE' earlwmin tit Im' lEost aifter 4 week' E'ausefl a nmajor loss in lenntaiim timep.' 7

T~stl.l 3. (ittunlw-r tt'," , itha :,,,in~,tit twE,,igft *,4 wontfl eartum.II1uIEl tnlilt"

Chmsitibt-r e'xHw'tim l-m Isfr n k 1"1111E
Viol f%2 wochos' ift.,,r 4 wfv-kw q,,'nr 11 w-t-W. wenr

X 01l. chimlm3j* expoidurtf'% 4.5 f-11P. its 4Og I 2&.qp. it. I0PX 1 2.2 E'jiS. pig~.5 I I I-XII. Ill.,)Ni I

I111 Sul~- 314~ Itlw'

%RIh. rhisixlu't~i rfi,.ti" it. exp. t P20 px I .... 1.4-gs. '.s',,~u 'I
I; fi .sig,,zim il aa romft Ionl ..... 514. . .
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I52)ETERIORATION, ETC.. OF CAR3O'4-TR E T) P 'RRICR

04 'esrhem..e'etA fashideA have' hlfe their If vapor ilitta indleah te'urnielite 1411ljeI'1te top liVe' eye'le', 41f It
lienetration timese rreiil byv over FA) per cent after similar nature will protect meiti-jecta for ?A5-44 per pe't
Ipeing mprayeel with at light mac'hine oil 'ir kenfee. elf the time new gattwnti. will protet1." (ue'atri
A~fte'r soieng the kproeenerntaunlnatell fabric in l'' feotid itt proltet for apoi m tately twoi-lii'el

te't rae'i-,11.w Iylv'ie', tolilene, or lowi mnolecutla~r wIhIelt t he tilm, cIf new garnnent,. wim'i lamidmel'r oumi utlr
aliplittle nlceilseol,, aind air itrylngx, thew' If gwe'tra- thew nlove eiffimellt fll c It 1)11011I "cale' 11114d won Icy
ti;mn tit"' were ruic'e top moe* than their ocriginal sobljectc expiedee to 11 vapolxr under the usual 'hitin-
Valis,.. 4  her ecoudeitiemc'.1 Vnfler plant condeitions., INi' 175 F

Chtambcer tesic have hxem e'arll ewit 4m peeice- lauineering valt"c exesse~ive retmoval of the earbemn
roatt garmnents whic'h wpme exlxmA'el on subhjecets to from carbion-rayon fabric,.' -. 4 For these re'asonsc,
11 vapoir until the suits faileel to protect, latiflel laundering at 1SO F is l)refezi)lC'.14

w ithi Kalye-A (this treatment precveil Up he of rela- Other rapid niethexls for the ele'ontamninat ion oit
-Ilv little valute in thtis oie ease), anui again expucceeul gairments celtinlinhltel with thle vapors of 11, l INt,
..II I II sutls Itileilo cprotect. .4euking tiw' garme(nts or 11 N%3 inc'lude (1) Weiling with water, (2) Immerseion

in frielleroethyleie renetivate'el the garment.. cef- in 'oldl aalienito .usi~e'nclonci of it ehlormiue such its
fleie'ntly mil that M1ojects were Protereteel for twit e'x- R1111-194 votaininX mitlium earlcumate as it uffer, aund
wImsircmin~I tile chambher eomjrnrel with an eoriginal (3) immterioe in bleach clurrie',.' These treatments.

vuiltie f three' .,- elnnot injure the tenisile pro~perties ert the fabcric',
ant ma li ofvalue for the dl'ecntamination ecf ear-

m1s DECONTAI INATION OF CARRON- liom clothing under emergenc'y e'eneditions' in the

(ear~vn garmentst eemtamlnateel with either 11,
The rmovalf I Ifromnacarbonmfabcric lkva I 5-min- IINIl, or 11X3 are .eelf-elcetaminating if Pterel ler

itie Kalye-A laundering has bceen shown top Ice most a few elay. under condcit ions o~f high hulmielitky. In the
eonplete at a high temperature (175 F) with 0.5 per catie of IINI anti JIM, this proess is qjuite rapid
celt Kalye'r-A soutiom; if a lower temperature is em- uneer 11'aho'ngtom immer cemeliticmns. Even with

* ~loeyel, the concentration (if lKidye-A sheouldl Im in- It, ho~we'ver, storage at 80 F anti 95 per pent relative
creasoel.' Fabrics which wre treated1 with five e'ces humnifity for 7 tlay.. causes the "active" It content
of cemnfaminutitm willh It vapor anti eloecetaminat ion of carhem-rayem fabrics. coetaining HIM1 pg/cm' tol
with 0.5 per cent Kalye-A solution at. 175 F have ecreasee to 87 jig'cm". Noe promounce'el lsse of It,
shown little losse~ in their ability to ndcsorb 11 as sehown iINt, anei 1lN3 occurs t.t relative humidlities, if less

by retnion efflcic'ne measimeitc.' ('lamper than Mo per eent.e
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chtapter ;209

LABORATORY EVALUATION OF PROBABLE PROTECTIVE VALUE~
OF FABRICS(

Bly Il1mcrAd~ots Stifd 1l(Ikiff eA Iwn

29.1 INTRODUCTION on the test paper relesen hydrogen chloride, which

T iRCL myrrl(rlrE, o a Nodsie in rnctinx emAit"' the IIppeafrimept of at Wlfe color on the testa man againt vemicant can lbe asseetaineil only I"pper The "protetive time" i the tll~ ip ahoing
hIy nie) wearing garilts math' of the falabr, in a efore the bluie color ilevetlopsI. The proediur is rapid
toxic atmimpher tw nter reabsnti r cemelitioms. Jfepw- anti nt clalxwate equipmnent is iecc~tary. However; --

ever,ta lalsomtory me'thvxd foestcnipauing the pritiojoi. in the cootie of da essnlirenk numbepr of ten.ts carried
pmretive valise of fabrics i essential ats a guitis- for stiut. ,lfer Natitmald iterenoe litesrarei ('omnntilte
remiearch in the dlevelopment anti improvement of [N DIt(1 cftrats,2. the nict hodf wits foundc to have
protective fabrics. 1Te' ultimnate fobjective of this sed ti imolvantaxes. Ini particutlar, there, is it very
reseach i to producer fabric,' that will proteet mn large ' ty-timliky variation In the- results obtaindl,
for it reasonable period against. the eoncentrsitions or( andI A 1ijantitative nimtoure of thle amount. of It
mustaroi gas (11) for other vesicnts which are likely deptoxified! or penetrating the fabhrie is not oh.-
tt In eneomint*'red in the flti. Howev'er, the imn- tabooi 11.
miediatp objective in to tievelop fabries which wi~ll In a test. developed at. the Naval trsearch Laheront-
withstand. am long am possible the inevitable dletererni- tr (N11LQ, air saturateil with 11 at .1 C~ hI kept in
tion in the protective value of at fabric which ocur miltion ky it fan on one side of a fabric seample Its sit
during mi.mge, wear, andi latinderitig, lwfore it in em in area. A curnent of clean air i passed over the
calledi upon to protect the, wearer. NMany fabries are ther sourface of the cloth tt the rate of S(KI ml 'mitt,
sufficiently protective when first madue, but this is not and carries the 11 diffusing through fte sample Into
onifficient. An accepiable faboric is onei that prewitles a bubleolr containing 5 ml oif O.O0IN autric chhoriade
a esoerve ngaust ile'terioration in proteetive valise. 'soinm. Each bubbller lot eqivalent to 0.0 0.0 mng of

A laloornutory method for evaluating protective 11, thernil point hoeing dleterminedl potentiometrivahly.
fabrics4 ohould make it poss~ible ft determine quickly Ther operation is repeatedl anti, fir successive incus-
and rather euralply the capaceity of the fabric for u~reinentso conentration of It in the air current hIn
detoxifying or adlsorbing If. It shou1l aklso indiicalte plOtte d aist time ats meassureil fron thle bteginning
the eficiey or eioiplet-ttcso with1 which thep toxic of the test. "Hieuk timue" for at sibmple Ist the INrlott
agrot is removedl from i nirmtromm pns.ing through elapsing until the concentration of 11 In the air
the fabric. rentloes W0 ,g 1. The humidity of air passing over fte

soamnple can he adijusotedl in thle N It! procedoure, anuil
2"2TRST P11MMIRFES tile concentration sof 11 in thle apoplied air can lop'

readlily varies.
11'li n-u'tJheuls availabile frmm the Anneul SIervieu' The Nit!I, liniutir' wax ofesigneff in t he houpe thlt.p

icud notl prove tot Ise entirlny natisfetrs 11we Jiritimh it woilil euoiwsmpi most- clearly ft conditlios en.
Spottedl Dirk test was the simple-st prwe'dolure avail. couinteredl in actual warfare thtan the (he,nipal War-
able, for estimating the protection afformleel bky penne- fore 1Servire [('W83 d1ynamsic test ileserilsicel below. lit
able materials, findi was timped early in the vloth-testing thep latter, air is foredo through the dlls, whereais it
ptsogratm.4'0 It. is earrivid otil byo placing it drop of If hil hoenr found thtat. when stir Momeas uinst cheat Ii, sic
in so small cavity Iwesitl a sample eof the material in a strong windl, only at very s~mall preopertion
tea 1w evalusitede. Ilhe cloth is rovertel wvith a paper actuulky pe'netrates the mnaterial. lieneiver, the XIi,
Containing mooediom carbotnte, andI this ;n tilm Iss prmbirlu hoeiam hst~ee pe'rluop" 009e greatest-
eovereul1 with a It nflifcator oiNIIWV eminting of ('tige fof whic'h is that there. is fill wav of eeera'ni,,g how
reM Imps-r mquattedt with a ehluramidle. iDiffttiein of 11 much It has bepen aetually appliedl or ltn've'nted from
tltrostigh the fitbric nti reaction with the chloraisie passing through fte qtmlt anfd, 4eoneequp'tly, fit)

SI'XRET

I .T



531 AIINATE)RY RVALVATION (IV PROHMfl.I9 PROM1HVI'IETC VItAK OF FHIttt

Wa f deltr~ning the effirienc~y andi eapeity of a dkynamic- nicthoowi a dr,'e'rilso'd in Dlie 162,3 to I;
-Petetv Material. deptermine the canwg'es in irtention effiriency witht

.~later prexwediurn ev'iel" at the YXIU involves Intmaart application of If ft the fitbrie, Aili t) dif.
uppl.inx a menatiiare mouInt Eof It v'*4)W ft tar Stifle ferentilte i'lcarly between the M'ention r'illelcney aisnl
of ef it liermea.bk' faboric And measunring thep amont; tile capou'ity of a faisric' for cietoxif::ing If. If ie(-
which ,cIiffi'U'I threwIgh. 'llt' neiltto of( this te~t have Itentenco, we're piaceul fil thep Ms1' tret, it low hult
lwi-'n eemtnpel wit!, echamber dlata; fthibliogratphy aec'qputo' ea'ictelly In a fabric wouild smentimecs ohs.
$1101114 Ili- tconwilt.E fer a d11islem olf thim'i( clata.1 14611W Ai 11g irtuntion, e'fl(li ey, ulh' il till.u

In thel (' Oinamic me-thod, according to their uifutilky high rapacity woulld i m timNi ollifticuite
Dirre'tiv'e 1612, Stir M) KF) per rent saturatedl with It, dangerously low rptentiemn effic'iencyv. Te14 mai( by
e'artying 1.07) 1.20, or, ott flhe average, 1.13 mg 'i, ist the ('WH PethoiqxlidcZtim that $411 Ww si-io~fr
pI&eL--4 thouigh it eSmple Elf Clo1th at a rate of 2M1 ml tot ('(-2*1 it-, anpnregiuite, ailt hough, in ftlA't, 9-f IM i
o~f air,'r minte4. '1114,'m theave-mgr,0.23 mgof If less effefctive than is (('-2.
lasm1 iio lte sample per minuite. Thearea oif the It Wit felt that, a sund~l teset tntthwil wold~ sho4w
1316l' 411t, fu'4 dil M)i 14Jtin ttimefrc Anhe d 0. ir ' tfllip po ivf cfo hne alti'a the f brio fill the
filltAt, f'NECl it, %V1h ilirti'u 6''lill16,6, tit 0C. he proigrccleivcI han(no n fi iii'm t'llip' f te fli
64pret itit 1" 6r "miilnce time" is the periNil claps-4 active apet. wis exhatittei. The objective wits to
inic liwfoi 4.8 mg of 11 hus peneitrzsttl the sample for exprs.q ft- recults in terms Elf the t'ffetwteniem 6)f
fabpric iiitlt-r teset. '11111 14 thep time requiredl ft fie. i mov1inx It from tin ai'ln-m (retention r~eeflh' )
etiirtzt thret' 10-nil istirlion of 0.CKIN posttL'dim for ft- alplie'atiol Elf known amounl~ts Elf 11 IN'r unit
dintionute in 2) lier cent mdtflurit' neidl At Ri) C. It ii' Area of fabIric-. The( methodl whnc'h wit" ultimately
as11411lmE inht i .6 mg (if If is requiredl for the die- adlolel wE !-mtwlying the'se claaraefo~ristiem ittilimodl
t'ileitztion of tint bubibler holding 1f) ml of thec tilt' tlrt.h",.e titrime'r fo~r usw'ertaininx thie Motn.
flieliromaite Pelhution. TheP p)r4tc'tieln time is tit', uugm tio elie '.ey And cuapaelty of fabrics for tiettxify-
Elf thll times' ru'llireel todecolorize eaub 10-mi psortiem, ing 11.1
Icem 22 minutes, the timie rtEultil'N tit delt'ixfl the 'hue retiti fof iremine %vith III provcet-41m through

*thn-e plrtiemif When noE sample its in the fabric foormatiemn off an adfelitiemi prwiucl which deomlme1
holdfer.1 slowy to) flormn thep slllfelxle:

The ('W methfxd makec it pencsible to1 Assign ttl *1 (( '1('II)r4 + MIr-.
fabhrie a single numt'riestl vaip Whichu, it wits lueiw' i, 1120
Uelluiel indicate the llritet'ti'vle ' of tit' fabric
wit'tu worin in anl stmohe n-tl~( contasining It. Tilt' In thet Nelrtllrp titrimeter, 11 frolm Aft itiritrvam Is4
meto i~ts dvel4EEV'opetI int "ponsf1p tit it thsire' for a aiceOr41u ill at h41lf cll containing 0. OM stilftiric
preweelu11n' where'hy seamples could lop rapidly And el mid in whichi is immersed it platinum elte'troetle. T1im
teittincli' M'IIMAtte. Tue 0101 me tho fer certain elis. i- 'e E'dltuncelt'E I t stundardl half mi'l (silver 4'Iec'trINle
Adlvantages. T1-'An it i.f tlt imple i11 stieiu thint it in 0.1031 silver nitrate) with ailt lci'ential c111111 tot

11113'nei liw'e'n ftctsictei oobtain at tnifono elisrihtiemll that attined at tiuwend point eof thtt- lromin'-nuis'earel
off the airstream oiver thi-suirface elf the' fabhric%'.m Thfitratiem. Sine the additio of bromine its Ifis not a
mnethoit 'f depterminig the colmcentratiom it( 11 in the re'verseible e~izte-elu imreaction, nit 'cIetiilE'
airsetst ice ratier reliable fewr Air highly scatuurateei poltential id set iip in) the titraiom cell, even int tilt
w~ill)11 II t. the tacclrl('~ elf thle dlichionute teer- pro-e'e' Ef 11, uintil an ex(cess ef bi'rmine ling1 Ioe't
iiiilatici elf 11 c e'eftEttratiting olf 10 .10 #Xg I isc nil stleleel. The ilrettv re'mainsen lJtliilil tilt' endl lsoinL

Moepol. Ex!(trit'nel has.1 sho6wnI that, it is not fesixilde tel has IN'E11 execeleel, Owne'it an larg' liti'e leitE'ltil,

-niuelify flit, inethieul, nit by lfuenging thE' ime' eof tile iefit-wnifint tin the'- fir" fir rattiel, illst oill). .% c'uirret't
Nimpie, witltimit gptting i3te sE'ioelmis liffinillty. then filws threfigh at phsvanalmeter eire'nt, Soide flipi

It .1-f'ed thait tiug, ( W!4 fivilliie itoftuwseume in hurII'is'oedeihrllnual l itiftmaittie*ully by
princ'iple, 11111 e'outfli w impl'eIil several re'iEuw'Etid. tw'anx elf a plitmlee'Etrie' cell send reay.1 2 'flit- 1111'
llmiceue ftIf 1114 that unifewnly3 distrabit'df oelEr th~e feend t it riteter WSWd (4ejuipped4 Wit1 ill 1111 011t llait' rf
ieatlet till, extent olf re'ae'tiean withl II vipr in dif- corings unit, whls'I mnarkeed I he ol;IE'litg A1nd6 Oweling-
fe're'nt ~tiem,' ofix ths.mple eliffevIn w~th fliffeirnt ef 1w uet e fprt~lcv lu rte'velhvinga*t it
proitecetive auge'nts. It is nit peliKsillie, with fte(I C S ceiitlfunt, knolwn -41)(441. Tlhpe intlimrent gives 1110
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neenihh1tI' illt initcs rititinuitre l'I 41f let e'~i- it cineititim tif 10-;A) jug I altc lie e'ncoiutit'em~
vI'~litinh cif 11 iii Ilte air %%ij )ut1 hs pl-W.'4I through its te fielul.,
life fabric. lyte' its little lxtmi% fuor It jilidgimint i too the. 11)41St

Thlen- tire I wo iibjcettives in siettinge np it testinlg mi'liie nte fit tilpiit di If andl air 4i he fabie,
lhil hul14l, lvliiwh!.t miwiv 4 tc'aat itltinliit iltit' with raic primarily lieruaw we d.W tait knipw ait what rate' air
Mitetr. Iln )ww lSi it tlil inelwtlwt 1walnchl a sample4 Iwi"Ss's tronigh it Wmrnnt, wirn by if mijan mfliing in
Cm1w I'e valuates; 1-iejhil.lv tilt- iter is top 1e"t thpe iir at vtflhltIS rates up too 2o ri"11 .'nat' w fulltc'rae
fabric aaith air -u-mtain'aateod to) thle level Which 4i Hlcav through the, fabric, twerntiitg top i -t tiltlant
nma. Ife *v;eteo in the'- field. meai mtt c*.,nve'nie'nt, (ipamic cwsI 114-4t," is1 fjj~ky It fV tl..,,'caiawths oft It
rilalecIllmi iin off If % ,itr fir tiapid le'tcrmnination is. iniii' ain haInir. Thii-, intiv wem top1 l mn'alist ic*, atiaci it
1L1s ill thec ( V*A inew'tul. MN) I .21M),ult I off icir. whereas mighlt sreni that at .salcier in tilt- fWfet0 lll lia
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neirmally lie in an atmosphere tei nelirly static. (i in whiech th1e f'once'zjtraLtjon of I I is sittijizir tot t!;, vu-
the other hand, it well msi'.lip that, tile rate tif iir vounitereId in tile fieldi, W11s e1A41 it) flip Ittig jf
pE&* thltigh ai garmnent ina af this' tlinier (if magni- baidly aeteriorated fabrics, the 11 M-ti'tiout tof which
tudae, even when the intli Pial is walking in a brisk were m4 lo~w that no significant !etOulttI could Ix-' oi-
windl. The .ituil nrate(ift airflowt thrugh~l the' ample, ftame ait it high mite tif vesicaint npl;ilct-ii. III lud-
under (AV Di ireetive 1612,6 ist not known, sineea tit(- dititan, intformaution natv obtainedf alaalut. tit' re~tenution
nift varyies ait iliftpeit ftifinis in flip Qample. If tlea' hajences lit Very lI II apjpha'at ions of inaterials tif
aljstriiticn iierv tnifotrm olver the whoea atreat of tli high vailvaity, liltllich measiiremnt tit lf it- est.
Wimple', it Wold I 1 I ml Mini em" of fabricr. paiieis themseilvep nw not praaf-Itabh lit rao lowl

IPtr the NII'titrinletee methodl, two ratesof stir- tin apilictiot ilat, bieause f the, tim.' n~iuin~I.'
flow~ were ultimately ehttgen, i.e., 20) literx per hr or 41 'flit resuilts of thip fit rimeter methol tire biet. ax-
ml, 'min c' (exxtwt(l area of clthliota 7.5 enil), and presscal in the fornm f it curve. hule amount of 11, til-
4.5 liters pier hir or 10 ml min (m!. 7the rae of 11 plied l )the( rample in milligramp t ofIt per squliare
lipplietiin tol a tesAt smprle was i'arieal not omly byv a centimeter elf Waidre, ist plalttel esptinet fte contentra-
change in tie turfhl w,but 0151 fly ttifg theeroncen- turn oIf If *;4 tile itir which hats patessefl through flhe
tratirn of v-escnt in the itir at a ie aeo trw samiple. Values indicating tile capacity of thc- fthrut'
thiureigh the twp of( ai-u-butyl phithahiti' to iluhte I-thiaat tiny st'lectecl retention efllcleauy maley lie rnatl fromi
11 iii thlwstiorittr, ispre'ticed ait the cNaval Itersearrh thle curve. and tabllluitril for ready comaltlriseon tit
dLaortaly. Ifv it Combimnation oIf these two) devices, fAtrics. Typical diata for various fai" are given iniI

is wite ningp otf ap~plic'ation tfltes was t'iwitilzihlt. Of Vgnre 1.' In thin figure, the' retentionll efficitency is
these, the( preferred rithi's were: tin airflow or 2() litt'rt (4aaIl to 11K) miuii one-tenthit ti iaagrinis Elf it
pevr hir t brogh, pare 11, whtich resulted in tlit- alpjliaa t- t-It eflentf air.
tit of ' oMatf If (0.0.3R mg) pe~r minute tntieli tiiittir It it lie atritrriy asumed that flueip ltiiy Elf It
eetiineta'r tit claoth: or ail air Hotw of 4.5 !itars per hir fabric ir, ftta amount, abtrlived before the taliteentra-
throough asohaltion f It in dihlutyl phithahtte, camfasin- tion in the( air passwing t-hrough it exceeds 11) #x 1,4
ing ablout. 0.2 mole. friwtiaon af lit- former, whiaeh pe-r- then iba' fabries referredf tot in the figuire hasve aetii.i
mitteti the atipthaittii ta t a sample alf about 2 A. tiesA of ablout, 2(X)-2,fX)O jug'emW * During fte aplulicat-
min em!, The fliat set alt canditions, ua'ael for routine tiaba of most tof thle 1I, fle eatncentration of If vapotr
tests, was rapid itni gatva satt zsfaet-y "isuta in the in tfflulet air was 2-3 jug 1. Tints 990.5 ;x- e'ent.
evahest ion alt matteriatls whua'h hatul ('*iptwitie4 f 2tXJ for mor' f tha- 11 applaied was liig itsaorlietl lky thet
:uix e~mlivil higher. Thuc'sec-ond set otf emlitions, faibric,
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®R(Chapter 30n

EVALUATION OF CHLOBAMH)DE- AND CARIBON-TREATED P~ARIIICS
BY MEANS OF GAS CHAMBER TESTS AND

FIELD WEARING TRlIALS

Hy Wilkins' kteta and hompier AdiAns

30.1 INTRODUICTION All wearinit trils and echambeor traee in tii

~T It hlIMATI: A?414VXTIf th II WIAcotif~fe '"ntry hawe-liecit earried mit undter thes mul-ijritian
Iandi protective' prcipprt ive if ;wiitbilt protivi' If( t he Atmeetl $cSe44e. li'entiuse cif t he tarmin unlieri

fab irs ean l tnade eonly e'arefealkv masnned mul li "i-i rtpie and fli legi f tt-hitlt'ii liiiti'i1
exenc',t fiel t, 4 . Field trial-4 too determine the Pro. )- o (ei itfo KeI oelt o 'vhuoial

tertve n~ppti(A ti gu entsneroquiy lrk pe- a ios too undertake this typeo of wo~rk. It. follotw: that

OInions lo'eattt' (if the. insmeiilolity fif M'ttiflg up u thiu- i'ter I 'pie','fto it reiwt for the %oirk varriede
(tin t'ie'ntrtltaimt (of eiensinl %varfarean,e niter 'out byv the ('lemle'tt Warfare iServep E('WV3 antd fth-

gIe' taid length 4f timne of p rtit'ie p~roii'te ;,k anl lukv INe 4'ii4 Oihtluon iin o nittli's lit Atruetillt
wtrnw'ntg against #he t'aspon oif 1; [bio t(enw'ithoj 1110d India. With few (I eptilne, nemeIP or the aa er
sul1fide], UIICtybiflcbntljmn, and t nee ("I 'I lntIee~elesaeh(onnte

11X3(Irie(-rhew 'thl~a Ite aveIn hetleter- ~
minedl ty expsosing humatn tcubjerts, weaving tix- Xtr.
mwntit tW lie tested, too the vaiscrm (of the cheiial 0. (A liIllTFTSO NIW;

*agent in timxle tif ehamleers undter stidartlizeet rm-GA lk lF. TVS O NE

dliitins. Thw. banining lfr ir'tirait( rhanlocr 46ts PEl'RMEABLIE PROTEl'CTIVE CUWhIIING
time-crnsumuing andi requires earetul expwrime'ttta 3s.2.i IfltiWicin
woirk, bunt the remultst are believed to represent a mwore Testm in toxir Xasc e'hamteerpt are carried foist Ik ex-.
relisible estintitte cot field rx'rfootnanve tit data, tilo- irsifng Is group (of six for eight. men too ain atislytiftally
tainc'it lky presently iiehItIMIlboratory- methil-s. deterininedl r'meentratioin of the v'ajirof the e'hemie'al

A serriesof field wearing trials have been carriedl 011t. agent. knicitaIky 2040R Irg 1) sit a itandardl templerature,
unthr ai vaiety f climatic nitim too thtetiiint, (ustuzlv 4X) F) at a sttandard re-lative huimidityv
the' otuititbility Air fieldt use of viirioIS tilte' aind (11sually 615 -85 per ("It) in aL 23l- ft 1-t Chamber.
vituuuitatitmot tof ,eermerable protectfive' larmet witlh The men wear masoke anet art- fidly clothedl in thes
respect too durabeility, ,*tnrtort, and rate tif leesqo for protective- e'lothing. l'aels Inist ito expoeseet fosr I hiour
inativaties tof preote'tive. .agnt: atit poide WWIIn am eitther stuc -sive tmx'scor e'very (other dayv unii he
Xim'wtv foir e'hamlwr elihiAuioL sehfis an eehm for a nosi prtfomame''L ihy ei

New prohlnhive panwnt of Isiah tw h"tlewttnite' et wtiam.a athe's nun" amre 'puwel cos ,qsnrcq%-p
awle art ivatrel-inirloom typwe'stalde sutijert,4 ti or ex- f layt *o aic too uppiriemr the plky otoglea vw!' point
pocoat withul it r harm taiemveral times tife lethal flowt with rauitie n ls eeu''i s eirbet

ofIIiiw ('heuramuateo' garments aIre iInfeIr II keep thmiIn it toxie chamleer fir mwore thatn I hfor
lpreteetingi limlihet thme villters of IINI unit 11N3. ut at hifl. ime nuitt ailce tIn- aliwed after *'at

* ltth tylN's tof garmsent% etecrittrnte fin weatr at it rate cheutnir expsurr for the lesioins t tlevelcip. The
sowli that thme elowreeanti time- of prootectm masy he- rlattive prooteetivt' vuest- oif different ftriv-s awe
inistc-tinaue sifter I wer'ks wear* gnter serven' ceeneti- e'slimatcet lct~iiuj thr ,r~l *fl oirdise
turnso. In general, the elirabuility scull wearuability osf whiech the wearer doe," nooL. sffer tiny pinctiniee
protertive garmvents, :re sucte1 that their us". uler plivicolaidrl reac-tiern.

fieldl cemncilitiems ill tw'hieve:d Ito lot- l)rae'twa! ilt"6Ntt ob~tinee in intin-Outuilorbrs sirt' iliffi-re'nl.

k liy'aelrn1enh." 4Wr"nfui,'ftric-0 W oreweisnumma frism resuilts tolitaitivl usiinxg jniilr rh'lc,r in
"fteltflm-n~fl..r~ewe., f iiii. wv cocai,~,rs coo,. whichs tiky a pacrt sof the Issly i xPeee.?, This' b
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duep to) sVeral fjactors, ;'ne of whichl its tlip Varyinig sorinlg 11 frt!-n it satutrated itirstreani in the lal Nira-
Pk'nsitivity of diffirent. inkrea of the bodily. Arm- tiory is if tOhe lirdlr of 1 2 mg em! of labrie. I ndter
chatmber results tire coinsidered to) hep of value for chambher cmnditems, only J5 -10 ppr enEft of this
se-ning faIlri-4 prior to) examination in at large capacity can hep effectivelyutled'"
chamlier, but they fil not serve ats it substtitute for Thll length of time for which sulbjects atre protectedl
l PMsdltA ob0tined' in thip latter. deps-nds flit thlt numbewr tif layers, f lroteiv -Asot It.

Inl discuissinig the resulfts of chamber evluiatioln, it Ing worn, the( t4'uithlEratttre, wid velocit *,V 11.u1t lye
di-Atinetion is mande between the effectiveness of prFo- humidity, extent of lN'rslpiratilli, and activity and
terticin and tit( length of the ppriEi (huring whitch fte previous histowyi of the( subijects, in addtitioni to tll,'
garmentt will pirovidle protection ("dluration of protec- nmany variables connectedl with tile lpreh-trttioiitof
tion"). All types oif reasonably effec-tive npw pi-r- thep clothin~g." With stibjects wearing untreatedl
mevaltle protective garsments providle practically corn- clothing, thep severity of expsure under as given set
pletE' protection for tit least 3 hours tunder the usual of experimnental condhitions appears to be lpropoirtiotial
diambeir conditions against It vapor, andi somne of to thep concentration of the chemical agent mul11tipitll§
them protect for toeveral times this period, byv tine oft expossure. .Wailable datta suggest this re.

Even under the best oft circumnstancem, a certalin lationship is also valid for subjects wearing carbonm
smali amount of the chemical agent can bep expected1 garments and exposeid to 11 vapor" but that thie time'
te, penetrate the permeable protective fabrie. With of e.poosure isl neairly independent of thle It nce(.lln-
('(-2 imprnegnatedl fabmics andi If vapor, this leakatge titin in thle rngeof 10-I9M gI in theraise of subjects
itssoffitciently large so that the enol FAlint of the chumn- wearing single-layer (X'-2 cloth~ing and expsolsed ait t

hier test istitle to te iminltive effect of the!11 which 90 F andi 65 per cent IIL"
has penetrated the gamnwnt. at ena'ii i'xpooltr. O nly
at small fraction of the ('(-2 its ited4 up, anid a new .10.2.2 AMan-.hambiv Tristo with If Vapor
soiljeet weairing the exposed garment in an It at-mos- The results Elf chambler expitsures at the( Naval Ile'-
phere will bep p rtee inearly its well ats the o~riginual seairrh Laboratoryv and at Eclgewixllo Arsenil [EA] Y
stiljetf. The protection provided4 is title to) the (N'-2 air sunimarixerd in Table 1. The average umber oif

* reacing chemlically with the!!f and con~fverting it into) exp~litn's isgiven foor whichfi te first suijiets wearing i

practicatly nonv-esicant chlorinatedl !fnd EliCHizeEI thel test garmeN are protected. This correspll- tol

pji~ticts4. W'ithu carbion fabrics, the protection pro- a "man break" rathter than a "sidt brettk" Since' tile
videeil is liep tos the asowrptiona lf the 11 ons the Earhotn. Eieirilly impregniatedl gatrments wouald pfl itEI*
Sm11l aImoun1ts fr adsoWrbed If tire IlEIEI iso tenaioutsly soeond series oft subjects for an itp~InlTLtE'ly 14111111
that nfp injury is prodlucedl even by jirongeml closle period Elf time.bE Rtesults Elbt4tinedl in twot differe-nt
vinmtact of thle skin with the colntisminatetl fabric. chamnbers seldom agree pr-cisely Ilecatiwe Elf differ-
With larger amounts, thep vapofr prvc'fiare incre'ases enices in thle ronstntction andl Elpefltim ti El the -

tdlstich to potint thait It Iignifleant aLM~snt may migrate Echaimbers, the meolit'al examinatiotma f thle subjectS,
fromn thle carbson toit' 'ie' skin, either bty a vapotr trano- tind the general coinduct Elf thu. tests. In tile table,
fer mechanismr oir by first being extracuteil from the- data 4obtainedt with cone-layer clothiung plhis stherts sin-
carilon by prspIiratiein and trunsfermvl to lipe skin its evimlineel with than om feIve~ lting alone,
the 41llilel tte. Afte'r this point ips reachled, thle sinic e iffE'renEep betwoen thep twEo an- smnall. MItMI
carlitm fabrics pnlvidle relatively little lprotterti-m Ei lf p he raks ournr the biIack, luhielt is prdlt'e'i'd -

anti, if thep falwiE is nEot lecotaminatcol, a new met. Elf in botht- testis bly a single layer. In the latter E;ISE',

subijectso wearing thu- clothing in ait stmsliotprre. free serotutl lsinis As eer, atilhogh they often deIve*Iop

Eof If may flevelli) a milli erythenia from the IdeNNI.'y Vpn, slo1wly. Not distinct iom is milE' bet Iwf-n teAt ill
adoltfrbedf I. TIN' initil amt"int Elf 11 vaguir puiwiizut- which subljects were exilonaEI every, ilsy ans I those in
ing at new cda'him fabr is' less than that penetrating whichs c.postsres wi'ni every second Eday. If expoen'sv
a new ('(-2 impregnated fabiric. .rrconlingly, 'he. were spmued sutlivil-itll3 tar jArtr, thc'ir eff..cts. neuild
1e1 il int 4f the- chilmlvr itest is fluie tol the aE'tivatl not. lo ti uistive; in the Edata ecinsiderecl, hionc'vE'r.
cnaon ving adolmrbe'd fo inmlint efi vesfiient it its lilimbe' thkat. whtever Eliffe'u'ienef' exist. ant-
v-alstr much th~at at signifivant fracEtion is nilt firmly within thel- expl-rimndntal error. 'flit! a'oiienit iti off
heI111. 47 44 II4. 1 was, not kept conastant in th I gewesl tA'stfs,:uIi.

T1ve eapaE'ity l carbson atfd ('(-2 fabris few ad-. theirpuivblihoecI results give conly the average' CI value'
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4.%% CIfAWRKR TESTS ON NEW PEI M14 111. PROTECTIVE CUAITHIN; i1

TANIC 1. Dlscnacrlmiies nnIsssecksislt s tlaSit eirts ecac'culsagtsu Set nesw ((-2 wSod'gsrloom sstwsrss't' wills ,'lesst

"i (lt If slsotrss

NuAireemy:ii (Itr ('V.?,m (ID ('st('()11 07

peevm': (11) CCV.2/5 CPssO7S 6.720g) M 0.

Army:2 (.rnIrll qCse'en10 CaCw.es (I 1 .11(19px

for .1.2 T tit 0)

Nis vy: (X'*-2, . P ,n0'/7- 4.3 (20 Pot)" "
IT, 3.7-3 PVA)

IP441 (100i ('('2 14) ('nV( 75 144311" 1,110 41N

V'(-2 nqtwnsvswjywtsm. lesw blucder (IM 6. 1 (20 #%p7 0.4
('('2 25Z7toO05('l2.35PVAl

V'2 uecwmsew .lriu'wlesmw ,issctt OIl 10.6(20#gP't04 700t lIlN1t
('('2 25CP t0.rrolchse)

* (MV2 Fetms Prios'w'w. (10 ('('2 10 6.1 (20P02g~ 13 (25 on' 0.5

('nrlietto-'mnles i (N-14 miurlassti, 3 (2I0#07) 2.2 00 ept)a 3.3 1,10 tin
.six. Holdi (ct. numek'I)

Ctorlmvii-eerniel MTl? (N-I'.2 m.rlmon, 6) (20 Pot's 3.0 2.2f110)'9

('ssrlwImon stm'vcnts'.l If HT. Tyjs' A I 2.500emot V 3.6 MiD .210o

('icr wrsinmi~.n osidele ~Will. Tyo- 110 5 3 (M2Dgot" 5 400 win
asid 127 (N-14 u'nrlssc)

(Curlies-mindmishcele twill. Tygis'. 13Q 2.1)(4Amis)t? 0

('nrivesti-m,,v,,s dlskc'*- i Type 14R 10 + (20 jet)" ..7 I,'lorle, 2,fl(UI

'Carlmool.r.-Ye111 fIstuclol. twill, Tyve 1111 .1.4 (t W .,) .10.7

('nrhasm-nslmjm'gmel vriownt (N..492 3 .7 (20 plga 3.1 > I714NI >1101111-
CA01l0em. n:lsilcI swi1 elss1m1

* 11-4.s's is f-MSlw tIv. flmy, Nmne..

t Tc.,'.I s t. eis."d -"14 live, Sor ras.'. mswmtn,fwjlal~jo not~l. ('Sti. veai'sii.o lmtf ,nn. ah r..e ' stool niae. SIN' ..eigximl n.5.M "*I.

I I.0afaer' It te..,s.''e... narnlI -lot at low. CW-4 th.e'hesaw'a Lai6W81.5.w of at c,. 11ta"Ai.hu..ts. lss0.1",. -of 'froiplov mmoelgll is ('W

t04)silsI11 111) and'f ip~tis ningrPO'isNsi1m ntnritimiif n the sill hcaves lxin evoniL~l~ i weiverd ini ls. situil thle rettt's
clianili-r. Thpcs aivt'raW incmiw'r st ex~ssImmont Ki'e'n in arpi, tlienreri, iiesi ci a rimlstendilps aim ntc elf
lisp' taile lin iven iis'i sm'iltfpoI Fromi thes C'I v'itis acnd emxgwrimp~ti w('Irk.
tit( :csaiins'sI avpnt~r 11 eisneotaniii in the chain- Preliminary Eslgi'i-wxi Ansenal c'icimis-r flatat its-
liter. T'is caximcnin emrir ef the Xi, skft i.' iteliteve tolies tiat tim Itiysr- (if' sfilhiing prntect Asir nearly
ft IW 1f's'stgishs'rttbiy ls-4ss111111121) ,r rentt IIn tics rawI~ itf tvive tisc xri- ie sit ie inculimlA(ir (sill' fity-r pjuis

Inst (o 11 -tis .A~tin.4. With tmie Sir thre 'X'sjtimsl, $Icmrt2", Naval 11e-m-nolvit J.asmr-tuu,'y data wit Is -.iiigs,
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laye'r, single layer plis shorts, and single Iaypt ljlti ?,ai- for imnstabilized s(iIVE'nt, rillp ox'dde stablilizetl
",WyshoErtot and undsir~iit, till imlpfl'gnltCelt* ill sol4vent, anti standairdl 'ine Elxide stabilized ti twouEtS&tanulardl aqueous preiume (75 per vent ehioro- impnaticted clothing. If garments tire worn ly at

pira~ffin) indicaite the numbier lot expoosures ti.Ieiatlee series of different Puhjeets so that silit breaks, as dis-
under flip standardf chamnber eatiditions ft be 3.8, tinguishetd from man b'eaks, are nweastredi, :let
.4.3, and 6.4"i" impreguatedl guinfeits withistand( ant averazge' lf 27

A se-ries of rhaiiiher trials have been ('arriellinut e.'qlnis A', sine' oxide stailimd lvetinrgne
with single-layer ficuelms ('(-2 impregnatecd gar- gurmntts an average- of 35 eposuire", andl stantlard
mentm plust sioet to asses,% the effiel' oif certain zine olxide stalliiized1 atiic'Els stipsltio suits tin
variale-ts whi('h shotill fie of importance uinder fiedl average Elf 49 exlpolstis. 'rhe total nutilXr or ex-
rontitjlls." '" Within thll rangp (if 10 IMN Ag 1, ft(E lottres withtlml is iii lrlhlrtioni tit the initiali ae'tivi-
(Itittion oif protec-tion is relatively intlepenidmnt oIf c'hlorine cotntent. The amount (lf in tive chlorine loIst
the coEnc'entratio~n oIf tile It vapior.n At roEncentrationq fEor the different poarts of at suit aire in fte follo~wing
below Mp~g 1, the ditration Elf piEtec(tionf increases m-tStorder: ('1153w (most lost), kner, back, shoultlder, seat,z
lte cllnteeuntion of If deE'n'atses.-' There aiw' no ('h~tch (lett iE1st.).~ thc tiratiln of pro.tection alr.iiist.
similar data for subjects ithj two..laveor iletEtioni, 201 jg; Ef I I i'tlwlr js'r liter is less I half I houir Mom)'i I III-
i.e., imprel'gnatetl oute-rgariments andl long uinderweatr. average aM'Tv ehlllrine eientts; Elf fte stilts have,
Litiieda1ta, illfli('te flie ltl' 1itioln of protltl'in Nol Ieenf redut~to'd E the i fillwing jMlift-te lkv rmiXatEll ex- f
lip co(nstant irrespeetive f wl-ethier suiects r'pivp pImtire it)I I vapor: unoitablilixA solvent, (0.07 nix em2;
thelir ('xpmusore in I tlayv or, iii I'trts oln sutieesive zinc (IxiEle stalllledilimet.Ptlet, (l). m1Ig E'nV: %fill xine
day~s." Previouis contamination wit lIIt vapor lias tilt Eode~c stabtilixed stidanl acumtiots, 0.25 mng i)!..
significant effeet on five Eduration of pIIlTtimli p~r". Faihm'- (lf the ga'rrents wasE undouabtedly (life in large
vicling fte iautive ehlorine romtent of flip garmnots poart til reIrtan i tietil areas having ronm(l5em1rillly lessA
lit,, not It'em seriously SIMereI. (i,~ wet with mall thait tile average asnonmnt Elf itetiv(-e Ehlin~fe p- unit
water (lirting exptostre protect fEor eight h-hour sue'- are."

connie -xpostin-4, whereas co(ntroll sitilts anti stilts Carbmon garments have aoEt bee1 E'vatl:itE'Il Sit
wet with sailt Water and driptl prwtert for itl)rl'd)- thorottgily a~s ('(-2 garmentm tinder ('htlie(r ('tltdi-
nutely fotir e'xjostires.11' Failtire tit 'e'stonil tlie' ac'tive' tionis ftl diEte'rlilie tille Effet't oif the variablesi dIts-
chilorine ('ontent Elf ilr(giit4-fre( areLas1 stthsequet (-'usse41 above. l)ata Ell'tt~ainedl (n thel N0l. I4 Is.WriiA
tElspilt testing with fte ('IV impregnite testis' , kit, f carbln-rvyon (lotihle twills inliEate fte durilationl
11-1, (lEN's not seriEmstyaff14'f the pmElt4'ciVPeftZ~llt'it3' ofE~li o llle' In lop1w iiverso-ly pilloionaflit tile
Eof the. c'lothing." i4-161 lmtElive iflnenft is molil E'EnvEeltratitm Eof the- If valmor." Sie it is knoEwn
effective thain o-30Eintment in restolring tilt- E'f- that the skins is less sensitive tol If lo tattledr cool1,
feetive active' clorinie enitent Elf tlihea nts ie'.l ini nolsweatislg (ElnElitlions, anid til Iulsolil)tivt' illN'r- -4
the, tent., TnlE cffe-t (If isi'etsing thel n'lattive ties Elf c'trlwi an' m'slilme'(' bkv E'EHI, dlry condlitions",
humidifst w~l lt mtvty j l gni ie' it eiIt(' Ilf1Et that ('trloon falbrieA vill finilte,-" '
for 11 viopor 1is i10'"M4141N, b~ut fte se'nstivitv Elf the for longer lwrwlit Elf t ime- under less sE'.('e E'-11111111 I-
skin 6~ al-ut in('reaseeiA' 'e'mil's-.tiire- highe4r thoan coEndition~s.
85 F' catim- large sren (if the IMNIv toI IM'E'E.fe miark- A sferi Elf ('ItMiler tests have beven E'arried( ott ill
0(11' flute' mi-e'ltile ftl 11 vapiorY.14 A nlationship) Anstralia tol (valiatd E'lill tulifle-islgiKatE' l-1rotls-

amle'ar III exist hties'nef till' ,E"Plitivitv E(lfe Akir ing. fIe dla olittineil till l go-e'urtll tigmnellf' withi
Anil a(t'tiVitV (If ill' SW(at glan~ls. Maximium Ellrtfi51 tile' Ebita, given allove, e'x('('p that jitilimititiry f'vi-
(if pItie'tioni is lltain('(l st high rplative isimmiitiiv Efl-e'e w bti5IIainll inflittintg tIh' (luratitin oIf lilrt4'
and11 tnfollEratE' If'mii('rnttines." 'n". e'ffre'Eto inf t io(1n1 too lop inii'('tW'13 InmolIrtiontal ft lst-E 11 coe'EmEitrit-
ve'hlmitvan fill, the ttivitv Elf thel subjects is tit les.4'r thIn undteIr filE (liainw'i' ('EoIlitionmi P't11IlEv(41E (90 F
imit~rtine'&..'4 a 6511 (Li r r'e'nt. 141YThin sii is iti agriS'i1('5t

Fxpoh'tm's Em snitegesive fliysi few a ftatl elf I4Irin With the- limite-d l-Axgewool 4114,21'.2 lIt ilt otitili (lE'
f~o 211 vag is( If iii the cl,:tunh'r (illoweil l'y it toltal f extensive Naval lteparrwh Latloorator3' tliaYm Dua
11; iEmri' %%e'tr re,'tilft it til'iEt 'tip'm tte'i'e' ehsloirin' wAiee El ilil(E I iiiilit g icewsl tig'Emfenit(l 1st cteE'
roEl~est Eof ('(-2 itnlrE'-ftuiel suits ElrEopng friom ftl rvsiilt,. ( tinnitlus triaibi and e'f rhiatil'r fe'st51.7' 71

41.50 mng em11 til 0.4; Ing e'm. 7Te Eleiel'.i fte The field test nxElf If munt~itionsi lits&. loo'f'n i'arrnEil
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outt tuiler experinin'*tidil qalitiOnS su1ch1 thlt m11n ite'). with htt' "NeM thd iid opitig p)relimnary ilifor-
brruks of protertive d'othing due to It vapoir have nuitionl so that thll program invoilvinig till- it:%(- tit the
seldom Iaeen experiencedl. OnJly stjintlail protet ive maII-4'hiamlxr collie plam.ctl more effi' it'ivi'ly. 'rhe
c-lothing tinsItemn u*eu to protect the personnel in- results obptainedl ire *seldom ill quanititattive Itgree-
volved. No ditto have IeN-i obtainedf whichi eaM. dotibt mrent. with thotse olbtiil in the irgt'r tanixrs, hut.
fill thf. Viliff' of till- tonift chamber methodl of i-vitlIlit- tine uiitiill tin qulitative agreemilent.
lug protective garnmnts. All tiirlsiti fitit I s titsted provide- e'xeellwit protm--

A rmit-w huas lui(n madie (if rhamlw'r and field t ion against the( vapors of I I I atmI I IN3
dlito publishedl prior tot 1910 l. ntri-t01 clothing provides amnple proitevtioti

against the vapors of L. So protec-tivpeclothing is
1.!..3 M1an-Chamber Testo with 11iN1. neceed emcept uninr aibnonnadlly dry cimntliLiolis.h?

1lN3. and Other Agents Xfost of( the dt~a obftinedl haive been ronlirmed

earlin thrielI' listed1 in Table I providle excellent they need nict IN, miwiewbil.NAl
prot44-tion against iIN, andi IIN3 vapors. ('(-2 gair-
mits providle virtitally no0 nro1tm~tionf aginifst the 30.,t OYrlf~i*& l'IIYSIOLMO( 1. TElSTS
vapor of lixiI, lict ronsiderable protection against OF NE:W mrl(rmmu,'~ Frlltcs
I I N3 vapwor.

Suhjccts wearingp carbpon-rayon twill (tSeries 110 Pat*'lt t-0ts, drop and spray tes4t!, and large--scrale
und 127) garmrents with short.% prepared from a knit field tests involving the use of vesimitts andi human
mtrlumn-rayolm fabrie have been expotimi for I hio misuhject" have beren usett to evaluate the effertivenema

each1 of A siuecesiive flays to .30pag of IFNI vapor per of pinneuihle protective fabies against the important
lifterat MNI Fand 6A per cent lii Krythentdevelopedl -heicial warfare agents. Patch tests have bpeen usedl
on the neck anti back of the Suujc*.0~ubjects tot stud3' the proltctive c-haracteristies of (tarboin
wearing ('(-2 garments eould not. bep ineluadlet in the fab~ricsA contaminatedl with lll Large-cal spray t
mine, test since ('('2 gaumetts dlo not offer suitabple N-sts have ifemuimstratedl thbat two-layer protective
proteetiem. Ten men dressetl in single-layer zinc fihrics protect agatinst fine droplets of If. Iismraory

oxie tablied ta~lad tjleeIusclthig eregien tests with drops of liquid If have been made- top
a single, I-houir exposuire to 6.7 #g of iINt vapor per measurn' more accurately the dt'gtc oif pm~teeti)n
liter ait IN) F anti WS per cent. MI1. Fouir days liter, 8 providedc. The- protect.ion providedl subjects wearing
of the( It) men haid crustedl lesions on the scrotuim one- or two-layer protective clothing and traversing
as well as miler b~urns oin tither parts of te lictly. or occrupying terrain eontaiminaitedt ith 11 in the(
Similar results were obtinedim uith subjects dIresse liquiid and vapo~r state hats lieen asisessed bky fieldf
in one- layer phis1 impregKnatedl shorts. Subjeets dressrdf t rials.
in plain unimpregKnate-d elotingx reiveil burns of( It has ber-n dlemonstrateil bky sjprity tests that. MN)
eimpnljifllle mi-verly whet exposthI for I houir tot per cent of the( subjets weairing two laye-rs of ('C-2
5 pm I4S.%T clothinK will hN' rltectt'h againlst low altitulde lln-

MaIn.chnber* tests at Imdgriul Arsenal with thiekenrid 11 spray rpiel of 0.41- top 1.2-mmn
11%.3 vaqswr have shown twop-latyer (V-2 garments tio tianwrter drops at etmtaumination densities tip to

provitlt' idetg'aate protection aaginst a CI of over 14 g W~. Onily Wo per (-entt of the- subjects will be- pro-i
5,MN). 'The( curlier NI datt with IINI have been teetel by at singtle outer laver of ('(-2 ltthing. Mlor
confirrmed. ('atrimm tabrit-A hauve been fioud to give protec-titrn is aiffortlech h3% a single latyer of ('(-2 cloth-
milm-ritor pritteititon togiunst both IIXI auvid 11M3 (In- ipt if it is worn bieneath ain 111t1t44111t4 laver thanm when
;)tubliltl W4I Meica-Il livilsion daltal. worn over aot untreated gaurinleut.*'

II -2 gatrme-nts affordl no protection agatinst the, Protective falorieft litve hImen evatluatted in the,
lvere. skin irritation raused by exposure to ('K eom- laboratory aainst as fine mist or f iniplets byde-

eena rt ion'a ' of tiwt ortlt'r of itN) 3.41i not in--. termining the t'ontansaitioti theasity ntregjary top
catist subijetts wt'aring the fabories ft etvtelop at

302.Anun-( 'haniflwr Tro'ts physiologicatl reaet1ion. Mirps t;d I I weigbing approxi-
A ,a-rit's of sirni-e-hamber tests Live be-en 4-arried inutely 0.0i5 mg have lu-en ap~pliedl uner room

eatit %iith time valpou' if 11, IINI. JIN3, andi 1, (lewi*- te-mperatiure lalirtorv t'onilitionm ft sinitle- :und

S IX 'lli
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elemilile-laver ( C -2 fabrics anti to tlfimpr'glte'6 fildt test, ('rytllefa, and16 ve'$Wl(s we're priauitie' fill
fabric. Approximately I g 'ni penetrates two) Iaye'r some of thle xtubjef-ts wearing onle-layer (('-2 clthing
q)f itnimpregnateel fabie presltteiflg vesicle"i in M) tit cinmtamlnatkmn densities off 2 andi 5 mgtn' respie.'

Tuar.211Pent nt in d inge- nt ilmile-tiv. tively.10 Wet eloithing protects mure effelctively than

Tpiec2.1  PehrnleneIfeaIe'nnldrnle-ty dry eloithing under these expierimental ciatlitWimis.""
Theact %tiE'fl1t were 2ifcelfttefvruv i Tests have also been carried oult With aL variety (if

hinmn subimiees :anti we're etnuiveeI i0 mnttve oter ein- flalri" wit single drilps (orI inltijle tdltpll apipll
t:1mlintiti,,fl with the dlsoA 44 11 nIM lehowkw. The roians to (Ine tpelt) (If 11 WA determine tie maximnit weight

25 + ~Mfl tiiU' rene7. al ne h eIi~v'htnil of (Irlip agintst whici tipe tes$t fabtrie Will prtiteet.1,V
II ~Mr E''iit. .~ Ira these~~ tests, twVti laye'rs oIf protective t'loithing were

Fulirle e'uaiibinstlem Weighlt off 11 slitiwn to el 20 30) times its efree'tive ats at single

(':riaan~eyen till(~epte 141)" 0,20ingfea 30 Il'tei layier. The raitiol is abouitt 2 in tests with fine ireipli'ts,

('nrleaa-nmylan kim (Ainiple ~t' 0 2610mg ret 3 0 c;, filiaetersite s (1is(tusetl in tile precedling piaragraph.
14tanibiniCCe((-2aent r('K- 20 If n dnitpletsi of approiimat('ly 0.(NI 1 mg (0.2 nim 3)

(nVON) 0.110 ruag fir fl% listers e pntralts two-latyrr tlnimlpregulateti fabrit' mian'
Slaoidtiil ('(-2 iit'itill %'20",

('0 .1 .130m faitlcr 30% iahi~e'rae aeily thain sim-!'ar i6;UEI (In~pf oIf tIt(e liquid hitrogenp

Htuneard CC(-2 nque'enae (101% mustards anid its a better vesic-ant aget. With 4:1-mg
coZwn)~ie MIT 0mfexr3terhlitenn dro~ps (4 mm3) andi two) layers (if CC('2 imp)regnliteod

tfi plant run riniseyaeag N - 1A2 fabric, IINI and 11N0 6161 no~t ('311154 such severe(
e':eraeaaa (itU11' .041 nix fear .71% Iahislet lesielns u11, e'ven thiugh moist Of tile' It is (lestriyeelf

C'arlitin-ayain lu ill ('teap' -X41 skit 'ehir' will' byteiptnaelfbi.
(,erlilnnev a t will (eeuigrnl it nineaunt,' e It fill it, IVt~ m

211141 incualififi 1.9 lix Field tests have lieen carried (flt in this eint r', ill
('it-raryean knit (fla)) 4.6mgn fix, 10". erytlwnaust Panamna, andi in Australia ti elptniriit' tile j)relte('-
ctiriaem-rayean knit (tintle'rnzth) tin Against It prov'idedl by ('(-2 garments ulnder
('atrlaen-miaen twill (teaf) 3.6 niag fear 171 IV e'ryttlent practical field coinditions. In it typical trial in Florida,
C'irlicea-rni knit (ueiseernetithe) thle %vtmxk4i terrain was conitaminatedl with 5(3 150

('nrlitianinfec MIT1 (flp) 4.1 nistfet 41 ",ertlhenua g i bky statically firrd Niombs. The tempierature was
0 ('rlman-ayes hu (aneh'nenha)8() KS F. Patrols e'nterefl the, contaminatedf area, tt

('(im-2 aainaa till 04n) 3.der vutfs.0' rlh-m vfri(mip t imes anti performed suitablle maneuvers. If
weuer (ineerenth) tie maneuvers recquiredf the miubjects to) crawl fliltsi

('nrlam-mvemytn twill (taga 3.6 mgt fear 75% rylae grellind Within an hour or two after rtfminatinen,
'CC 2 aeeaive'nt (TVC: 201 (.'111.) 4.1 ifier~fl'erylwuaa they W('l1' Illmeda, even when cloithedl in two-layer

unoilerwenr, (inflenarile ('(-2 imprenatedl garments. Nfost (Ir the Iltirtts (N'-
('urlataeee~w'e 1111 (tiala) 2.8n (tufer 31 ervlae'ii curae' 6111 tht-e ('1N11V anti thep kneese. llowlever, f11113

('C- 2 nqaea'eailae 00",), Ztio) uitner- 3.1 mgli fitarpo5', e'rvilif-Mi
wriwtuaelcne':lla . rythemas resultedl if the area tvwas walk-traverseel ait.

V~ileen~ecine'e h~T (eag) 3! m 'pr 7% eytluew tilis time bky the milijfetli relhet in two-h13'(r ( *C-2
111' 2 ueg~ai (1ICY 2G' (ii )) 3.01tu fea $(#w "g eirln infirrgnilted garments. After 48 houirs, mlijeetS wear-

(1aanelereanthai 3.6o nag fear 12"; Ye-iek' ing utlimpre'gualef (miter garments andl impren'gltefi
(V 2 nqimeaea (101 ZnO) (feapi) 4.1 nig fear 471;%iie slEirts e'esild walk-travermp, the area, witimt haxarel."
VC( 2 stneistl- f 101; ZnO I acnflr- Trials at Stin Jofsp in Panama in troppical jungle.

tue.:r (eitiehenaeull If-emntiuinated tol 10I 31) M W~ lsot indticaite pat reals
CC 2 noeneeait(201% (n(E)0)(tioa) 3.6 ,lis fear 471 . veeaelt- ra trav'ersee the arem 2 hours after eelnttmiulitim

CV 2 ielie'eatle 211ec (:(0.)tinanti( tha~t tie reulting lesions Will eiee',id1 11 oI he

(' 2 wileent (TIE 20" 04"1110 i~'e'rit) iii the mai('lnever. Alije't cleatlel in twit1-
(te';al 361; niO fewaro7 '.eI 'a lrW nyp'r (('.2 gnmrmen ts e'etn eniter the area 2 hiieur4 nuter

tIV 2 "euseweei ITVE 2111f 0e41 I 'mtaminatiemn ail remaitn lew 21 houirs Imiiling

-- ______ ____ at-'As off vbitile liegifl eitaminaticat ure svieledf1 11I
I'iell trialse in tnreial jungle in Asistreiliat ineilpt

pter re'nt car mean' cif the mlije('ts. ('eanesrpeuvling treteaps choffth'i in twti-kiyer ('V*-2 clothing ntiu fav-
figures for singlo-lave'r andl two-laver ('(-2 clohing 4eras' terrain 24 houirs after it has; heen eutonaIlinlroted
amI) nI B 10 **1 m 6ii wty~.3 Itnuwrv'r, in A with %ppnomximateltr in a 'na. Afterr 48 heir thee
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terrain cnn Ie- occupiedl by troops ni mg tvolsypr ringbone twill %vas carried oit lit (' agup lftidiing,
CC-2 clothing.'* 1  Ilorida, hry the CWiS during tUae sumnier of la,15.

,Vo field trials involving the usme of chemical agents Data on this field trial havwe not Iwpen il ulishped; po~e-
have beeni carriedl ot with subljectts Wearing carbton liminamry information indfiites Cip' dutrion tof pro-
clothting. feel ion after 2 weeks.' wrear to bep less, tha im it,- rlse

of the Camp Lejeune flats gie in Table 3.
(o, ;%S (:C IhIM R TOMT ON WORN All fiata indicate a large dnrop in lte duration of

r~:t~i ~i.~ PO~hTI1: L.TIIN; peolectifim Iprvided4 by garmnts11 whilch have Ioeen
wornil under hot. humid conditions. 1Te riktu- of liouf

* evpntl series of eltnmhcr trialp htive been carried artive chlorine is much less under tempeorate or vold
out in thl-A eountry andi ubrotud too a,.es thep protee- weather conditions (vonsoult Awetlon 3OJ.,4), anti then
tive properties oif (V-'2 anti carbon garments whichi chamber performance aftier it given periodl of wear
have koeen worn feir I or more weeks in field wvearing should het correspondingly bietter. Presumably, thep
I rtui5. 2" 4'.60"AAAi.M7 In Table 3, the results olbtainedf samle wvill bet true of carbxon clothing worn under eo(n-
with different types of protective garments in any ditions suceh that the subjects do not perspire ex-
one wea4ring trial are grouiped together. Valid corn- cessively.
porisons cainnot lie madle beween different typles (if In tlie raw of ehl(WanilI'-lmpIegnateid clothing,
garments worn in different wearing trials. Table I the fdurattim of protection for aky one sublject ex- 1
should bie cotisultedl for at more eomplete description pfospid in the chamber ft It vapofr it; propoirtional to
of thep garments. thoe ehlomamidle coontet oif the garment for i~ny given

JDatit on carbmon-impregnatedl garments (methyl- inpregnation priocess. This in true, even though thep
cellulose proedfure andi easin-formaldehyde plant ehalor-imide presient, amounts to several times that
pm~orroduret indicate a rapid deerrtoove in tirmhliofl 4 thvor.'tialkv needed~ to det-oxify thep 11.28.6 The rela- _I
protectilm tafter 2 days' wear. ('urments prepared tion-chip, between the MV-2 content of worn garments _
from carbonl-rayon staple Fier ad from yamn ern- andi the diiratitm of protection under chambepr concdi-
tamning 211 per cent K-l192 carbv.1 performedl better tionot is 11lustrateol In Table 4. 'A
than the Type 14R.46 The above flats show no sudden change In the

A field evaluation oif ('V-2 andi eajloon-rooteff her- duiration oif protection provitied byi M'-2 garments

TAo.x3. $Aininu:riwml ntnn-lsrk aeut'gf~~~wrvns~ino e,,C-nti carbon oniterprawnts wai onea'* forn

No. oif eluue roouweso at
MX) P and 65 Jilt

P"Itortivwne itMt111 Wear Newt1 Affter ser

P~nnan."M' ?utrrh,. 79 P anel 79"; Jili mean slay ni
nighst

('(-2 ZnOtAntuilin-41 v4 &mo, 6flasinulMmlumnil wear 6.7 fr (20pg lo .2hr(20jpg)
(p.2 P,.iishore nojuosis, lmpmv-. Iifor sla 11"IC ,.sultt l eun weir 4.lhtr (2r0gm) 1.7 hr(2DPR)

(*anti# lejeemn. X.C.,1WM Anovist, 77 F anti 72', ItI
0101, flnylinw

('V.2,sll nmenisselotion I tiny imnphiliernsuntiaiiing 4.1fhr(20jon) 1.2tar(20joR)
dalvx, fiel tileo loreti'w'

V-( 2 aqtoraits osl-i'. ew ltudkr Selayo tislel ri l ransew 0.1l hr(20sx) t1.3+ hor (211 #)

01111 lny'itn111F i001 Jl

Ctirl"1ri~nss 4s1lestcs twill, Tyvls 14% 2 wfrklt 'uinuisljeles enoneimn 4.-i hr (40V) 210+ ls10*,A
4 wn&o %imsntiestol Maimtmt 4.5 hor (40 og) 2.2 tor (A jig)
a wivico siontolunt ronmtct -9.5hr (40Osgj I ibr(5gX)

Cazrtmnraeyos sllt twill. Type'.' IM1 1911 (PCC
-J %"APmn I w sinusat,'ule"sultat 4.1 lit tol Pig) 1.14lot 1.1PS)

('rt'nswstlIfIT ISX1142ensm. lte,,,V.31S1 I wnto o'ioniestnnfat a hr(20mg) lohr(5ooc)
Al"Italia:.1y -6 7F P lm 7.11 lilt mVan etwytinw

(('2nssswtntilimeietdmeit %1t-1 jori" 2wUVAOk,. fetiuvwicw. >l.2h l to) > l.21r(15#x
V('-2smoultirs niliommoSav M- !t2 1--wms 2 weele fintl .'mei'' .v ~pj >. attj

0 Tillt. I Aiml.l v. .-Jet fir a won ...asekus &-t-tipila *1 low whe mtm

I Vultu inkm r.tJ T(04ti1

SMIMIT



Tatm~ 4. Disatio.n tir Itirnetlt'to nomili'.tII 1 vat prt. 330) jut protect~ for it shoiter Ix'ritsl of I11imp I hanviihti. I irtsrCC 2 si'titKht-ltyt' gztmtenituplus" PhorirF' wol 1w-t'eted (in the basis of ti~u'ieeini,
Nit. it t.isftr ctrnt(nts."

ehilwine 110 V FIn i .lo TROOP WEARING Tm IUS To IDH-

Ill M':,iu.m"I'i 0. 1 Amg 'ct 1.2 (M20.aI
CC' 2 oil.ifl~ ,ownt rnf mg.'M MoW' of the various tyw-A of lit-rmealsl lwotertive

at Hfiidrid., !.1it.. 0. 17 ni(2),)19 P clothing have Isprt worn in one or more t rENop wearing(CC2ti,'niimil,.t4tiwnt Wan (s) trials' with thep ob~jective of obtaining rMinble dataat tlninhg'jglgp,.MdJAtM." 0. 17 mg'em' 2.1 M o te loCC 2 pawhin.inrd nqnnp wtwn elermng rpti hrceitcIffi ltingIn Niorl th (ngilng'" 0lI8nix 'mil 1.2 (Ifl1uu) which cannot IN', evaluatedl in thle lalioralorY, namenly,
vCIn N.'rths (anquelssn"03m'n I Worstg niitney and t'a.itort, d~urability, ati ruit4 ofC al'Iivp k

('t'-2 nqiKmsystnv' 14mO aIrnt l~on rear. In many cuses, the worn clothing
Itinler, wtwrn in \No r.- from tile field wvearing trials hint been evaluateti laterfin""" 0.24 mg'loin 1.1#-- (2nop) againsit 11 vaptor in a Amle; oeer'eesinfi 'ICC 2 niwtt chamber; lowevr

huinlt'. wn, n )drth ('m.-have noi been uset! in thep wearing trials themselvest.
himt"a0.29 mg/tem' 1.3- Mow),) In a typical wettring trial, 5-10 different types- of

InN~r~ ~ 00m/m'21 20, fwritetive clothing may he evaluate bky having I
('(-2 oftndA'If atijotp~i ww Xrtit t o 10 .30 mern wear, each type ot plot lung.
int)i, it~ 0.3 mg/cm? 2.7? Monua) IP- lothing is tisuially worn 24 hours at day fACC1 2 sialthrd attttt'iott INM (2pg avlt. On thep HeVenth ifay, thep sub1jectIS Ure alOWedIn Paru. MAN," 0.31 mg/cm' . MM Wo bathe, thep clothing ist washed and ilried, anti the

ws win u:'i;: Phi' im.tuitn titmwan,. nwui'.tstialky with the same subjcts. The subjects are

"I" iNu l114Wro win"81t rqit inspiectedl daily for irritation; the clothing is in- 2
spectrif weekly for signsi or wear and analywed for

an the- active eblurine content isl reducedi. ('(-2 impregnite cntent. The severity of the test will de-
att(tmi impregnatetl garments protect for a siome- pend upotn tile weather condi~tions aind tlie exact
wh'~t sthorter perriodl of t ime t han dit ('CV-2 siolvent im- manner in whichl thle ftt ist ronmdurted.
pregibsivil Xannuls of it similar low ('(-2 content
when tmetd under the- stantlardl X11, chambiler con- 3.. Irritaonev of Permneahk' Pmrtv

dititrns. Present practie calls for thep reimpregnation Clothing
thirdl its initial valute; I" Wwever, it is obvious thant phrgnutetd or utnimpn'gnt-pid othing im at flinet ion
fi the nee for reimpregnation is dependent uplon the or the severityv of the ctonditiorns uinder which tile
duratiton of protec-tion whichl must lx' provided, clothitig is worn. Under tempe-rate or coo~l weather

()nlylimiteddatitaairavilabl~eanccrningtlweuhtni.. conditions, cloithing impregnated wvilli (V.2 by tiny
tion of protec-tion against It vapor providedi by- worn of thle st-lvent or' aqutittt prtwt'dtire will t'ateir at
anti reimpregnatril (N -2 clothing tinder chambser negligible amount of irritation.11'r V nder severe
conthitionts. In general, the number of chambser ex- tropical condlitionis, whether or not irritation olcutrs;
piostures for which subijects will hie limttstee is fte- will depe-nd tm suet' fatorst as thw number of( layeirs
ix'ndent -'nth ('(' C-2 contetit tif thle gurmnts. A of impregnated clothing worn, amount of atir u'irt'ula-
certain amount of( chambe-r data are aivilalei, how- tion permitted by ustbtttting elot hiiag during lINi
eve-r, which intlivat.'s garments tixinaly inlitn- ilaytitw jor whtile sleeping at night, fri-opency of
nattetl ly ix rtholvent sytstem anil M'imprenated Iny lathing, frmtguune~y of lauindering thweclothing, tlutm-
the aqluetn si'stpm protect for a longer pesiwi thtan ti'n of continuous wear, temranture anti relative
wjqruht 1be lrtdieftd orn the biasis of the active chlorine humidity at nighttime, anti t.tp prrt-etrn' empltaydt
cotnte'nt." ('(-2 garmients rimprilgnatedl with an in thep impregnatiurn of the rclting.
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1,: the following -atresgraphs, a brief review wilt be Navy proteetive clothing wtorn byv the Maories is df it
givn 4the"tltst~fdwmisre important wearing different tiesign than time ArMy ;srot*'tive clothing

trial-4 earried omit cinder liot humid wenther conidi- (sutspendler hold tip tihe itoust-ts, and timert- is nit
turs. elt arouind the waist), ait i hieb ariounts futr thte

1. Punitma, 191.Y Two-lnayer eloithing impreg- smaller degree of irritatirn obsiervedl.
nested1 with ('('2 bty the stitntardl atqueoums prowedre. 1. IAgwo'sd, 1944.3 " Twio-layer eleotiing imjlin-1 .
('(-2 Isy the, eantabilimzed ilvent procedure, anti natedl wit Is (('-2 by it vnrioty oif nouteeus and soolv.'nt
4- 1411 by two) aqueous1 pro-edlures was worn dlay and pnoi~cn1"II wtw wswn by small isrpis oSf hiIit dlay andtt

night f4sr six il-lay pe-riods inler twevere ecotdtitmns. night uinder severe coinditions foir two) (kitty periodis.
Tentuiiratiort' anti relative humidity averagedf FA F Temperature anti retlative hurmitlikv. averaged 711 F
anti 82 per cent. C'lot hing impregniatedf with (('-2 and 7.5 per cent. Additional tat were einhtaitwil il- .t
by tht. 14steibilezedl stilvent proess was satisfatWrily icaeting calium carlitmate stabilizied atitcos ('V.2
t4)leiratl'El althouigh it appearedi ft he slightly morem impregtnated clothinx to be less irritant thad)corn'-
irritant then unimpregnatedl clothing. ('ltdhing im- sjionding zinc oxide stabtilized clthling. The itse of it
peegnatedl with ('(-2 h y the standard atiueoust pro- one-third the 1'dwmal amount of ehioroparaffin bindler
eoure was motre irritating, beat still satistartoirily did not increame the irritancy to a measurale de-gree.
tolerated le ao i majority oif the mei. (lothing im- ('Aitbo-eontvi garmentot wore: oer unhin~rriouted
pregnateol with .4-4411 catised ineapneitating skin underwear were substantially nonmirritant.
irritaticonst after a few days. 5. Camp Ujeune, North Carolina, 1944.10 1ingc-

2. Kilmgwocsl, 19 131. Two-!auver cloithing impreg- layer ('C-2 impregnated garmento andi garments pre-
nateel with ('(-2 by a number of modifications of the paredl from the :'arm-rayon fabric were worn 12-15A
;tan.IeuI isolvent and meeieeous pnrceduires was worn houtra per (lay cendec simulated Combat conditions.
day anti night. for IlWday periodst. Temperature anti Temperature and relative hiumidlity ave-bwgr 70 F
relative humidity averagedi 79 F ani 71 percrent. The ando 75 per cent. Leec than I per cent oif the menf
objtetive o~f the wearing trial wast to) serve as a guide sowed ainy stigns (if irrita.*.)n.

* foir reruireh on tior development of lessi irritating (k. (annanore, Stouth India, 1944." (hctergarnt
ai~luetuis impregnatedl clothing. S~mall nurmtierm of men andi mshorts impregnatf-d with CC-2 1ey the uinstahiliseod

were emplikyeoeiiso that a large number of systems soilvent proces anti the zinc oxidle At41iliimei aqlueous
440114119 Me%111114ed; oseunlmany of the idif- process were woirn 21 h'curs a daym~ fotr perhoiso uip t, f
fevnecs ioserved aire not staltimtieal-., significant. 7 ilikys under severe condiltions. Temperatfre andi
('V.2 garments impregnatedl by the aqueouis pro. relative humidity rangedl fro~m aiv average lo~w of 70 F ..-
i"edure were more irritating than thosme impregnttedl mid 53 per cent to) an average high o)f 94 F andi 79 per
iv the solvent procedlure. Calcium carbotnate totahi- cent. (Wf 761 bsiervers wearing .1-1 or M-2 impreg-
hued1 a'uteou' ('(-2 impregnatedl garments were less natedl ouitergarmt-nts, i per cent had significant,
irritant thatui thosee pretword witlh zinc osxide as a generalimedl skin rash (file WI the ('('2 ciotlinic, 60
stabilizer, per cent, hade mild, transient, insignificant rashpe, atnd

3. Panama. 1944.IAl 0tutergarments anti shotrts fte a-mi'niing suibjects were unauffected. None to[ the
imlpregnateod with (C-2 by the ealrium carlsmate rashes reqluiredl mediettl terftment, buit it i,; cn.
st~lhliliAJ'l afqceoneis andi the censtabiliadi solve-nt pro-. sidered that thiw seil ax significant might have
ceditres were worn by A-'my perstonael under seven, biecome trouiblesone if the subjects had been 011
endiition dayv and uigbt for two) 0-day pernesls. active dutty. A 7-day weatring trial o~r gacrminents im-

Temperature anrd relative humidity averagedl 80 F pregnated .ith 10-15 per cent ('V.2 bky the soilvent
andl 77 per cont. Wot typfts of lothingt were sulis- pniem5, and cif garments impregnatedl with 4 7 pe~r

fe'oivtoileral if lth',ulh the solve-nt imprelgnatedf cent ('('2 bky the aqueousi process indlitated little
t'lothlitig wits th, less irrtant oif te two. Marine' differene between tie garenlts ats far ao irritaucy
personinel woire --dvvent and aqueouss single-layer Kar- wws 4concerned. ('('2 impri-gnatud ivarments we're
mentA imjpreptic( -ih with ('(-2 stabiliized voith 25 per fonund tern he nfmt4)xie wherteas subjects wearinic AVI
cent t~ined (ife, n 'i iinttiliad'fl *ol'ent impregnatedl im,)regnateol garme~nts raniilly devetpe *ero-l' t4oxii'
juurmeuetm. All we're stisfatorily toleratedl. Iii.tne symtptoms.
in irritatitin e'e,'u*ed by the- three types otf or''i-ents 7. Pinotelhfem, 'New Guinhea, 1915,.21I )nergar--
we're tieo snielF to) be reganred as i ':rt.The mintis anti shorts impregnated withe ('V2 hky the

.41: FXINF.II
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estleitin varlNmnate aund itill oxide stabilineil attlaitius Thle sns'ltiin to 1w' srawia fromis the'111 daIi'Vit-wc
prooetsliw, anti the Calrillmf carbIontet stiailiiaetl itliive uppecars to ie t-hat ('(-2 imp ri-gitatcsl svothiasg

solvent proedure were worn 24 hours a dlay for two ernswisting of an otergarment alone or sn onltergar-

elaily. Temprature anti relatlive hulmidity averaged nomirritant undler hot and humid tropical eu4mtli-

RI F andi F3 poer cent. None of the- typps of clothing tirns, aegarsiless of the tnetbotl of impregniation.
were ' m ~''irritating, Juidgment mutst. 1w' mores resverved in t hes ense of Iw.

14. ( 'amp t1hsnflinK, Florida, '1948." Two-layer latyor gartments, althighllh resutils obtaiinl al

aajiKvoiio proc'ltiares were worn duiringt a 2-week ficientiy nonirritant; for otim'nder se-vers' trsspis'zil
tacrtical exercie'. Temperatuore andi rrlative humnidity ronmditioms. $t14abiliucd or untablili=4d solvent im-
sw'rigeil 83 F and MW pier cent. The perfornmance of poregnatedl clothing is vindoultedly less irritant than
tile troops weaing the c'lothing appeatred to he as Zinc oXide stabhilied 1141110011M impn ated1144 Clothing.
gooow ias that oif oither troops weatring standardl tmim- ('alcitam tabnt mt4tllilized aqouts impregnstcd
progniated .me-layer IIHT fatigues. The mt-n t11.1 not, elething Is leum irr'itantt thani eoreslonsifiig 0'lest11iiag
.Ilipfi' oelEV exhaus~ted, aitheilgh thoy 11111 In too "WostallIueil with Aigj. oes . ThW lu11t flu't. is oft fil .m
Ioe more tine.mfor-tasle. A hill replort otm this wearing psartanee in thep wearing of clothing uirn'isting of one
trial haso not beren issuedi by the Technical Divission, litver or (me layer plus shorts; whether or not ths' dif-
( W1, att the time oif writing. terence will he of practiceal significance in the, eae' (if

9. (Camp Lejesine, North (Caroslina, 19411 Single- two-layer protective clhing remains ft be deter-
laver (M -2 impriegrntd garments; andi meveral types minedl.
of carbon garmentts were worn 24 hann a day for a ('arboon clothing is as nonirritant tinder hot hasamiel
series of X day perbloo tinder simulatedi combalt es- on. !:ls'tno ats tintreated clothing of it similtir wit. r
fillimit. TeNmpieuttuare mni relative Isumitlity averaged anti pewewstity. The only emus on ru'eorsl1 Of Pfirhil 601-11-a

80 F andi R, per cent. No lncratorl nutmber of skin ing'm causing irritation to thel skin was with an early
irrtatien4-were olseerveut in the case or thoose suibjects experimnita! run of the carboon-coatted fabhric. Unt-
wearing the prostectiv'e clothing-as e'smtrwotedi withI latnlerei'~irmentt prepsucel from this material went
thesse not wesu.ingpnroetive clothing. Worn bky trsopsm uonter hotl dry rondlitistm in a (Cai-

Itl. Pnusserpine, Australia, 194S." Sl'*-itker forn iettert anti wetv foundi to he suifficiently staiff
aqniemius T of 0) ('-2 impregnate garments were to irritate the skin. This is considered to be of no)
worn 24 laotirs per dlay for 6 days anti night% bky pama- impoortance in view of the improvementst since niiule
trumpso in active training. Temperatture anti relaive in the textile cha'acteristics of this material. 1

hidoity in the afternoomn averamel RS-SO F anti
4109K per cent. The miulijeetic were allowedl to lathe 3A. D~urability or Permeable Protective
once a welek. 1There uvre nto signs of systemic intesxi- Clothing
ecation or of chemical derrmatitis, althoough some ia- All wearing trials have ele'mostratd thaetiraililyF
ritantT was olow'rved wW-.h passedl off with esm- of zinc oxidle or calciunmirbonate stabilized ('(,-2

tinntL4 ear.impregna~ted lothing to Is- eijssal or supoeiss to on-
Several wearing trials under tropical conditions impregnatedl clothing~i.hIe~ loithiag inpreg-

with AV impegnateil clothinC haave pistaiwe natedl by thip instaloilias'sl solvent prsw'es may be-
methessglbineia, yanosis, and mxlaisre."'10-1 It slightly inferioar to sanimpregnatesi clothing: in ;';

is to Is' notedi, on the etherhandl, that all wearing ease, it thics not differ greatly.'
trials with ('(-2 impregnatedl clothing have coin- A t-momth wearing trial tander simutlateal combtat
finned1 its ntmtoxi:' proiperties. ronelitioms (of garments preparedl from carboon-c-oatedl

A realistic field exercise involving the see oif It has he-rringbonei twill inicartes that theyv air its tdplle
indlicateds thitf ahigh pernw'ntagr 4f completely pio- am nnteul I IRT garnients." Lemxrr wearing t riail.s
t.'eteol trwwup. we-ring vpt-uks-nnwl tw..-layer solvent IMave nest l'en carriedi ut. Tr he suability sot the
isnww'gnatu'd (('-2 clothing tw topicA ronolitim trariwtoom ~ m-mrgnes garmients shuasili IN'
(NW, M.1 per e'entlttt many olivlop a sisrrmfortingt smilar to that. of garments pre-paredl from th Ie'
lout not incapacitating dlermnatitis after 40 homurs* faboric.
wearing to wet impregnmated rteuthing.-" The1 dumrliility of carliom-rayem garmients ulepensl
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uporn ft- details of tht- textile construction of the garmentsi prepsuiel from Artu'n clothI are eousidewtd
fabric. The results of a 2 tI-week wearing trial tinder to bse more reliale from thin stanelpoint since lte
it) imulatedl comboat conditions; indicate increasedi thia- Arusen cloth 6s prepared byv one1 company, i4 not.
bility results from dlouble-plying the cltrblmot-ytn provetsiel extenstively, ani is tnot. dyedi.
yarn r~iid having a yarn with as low a carbon content Under mid winter condlitions, ft- ('(2 'onltentt Itf
as other considerat-ions permit. Fabric prepamid froni outer garmentsq originally impregnatedl b*s the unt-
fdoible-plieei yarn eemtaiiiing .32 per cent carbson stabiliuml milvent procedure to OAJ nig active chlorine
(Type 1414, Merle,' 176) s~howedl practically nip signs per * square contimeter (loadling coquivalent to 1t) per
of wear for 2 3 weeks. Thlereafter, the earimpo-riyon cent ('('2) wvill IIIWE' ieereaee tip 0.35 mg ae'tivi-
tli ' e iii rapidly, anti large area of the gar- chlorine per square crintimeter atfter 414 dityp wear."1
nwnt werel fil'4 of' the e'arlmn-rayon yarn after 4 III the e'iue of slie oxide idth1lil t iteotvs lmnhit-
weeks' wear. (airments pre-pared from fabrtic having nated garments, tlip (( 2 rotent. will ajve- die-
a similar contrunction but containing 28 per cent ereeaetl to a similar extent after 30 days' wear."0 Ast
carbson its thr yarn were worn for 4 weeks, at which the trematantil relative humidity at which lt,
time they appearedl similar to fte above after 2 3 wevaring trialpt ar ecarried ouit are incrasd, the rate
weeks' wear. After 0I weeks' wear, the 28 per cent of len.'t of impregite incemasesi. Under K-vert t ropicil
carbmon-rayon yarn hitd bseen completely removetl conllitionsi, two-thurds may bet limit after 1 -2 weeksi'
frlom efinsileirulile areaso of the garment. (armcnts wear. Mosit of ft-e field wearing trials4, carrieti out
prepared fripir carbontt-ryon fabrico containing Aingle- uinder tropical or neatr~tropi:'al l'onlil1tieonp and dlv-
pliedl Parlson-rayon filling yarn showedl signs of wear scribee'l in Section .30.5.2, were t'arriedl oult witht the
after a shorter periodl than in the cawe of torrespond- objletive of determining the active chlorine conlent
Ing fabrics cotiningno the lthie~plici yamn. (iar- of the impregnatted garments after given periodst (of
ments prepared from earhson-rayon s~tapt" fibper ap- wear, in addfition to obtaining elata. em the Irritatio~nf
pear to hi' o du~ihratble than garments prepared cauostl bsy the garments. A sutmmary of the more lip.

*from continuous filament yarn. (;artownts prepared portant danta obtie Its given in Table S.
from fabricst having 3-1 per cent P('I artivatedl carbotn The above liata show that li13T garments im- I
in the filling yarn doi not differ from th ecorrespondl- pregnatedl with ('V.2 by the siolvent. prnce* elrnsits-
ing garments containing National earbson. All the tently retain active chlorine for limgrr perloelst than
varlmon-rayom garments s~howing signs of wear hail a garments impregtnateti bky the aq(ueousw proces. Al-
striatedl appe'arance elite to the nonutnif'ormity (of the ttigh the results oif any one oif the wearing trials is 4
caritim yarn. Thei dlffcrtnces hetween two adjlacent sublject ts Ijuestlem bsecause the fabric quality Is; un-
areas of any given garment were nmore markedl thtan remirolkl, it is doeubtful If all of the' data can Ise
the differnnesp boet ween diffierent types ofs garments. equesitioned ion this; bais.
Noniformity its berlievedl to bse inevitabmle with yarn An attempt haa. heca made Ito simulate field wedrla- -

produced on at small wle': yan protuced om a large ing trialst by having subojects wear patches oif ('V.2
plant wcale should he of a higher quality anti more impregnatedl fabtrievs strappedl on, the arm or swn ts
uniform."' the- inside oif their tiudesiirls. D)ata obitainvi '1y

these twip types of patch tests. are not always in
3e.SA i fte of loss of CC.2 from agreement; ftiulbermore, it. has not becen posibfle tip

Impregnated Fabrics demonstrate the suiperior c~tareterintics of fabies
Th)e lopss of ((.2 trmmn impregnatedl elothing on impregnttl with ('V.2 boy the solvent system "',

wear hs cautsid primarily bsy the reactioni of the im- Iloti, types oif patch weatring t~rials; indivated lte l'r~'-
pregnite with pe-rspiration. The rate is kTiepnelent on essing which the hte isfaric reeiveel prior to Inipreg-
the severit-y of the wearing trialsi, the methodl of im- nation top Ie oif importance in determining the rate of
peegnatioon, anti the proeeWing to which the lam- loss of impregnitn om wear. Fabhrics given at severe
fabwr was subjeceed prior to the impregnation of the' pocessing treatment in the finishing plant retaineel
garments with ('V-2. Pecause of the prolialk' chemi- active chlorine for a loner peritoil of time than those
cal notainifiity of the hevigtaeme twill usee'l In given a light procewising, even though booth 'erM im-
till wearing trials ft dte, all 4data, oto lmimtttetl m'gted unller lidentical emdfltioetin. 4" (arsfuilly
here ingbopei twill garmentst are subject to ejuesitima. rontroetlceotilirutatory fitll-seahe wearing trials have'(
Data Abtinedl with the Navy's (t-2 impregnateti. not biven carriedti t; however, at wearing trial in.
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1'. #o 1.lesseef MC.2 ofer~ing tfoli weang tralee.'

Trost NeMI gype te'rtll ('C-!wea Vstlfls 'e

Itiomn,-on 19)13 - El olny.' we'ar (1111T temra" Ltirge itsm~twr e attalvs., avi-ralta-eII aaill~cl eeln jsnsw'ean ML 613 14Ipritl ill 10";, liver lvimnnes' cit.J5glge~Mls 14'esm, IM1 ((.2 1I) TZnO'5 PVA T%. CP X.1 .14 teraaehaae20' ermieulait~me, %lolla
l'*~i~was~t 1111 1mlsoe' we'ar (iltr etie''c't), nve'var NO eeeC'"slfsrns.o fin (11'02 leaes gasaesslalcekita t(him A weanr gi mlt"." troil, a lft#a. %*mi. eire nealsUnostasileml Plseails iem aymn 1111 7.3 fsm w-ceek too weeki; weaths titeAegoeumn sitlesrin. 161 (*(*-2/ 10l ?jkA~ PVA'71 ('P 1104 74 ry''c.Panama,, ~~ 114 nlelv.P Relive wear, I ilaw'e real (11111Tysanlatanuc a fm~'m 81ealgrmenr2 

"walts lseleel tfar (I weeks, afte'r wentUnistenallixeelel colim asysetemm 51)110l'e' tiarlesatm. I atin tall aaaaler..qwlsat-eela, oy irm NW(0'.2'If10 n(OsJ1 PVA /7.1VP M. 21 wear eatsf eahie liprnnt eatety.P.tatinat, 1144 - it clas'~ wear (Niarine's' -. %anze'n clratls)" Data lanasel fin 6 anayse lls's. lI 11lifi~laloel P!4esleaalsm.tc'lm See famin ?A-111 Amserugn ;uilts.
Aqsa'esmou iiystaem, ill (X(-2,21 Zn,aO 3.7 5a P vA 75 ('P 40 A

Inaail .~Atrlin 111 - (111TTeacterwcrp- Aqvu'cma Altin leeacls'e top 27)%/tneetalAllMes 11101ealam (XC*-2; smelvc'at tep 13#7. Larxie nm-7 clays' oe'r 76 Ie, t( anlsem-Y.14 flayn' wear .18*~Ati'comast sa'tena, IM1 (M-2 310ZO7' (i'411 V P1~ 
-TA7 flays' wear -14 eay wear

Edlewmml, 114 - 12 cays' wear (III)? otterw W.4 Orital M'C2 wits 11-1%e all"sycAteumsa sysrac'm. I M M-2,20 Is ,/PVA /73(* .6in 37 evern. Dlatla e csa n neAlyseree et1 1 wlet. fare (11-2/I10 Zn.O,. PVA/73 ('P Is4 13 I-JAsglaa.News (Isaher - (lil1t ete'rwrear) L.,. nasenlier ia s sp~s 10 an W";Ulselloa~iliusrd smelals Icitayatent noe anejec coammtt ee uiihlens.0;:6 clays.' we'ar 71
12elay' we'ar M0IS olmymi' wear 2324 411mys' wesar laC'amp Lene. XNith Caarsllna, 11144 - 16l for pe~r tny few 8 (Jnnc'nts wean hlearin lnding cap..d'as; (Marinces - Arnxe',tcle Wa&" vshoi olwrfW"tIlIm

reaatl tartliest; .lraaee mitltes.Aqt'eacs aeystc'n,, IM1 MV 2.13 Zaa~l3.71 PV. 21 (I' 3.1Hlat geasmoolo linm"nat'c In mil. aelaac'esa. sotseae'aaa, IMI 210
(('.2 24 Zito 3:.74 Im'M 7.1 ('I

F.iftorflmafen, New (:ite'a 11945-0TI resatrwe,a." Aetti'epg nmpilinmgcolw. uloin ,mala.(JCi) aeaIlollame'el Weeleiemfi %v-~t, mn stly *nease rrlinfell et all te'a'am.7 elasys.' wear 115 M34 clays' we'ar lr~clndinit I lastmele'rl I7 3.1('a(0)3 s~tlalliam'l aeseltaglea syspte (40amsae'vvare.tae ReI

7 tin).' weamp 5514 dla.' w'er fosinc ee;la I laInfrterfug .37.Aqee'som s"vsaes. IM1 ((V2, 10) Zl), 7.1(' C P! A
7 clly. %ar 414 lys' wrote l"Achslu I laaesragit

7 elesvs. wen?. 4234 doytss.'wean Incentlini I lasnils'rivig 20
.iitgetlma - (I IIlT vaemte 01e',

It' .a SI'VA, .flqma"
El clays.' wear indtsaeliag I laaeling 7 

.712 elaivs' we'ar ilstleling 2 kasinilt'slnps 431I4 clays.' wrar inacludeinmg 3 lIesanelevalnetio2
27 einy",, weart indclivcin 4 lituraneh'ln 17

M. h*55slovI 14 0 ~.14-.4;,1 .te (loll.VON frurr. us-t..0- $asu Im ?I i. I-Or as~t 6Aet sai hgn~e etassm~ asft lisp ei' m irm .~i ee ~~ea.s1s
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volving the osw of extensiu'ly proesseti and lightly over contitminatedi terrimi. It %%tAs 0lenily indict-40d4
pnxspes"41 Impregtnatesi herrinighime twill was, carried tilt trooips had retiedi endlurance', alertnesis, anti
out In Florida with Ohe olbjeetlve of determining how mobility:, anti their abhility to utt their weapsonst was :.
w~ell certain type of gas protective eqjuipment wonld impitirrd.2'
hold tip atler sinitated eomitit ronditiims4. Thie few Two..layer ('(-2 impregtnitedl clothing wits ius'i
analyses- which wo nmadeo (if this, clothig were tt operationatlly thuring tile invtsion of Frnce iii tilt
irregular intervals; neverthelesis, the data, obitainedl early stimmer of 1944. Only it brief repo~rt has IMecit
infliento' clothing thot sghiy proes('d in the finish- reeivetf; this; indlicatfs thr, tile clothiing wag Iqat i*
Ing plants lost. its4 impti'gnit*' content at a slower rate fartorily toleratril by ti.w sioier4. 4

than Ailarly impregnatedl garments prepared from
lightly prtwessel herringbotne twill."' 10.3.6 Sunimary I

liatat obtainedl Iiental to tlie chamber testting Although tlhe usefulness of protetive clothing has
of Vt -2 impregnatedl clothing indlicate that much of not becen demonsttratedi undter combhat. conditionus, lil
tile iinpregtitfe ist lostt dttrinx tile wear following each extensive sepries of laboratory anti field it-sts with
rhamlst-rexcpotre rather than as it result of the zwtion human stubjectsl have shown ('V.2 clothing impreg-
of the 11 vapor toa which thIe subets arc expoised. It nated1 by tlie solvent andi asmuicotis prorcedies to pro.
Its of( iteresit that gatrments inipregnated Iy Owi sine vidi. exce'llent protectioni aga0int If in the forin of
oxide stabilix-ed moition sysfem, the tinstahilia-d vapor anti simall dropit. lTe various types% of carlmit
solution system, and the sine oxide, stabilizedi aqtueous clothingttimilarly provide excellent protec-tion against
tiystem aill tort tin equtal ju'rcenftart of their orignal all types of known vesticant chemical warfare agets.
ac'tive chlorine content. per unit oif time. Theste data Available (Ita4 Indicate biothI types of protective gair-
indicate thet three types or imp)eination to Ise similar r.2 'nt.s can hx- expectedl to retain at reastonable degree
in thle los, of active chlorine ttle to expos~ure andi of efficiency for 1-2 weekst when worn uinder sievere
werar. ,, tropical conditions, andi for as long ass 2 months; when

worn tndr cold wveather conditions. W~earing trials
* 3.5. Micelaneus hse'atonshave sthown the clothing to he nontoxic and indicate

(Certain minuor dipiadvantalgesi attending thip ume of that it ist essntially nonirrltant. when worn under all
carbion clothingt have beven indicatedl by field wearing except tlt- moist sievere field cotiditionst. ileld trialsh
trialst. ('arbon-rayon garments are easily wet bky indicate thtat troops wearing matsks and pro0tective
water, and they dry 41111 slowly. ('onseciluenthy, thle clothing tinder field condlitionsk will have reduedi en-
iarinents are ltenivy, andi they eaisily pick till dirt. durance, ulertness, anti mobtility; and their ability

All typest of eurhoin gairments4 avillitire at p""14111111-14 tot uis' tht-ir weapsotis will III' IMlNIIi1l.
othor after wear uander tropical conditions for several 1TereI i need for arecurate Held dlata oin thie rae4
days. Thijs Msr appears ito be catised by perspiration of loss of ('(-2 fromn garments impregntedi bky 1.1w
andi Its removedl by latunst ring"4 stanr andi certain experimental ('(-2 formulat-

Thiree rehip-tic fil eO~*rc-ise Involving tilt- use of I I tionst. Particular attention shlould he' pul tob theA
andI two-layer protetive clothling have Ivees re- effect of mill processming revs'iveii Ity thle fabpric prior to
potel.1 "' .12 In P'anama, comipletely proteetedl troopsi impregnation. Data are lacking tim fieldl antl chambier
won' utoakst andi I wvo-laver soCnCipegarl((-2 lw'rfsormante of gairmenft impnwiegtltt with activated
PlothtImg uinder triopicail c'onitoiot W~h F, %I5 per rent carboin by th1 er1 'lr"th.~tylelts pro0.
I01) andi carried ouit simlatedl rcmtt maneuiverst edsure.
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Chapter 31 1
ANTIDOTES FOR POISONIN4G BY A9SENICAS AND OTHER

CHEMICAL WARFARE AGENTS
By ffomer Adkina anti Wilkins Remv

INTROI)UCI'ION 11reeautions must Ise taken in the diistllaitiont of
A nsix I~t. WR (I~?:$,as eempliied re ~HAL, in order tn avid de comisosition of ft-e liodi et.

11vinyldwehlorarsine (Lewisite) anti ethyldiehlorr I'ms aoiil potdieii-'' to)ping tilhll
sine (ElD), functiom booth ast vesicants anti a% systemieretin itretrmoet'iuolnetriziin
pisons. Harly in the ivar, British investigators d i thhdohoi aietato o h -,wt

covered that I ,2-dimsercaptopropassol anti some other chloroform, rel-extraction of the chloroform solttion
vicinal dithiols are effetlive antidotes for arsn ith1 e etsdu yroiet eoe85II
blister gaises."6 "0('onsipounds of this type wvere ftsn pser rent. of tin- HAI,, and finally muldifilation anti
to isrevent vesication hyv Lewisite anti to alleviate' isolation of the HAI, from the caustic solittion. Tht'
systemic' poisoning flY arstenie, if appieti within ain alkali extraiction prorclure apparently removes im-

hou af~'rexpsue (ee 'hater7) Cosidrabe urities that favor ilmlomposition of HAI, ait elevated I
hour ftl- expstir (omChaper 7. Cosideableratues. in addition, Itw fonth.sml52

attentioni has% been devoted to tile syntthesis of violinis tAmKntr.t asfnd htsal
dithiolot anti to the formulation anti ehawlcerizatim samounts of ammonia. or animonium sults mervi' tot
of therapetici compsitions containing thewe Witnt.'. staboilixie HAL. during distillation.' The above prowes
Pairticuilar emphasis hits been placedl 4m I .2-ilimner- t. tiite st ecesul nat)pudstl
raptoproputnol (now known mt HAI,), in view of ItN was mimpteeil tot conmer-il p~lant manucuren. A
m~ilst~aneding effectiveness Ii combination with only Pomplote tdtseription (if tite' proesses1- Is4 giv'entIi
modlerate toxicity. Ott) mto'

31.2 SYNTHESIS OF 31.3~1RCP UA~ I.L TiIII %PK1TIC, COIIPSITIONS
TOP~OPAOL (AL)With the successful production of HAL of acc-ept-

11ew meothodl reecommendeel hoy British investigators ale qguality from the staneipoint oft toxicity anti

involvest fte retion oft i,2elibwomoproilianoi, pre.- chemical stability, thle attention of it numbser tof

anl appropriatel solvent meehiiu.'"11- 17 In initial [0.41111)) investigators was directedl to therapseutic
tiomal D~efense lleseatreh C'ommittee [N~t ]labora- prepaurations, booth for protection against and thle
tory expeorimntts, thil'proceeclure gave fair yieldis of tratment tof lewisit' Ioilseming. One of tiie, first
thle eorrespontding I ,i.dimercaptopretpanol (B.AI,), lnditilems attackedi was thle formulations of it stable.
Ist boiologic-al tests revealed the prodluct to bse slightly solutiolm of BALsutitablle for use in elye theraply. At-
mnon' toocic than a British samuple employed as; tentiin was given tot the chemnical aspectg of tise
control. prolem, poarticularly in ctmnertiom wvith the prepsan-

After a te'tailed studly of conmditiems for thist syn- lion of stable sophltins of( HAL. in hyelroxylatilid ?"l.
thestis, the proxeelisre recommsendled f(or evaluation vents suitable for uase Ii the eyes.' HAI, provedl too be
in semni-workit equiipmnent eompris'u! the rretiim of qite unstable in aquetouis solutions, bit oultstling
the ilibromveirin in methanoll with soom hydrob- results were obtanined withs a 5.4; per rent solution oft
sufide at INC under hydrogen sodlide pressures in HAI, in highly miwrifiril anhydirous ethyle-ne glyttil.
thet neimlilmi-boowi of 10t) psi.' It was fiouno sw eon- It was fimneC It particuarly impoortnt ft keep
venient tot proplum the soodium hydoetuKIPnf in siteu thle iron conitent ot(flu th nolumsti too it mninimu,r
fromi hydrogent Pulflie and ssodium hydrnoxidle. T'his preferably lwlow one puort poer million, stool too ctroulo
lorieess was found tit yield HAI, of satisfactory flunt- thgill withilin lWimio 1.5 A.3. T1w soklto was
ityv fronm (t-t M4ndoint of toxicity and chlemical tilopll~t' by tlit- Medical C'orps of ft- Army jis tIlm

propeties M-1eye selution.
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tri:vetin, stf and iyl lwloaP hishw :ha 6thg i i niigC San .I1ivqt swa
delcriv of stability is traliue~l in tlip abasetce' of materials for theape'utic evaluation. Initial ittlettipts
Iyliyla)Vt(4l sfilveflts. A prc'arantion oft 10 laer rent tiietite file British ireparatiern ofr RAiL gitteositle

BAL in w, 1 Impenut oil ie'nkyl heat-ite its' provel were carried cast accoreling to. the following seheife:
U) lwie sitallf for intnuneitulr injefction and holds Halt)

iirogli flat- cisilieflitio fof i'pmtWittiv5 f the 445W---- AllgcewIk'I'tii'~iie~ 2111
IiialiumnvititEal inthistry, NI)IU, rind tlip ('om-K
In'.ttce 41I) Mviliceil lie aeh [( MltJ, 1.5 protective Ir~nlrIl* IcoIl't'riwtie - ~.
fci~inents onfoinIing HALI we're prf'pari aindc!a."- 001"k'o. l 11efi It'teetne- liritiflI RA.LI.-iwitle'

foilly' inveatilate'cl from the'- itandlioint ft chemical
14tibiility ~IIId e'OMjIa:til)ilitY Witl) HJAL. As 811 outl- lor tlierajIeitlie' IIse, BAL ghiitY.Sidle is ljbemtcl

gi.,wth oft this ge'ne'ral progreim, at lanolin IbasU iit- fiiim tit(e I'irium stilt byv tratment with I e'quiv of

n14Iclt wits100144 alclk byte Xavy, andl a Iiclrie atif I .~umaidslae
Ciarlrnwitx e-thylene- glyeol binse' nintmenlt wits te'ntit- The first prcichuet. obltainef! prove'el to Ise low, beauh
lively st'lcocte'e l b~ tlit( Army.' in thiol awl total sulfur, although animal tests4 by

metlitcal invesitigators showeel it to bae considerly

311 N klA(X;S OF flAL lesfs toxic than BAl. andi highly effec-tive for arsenic,
an ex- admiuim, aind fh'ltF sioi More (pletl(

Conctarrent with inve'stigations (if RAI, atnce lexoifpriPljridut lic EWI'

glonitory stedy.-ot c~hemaical analogs wits unie'rtaken s~texl e t isfacturyf fnrtit thie waent- Of

itliliii obectie ofuncverig maerils spefo xicity and factivity following earetul examinatiom
to HAL. in baoth the-rapieutic activity and toxivity ~a. eia tsae a~ftiy cgwo

llrelwrlie's. Apliniximate'ly 10) nulogifand eirivatives ti Inat Meel, Htseli . luoie lilttory to (w44x

e~fH~l e~ntanin a ihialty f tiol~reu~i i~re much safer thwn BAL, for intravetino use- la'entisf of
lin-laamd~ anld sulmittedl for eValuatti0o. Among these., Its low lipuoie solubility and ability to form stable,
2.3-d1imereapiopropyl ethyl ether provedl to hep out- war-lblcopeewthmtl clasren,
stemniing for ursine therapyv, although it, exhibaitedl ""tr-iul 0opee ihmtlssthisavn

toxely or ryhrwyt's anactonwhch s ot nwnr fi~ad cadmium. l-Thiesorbitoll, available 4
eiitoxicitlo emt,f t4 t~.it.' n dition, ahbi note fromi earlier XI)IU work, was also founnd to be et.

alipoele tocomptnils cpabe oflibratig vcina fetive, although, in ge'nemrl, monothiols of this ty1N'
ditgios h si Iiwet reliu'elin iie$-aidonetyl ire un' rluiii'e in larger dosesA than ditliols to proviti'
c'th'r~ceifHALpre'arcl frm th dihiol filt-te satme degre of protection against hea4vyv metal

hyde, and an appiropniate amide. These cEtplunels intvHA t g."' eiei snr tustbeadi
offere-d the adlvantage oft lower initial toxicity, im- ne'ALgucsdisomwaustlendsb

prearel by at complex seriesf of reactions, expieri-

limnk fit s1ptity l( und 1der trpna t iraagee'nts ynhl nicital work oin the syntheisis elf simpiler analog wits
hukof bje~tiinale.odo. '~he jicidtet syt le- nelert~tkvn during tihe' stimmero ci 9m. it was hoiped

sizeel, wlie'h provedl tal have little theralputic value in s~uiice wmaso
that sauble vicinal elitlmiols oiaixibymtntt

the bieological tes-ts earricel out elsePwhere, air dfe- srio rmunti rusmgtleoti lb
rivittives Elf 2,*.elimerraptopropionir ae'ie and eon-

elee~stio prelu~t ofelihiolyee'rl ith eternei t e imple sf-ries4 tt reactions, but surh romplonndks were
aniill~~s. not fepneil lw'fren the- ened cit the War."

31.5 11111. (;L.UCOIShE 31.6 %NTlIDOTWS FORl MULSTARDl

AINout till' Iuielillf.ci f) 1, BALt glueeetide., at ne1w An ex'0nIsive search Ints been made~t foar aint Mcotes for

1114el ecppan'tlv nontoxic* erivittivi' oft HAL tin- liining k 11 ion funlte uif.roj~t'n mustards, tint nol

coveril loy Brit isha inviestigators, wais brought to, the eeonliund~ l,:s lww'nt founnd wii is siyiiifieiitlY e'f-

atte'lltioin ef relpri.4ntettives4 of NIC.X4 Hee-ause eif feetive. The lark eif sueress in this searchI is proa I I

its% low tcexivity, this ait wits repaorted tot lip tint- tintc to the( fafet thalt 11 reacts rajuiely and irnrersibly
staningtieruseintave'oiily i cobatng sst4mie With fill the( tissues cit tile' bodIy'-'*" (A41e (11iimjITeS

isi-...1ing byv arst'nival war gases. Synthetic work on 19) 23).
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DECONTAMINATION
Bly Joloathaln W. Williamot

312.1 I NTRODU7CTION fawtornly rpmoveid withooutictivating the .'nirlson.
.lefl~1 ~ Thevee ioVnotE'tel~' ain, (1) lamndering at so) c uAlnK

D VVOWAIMATOM ay sp Aeffeel0 OwproeM4 Kulyc-A, amosilifif-l motlitin phesdplte idpertcti
of emoingdanereischpical arn O anti (2) eiippoiti in a, old tvttae e m sloesion of

elitinging them into hanilem miltai .e %em 1115cntisinn
satrch uendertsaken in this subtject thiring the' war
periodl liss not iP~ilited in any itweefling chungrt in 22CIIF.%1IA11

th pieteot o the- Aneo Seri . Nerthceew FOR~ DCIINTIAIN
real slancest have fo'en made in the nernuclatieml"R tK NT IN h1

* o(f hIsswir knowleulge. For tli' eee'etamlnatifim of vei''uitt oe s te'i 5
It woat schown thatt teliiflitt which arm highly It. L, oir nitrogen nuitjirihee flet otherpjlat"4s of eorn.

omreetitl with muottaril gait anti lewiAete are' not tioil have been fouind which n'stet. too rapiodly anti
neuIt.qirily applicale with nitrogen mtni anti n'the the harl to e retively its the hloteielmiltes
with crtain hiarimatorso, mich as hri nobetoxyl rya- anit thle chlonunehes. TOMeta have )open madep on at.

niel'anl elorrnceophnem. t~eelil rei'cehm'shav lestI f41ntlootindo; or it witik' vairiety orl eheenlil r
hsent etevehtolori for itme with thes'ow tt~l.lUd~ type.,. withut uncovering eithier simeetinca e5i JlE

A toenreh for new type,& of deIota~imiiate :Lmt fit detoxifying vesieantts naphil.""-
ithewn that fewr file with vexicantsi nothing compares Althouigh theme are' iifference ins the roatsct whic'h
in efficiency with the hyvp 'hlorittes and the eflfleram- vsirif sus ehlonmidrof mart with I I or with L, the, rate's
ides4 A masjor peortiorn or the effoart In decoritaminsi- or. teartim of all chloramleles toede are of thle' earler
tin mo'setire'h has haee'n eeveetrel toocthe stufflyof feome- of the mreatiem rate exllitfel fby bleaching pofwdler
lit iem of theate active chilorine comprutinds 1-4hic'h are with 11, and threfoere maifietorily fasit for ele'on-
Puejwriew to the lea-lch slurry ani the sohlatiem of tamintiteco 'Mresu~l~i list Ptitatiem dcl ot',' a
the Chlosamiele, 13.cilre55dmtyhsnti previtil with the- nitroagen snustareis, which maty lie

(UflSin tetruehkmaeothane which ame 4tandardf tee'eetanminateff with bleching presiwdc'r leett nost with
Anne'l ~ervie itemis. An iniprevel thickeneel bleach nll chhernmi les.'"" 7-Oltornmides which arte foir.
shurry waot ievle to ail selatiorl ly thle Chemictl tic'iehrly effective against nltroge'n minviA hIchle
Warifar' *lr~~ee. A e'loninindeeehlapereihn s~ystemn was, Ifi1-Iff, M-M.1 4.4215, 8.1311, aind) lkemefminflt 4t) -

feeltilm'e to ob-2 which is mepe'rifir ft flhe standaril Vn(ev ssuy fow chemical nanws.. A laste -ystet)

Armny-NaVy niomcorrastive eemrtaminating agent elesrilacel kiter sine) roitinin:Si~-211) with piott..eitim
DiAN(': 1111-195i:, :%)'th faleelwing respects: it oleateilom loo sho)wn to) e effn 1 tieaibox toil retegn

is lea' 'cwnmeiv' 1t mnetals and less injuritet tit mucsitarehs.' I!
jointedl soirfan's, nobber, awl phises it is mte til bicrimatora' suc-h an CS aned Blfl(! are partictilarly
eaf less toxic ingreetientm: it is effctive, not only fow 11, reistant ft the artean oif chloratuide or bisoeu'lewoitc'
L, sand the nitrcagn mietarels, buIt for the lne'iiniatows syst4'tts. Mpc'isil cle'onittiuiNI lhove ho'c' de'vieed
s ui1'I: and It 6 4.tectlve. ton a Ain*l s"ppliralon in- few thc~a.M Thei firitish oaeel a satoiraedl (02 lpr

stoodec of re'eteing 3; eat 4 anelplientioms.'1'-2 1he ume oof rent) otutiemn of seacliusm thitmiulfsitw in 78 ,aer cont,
this mtferil waso not censie'rrI ci*ceptabe loy the- alcohol, sine) the Vnitieil States Chuemical Warfare

crviceae, howevier. laecsaec oaf oabjetionas too the' time' S'ervice stanilafelit a4 II cr cnt iolticmo oif sezzlii
mitireel fear tie4l mnixing flnd the elifhlctihty of( rmor- hayelreciele' in a 10) 21; mixture' ef %vate'r uif ri'arhitel.
ing 11he reid il I leff t)y, if.N' systcm 3 It how bent a'aeewn that earnula'in systems e'emstsining

Fer #the sleeenksminatiou, o( protective cliothing poot". ist oleate, ,eueh not the 14-21(1 jiate CevePed-
reatititing aetivati,eneluou, two pneere'luare have uteler XM)IC tospices, are vnsluasable in the- de'e'efn.
Imern ilevelpdii wh're'in the vesicant agent be mese. tamination o(f hirrimitewst
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U.3(OR 1 UI 1,. MTONS aliic', it apim'ars ljiciihl tihat this stiiventt voillil-
FO)R DII NT%%1IN %T1N tio i ino. less it tli:ts,,

1('S~~~~~~~flflt ~~~ ~ hi wo'l5s~ics I*W ~ a~0K'lf~)jirk onl chloranctide -Ailitt1ions hais itiiie,11'ei

re'tainvol iky is aint and oither organic' strfaes; tiwy ta d eictec fchcsail'cicsov'csd'"'
g~l'*h C eIfll'c~l le.'ctitimneilot ;rollccii*m tetminitte piait r'tativecly hinfiveieclly, nin~%tly IN'-

ccci-spil ''sis 411111 eclre'rccft, n i tit ''ils 11"11n.11 olilr 4 ft~ieli~~~ flc'cul''i it i. e~ 'cc

I'orl'es adopijted it d('t'ontatfiflating syste',n calec stirfaf'e% boy fieciis f tfill'.-%- Very iiid l~itiltii'. The'

I)ANC and eonijstilg fof it saolution eir l,,.eiel~ri 010- 10 ert I 'ikenr unt waxes4 hits, been of Value

fl,W-inf'thylicyehntooin (111195) in tertintoc- ~ ai I'eiecle~~g
c'tiane (T( 'I). Althoutgh this systemn eeontamninatc's fot ing tl'lit ly rpi'noveic n-'sdopes. Althouccgh

nlihle'I'silii e'omhbjnatiiclc have Iselin tttei'fill Slilit- 4
liftiel If rapidly tint] is fairly e'fe'ctivec feor the delwon- tioin sysitemsi, hatve Iii-en found iwhielt fire sueeienitiy
lamnination of lonint, it hew sericits 4 lisat Iveinl es ;n-

4.1111i ijlm t lit 111 laile, ~oniv. eifn inilrein 'c o-r (I10 de tt lserveior tie'-

tin) Ismp ietal sccrfitee, anul higth fterei'.v otlie T( 'CE.lce faetv'eherc'ew'ase eeric
'lice' ~ ~ ~ ~ ~ ~ ~ ~ ~~ o HaHua )f's ~'eueh(o mtceN~1i ct11-195 T('K soluitioni in brasis dlemint4ucnicating

prograt has; been elireeteeI towardl the eelopmnent f epIrtcs. Tilt- Army ree'ommenes re'iiae'ecne't. or f
it Ieis#taing cle'e'mtaininhlting systoim having the this 1,liima ~4t~e~ i : e~ie i ea''~c
iel prolserties fr noititcnfl nalility, ecionxeity, sa~lcti tQ15fet citiie e l~ai 'll~EtC
fl4lneefrrsivfle'55t, andi nonfinjuryit tni 21.

Tc.IN'c'fe~tiv' or ic' ee'eoneimnetie ci ~lilt, inibitilm of the efe'e'ojtitiln ill the'- Pr'e'sece of
a oIN e'hc eeivpfo fi cele'e'emtaniinating fire' pceontm brasst. fI Ieer, small amiunts fir e'pir'lbioloyerin

tit, bsolsllvesetnt.Sytes i wiel fipch er-! tiv' e'hlerice loss in le t nim. n' efr stevl, swigest- 1
3ie beree ''i'cn.Msem nihel u el i ng rnst4ide'ntiielo ftlt' iessiiilt ist' cit stecIel 'cicc _4

eiiecs ar' in sout ion in tile seilvecnt me'eihcc (sa'h :L'I taominlaticig cectcipinent.N4
ltce 1111-19i T system), as well ets diliersiem
isystot'ms, hcav'e hoen e'xamin'ell. iSignifleatt imprcwe-
me'nts oeer I1I1-195 TV1,i have iwc'n oultaineff on~dNrcIll~'~u~v~u
Witllic i atter tyse Of eompositicmn.'"''3 Si. I In thxe p'efercm' system f lime' dieve'lopiel Iy flce

NiiI(, te' ecompeneitioin and pilsrtionl efo incgr-

32..1t :hlewarviie ' Msition Systenis eiiencts wii have' hccen tocicl its hae ciptiinccm eit'-
e'em4tucmiicat ing el1Iieney all. tilt- folloiig, thIe

ZAcIcitcinstf e'lcframiies o~ffer pectc'nticl aeivzatint quiaititinA lb'in~r f'xj)1eisel ats parts Icy weight:
over eiisjie'riis Ii the'ir simliceity' and eectce isf lonel-
MIg. Inc atteipts to, find societiomtvJ' l'it tti'iii Tecltrmow'thyle'nc' 417.3

lice' sytotenis 'ec'c'viet's tou ion intcnc tayeIrtoxie .wI:.aoydit (ccicaiqclvc'r.
cit fil- i i ('K t &l'Variety cit oolvent-cli~- i.14li 2.14

ainiite ceiinict iins haei loes)n trie'eL"; Te raehile~o- Arlowtox IM leNItV I .

e'tlylif.c aplIie'orst hIse luest fir the ISoive'cts te'ste'el, . its (,cvc~aclvz'lu11P or"11 i fl-ie 0.3

1cfoliecthmnalilitv, and ltow injury too point films4, butl iis4 diic-rsietin system hcas shoewn eielvitntaetg'i ove'r
it laf'ks setilve't power feir mot 'ciltirenii es an iitc tict- soluctiont of im1-195 if, T( 'K, icluhcding ucwe'r
bo1w ability too liN'cc'trate pinlt. fiweve'r, ltettoiens tP~je'jty cur lic'tc'ruIcerwtl-lm e'eccccpLrp'il With
e'tivlice' Nt hiewic te'ae' eflerctiv'ehi in etsenlinionee eli'hlii'ce Ic', eeromrsiec cit ne'lals, and Ifie"'i

~ifii either ",Ivenf-c whirlsc inslortivo* tite'se proprlies. injuryi tit lIntintm anch plai.s. It has I lie aisilily it) ei'- -

31imuncre' %%jilts epic'hleuohcierin c hcecie iw''t 1Cit ifi'- 11~t~hiel'i, 1,, eucel nhitres'licf1 ,cuslarlc icc p:il*'ePI
Waher inf'epo, ecicel iliticics et Il .15icc ietns'cleire. scrfat'c's in eo Piitgle spray aoispieaiciec, in e'o~ouI t ot i
4'ticYIe'nc1 ehiliiforcoldilylrc inklccn' (70) 3l) bly weilit tict' :1 1 spray apiilieatiocs ucuecaiy ncct'e'gery Willh
ttpiie'ecr 'cleeeily its e'fe'e'ive us R111-195 T( ier the RI1-195 T( '. 'Ilce' ieaeritnesteor ('N, upeinctt wiie'ic"z
ilpte'eauticeciccicl jic 4of paeinteel siccrt's imn'geoctelf l 111-195 - loos cct ete' v' sasinaiyeeeu

%%jiit hlIf. Altheicciic fill iciflarnuifi 41cm teavility is avail. leimnccil'e Willi IliS sysdte'm. llipmd, 1ilcIcticele',
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andl anotint; of materials mittirrel- for the use of. the trateens (5 g 'to vd) of Levinstein 11, neither ttent-
tosystems are' tomparale. ('utdoeer evalitaticimat porary nor permanent Injury to euoated fidett' cef thip

have inlcatetl tat ithfatier spratying properties for type.. ued In Army anti Navy aircraft resune. I low-
the, elispernion wistem, anti removal lky washing with ever, the mutstard penetrates thip coatings and elitist I.
water is accomplished fairly easily in most cases. tutm tdefinite himtrd for several lays tiner oretitiar j

In place" of M-210. K-4011 may le' itself In thu- potas. weather eoneiltionsi. At high cotwentrationA of It
sllim teae'e~a'leeetyeedispersion syste'm." (IA g 'st yet) ftere Is t'onsilet'rale, Initial loiss of 11111
Hoewever, in spite of its4 higher ae'tive chlorine ern- ness of the fabric' but recovery of stisfuu'toer3 tatit- 3l
tent, ";I11 has not provedl more effective than S-210 ness occes after overnight aeration. lit dccntanii- 1
in the liserstiem styltee. The instabifli ty of S-461 nating telits, the nitr rlueee.cute faeric' Used on1 A

towardl hent ing would restult in danger on storage' antl military plane'.. was econt4iminated l stilsfaVt4rilyV
shtipme'nts and no satisfarteery eumlustiom inhibitor with. the standard Itl -l95 ITCH, solu1tion1. I bewever,
has ls'.'n fotund. thin skystem causeti soriceus loss (if toutness of fttbric's

The reallil:- avalleilule ehloramidevi 1111-195 andI coatedl %vit tlic 'elluloe, aeetohutyrtito lecquer uede
('('-2 eannot lie employedi in the pootassiumr ol'ate " onl Navy planes.
tot rachloetf-hyletie systems. qwit' these c hioramidest
aire stoeke'd bly the Army andi Navy. ereial congitle'r. VEsTIMAT10' 01' I)AUIAr FROM A WARt (AS A~iAe'K
tilm hast lov'n given tot the dlevelopment of systt'in O)N VA4 I'tRIKA
Irnie' (in thewe mj well asm onether chlteramitles. Somine It was foundi that eqluipment typic'al of that present.
promise teas Iwen intlicatedlferadiseprim of 1111-195 in fae'ttries tendls to absorb and hoeld mustael, c'hiefly
in a inixttre of( tetrao-hiletkylene anti a white toil in crevie'es, palest, andi oil, to st'h an extent that a.
selium "elfemate, lbut tile r.'Mults arm gene'nolly li*.. severtily muslarlliuel fartocry wotlil nut lee tilalee for
satimfae'tory, than with the 0.414) peetteium oit'ate, a ocrioi of ahout. I wevek in milli wetheir or a crn-
system deierili'd aiheve." 011 siderabty longer times in cold weather.' This e:irreaieo

Undecr Nary auspitesi an emtulsion poApt system of metals by mustard gas, particularly in this' presenee
was eleveleeped which hall certain aidvantage, over of moisture, wouili he consideralble althouigh. in most I
the piotsiium olvate eispenciem, particularly from ea"e. probably inisaffirlent to presvent operatietn of thoe -

the viewpoint tof logistim'.4 It has the following machinery. 1)eccotamination hyleacth-w~atr sluirries
comnpuitiom: or hey solutions ofr1111-195 or CC-2 in tetrachloro-

Parisi ethane in effective but. these agents rm. corrosive andti
CMNMjuent. Ikw weight clean-up, after ther use might hie tliffietlt.. Thei time of( 4

Te'tmc'lrmattw eiher th mnvstrt the 8-210/potameiu oleate/tetrchoeiethylene mti5-
n"HAealt, do( mirblan. $loone 20 or S4ln Ml) 2 pens~ion tlest'rilstl aboove wotilel probably be, at-

9~ 461 ctK210vantageotw in the event that udecoentaminatiton meore
~ (~teleh tm't'e tin hi'stitci)rapied than aeration is tlemircl.

A comparison of t ltit ystem wtith the potassium
oleate .1-210) paste anti with the stantlarel 1111-l9V - I)Fee('A)T#MlXATIO% OFp CARBOe-'rREAThI) FAIMuwCS
T('E solution showed that the latter is the most. The XM)IC hall sponsored the development tof
ef1ft'lent anil the easiesAt tee uise in dlecontamination prott'etivis fabrics carrying active carbxon, which pro'-
tef It in 'Navy eleek pnint..4-a The factors cwmsiele teet effiently again-4 vesicant gas." (see, Chaepter

in hisstdy ntletierapdiy of ae'tiom, steerage re- 27). Wo~rk has also been earrieel out emth tie Ivelep-
tjulrpnie'nts, And the- woerk involveit in pve'poratiern Iit'itl orprawtie'l methetuls for the regene'ration sef
antl else. thewe e'arheen-trente ftheries after a elihtleal warfare,

32.1sr~::l ~sT~ll~;sattacek. it was desired to obtain eeeeot.aminatieen3:3 PEC %LSTU IESmethodso whiech injure ueithe'r faberic strength nor the
EI'urt-r Or It A\9e Or' l)IVcOTAM1XAi'ueeX TltaAT preete'etivet power against ve'siteants, anti whh'h re-
mIr oix AIRPLAXI FAPRI'S equire a minimnum oef time, laboor, swial chemical

Work has bee-n ceti riell out to dleternmine the extent ae'nts, and equtipme'nt. The e'ffects (if uentamnintilitan
oef ihletage tee fahloie' strfaee' of ceonliat airpilanes and udte'ontamnatioen Irl-attents on tile- ;eit'etive
whieh woutlid result fromt war gpis attek anti from peowers of flit' faerit's haIv4' 19e4-n t'stimilt41 hey te-Sts
ee'ontaminatiom trentments.' At moieeernte eoneen- of re'tention efficiet'nevand by ittel tests 'en ralebits."'
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SPECIAL S'FttIE0 5 7

All conclusio resuiltingifrm thin work aire nobject. damage11' the ti,~ ustwpin~l powers of thle fidwric partit'u-

to furt her co~nation in chamber tests on humuan larlyv at high comeentul "s of nitrogen lusta"1101I

helngm. Both the Kalye-A laundering anti the chlommide or

Ihe effective decrontamninating mnethodlls developed hleah treatmentit appear to be. effective foir the ne-

are clssifiedi as (I) washing tehniques, siltabile for motval ofl the nitroge mutstarod resiues from, tile )
use where launderingt facilitiest ame availale, anti faltric anti for giving goodl regeneration of its prit-

(2) clip treatments, osuitable fir emerprincy first-line t.'etive abiAlity.
diemtsmitntIim of crbonm clothing.

Whtore laundering facilities are available, it has TiIIEKYNIM41 010 11iAM-1I SLkIM:4

been shown that washing with diluite (0.5 per cent) Fognra lentmntnofeictsth

aqueus aly-A oluton t ahiger ematre C'hemical Warfare 48ervice has vadoptedl thle use. of a

than usua'l(I)C is' effective in giving tacutialky If0 'M) bleach/water slurry modlifiedl with surose as

comlet deontmnaiol ofbot cabonetate" An" an antimetting agent. Hfowever, this Alitrry has been

carbon-rayon fabrics.'8 Fabrics which have txen najtttybcsefitfldiwhhcaest
treateda tor beiths fv c cle flifty whnami ath caith itt
treaeolwit fie r~rlr ofconaminti~ wih 1 torunit off vertical surfaces. D~ivision 9 developedf a

andi decontaminations with hot Kalye-A solution have satisfzttor. methodl for thlekening this 40)/EN1 bleach/

shownl no hsx rin fii etn asorbed "I "Isn water slurry."0 It was found that adldition of 0.24 per

juded y vporretnton ffiieny atianimal tests. cent. microptilveriued asbestosn bned on bleach, pre.

Fabri strength is not injurcid by thin treatment. 1h1ew ivue i ojnto ~th uoo Ea

relatively high laundering tempe-rafture is essential wetigassat asstiknn ft"bec
for complete deimtamination. The ueof l"Alve-A Arv i the order dersiredl.
appears particularly valuable becausne (fits detergent sif'

floers olinrysoaps andi synthetic detergents are N~mmo xuu utom~tao
unsuaited1 for use in laundering carbon-treated fdre
sinve they cause extensive lowering of the ability of

the fabric to absorb anti retain veicants. Bomiling In laboratory work it has been shown that there in

water alone will effect fairly complete decontamina- only one trulty Watisfactory method of determining

tiom of I I in carbtn-t rentedi faliricm writhout apparent when a surfac has been dectontaminatedl st-fllciently

injury to the fabric, but, of course, has no detergent to Is,afe h.4Mfor limitedi cotntact with hittusn skin.

vltltlt-.1this is the so-calkl pateh test wherein a smallJ,

%iTlere launderoing facilities are not. available, a pan1l cuit from the surface being tesAtel ig Wsrn% in

"t'dl, treatment" may Is' usned. Carboni-treatedl fabrics atual eontact wvith human skin for a periodl 4(30-41)

contaminatedl with If air rapidly decmtaminntetd by miutc'.. The wearing periodi in fo~llowedA by observa-

simple immersim in cold aqueouis suspenstions oif tione of the phkysiologial efcts.

1111-195 containing sodim carbonatte as a. huffer.R Work in several laboratories has4 at-tempi to, bP ot-

Hiololgical and vapoir reteime.1n efficiency tests have reate the physinlogical testing with chetnical meth-

indicated that damage too the ablsoirptive poer of Mdt of testing. One of the closer approximations hall

fabric is relatively slight. Similarly, bleach slurries been worked ouit by the Chemical Warfare Serve.0

have Ovien effective deccontamination at low tern- This method ise" the DIM- test for mustardl gas andi

peratiuces. These chloramitle and bleach treatmentis relaterd comptounds. M)tetoAr tubes containing silica

hakve flot appeared tit inilure thle tensile prolperties4 of gel impregnated44 with is D)IM- composition arpecx-

thle fabrics. It is lielioved that these treatments shld posedl for adefinite time to the arm decontaminated,

In- valtuale or decoi-nntamination tof carbon-type piroi- then heatedl andi developed by the atidition tof sdium

tec-tive clothing mnlet emergrey rovitkln% in the tydridvie solutioin. 'he intensity of the blwinle lo

fieldf. Thei* may ails li sedo 44 advantage as pie-- deivelopedf is a semiiquantitativt' indication of the

treatme-nts. to be- follimwed bv Kak-m-A laundering s amonnt of If vatpor evolvedi iloring expoisure. Color

indlicted in the precediinge paragraph, in which cwri atandarids have been set tip t,.nwspimiing too"ae". .

the. laundering temperature may lbe 410 C or lorwer. "reasmaisly safe," anti "unsafe," as% determinedl by

'Nitrnmu ntxars adlsored on carbon-treatedl patch tests involving human skin tests with tile same

faboric appear tot 4leimtaminate spmotaneoutsly awd panel.

fairly rapidily tin aging, but there is conisiderable, A similar seheme hus bee, worked out byv thle Naval
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Withi a elgiorninide anId C'ongo red." A1n tohvitrus lini. jN'roils of tn.l1, 1 'rwenty.omb materials were, ut.l
ttlhon of tihese' ehemnleal-11 te91ts is lxtwi; on the fact, Th e hemicald trelthod were': (1) thite hotimlile..
that thely eimiWnI only time vapior evnilved from a Congo redI paper ,Spotted1 INAe), (2) the 1)13.3 pape,
surface, and honce do not pi-ovide a rea evaltuation (3) the J)NI papjer, and (4) the 1)1-3 cup t4'1t. NII
of the danger inherntn in eirntat ('xipsuifl oIf long of the- Eet44Ctor nletnotls indlicatted at till readinkm

durution.what thve skin reaction would bp with every mne of
In one larw'-meale wrlr' of exlx-rmtentm ettilixing the materials. On, the whole, the upprs were soinc-

I .8() humn volunteerm, tests were carried out. to what be-tter indilcat4rs of potlential irritancy than the'
vormielte fou methodis of chemical detectihem of 11 in cup methodl. Of the pape~irs, thes Spotted lDlck gave
1l..ctntitminatmd material with thet irritimey of the slightly more reliable results than the others.
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PART V
I

DETECTION AND ANALYSIS OF CHEMICAL WARFARE AGENTS
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Z'Chapter 33 .
INTRODUCTION TO STUDIES ON DETECTION, IDENTIFICATION$

ASSESSMENT, AND FIELD ANALYSIS OF CHEMICAL
WARFARE AGENTS

By Vart Neman"ta

VT HM A%1) THE six following chapters deail with the metholls for the field animent, of the persistent
Iwfork cairried init in JIvision 9 (fotrmerly ivision chemical warfare agnts occupiedt much of the m'e-

H) of the Natlimi D~efense' Reifearch Committee Mowrs time and a description of this work Ios given In
[NI)IIC)] on the dletectioni, Identification, analysis, Chiapters III to.38. inclusive. Thiis activity was not
anit fieldf anisiment of chemical warfare agtents. 11Ite only fof valuet for the determinatlirn ofr munition re.
greater part of the wtorkc was carriedl otst in Heetiom EIitimetits forfthe tactical lisp or persistent chemical

9.3 (formerly 113-B) anti w agided ly iservire warfare agnts huat also for the oppotunity it gave
IMietivesf ('W$., ('WS-14, MAIM12, NL-B3, for a realistic appraisal of the poitentialIties of trai-I
NL-131, NA-M0, and A( -59. tional chemical warfare from the viewpoint of both

It should ite pointed out. that. the 0191D reports. offense andi defense.
sutbmitted byv membe-rs of Section 9.3 dot not repre- Tle determination of Uhe prncem or absient-e of it
sent the entire conitrition madle bky the section part icular chemical warfare agent (Ora grolp of chem-
relative to the absove proldems. In many instances it ical warfare agets Is not toodiffirult. a task andf many
w-as nereeiry to work in closte collabsoration with the of the letmctws descifrihed in Chapter 34 are sitable.-
Armedt Fervire,., owd in the intere" oif efficient ant! for tnis purpser. It Ahoiki hepiinted ouit that there in
produtive operation it was consideredl desirale to some, cqueston whether a chemical detector is really
ignore ownprlutiomal credit, particularly in respet 1,refuiredl for the detetin of the common rhemnIcal
to the NIDlt(. 'lTus many cisttributioms male bky warfare agents. with the exception of the nitistardso
Section psersonnel are to Ise foundl in Service rports. (Chapters 5 andi 6) andl the newly des.elopedl Trilona,
Thlis was; particularly trim in field work where, for (Chapter 9), Itecatise all of thie others betray theirr
pirpottex (of morale andt effective opteration, it was presence in suiblethal cotncentrations bty ehamerteristle
imperative to remove the bsarrier btweiven civilian fulors (or bty their irritating tiualities.
anti Service persomel, andi the comcesotion made boy If a Pchemical warfair agent is presnt it. bieomes

th *I)htC* In this direetlonm indeed was small when important t know the degree of hIard ceted lby
compared with the resailts obtained at thosme installat- its presence. There i6 a tradlition that the degre of I
tions where this attitudeil prevailed, hazard can lip expresed as Lte priluct. of the Inte-

One ca not avoid the emelusiam that many of the gratedl concentration andi thle tinle .fo exposuire, i.e.,
seetion's activities were fiev'.'e1 ft military problems the desage (0'). It is well known thtat uinder field
whichasin-now of hisirial'alterest only. fit retrospect conditiorns aboohtite instantaneoius comeentratiotms
it appears reasoniably certain that sidequiate methodls vary greatly with time particularly when the abisolute
were de(velopedl for ft(e identificattion of the tradli- cncentration is low. It in too much to expect. that
tiotmal diemiral warfare agents andi tin acmount of an observer will lie able ft obtain at rel ale integratedl
this work is lprem-nitl in C~hapter 3M. Of the mir- valise 1ky maskint it series fof determinations of thep
ellaneofius problpms preventeil ft the -ff%-ion for so- instantaneouts coinventration ait arbitrary time inter-
lutiom it would appear from the acconit given in vals. What. is reiredl for the obserrver its an insit-
Chiapter 3M thant neasonablo solutions were providled ment eapable fof integraing succressive irnstantaneouts
ill lractically all ceses. The( alevelolpment tof adullate conent rat ionis over selec-tedl time inte'rvals and mall-.

'lic sa114W i% isoilledi too Dr. A4letfm rear olm' on*-u enting the ansdwer at tiny one time. Sudsh an illmnia-
miimnof a m'Iiminary ilrdfi t manotwript. Ile i, Awsim4u'a ment i esiedi in Chiapter .38 and although this
141 Pani. F. II. fi4f "1141 its ?%t.a'ers. Ielwn~I Ilotawt- avili particuar instrument doesm nail satisfy the phySical
inouwn, aNMl (a'aip Ia'Ignan. nIl sct lte (alifoornis Irsiltoaia .4

Ta~I~nlasytugthir o'ua'nnaa' arag 1w rraartIIm 4 te.reqitrements fof a device ft Ie isial in forward ,reas
141811 n111eoegisaiiI1. it does: Sugga'sqt the, principles toi he foollowedl.
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If tite- erroirs iniitariel lky the( asslimpticoln thalt fte uanfortunate teiielene tea zLw.Ke'ite ln1it-roiue'te'orealedexgiii of hiird't is inelepenelent of the magnitude of with ofesv tim-ties only, whe'n-as, it is tirohlilh fifthi'lhclie 11" ilfl 41'fleet-rittieoi preove tooi large tot li' iX. iiiih grt*r vluel in tlevbelng .. tahjleI defenisive
1101"(4, and thiisb very likely, It will then hep werep,- metwurec. hievu.e one c'an take oh-aervitimne e (th' fli
gitry to devvPIEp ct in-4tniment that will rprognitee and spo~t and no remote toreeliting ise reqiredn.
take into) aveutnt the phienomiena of threshoeld eont- lIN. cletcriniitiom ofit h' el'gn'' of liirl arising
fepeinrtion iriasing fromi eeoxifirtition andh reniiti flreithe preopeec'of lijuiel ienieal wciirunm' cige'uise
ljin jirNe'.4tie~. Stueh sin inhtniu'ncnt ran aind must lie disueesu'il Ii C'hapter 34I. FewV if iny genteral ondleveloipedl if a .'atcsfhutory cl(vire for dletermfining lte eluI~iefeon he:i lirawt~n hieause tlie degree of lictpuiedecgre'e of vaipor hizarel strisingl from ehc'miril war- hnail is so uitimately aixclittce with tcipographife'nI
fare stgent. ipe to lie cibtaogned, To eontinne fte proe-tiec nnti cllnatfolieal tcaet..if evhilli cautl iry gre-atly
*if iginerinugt flip hftinai prcilem beaus itis theli desirr tn hiiettrecn 'iide limit... It would appear, howe'ver, thathave it impljle if nlct primfitive elevie' eertaeinly cnn this hozaurel illip h pst hlut beent greatly cover.liit. lie' p"i.eiic'tive. c'mpliusiueel.

With ain inietrument stirli as that indtelct'l afove lit the folloiwing ehiajter it a ericun,. ttemipt has '

ait btuld it shociuldel e'mphasiue' that infeormaticon lienu madec to) chiscuus. the sec-lion'.. aitivitie. lii arwill he' ol'taiuecl in remppet tith l egre of vaupor eompreitensive mainner ats poibie~le, whereasi c'cntrl.
hazare pn-vailint tit the pcsint fir points. oif ohipcrva- luitirn madhe by oither organibatiome andt inehivicluab. A
tieii. Toi ('V11bliite the degree of vaorN hazarl cobtain,. are ehiset'ismieel only lit so) far its informlitiemn rgi rcl 74n-gocr tin area not onily reelpse obtifervatiein of thep tothir ativities was availatble to thep author. Be-degree of vttpeir hazarel previling at. at nmber of cuu. cfit. varying q~uaiy ot uinisorn there is littlepoints. hut alsco proper evaluation cit th meteircilcgi- tioubt that many rntribuition.., lpartieuilarly thosue
etal andI teipographliieal fattors. Thlere has be-en ain macic' Abrvid, escitapec attentiuon. -
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Chaipiter 31,

DFTEMTON OF CERTAIN CHEMICAL WN1-iWAUE AGEKNTS

1 N'rmfn)31(.T N m1101tanulogt". Ttsle motit usetut11 tv'?ts 5 n waiilit' hl.3li.
3~9st at~ MAI: f tlseisstina dstictin I dr~~i titl luet, silve~r ntitrate, (rlgnazrd'i4 Isoditlit itlifle,

Fi-twen htieteftion anit identilication itsss s ,ttliii nltropeitsidc, and tuirie 4-hilide testAie. Tot
1.44-11S111,14 tatdel'ftioin Implie" ithe fetermiat- t-hiO, jNA11u4loo, I'ight hie 11,1lc4-1 the quluonle delihir-

tion of tife Jprt-m-nce or sencne of at particutlar still- irnite and oercurie nitrate to-st foir special use in the
stane, h~ras dcniflatim is tw np ~nti dh-etction of liquid mustani gas. The usclium ilslide,

prooem her-inno or rather briffu limitst are in%-. tVst foir the dletectioti of moistard vaplor, evena ii the T
JNio,'EI in regardl to thi! tatumr of te sibstie tom lie III WUIW4' f ally jNkiible luiti'rft'I'ciW, was1 lnalleiato
4imnzartenixcd. Followingt there is diseusuw', first, the liet anse of its4 lac-k of sensitivity. No cimctiismu wait

for the etection in the sta.ly rittil 115s to which of the alitive

i(nrnnei-ia wraeatusand suvqetbwwtes4t. all-oundi test. Noine INs IM fesill thit'I
dirab'ile p'jropertlets f Ig wcllctX-cilty andt sensitivitythevir apliatlioits11 pramtlchal dttt'ttorm. tu ~piiysfpntw.'i. tsiii itiowiilh
test. was mott frequently tived in 4'xperimefltal work -

3I. SPECIFIC TESTS FOR I)ETECTION on the destruction of mustard gots. (lrignad's witdham
OPF CERITAIN CHlEMICAL WAl1PttE lawide reagent or the milfil~ reagnt wito found to

A GN TS IW ie hc MItNA tO thet t10'tt'ctiOit Of muiStI I I i t)1-
forthedctctim oapatiealaehei-taminatedl ioil. In the testing of the atmoosphere for

To b usfulmutotriI vaplor, thme use" or an absorbing hblmer
nil warfare wget at test nmust be (1) specific, to Iinsure
reliability, (2) sensitive, to he umpful, anti (3) placti- w~ithl4 iprog. licutA Ther tno Ifmt, v or oit

40topr it ttim ue under field rtitms. Si ihipngaceet aes~asnt eelpdt
theefre ewifany simple tests that. Aill differentiate practl stag. Drnl~ tnwmt~ato

homoogs inpraticea tst s cnsidredto ave which offered particular promise for tlie detection of
adliuate specificity if it will provide for the ton- ntsan a. rd egn.ws4(-irhny)
ambiguious recgnition of( it lirticular family of muvni (1).11 Ttu sustanc will 4-pnftfn.%I-l n

liorolos ora goup f cm~oudsnu emb r of compounul containing an alkylating functioinal group4
whih cntans he amefuretimal~rois.too give a pyriilinium, comploundl which ran lie con-

verti to at highly colored hasic foirm byv tife addition
31.2.1 Iletetlo of VIuustard G;so of alkli. There is a very close analogy between the f

One fof the momt signi-asnt. problenis facing in- above reaction andi tihe formation of( dtim yanine aiye-
vestippiurs bs'fom' andi imnwuliately after the omit- stuffs. Sine muswtanl gas is an excellent alkylating
break of luomtilities was the development fof specifie aigrt, its reactin with 1)11. is readily understoodl.
tests for mustard ga4 for field lise in the event of em. The, rezit of D)114 with it gret variety of corn.
ploymeuit (if chemicald warfare agcents. To) beI mare, poumnds hafs been stuie4,1 and at. present the Iff-
there were' a numbier of tests desribed in time, itera- haviior of this reagent towardl different types of
ture, the piluipila i, hes's b filng the sim loudoplatll essmpouinit ean he neiiirulttly prediceted. Othev pyrl.
nlate test, t he gold4 chIloride test.,'"(rgud test," film-t derivatives were folund to hIs as senstive ats
tt' 0-napthol test", and the selenirnts acid est."' 1)114 but weore either unstable or developled euos ~

gasl ailimV lsl iiiaah'eogate fromu tlhe' point elf v'iew et'us4 of the nprtme ot this itajilteiit agiel its
of sensitivity. Thiere were other tetso of even moire scearcity, it was necessary that methodsm for its prepia-
'hiabios value dew.rilmeul in the literatuar."-1" In a ration lie dleveloped. Suchi methodls were sin avail-.6
(heuii'tml Wairfin '1 rviee stifdy in t9~,ifive types able .", anld aelequallte Supplies fit thim reagenlt were
o1f reactionls wene ,nlrd for the, dtec4tion f fill hand ait gill I ines.

FEIE &g1

_ ~ ~ ~ ~ .. ...... S. . ..

W~*'5.



5i82 DETECTION Or CERT41N CHEMUICAL 1VOYARK uAENT

Slmdllrd Dirk Test. The iso-called S~potted D)ick leg! nated with at mixture- of zinc. stilfate- and iutolyllie
which wo~widely cased by British- Empire units-was acid pruidac a direct, spccvilie, tuid fairly siensitive
bmsI'a upon the reacetion of an 'N-chlorwmide With detector for arseniesls, such ats lewisite, ethyl Eli-
mewtard gas to) give hydrochloric acid, Which in tUrn hlorarsine, anti methyllchlorarrsine.1" Tile test is
wutt aetec$*'d bky metnis of a suitable indicator. The very simply performed by (Irawingt air to be testedi
application of this test Will he described in a $III**- through a tubef containing the. impregnated gel, walit-
fluent wect ion. ing I minuate, anal examining tile tulle for tile aiplsear.

limloplatinate Text. Although the lodoplatinate test aitee of thle color. A blute or green coloration ait. tile
i. aesribedl in the open liferature, the nature of the intake endt of the gel indieates t-he presence of til il

reaction is not c~ompletely alsa'loiseal. Bly isolaition of arsr'nlenl.'4
thle prodlucts formed it has befen shown " that the ('.eprous Iodide Text. A test for lewvisite based upon
reactiorn of sodium iaiaoplatinate with mustard gas the eteprous acetylide test wasm devisedI using silieta
anal analogous suilfides consists in complex formnation gel impregnated With cuprouts ioahiae.A red ring forms
With) platinum iodhide acuoraling to the retiam: al the intake end of the gel layer Within 30 secomds
M(i~I110 10,4) + VOCPtl. 2 L(1*IlA14l,-Jo- after the addaition, of 10 per cent, toolium hydroxide A

M((1(1tAISM)4J pill + Is isolution With 3- jAg or more of lewisite vapor.""
Thioare Tel. ustrd gs wll onaens *~ Thdocazrbazone keagenla. Thei use of aliphenlylthio-

Thinere Tes. Mstad gmivil cndene Wth arbosone as a reagent for the detection. of tripositive
thioutrea to give the hydrtochloridle, (IIN)(NI11) arsenicals 3u. suggested that other thioicarbailones

M( I f( kS('I a('lIM(NI,(NI) .111. hefol- might. ble found which would be, superior to the proto)-
lowing have bleen fouiaJ to ble the moost sfersitive type. Therefore a number iif saihatltuta'a aliphenvi-
ffofllitionfs fAt the tet.'" The mple in 0-cfho'ry- tlssawarbasne wpme prepared anti their viie M fie.-
ethyl alcohol Is treated with a ooltiisi of thifitre tectoris for tripotitive ansenicalsttemnu."'
in the same solvent. andi hoilef for I minute. Th r. The thit amo were prepared either fro th
action mixture ist cookl and dilutedl Aith 2 vilini"i crevsponming asmines throuigh the nitrofoirmazyl or
of watter, I dropl of 2X s odiuim hydroxide solutionis fothehdanstrug te ylicrasc
adlded, anti the nsixture is warmed tW SO C (approxi- acid pyridine salt. Twoi of the substituted phenyvl -

mately) for 15 ortamals, but not boiled. The mixture thiocearbauones prepared, dii-p-hIiphenylthiacatrbazone
!is cooled andi an excesof of nickel slilfate anm .5m (lBT) anl.n-phenoxyphenylthhlorbnona (l)I'
triehloroethalne are added andi the mixture shaken. appeared to offer promise as letectfne for tripooative
A red coloir in the triehloroethane indicates the areils
pre-sne of mustardl gasa. Dianiagi propylene Reagent. Tnsymetricalt diaryl-

Miseellqneouaa Tr~2a. For puurpost-A of record, atten- ethylenes which contain postitiva', t~aat is, electron-
turn I% called toa nu mmber of stuidieso which hil "t donating groupes In the aromatic nuclei hav'e been

ther purpe~ th dicluaure f nw mthds or he known for a long time to gite, coloredi addition
detectioni of mustard gats by either chemical "'pniduicts with it variety of suuheutalneem. Twelve diaryl-
or biological mntis.''1- etlavlenesA were stynthesixed andi tested a detectoirs

for t riprnsitive armenivals. 1)ianisylpropyles (l)AI')
31.2.2 IDetectlnn of (a'risln AI'5fnival wats found to ble fte mosat p~romising eaipounl.",

Methods4 for the( detection of armeniesils had not iSiliea gel mixed with 5 per cent. dry D)AP gave a color
been extensively investigated prior to World War 11. directly When exposed to I jag or less of ethyldi-
1he principal methodl rliedt upon was thle detection u'blorarsine or lewisite, bott the gelI mixture waso not
of arsenic by ePIsa14f SameM0alifie(uuteiti method, stable for many alav iat 10)C. In air of hiugh l'umiitv,
For le wisite, however, the flosvay test depvending thle sensitivity of the test is jgreatly alecrewseal.
upon the rel colo~r produced with aetylene was Mfaeellnnee,'ur Organic~ Reagents. A largn' number of
principally qwrItatd. Since these meflumls andi the orgamie compouinds Were i3iVV tigateal ill P~fnI tit.
others in tlite open literature wepe inadoeqluate, a their possible ulse as detecstors for tripositiva' armeni-
search wats nutd for mte suitable arsenical ale. eal.' 1 '" l ot pimising: of tilt- groupj iesti.
tectoirs, lienring in mind that the comtpouunds, of most gWeil were several nitro compoundos noAitly 1P,j'-
interest were thease of thle type RtAs(i. antrtiee-o'dsdimstilfotnate unol 5 (or A-)

Xiec Sielfale 31.slir A ed Text. IPiica gel impreg- nit roisoquinodina.. Imle eeetlin retirliion involved
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ItpK.IF6c: TO.T FOR Or1TECTIO or (:IIVM1tEAL WARtFARI EtYT 8

*dielott4fli th nl Xpt) the atw'tletl in the foInd'" Ano to',len mte l iel'ltng the'- ~

nec~r 41 alkali to give it dycatuff. heat caring out the erolthmle ac ida Wus tio0

AliyleaOux TOO. Vor Fpposes (f recor, atten-hatasigfute xthmioidin fI*

ti~ lc clld o anuberofstdims whit-h haO so Methanol oer Platilled Ilic gel.e

thirpupoe hedseonti o nwmethods for the Deeton PJF,tnWciC lro'tIt anb

dete ti~ of eqe ic Al y (it new ia o il i- I lolt y alkali to or m~ flOrih anti glyc llie

Ofl m e th s tts ? 1 1 ei h r e e nWIc . T h i i la tte r 1111b e ta n e t' c a n b ~e c o n v e r te d b y t i e

em Tilthos.1.241.1jil tion of strong sulfuric acid into formaldehyde anti

3,4 Diatection of Nitropit M UstArd" this latter detetedl with thle Oi(t (If ch"IroniloP

The nitrogen mustards maky be rceonhis'd by tak- ofac"M p~njAd."'# I'edily

jog taehantagp of their aie prOfetiell to Produc( a I1eoriOof 
"InklF~oohsilfI" h lly

color change in an iil'O'5 indicator, to controil the filifirtyhotiphatet are alkyilting awents andi then-fore,

PH1 in it metal lnncnlietOr rolmpling reaction stich as ca bvdtctdi th~et aid o the 1)14reagetil CuA

ni-r-ithlloiw andto 0 1"In a precipitate A biologicatt l epnlttuo h rdcino

with, reagents ecach s *.cri. acidl, merur chlorid, niittsivi by the dialkyl fluorophoiphtes hit" alsos been3

,eellumi iod,latinate, chloroplatinic widl, chlorattic ueseribel."
atil, ))I51)lImt~Y1IIC ncl, 1tag'tdf~ f' regi'it Ileetif ion.f DI iseu fle'O ti#oriff. Approxinutely

(11110, anti Nlayers lieagent (Klgs."Te 111 11il oxiellahlt'4 arotillitt roc0tiptendstlc~ll

tnore important of the abiove tests as well as sveral, some tit the bePtter ox~idatliomthilontlt 1le'atet

othetm are disrimml in the folloilftparagraphs, wee in'vcstiwitell in regard to their usefulnessli for

MWi- Text. 13"itume 4f their similarity to mnustarI the detect ion of dimilfuw deeafluoridte." Of the sub-

gat in iteing alkylafingentsq the nlt'ornt mustarls, ittatr" jtviatptl, PIplienyleneldiatuinle um' found

give a pwitive test will, the D)114 eAgent.1103411111 to be- the nmt satlitfntory.

1~),gsdrff Rar"1 . Among the sricalleel a uls Dtetono CaoedClrie

reagntif, the Dragendoit ff aton provedl to be stiswyni A)tcid ofan Rele Clipde

ust-hil for the dcetectlofl of the nitruge mustarilt." IyloyncAi n ea opud

'"Attention is calkl to) an improvedi prepiaatioi Vsyrfmzooe-pyiin Raoot. An Important remc-

f this reagnt .1 
tion for the ((etection of evanilex anti other cyanogen-

*tfinreflf Texat. Attention is efalled to seoverl rOmPottdia is asedi upon11 the rt'llttorl'iof eantp'f

tdisWhichl had asmtheir gol the dcevelolwitd.t. tit rhloridle with a mixt.tati' of pyritdite (or a pyridined

tests" Vauitale for the de1tection tit the tunigen tlerivative) amd pbenytnueth~iyrasfilItl to form at

qycsttuff.l Thit reaiction can be tutu noit only for t

m~istard&2" *'~detet'timw 
of ryanot chloride hut also for 'hydrogeni

31.t Detection of Fulfle..Conftsininfg cyanide, certain nitriles, thioryanatiai% Ahlorinte, anti

(:hemitral Warfarc Agenits thlaiidelts' Ptor the detqvt tiof hydroen cyaide,

fle'lrrf ion of Ftonridp mti; In vieW of the absaenn- nitrie,% andl thiormyallat, preliminaly treatnt

I)f g reasnaly specific test flir "my of the etmi. with% Chlorineo or at ehlomatice tot form rnoEgmi

ponis tcontaining fluorine, much efforft wast ox. cloltridle is nmccitry. A variation oif t114 aliove te-st IN

Wede in trying UP develop a simple methodl fowrun. based upin the formation of at ml flyestuff lkv the

verting covalent. lxound fluotrine to fluoride ion anti alctiol Of tcyaonugchlorilde ot a maixtutti of lxwns)l

iletertink the latter subsitiwee. In g~enrAlbter pyridline anti hacrbiteirir acidl.

tImclrilytiv,,41ie, torpjyrt'lltir meitos em distl If-j Ifrwitil vuit W . ('1a4164fl C.d will react directly

fuIr te litoPrmlititn d, fluoride iam. British InVVstgaAts wit W1.114 t11, U iS al; 6e M eI~ tf~ ~ 11 T rq*i'

favredoxiatie mthos o eegruhlatitn aloing action pretaumalyi involves clevag of the Inarbon

mb' e ' itive o tf xl fl o f i by a ga thing nitrogen bemd h; the pyridine m aclu m and the re-

testy"" ,,4 .herntuivd methos of detecting titoride (to diiffrsi from tilt reW-i~ f114-ifk fi IS3 itll avyl

ioin Wer al tulie 11" ""W-MI ta"'u chrvmoit ropie W&Uides.

Ori'Il n wi sl. Pyro~vlt ir nethtxd' of dretimpti- Iktccirsn 1f l111Iren (Cyanidte. 1T". flbeatitati of

lion werte Muffled fly lalth Dlinus)' and Ametni in- hydrt't iom bly the nwfiiom of lydrof ryside

vt'stit(Itrm t1ing Aroehiml1 fir theorl-m likikc lot with nmri.c'ehlimrie is i'ell knimwn. A mixture' *,f

stlizarii far purplirin tio de'eet the flutoride ion metunilY'lnw andi nwrcuriv t'hlorie 11115 provi"1 to
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IN.-h1 u41riil re'iiW'ft. A jpirflt uieid mtigp't lilL aISHi Sibrs, (ee. Oly eertain tvi.- .r iii gill :Irp
INlive df1 r 1fw lt iietimi for liytlriwei t'ylititle.", gendly usi-ful ftur tit- svintitt-tiuoi )n #of~*~ Wi-tyloe

Iktolioe of Et'hyl Idm~yai~e~nupopub. vjw si'tes'tts. 11th intoist, satturv is the( VAV

11114 tj)Imjinias retitlily hilyli'i tsi flrn hiylawigt'i rallelI Danviso n~~hni silic'a gel. It was (41111si

Asir thlt s1ltitin of hyiYnf)t'N eaflitl.um" 41dir ts etilwt' the Ittili t'uik(A-'t atud it) mnifiti tielt,(

312. Geea Screening Reagents, Admiria;ti!ht # Pl.M dar. Theii silieti W-' "stir detet':sn'

reams' with at larize aiunher d4 c'lemit'al warfi' uigePlits flefeelutir ifeit with Ii aInatally tl I A1 p~il ti
ji5555sses ttitsidlt'ti li tility ilestt)it(' their lar-k tit imu. with, eerfuiit, situixatives, si~it. impi-igaltl
SjNit'iil'it 1. Thitese MkaIONg'it C'Iii Ile u.'s't to) flett'initie gels etiii lie 'uldwt wiis' reas'(t J:. %.0%. With till-
I lit. pi'e-w-ne 4,r ahiss'tive tof it IlarWe ttrip tif t'linienti silitive5 (it isilstaaue: tit lot- itt'' 1t64u1 ) lt' it
wialtrs' pls'tlts atiad ill thiAMMfltlts's''exllitt' idlsntifit'a- t'limmu'tt'ist is sftih for etilimr lii lt h 5'i.eases it aiiy lie,
t iti.lt'sit''iii55fill. Nspt emmit-i i tdy**~~ niii rem'its li('-tr(uy tsilisoirl(h flu p (intillls tau imprelatated or
siaierilir too ri'hlorarie uid fitr the0 1h1MVP j)ll'nXWA1 liaaimlipa.n~itt'tl Kill 11.114 theni adds it liqidu sir gliseilot
WP i Pls ' l. M1igenIt It) m'illipjlett' the test. ('ulverss'ly, it avagett.

may lot' addI(ed fiis and~s tit(- sample thien tiliiirloo'd. lit

31.3 VAP'OR DETEC1E~TR FOR Cl:ltTIN dill otheitr i'tss -ital wi D l I-)13 rezagent,, flu'
:iw~l IC Al. w AWRF. %4;1'*TrS wimle is first1 talirlietl till hiinigtatd , the

tilhm' hwnit44 it 5fai'itikte tilt- first stage (if tile iireteitifl
In tile iiri'-'aius ,sectitn tests sulitable" f1t the 4411-te4'- M111 tlit-t It lit jild r5'iIlt Ailed't W~ CO'I)Iin Mt' thes t4t.. ~ I

titil ti1'at c ai t'hs'nivai w.arf2urs it~tpts Wet'tt'tlist'iis'it'l It is generally true' that. till nss11iw'aistent. t'Iu'miettl
illithit rt'garil tit apiphis'tilm. fIlie itilimititin sit warfare agen-to is n liirly alisirlivil tilt sifie tP i lg l jt.si

tilt"- lind iti'r tests5 in tfite til'#Iipunnnt elf pfl'ti'zaI In Ihese cases, iii maler to) obAin reoluheinit st-isitiv-
.leit's4 ,suitalet fui' the dterttttisin i f mttint tlit'mit'a ity, 11)n itegnutteol, Xel Itit. willtd( g i't duire.'t. test
wvarfaria'agntm when presetnt, in ftt' atmowsjliers' 11tisler with theiiabstimet it lot' uteteeti'tl must lit, emiiplytt.
fieldl esidfiins w~ill 1)1w lit' efiassishertel. It is 4)lvtiiis Bkeaiaise to( this pitt utulminptim tf nmlweroistouat
thailltt 1441 flit 11P' simple int their 4npratiin, ags'nfs bky milica gel if slimuald he resmemlw'resl that

tiip'd. fun! Ft'tIsoi~ilby m-lifibh. lliey nuist alsit lit' p(' it wbe flit,h gel is imjiregnailetl with a reagent tlukt.
abile ill wltitiilli shipmenpit itidsI sttnigl' iaan1te; 2151- will ii'aii't with ill' s41iabtamlet' Mu'ig 4't4t0t4', only it

Veis uitilrns. The twob typies of va:iptw iltetttsrs fr.m'tit, tif tin. swbstanet' will lit' iahsnrhed1 (il fte ll
slsveiltilNml 21)14 itel diiti this war were' ft'e mptl'g- ands the stalif tir miler wiill lie ilistributtl unifornily

111114,41 silii' el i anle ud tI l impregaleul lmiaieNr f3'lit. thronghtmnt 1i.114 Visible 141rijeT' Of the gel. ''ftrn'110 ,
li lit tirmir it'( isle'tu'et -metami wits talhemerd it) exept utnler VPry 11lose11ly total rolled1 14"11111tio11s, it is
take 1jl in silisi gvy'niale-, mni ii the latter, (in titilikety that dlstettr tuihes tif tiii' impregnateti mihliat

flit' tulx'rs'if a .saitale ik~tpi'r. grrl tylpecan boeiisetl fortilltiztuitati'e 4r evetn semi-

31..1 livilort'gnote Silica Gel' Vapor fitsnhlxrsistt'afC agett, alt-hnmigh the'y may lit' itite1fail

I )ettetnrsftir their ifds'ntihif.'atien. I
'liple s't imprors'gittvil Ailiea ge'l fmr fit'- detA'tisi Tiis' jN'rsisteatt et'hemit'al warfare' aitt- ian' retulily

e4 clu'nitcal vairfzu"I' agtK~S itsL iiiiti1t5'l at. Etige- ;tdliei'l tinl uanmprew' altl Asiit Kill, hprelitlel thie
wimool .Arsenal. In gs'ncral tlt- sete'cteirs were nale byv A~lp huimidity is !eiw. With iflt'iiausiig 21)sillitt'
pisiit it IlI-nini tumn df sitialy impr'nzsfeell husmidlity fit'- slrptitin prox-mi's liet-fom-s less Pf-

iitg' ~ 11-mm le'ngth fr 2-mn, glimss tulias andI fis'ie'nt, atIt si I igh absolute hiimitfliis sigficlait
lisild1ing thes ad' it, periitinu with t'lsth plngs. in view sgiaiititie's sir 40i~gt. mayv taut lit' auleirhil. With ian-

if the( fact ihat a. ulcepate miallmairi sir tit' varisioas h)rs'gai.Ltesl Milis'11 a gtl Vfli t' ee 'id ii'aitAr vlmosr anayv
ilaifivislial sll-Itt'ttirs delt'it u ring filit' Itit fovur miot lot' signifivant, prsiied tOws silsstauat't ii'aits
1evas 111" a I.,~~ V .. h.1 M"" is Si.,iiushds,,&tOw piesetit rapilky wvithi ll- rs'igmift ill 111it" iflt-e Mil. If tlis'- r'-
sisi'tisesini %% ill 1w' limitt't lit the Moon' guenra fs'atiie as'tisaa liftweetn silhostaase'e' anid ai'nge'tat is sloiw, t0i1'
i'f Aliva: gel tvjiml ':1lotr slt'ts'ctsir. e'ffit tap :lpreixinll' thse~' :41 i-a i i Ow a.'s" sir thts'
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iinimpregtnati'l ga'l. 11w ls'laviar of tON' tt10"Wqt1' preiiltumd slima gel-typa' tileetois. It slotlid lx,
mumftil ild mustinal itself in the. RIM- iletef'tor pointell ot Ott it is gautnilly lupeeftiry tt atsirate
tuiw' proideA sin instruitive examlet of It- e ffect of iair through ain impregnittettlimpx'r in order to ti l l
witer vapmor til(Ii the 'rfornittni'eu t, iil iilml~ii t aittisfhuiWry texst, althaugh will: it litixr intilmit"
milieni gef'-tyii' elelo'eer tithe'. It is well know~in that inatil with it relieent Aw)meoielsleng' t1:% ~
flit-' niltrgn mustardsg ra'nt with 111 mehi mhore heeman claimed thaut :niit is not umtssarv.

rapidlky than 4l1M.4 mustarl JUL-. ('anaeagut,tty, whetin Abi.,sterd (Gam lrlertorit. Althouh~ coiisidearai-t vf-
stir containing fim- of fte nit rogent mutstrais is jissl45' flirt wits ('xli-mlhef iii the developmeint titf saitisfactoiry

thrutlia aguaeaninig ila eliniprilgnat4'iI with detector pailwn- for mnstui gas, tIf ".ia tilt
I)I1.3, flit- Ahstortwpil nitrogen musitard rplutit with ft- only )uim .4~ that culdhalitM comidml'ri t till prutival
ti'tgeoiu al it firlyI rapidl rateand, even in thepr)ese'ilee wenr- t hose hul'fe~ eit her upion tin't re'aetion ouf lfltlitard
oif lairget ailfif i water vaigsir, ft-e ffiloifl xoie gas with 1)11- or its dlerivatives."' 13 fir uifit thf re'-
fonim'a Wiear Im-ttinan and devehaipm-sit with alkali is action of mustard with tl X-ellanuide anall 141111A-

(1411l 4 21llf d tS its longth~ hw'atri isim4 relaitonato tfluen~t 4liMt4160iai of the hydrogen v'hhariala' fairnmel.ft-
ft- i' motnt (if nitrogen muistanul intridueelh into ft-e It4I

tulle'. hlowever, wit Ii mustard gas ft-W e o f rettionl Areae'iivi IWc'rtrit. Iesiitf' ex~tens1iv se'ianinh filhy
wit I tilt' rige'tt is sloiw, andl ini tit(- prese'nce1 of :ill- tI o gi'iu'i'd tyx's f imjira'ititite pti alxrs wpera' founal 1
jiraM-iili' tii1oiiiit5 Of wit'er valpEir the tagent il, is- ts oiffer jpromist- for' tht, e 'i-'tjio f :armien'ts. Them,~
tributed throtimhout thel-gel P0ohatmn with it einennt- were popers'impregiusted ithdpfnlhto'rao
tionf gralimnt hiving estabhiied between the- two ends or its airviie and papevrs iml)reg-
oft th, t'oltimn. mrenren, tifter heating andl developj- 1110t-41 With tlt *ik potas itt oldo 111At stnnt11.'-'' At-
ment, it diffuse4 stai iflhl ii flt inwhril hioundiries is tentismll is thI for pitrPW4PA of S4eeord to) it JN4xr for
oiltisifleil. Tilt eollectiain (if trnpositivt' ztrsenieitls fn the' 4de41tion~a Wh atritine a I iti vtiga11tt fit l thi-r
militi gel is cif mlieliteil Iiy the facti thait inflip prc4- ductirm oif t'hmtiit's b arsenicals."
.uin' of witter vitpor thi'iai sutthitanae unde'rgoi nli id Xider, M ustard l eeero. Tim' dleve'lopmenit of
hydirollysis with thip resuilt that prin'tivally nof stab. papersN mtaitalile for thle fietmetion of thle flitroe
stanee gets bev~ind tlw first froetion of a millimeter mustands reas'ivedl fonsiflrahila' attetion bioth In
Oft thegvilt-0 -11Mii, therbyV renalerinX aletea'tiOn Emnglan.I and in Canada ,.itqI.q Aindl ItM1

*hliffit. tniiiy of thiis work has bseen pra'paarefl.'' For field 4le-
M4 4iiIri!I (of Ikfnfors. 1.ntIiV4'suie ' ti'ltioll, lt airl joaloplitintte juajN'r wits itauptitl.alt

l0.- ilt tit,' sen'sitivity of fit! vaious inipretmateal A lmLli'r enplaiying 111-3 tittu oine tisilig tavidifieal
siliaea Xel-t~lN' detetars ai'mntstttl, in W't'pt, hlaixite hats also lieen e~eie~.
th11t While tlet SetiiViti f tInse 41t44tf11N wjks .lixriflaticum kirciar I'aptrot. A ttinli'r (it psiartir-
sltN'riaw 44o other typlit o'f 0tait', tht' V1'itsitivity 11tlarly 11se1ful 4f't4l'tfir paix'rs were dlevelope-d far lise-
wits iirafooitialy itlluiet'14 ahy Iwtemnxraaara uitnl with: t pler tNix' reonler. 11mv' aletetor lut'sm atre

humnidity. ilf-merilmaal in ('hapter 3. 1. Pirs were 11.64 detv4'loixefI
Situinottay. lit gi'-nda it nutay ha' coEiwlat4lf that fAir tHI' detee114tiarn of vesia'ants ini mitteritis tiftor fie-

Ihilirl)Rtt'4l silnat1 g1'l-it' dMhetears 1t14' useful tfr o lait:U tiou14~it7 iad fir tlip' aellt'tio of ht ltag'it,"'

if cliptnimal uwarfare attiitt-z boat t hat their appiliea. iliinat hyvluaic la1. mvaihisato's
ltiit to uatitative fir 5I'tii(Iajttittttiva proiuheti
Is not wtatitt4.'.3.~ e:r T I '~ 1$ i nis
.31.3 2 Iijiegnatetl PljN' MIh't oetei %ND CHt ti'NS

hiatlf-rs inljill'gltf'd with :appjiairiate maagatat Detector pinlts, paimimla'a, milal e'ntyaii wq,.'ra'
uta'n' sthelda a'~tvusivvhi w~ills ra-wir toi their sipplimt-. VaI141IN4 fair fill- 41-'tea'tialt, ot lil iltill a'Iiamniiatl warfrr
titit: 111, jiraa'tiaiil1 Eh'ti'ItaN fair Oula'niat,1 wiutfara' tga'iis they tan- lust nseful as vapsir ativiv''eirs. Thea

:ig'T" hen' is little 41411ih1t that impragnaiteal pIalN'r prisnipal as'."of ttaIm r piiast, jafalaers. iust 4oyastis
dMhaif'i'A 4-:111 IN' aisfidtv a'ni11114)Ve4 in ft-e iffle'ittjtia'- is Ill fta ill- tha' 11 a'1t111u #oa Ia'jre.' off hhMLl lorirasa''a
iloitl il tIiV -11111-1 a'iataIatll A l an o ilw'iut.4 ih1t1111iith ini by t he IN-o-40i.'e'u rheatiiiA't waaufimrs isei, hi.'An
ga'ia'r..h tial-Y tala la'.. .,'tsihve tihan 0'iv.eV11,1'ttu1ia- pr-itae't a.itia1l..



Pilint4 5iitalh for ft- dtetlon (if liq uidl chlemhicl 1)'tettar plowders mayv bet tised in the( ('tin of it

warfare ageaat1 are of two boasic types. In oine type at (etec-tAr crayon or chaltk. Detector crayons aw suchi
dlyetulff which is readilyv solilblt' in the chemicad war- ar-ta se-ful for detecting the( pi-sent, of liquiid for hlijh
far' ieieilt to lop detceef is ineorporaited intoi it point vatpor i'oneentratlona of( certain ellemleatt wvarfare,

4whotse prinriptil pigment in insoluble in the agent. agents, for example, in the (-isp' of leaking munit ions.
WhenC1 it aroplet of liqid agent is plamti on at furfatt Thecr' o Ct in51 lso lot I reidueeti to it potwder andt uil
c'oVerIl'" with wt.*ita paint, the agent di...olves the( in this formi. Attention is 4llE'4I to t~et-tor enavomis
tdyretuff presi-t. in the arem of votmtaet thereby caus- t1at- hIAVe been E11-VClog)(4 for the( dtecmtion oif

ing it lixud ehainge of eolor. 11wP other type of desteetor mustardl guot, arse-nlitis, andi the. nitrogen mug'- A

patint i6 base-d upon the chemical alteration orfithe tards1In..nul.?
pigneit 1wr rvuetitin with the( agent. 1Tis latter type-

(if piit maiy n'-sixnet No vapoor hilt the n-sitivity of 31.3 iDETECT(l KitITrS
fte ivartion i- s ~utllyso low that sth application is
not recommended4. A numboer of kits wenevleletl in order to pr.

Ikirrtor I'ainta Iiening t pon Sofre~i I'rris rifle mi-ans for the detetion of ertain cliemiet
A Pulttislactoryv Iwuti for tOle det44ction of liquid waVrgnsI~tctal tne il odtim.A
mustard gats was de-velolivid ly the British. This paint thee K were thlesiftd for tm-s in forward anreas,
eoitiitil it (I omie pigflwtt anti p-nltrojphenyllzo- relability Was 1114essParily siwrifloi'il Inn mobility 11nd1
p-naptliylutmint (III) as it dyetthuff. Inveistigations in vase (of opefration. fit general these kils are erimble
this rouintry were directedl towardl modlifying the of providing premuanptiir eiiten' in regard to the

*British (Ict(tA)r paint to mee't lotwal mantifitutoring possible presenre or absente o(f a restricted grouto of
eonilfit ion an towar tile disvlosimn. of dhenitial trarfare agents There is no donli~t that Monten
other dyveKtuffit more suitable than 13.1. Atten~tion o~f thet. are m~ry noeful for ptirlitimcs of rest rird
was also jwttid to the formulation of pilints that. idenetqkvaiion. There in also tn dtonlt that inone oif themee
would distiriguis4h bettwee-n liquidl mus~ttrd gas stutu ratinr tedor kits in rnlimble of giving, rrel if~1?toointi-

lewisite. ~~~~~~ tatire inforination for tw e irifmtt~irm uia ~
Ikeetfir I'aintA4 bDepending iona (henirri Proc. int regard ft the concentration of a joadirtirdr ehemsinil 2

essex. The lise of a paint c'ontaining menreurijc mule tarfare agent although therj han' beenu a'Ieocowe for
has been suggestedl for the dletetion of liqujid mustardl this use.
gas " and at stitnoanf green chromate paiint for fte Iritixh Vapor Dtector Kit.34.*.n14.111 This kit'
dfetec4tiitn of Lewisite.'" provides for Ilk- iletctliti (if MIltisani gas- andl theP

nitrogen niustarulq. A Sjxott441 liek test paper is
J)FTrF(rront Powni.:us ust-d for the, ietecti~rn of mustardl gats and ain arid

As with deteetor points, dletec-tor powdlers miny bet iIIIopliltillIt paper for the detec-tion of flt nlitrogen
formulated1 on ft-e ltsis oif either solvent or chemical mustards. ('onsiderablt- difficulty has !WE'it en-

pocesses*. In contntst. to 4detec-tor patints which ma-y coutereff in timing this kit under trolpiel itil di-
lie usedl tot define the( ezcotnt and degree of liquid con- tions.II.I!2 Although thist kit could he- improeil in
tamittation oin objec-ts selectedl prior tot the, time oif detail, it has many eommendable fe-atuires. Its lise
contamination, de-tector powders atre of more general for qluatitative or stmiquiantitative liurporits " isN
application. Detec4tor powders mayv bev mused tti de-fine extremetly itiwitiomalle.
ureas of 4eomtamination either before for after the aet 3M4 i74'qr Ikte*.r Kit.2 4  This kit whieh has
of romtitminatiom ndf are superior tot mletecki paints feen -Mandlirdisedl by the (luemical Warfare $ervirt
for this rettsom. B'oth in E~ngland anti tm tlw ('imtinent rootains impri-gnated silica gel-type- detectors. It
1141sidlerable attention was paid tot the development provides for the detertion of mutstard gas, the nitro-

~.rdeecorpow hrsan Imeatr'of disseminating the-m. gen mnftards, arit'nicauls, cyanogen chloride, andf
It is f44 Iw' ter"tted Plmat caimpar cini.itfei~t dll "lt. plfE111e. It f-41uld# IN- read11ily MewIruM4l tit p~rovide. For

pre'Vail ill t his 4-4111111M. .\Illtugll Meveral usepful l- 14L. av lvet'tlot of hydiroxf-n craititeh~. Tiis ltit I
atefetor powde-rs Were deVelopedl 4-1,n.AA they doubt, tt far intelligeniv pupose-s fte M-9 kit, is

wen- niot exptiteil elven to the c'xtf-nt of deftermining superior to i ll forcign kits with regard to both
their ii4fmllnes finder field vionui 'wmono. sen-M.ityf antl verstility. lleswievir, it isinraipll"
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of-pmrvlingrllsleqpnltlntve ir miilanttat We fillis, oniliawdi ill two J44rPW-4cHlpjsl viRA, (3) 11

information awl in its present form ini not particularlV snall boittles filledl withl 10j per enlt. Na()I ljltolttin
convenient tot use. anti providled with a miedicine dropper, (41 one tubie

Xarjy Mark I I'lmiar Diodae~r Kit." in this kit im- or bottle conttaining :tnilin.' aelsorbied on pumice, anti
pregnafed milicit gel detector tulls an' providdI fir (5I) oine rubbifer I111lk, puimp, bellows, oir oftier sourceP
the eletocii of mustard gas, the nitrogen mustordso, of varciiiamI
piosgene, IA-wisite, tcyanogen chloride, anti hydrogen Ileleedor Kit I'or IBlixter (j~4..?ai.IofuA kit
cyanide. A crayon for thle th-fetlemo of mnuntard gms is was devrloped for detecting flip' lm,re('e of vesicait
also iticlodoil. In general this kit re,.enbleme the' NM- chemiceil warfare agtents oin foodsn and foodl parkaging 1
detri-tor kit although it has greater ventatility anti is materials. T1ls kit provided for the 41metttion iof A
eptteror to tipe M -9 kit in regard to eatse of opetrat ion. mnustardl gms and its liomologm, eyamnogethlorith', fli

*'4curityj Division Ikirrtnr Kit.7' A kit. ititeil for nitrogn mupstardso, file arsienialim, andi certain toxic

use bky fia, Smeility D~ivision at FAIigrnod Arsenal hteavy metals. 1This kit is paorticutlarly noteworthty
providedl for the dtiecotion of musvtardl gas, the#' nitro.- biecause of its emnploeyment of inwenous stilica gel I
Men mustanls, lA-wisite, hydrogn cyaunide, cyamigpin piaper contpeesitions.'
ehloriee and phow*gene, toting soilica Xel detectors, iin- hIn-alr Tmring KLa A kit wis deivelopled
Pregmnted lialtrs, andi ragent. mihitlis. T1e kit which hadl for its puirefme thip detection oif rontami-
slioutt o m atisfatfory for thep putrpmwe for whichi nation of raw water by chtemical warfare agets.tm
it Wait tleigni~n. Prtovision wns madle for the deptection of musotardl gas

Ikedalr I'apewr Kit." A kit cemitaining three im- andi arsenicals, andi for the determination of the pt
pregatelpaersndoeregen~cetaiediseaeel antl chlorine demaund. This kit was intendedc for

capillaries. was developed as an adjunct to the M -1. me vening puirp 'si- only anti its findlings were subject ,
kit. Provision was made for the detection oif mustard to (*'mfirmation through iee of a more elablorate kit

wa. the nitrogen mustardsm, the armienieas, phosenie, describedi in Chapter 30. lRef-rence is madle to
hydrogen cyanidle, anwi evanogen Chloride. No'i prie. Camadian and Biritishi kits designed for similar
vision was made for aspirating air thresigh the, im. pirptoem.'t
pregnatetl papiters. Moth seonsitivit-y andi specrificity hKiwmg beledior Kita" It me of interemt lt note fta .
were leiw. the detectors emplokyed in enemy detetor kits were

(MI) hffe'dor Kit.m"' A kit was developed for pen.- universally inferior inl sensitivity and specifieity to 6
silde is by thep Office of Civilian Defense. It eon- fhenec premsent ini Ame-rican or Dritish kits. Thie (k'r-
sisted of two spaurate units. Thle first, at plotatble man detector kit 42. was noteworthy becrause of its4
detector kit, could bie carriced tot the seent' of an ingepnious althouglh complicatedl construction and thip
incident aid the sec-ond, at set oft reagent eileitioms, Japianeste Naval Typew detector 41.41. causo of it( lt - 4
could hie usedl to identify oir confirm the idlentification ('lever aspirating device. 7The reference cited aboiv
of any agent dletetedl 1, liew portable dletector kit. conttains at tabuilar summiary giving the- numbier of
1Te poralile detector kit cemctaincd a stercening tiilm- and origtinal color; the agents detectedi andi the
tubeo which hadl two xrl sectfions. 11wo first Xrl section color producedl; andi aski the interferenoe, whicht at-
cemtaineid netanil yellow, 1)11, pIetimethylnmino- feet thle reliabtiilit ofih test of each of the following
bconualdehde and 'qee1r1tweyen'e These- kits: British Kit, Mark 11, Poc-ket Vaplor lDetector,
emil liart. of thep gel entainted metanil yellow, sodlium (4rminu Chemic-al Agent De-tector Kit, Japaonese
acetate, andi neruric chloridle. In uasing thep tilbe, a Chemical A~gent Defector Kit, Japanese Naval *1*vpe
sample of sutspect-4 air was etruwn throuigh the tube (liemitcal Agenut Ortector Kit, .Iapanotte (tits Doe-
andi the intake section of the icilt' was4 emiltisly tector Kit It, Japanese (,'s letector Kit A, Italian
heafed until the mereuric iodifde changed coilor. If the Detector Kit for mutard andi phosgene, saff Chinese
tuilm- 1!it not show any direct color, nemper-itlent Agtent Detector Kit.
agents wer- absent. If no test mot obtainedl after .liardlaeenu Iilerlor IkvirN. For purpiose4 t
fleveleopnent, persistent agentst wre abisent. 'FIe rcrd attention is calledl tot several de-Vves propiosoid
twmd section conctainedl: (1) 50 !wreening ItifiesA, for the detection cit mustard gacs, the arsenitrals4, and
contineil in% two screw-eaiedt vials, (21 5A) se~mpling fluirine'eimtasiring teede agentt.J~
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IDENTIFICATION OF CHEMICAL WARFARE AGENTS

335.1 1 NTIIOI)L(1'l(N SAu.m'l4 I" that (I) tlet In1iratoiry inl Egiws-titai wouldT 1 Re:iAP'ID ANI)M AfT : identification (i elmi hea it'mijw'rmanent installatioan, (2) if wold lx'
T eald wairfare silenlts iiaal la~v enemy forces4i n, staffedl by intlividualst skillt'tl in the prat-tie fi

samit for the tlt'velopment of t'ffin'tive coEtltffermas- vliemitry, (3) thle staff would cotnsistt of thriv to mix
11r1". ()It'- ling to gulardl agalust the eventualitv olf tile chmtstEtitnly'fplV(l,()hediii o

tlip lami orwolhepneplyoanitltvit*- not only ol it rccrlftiuE'd agent buit Ef i m ' "4its zlO~ao EIIIlE ~tti~tl fa taltawell hlyprewdingmean of denttwaton a a nture, (A) flip analytical tasks to lip a'va t
nniliEr olf irgotiational levels, chiarac'terization can iutli'ttie'i ig ftl 'hii'ilwra'Jrl)
lit' XIjwite4l although191 it is Clear that otmly limitedl leflhl, antd mI) the labomratoryv must bep calpable' ef

Informnation can lie' e-xpected from forwardl xrotipi. in aetinlwaeix fUmots r'cn ima
practiet' it wouild aptlear that ftarwzirel groupsle Ahm~lid fo USO t~)3.tttiit rt h iii n

not e asetlto po~I~t' nforati~ livondthe fwrniatiom anti aaasimptions, the neclif of it Theater of
immtilale prcw~nrp oir abstence of recoigniurdm agents fir Operation e'hemle'al laboratory werpeofclshdt't and
that' lIli411ll pr e ' of it newv agent. heir primary htitdrem eltoswet al.kIig'I''t
fun't Ion ithould li-w flip' praw'urement of iiitable mihni'.m'iaiineiirtgrlti ~ul~m'ia
piEs for tvar area E'stabllihmcnts. ts proiper pro paratiiit, ai~ stpplit's werte madel onl fte basIep olf as-
vis'ion for ehemical intellixenct shotild inclutiv' v~mi- sitmeeld suleptiem olf milligram oir eentigtramn pro-
permanont labhorattary units capablef Eof pierforming mil;.dptcnifr loelene n iilt
all tasks necsary for ft'e omplete ieletitiratiom elf ifntnipaalataian, alforelmd at 'Ein'EiitAnt ceonoiny Elf
ret'Eigfliel antil new ct'lnical warfi-re' material as.1 reagets anti ehemie'als, pt'rflitte'd the um.it fr ap.

* well ats portuble kits Elf more limitedl applical fity for jiaratias that was much less bulky than that 4'n-
use n fowai ares. inte'rtl in Eecramrii, gram, for inuiltigramn pro-

Et'EviWe', andi Introd1UP14 a 4 seeaaa filu'tor (af
satfety-* when working wuith no~xiEtim, toxie, oreplo't~eIivi.

35.2 lABIOR ATOR V IDIENTIFI~'CAT1ION sulistalnce".
OF CHEICL(: w4%FF A GENTS Thei iabove e ci ret'ommt'nelations providEIel thle

lii,i for INw' prewwi'tn'nt of flit'- sm-called ( hemla'al
In Etrni'r tEe Imiure fte rapid, pos~itive iflt'ntifitItifien Iaziberatory ('empianies mad, fil the, lmiais Elf at'tual

oif Iloth recoignixed andl new chemical warfare agNts1 alinit-iom fof theme unite; in wiversetis arrnw, if aplie'ar
ni material, 11,114411114' lilitaratomri faulitles must bw thiat Ill pe',aerul atdeqlute laboiratoarsy itu'litIl4 e".E'i
plaailal, 'I'lit's. 4am' "it' .abtil'u'd 11adIu' jI It PnIA-1111- 'lal.
pIrmanent installation. Meobile lablorateries, altiewigll
fascinating in sionm t'ptcts, air tox limnitedt in ilp- 171.1-.2 Llboatorv l'nx'eflaires
jplitcalility to Ilpt fehirgedl with primary responsiliily (;ive'n sufficitlI time andi adtefuaE' facilit i44 s pe
fair positiva' iflentifitntlionl of niew *'hemtild warfare' is little' tluailt that collpleit 411e'tults'a jlen-tify
aig.'ie oar material. *ii% section will h Ix'lleinhued pealteally any millstanel'. Ilowin-ver, in view Elf tlat'
flat' farilitie'e stuff1 proeeeflurps reftjiri't in peti- tel for rapid itentifieationi, it was considered adf
lw'rinavi'nt installations4. visallk' fti parovillt lalwiratoirv litwuflfIE with variau'e

Ia ts ltErl' that ilde'ntihiealtionl might lop I.'x
35.2.1 I .aharator Faciitiesifeetl.

A military lasoratory diffe'rs from at civilia flm ll Pii)rini I'l~lfWD if Mi4nnpb'. The first ra'auimreoa'n eit
that the forner ust Ilt' eaiahilt' of oi~ii'ratioiu ill tny weitn)4 of iatialysim ie lapi'nev.'l.1 irt i- e etillalt'

4 re'icn loe voll of fle- 1isitial fiaelithe's aai'ew'lted %fitl Althiough Ill lu1410t Iitaitre's P41geenj-i' Efir e'haen11ial " it-"
evaloae'E urlimin umreos. In tenter ft provide fur the fare agents miay I1 lit'otaitwel1 flreon 1tgt.ia'plesled 1111

4et1alslishime'nt elf a self-mifiientf hllhratov it w.As ,nalfeinctionedi nitinitieuns, it was; lhought iieeeary
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LABORATORY IDENTIFICATION 5A

to etonotidlt' the collection cf 'sample's frm oither coin- laWsto (4om1pany pecraitnnel foir the analysims oft-
taminated materials, 'such it msil, foiliage, anti mat- gret variety of mib'stanee's including einimer earbonot,
Isonry. The remtilt's of thimt study "* anti other's 304 and ornantnce nitttials.41
proved to) Ix- of valoe in con'sing the design of a For the qualitative identificatioin of certain acidic )
field 'smpling kit."'" AMoi, foliage, oir air toampling ins elements *- the zinc dtu's-ealiin oxide fitgiern etlod
(if limited1 applicability u1nd at reailly 'atilifaery wa's adlapte'd toa tie dttilot of Ititrosgen, tile' hallo-
ge-neral asoltimi cif thitt prAblem ha's noit becen -it- gen's, ar'senie, 'salfur, andi pho'sphoru's, isilt 'single
tained. l-mg 'sumples; anti f~r earbonm and fluorine utting

*paralion and Pu~irfo of Rant*e. The next 'separate I-mg 'samples. The methods were applicable
'step in the ayxtematic 'scheme of identification wast to) compounds having a boiling posint higher than ap-
eon'4dcat ion of a tisystemn suitabale for the itetatityi proximately (10 C, and any tone ofr the abtowe elemients

and purification of chemical warfare agent's. While could be- detected in the presnce of ainy oif the tither
comtventitinni methtiol' familiar to) any coimpetent element's whuen present toi the extent, oif I -5 per rentIf
oirganIc chembit i'suw'sted themntilvehathe advantage' of thle loample weiht.
oif miero andi 'smmiciro procedure' 'oon became The 'system for the ultimante analysis to( chleical
evident. A xstemn of pnocedurn' for the sepiration warfare agent's '*'*' onist's of three parts. Part 1'
andi purificatioin, b y dixtillatiim tor sutblimatiton, oif povides predures foir deco-mpoising the sample by a
50- to 3(K)-og tjuantities (if chemical warfare agent's fusion withI iodium peroxide in a suitutmae bombi. The
wa's therefore deve-loped."I The distillations were per- 'saimple can be a 'solid o~r it can be a liquid with a
fomed with an efficient mirrofractitmating 'still at boilinx ptoint higher than 40 C . The sample can alien
2- to 7(K)mm pressure, a moilectilar 'sill at 0.00- tot he .& liquid o~r gin with a boilingt point boeloiw 40 C
1-mm pressurem, oir a 'suiblimation apparatus at 0.001 provideel that it I's 'sealed in tin appropfriate gtlass
to 749) min. 11-e procedure' were not generally tip- capsule.
plicabile to the rpaation of componetts boiling he- Palt 111 of the stystematic scheme provides pro-.
low roaim nrperature althouglh provision was made cedure' foir the toyatematic detection and sermi-
fo~r their ctollectiton. Even thougih di'stillatin m ' the tquantitative determinatitin, loy voilumetric or colonir- *

*most gencral anti easily 'sv'stematised merthiod for metric metho's, of arnic, boronn, bromide, cblorino,
purify.%ing unknoiwn 'samples, it 'should he emphuAnixed chromniuim, fluorine, itodinu, photophoru's, 'selenitim,
that di'stillattitor or 'sublimatio~n will noit boe switable 'slico~n, 'sulfur, anti telluriumo. Proceehores are Wlso
for stiistances that dicompoe tin beating before they described for the quiatitative tieterminat ion of
attain a vapor pressure of at leasit 102 mm (the lnuwt nitrogen, carboon, %nd hydrogen. The porocedoures4 em-
pressure tobtainable withouit the ture of a difttuslm pltoy techniqtes commonly tred1 in smmitremnnalysi'.
luamp). In thosme ce" where dis~tillatiom fit foutnd tet tKampke wveight mequirenwtts are, 10 -20 mng fo~r tietee-
bep Imptosible, oither putifi' *atitin tod'stl 'tuch r's tin and ettmatlon tof those elements povIded for --
crysetallization, oir methodis invoilvingt patrtitiemn be- bky the toystematic analysis, and 15-10 mg fo~r the
tween solvents have to be- employed. Procerdures were determination 4~ carbotn or earbonm anti hydroigen.
Am inc~luded for the tleterminatitmn of certain h's- The sestivity oif the tletection o~f those elements
cal rem'stant's in t~nrdr tti de'termine apopropriate ptari- pnovitieti for in the 'systematic analysis is 1 per cent,
tiratiiem mettiols, anti toi cheek the repAratio~n ef- oif the satmple, that i's, any (if the elements nwntioncd
fected b.. theie methods above which e~on'tituite as muach as I per rent or the

I ll1iniale A rnallmin. The aedvantages 4a early knoiwl- original toample 'should he deteted. The accuracy oif
edge of the elementary composition in the eharuic- the estimatttin of thtose e'lemrents lprevieled for fin the(
terization of botth owanic andi inorganic tmompoundls 'systematic arnalysi i's ±0.3 mg in a 10- toi 20-mg
led toI the pruOvithingi of proctlure's not taily for the rample; that i's, the amount of element present can boo
41tulitatlve identification oif certain acidic 4-lement's etimioated tot within a tleviation 4f t0.3 toig. llm
likely W oibe fotnel in chemical warfare aget's 21 but ever, le'viatioins a's muchlIias ±1-.M ing may (occur wtI
tlsot it 'sstem foir the tultimate analysis oif ch~mieal certain elementsi present in large tjnantitics. The ite-
warfare mitterial by which tone could Abtain noit oinly cturacy oif the- tle'terminat ion tif nitrogen i14 ± 0.1 wmr,
qatalitative but alsoi 4quntitattive infoirmaition regard- that tif carbotn boy the dlry rinmlbi-tti,,n etbid 1i14

ingc the cleniatary coimpomiifit.' 2 " ii's latter ±0.05 mot, anti by the wet clinbu,.titpn, ±0.L5 m11g.
systtm osf tltiite naolysols wa's iiw.cl extensively by Part IlI oif the ttystenae wshemer~ provide-s foir
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tit- ,vsteiatic detection and semiljiiantitative t'sti- compouinds fir whiich occuu ini ie( comnnai iniarllitif...
matti f thosep basic elemientsi which may i, en- fr some chemical warifare6 agenits. Thie systom wits nolt
roulilIlell inl Ille lou..tyis Of clit'injesil warifare~ igeitst. intt'nteil to pnwhile for the identification of i prtil'li-
Thin*- elementa ame included which tire likely to be tar compound buit was psart of a genetral Asetii tie,-
rnegtinterett 14 rnstiftentg of toxic agents anti their vined for that putrpose. The( application f t he syteml
continersia, i venmt +m, pyrotechinip agents, anti pro- requiires (1) that fte test subilstance Ihe known fi 44a 1
tettive 44111IiM-tit. These elements are (in the order lain carbson, (2) that quittive infornmation ats to flit-
of their (IlttettiOll and estimation) iron, titaniuim, presence of elements Other than carlaun, hydrogent
mnangnese, nickcl, cadmium, magnesiuim, batriuim, anti oxygen Ise available. anud (3) that it Ise it pun-1
triantiilfn(,zil4iim-seleniiim, tellriuim, copper, leadts compoiind. Thei skystemn is eminnittetl to operations

ilac, arsenic, antimony, tin, anti chromium M~etlaoss (in a milligram scale with ft- result that only
for aluminum, silver, and potassium were also ini- 1.5- 30 nig of ptirfl test substanceP are suf1fiCien~t
cluded. These methodsP tire applicable to most orgaflw bfr at complete series of tests.
anld inorganic compouinds which are not resistant to In general the( system ('onisita' of tysteinate u' esima
fosion with msdium pe'roxidle. A 10- to 21)-mg sa~mlk and4 inludetl IS (I) genlR tests, 11*e1 Oil all unknowns, '
is neededl for tlit, inalysis. A batsic tdenent can loe tie- to determine whether tlie sublstance is awcic
tectmd if it comprises ait least I per cent of the sample. neutral, or basic and whether it is ain oxidizing or re-
TIme analysist is mtule- on the r'sidtip and the( solution diucing agent, andit (2) restricted tests, applied1 Only
resulting from at stadium peroxide fusion identical in certain cases depending upon fte elenmtary coinl-

wit tlit mplyedin thei analysi-s of acidic elemients4 tiin fr tite unknown. Tabular summaries are

and, when thrsirefd, a larger saimple can hep used1 for at providedf for thle rapsid correlation of obse.rved1 test

iiate ftision for bsoth sfystems. Int lavior with the- behavior of individual fuinctionual4
tDirpetionsm for preparing the reageints iised in the groups. Detailed eliretiomis for the manip~ulation of

abVOVP $Stemt, at list Of aparatus reqlired, the milligram quantities Of test matterialts, at list Of upi-
almoitit of reagenplittle414, at description of t-hpe fi pratits anti eliuptuenut neededi for thel systens, and I
11i1114 tt-11 ilt*c, alid Apeclfi-at lons forI lie- const, a ist of4 me rageauts rtml silld Ihem lireparatlti an-
tioti of special apparatus have beven provided.11.1T.1 given in a serieh f appendiees.1'1
In addition, an Out line wnt prpartt 1 for a etaurfe of Ikrimization. Application of fte above schmes
instrumetiom consisting of lretures anti labsoratory to the identification of an unknown chemicail warfare V
work, which has an is purpea the training of( per- agentf usually results in limiting ft, unknown to at
smnel of tfhe analytical section of the C'hemical palrticmular group of possile compounds. Psitive
1Warfare Serviee [('W.] M-2 Chemical Labsoratory identification can then be acceomplished bys deriva-
Company. The course required 41 weeks, 9 hours per timation and direct comparison oir, if the c'tmpand
(lily, 1 days peri week. lusm not lienuinrvioumly dcscrlwd, lay transfearia-

Paictioal(Jrotip A natilsia. A svk'teni for the id enti- tion into known compounds. In (aider to faceiliftlte
ficat io n of functional *w-mpa present in chaemic'al war- identification in those cases when- fte compound hadu
fare agents has bepen devisped,2 which lad for its pur- previouisly Isvenll ru1apt, larove'liure" were develope'll
tnise thep identification of either the simple or corn- for the derivatimiLion of thep more commoan emical
rl'-x functional groups which may Ise present in warfare agents and the melting points (iolte deriva-
orgvici chtemical warfare agents containing ainy fof tives determined.22M 34
thle following elements: oxygen, chlorinae, bromine, Tobostar Seerrt.In ortler to provide adequlate
itatline, fluiorine', nitrome, suilfur, arsenic, and pheas- data, with respect to the( physical con1S~ltau f tfill'
p)bors'. ('onslidcration lists bee~n limited1 (1) tit func- more common toxiech(lemical warfare, agents, Ilit'
tioa groups prest-'1ut its at large numbser fof ctm- literature wats examined for IMN comp~ouinds, 11 oif
poiils which wer- tesAtud and fouind its have toxic Which Wene spec44illy selected4 laeaulse they Were,

oir v('sitnt proper-ties Oft her by invesAtigntors working con.4lered tin probale aggre.sivt' agetf. TIhe u--

ait Pot ton oir the Univesity eaf Chuicago Taxicity vimw 2 wats intt'ndeil to)supplement Chlenmical War-p
L'alsaratory, (2) to funt-tional groaups present in coam- faire *4rviep Field Lalwaratery Meanrrdt pilsviously
jImutiad which are known ta lip effective irritants," issuued.31.2-.26.M The phlysiestl tcaotatuits ctttit
anid (3) ta funuctional groups whitcla Occur in lilt- were (1 ) molecular weight, (2) d'emeiitary tcomIxai-

laydroly-tis oar oxidatio~n protduicts of stomp (at tese lion, (3) Iaoiling poaint, (1) vapor p~ressnure, (5) meltinig



IDENTIIATION IN MtOBhIE I.&noR~'n)RIE4 4I

point, (6) dlensity, anti (7) refraetfive index. The*- the mirroetpiloifititfitnestiot fr fts common ith fix-
ptitgwrt i(4 weres otwiizel in thle form (if ifldiees, tile plosives and ~riimer igreients4 were jpreiii o~r lts
efinlityntils in psneral being arrtwgeo aecorniinx to itss fr tile (htitsmleAd Laoraory 'onipatues.
inere,.%inic vitt forflie priqletly. Mirrioilicg~ promidtre s upirl iettarly apiit i- jut

.llirrostroie .lIbmi. InI otler tot antent, atnd in atte hmcnse s~e th oiv~itives otlstaitteol tons ilent ijlt bIk
mnt-~ instanees tit oxtenl, tile potentialiftes or the inwltinic jsoint andl cryistalotigrapasie study tt afortlita
ahrnoe mo-tthtisl (if iflentifientiom, itwestilations were niinber fr alitional eharaou-terst je criteria withI
tenoertaken tot provide mirr opiiie nmthools for the which toeonfirm ain identifle-ation. IDerivittization re'-
idientificatim~ for (I Iolerivatives ftt chemiel warfrire artions (-tan ordintirily het appieol tit previously (row-

fl 5,v~~ '(2) sohiol ehemieal warfare tiomated anl ti rilihil sinples, b111t mierosoctpif* idlemti-
Olgbt-s,2 4-1-12 andu (3 pertain eleme~nts prese'nt in fleationl usuaslly flts not Ietilli"e sitid It highl dltret~of
elivtniooul waritro' agents4.'M6''li pritgtmim was stiihtt- purificaution or till- eeriv*ativi-A or sOpiinkion fromf
qjumitly exncloel to ineliete pmirunsiopie ehante- mishtre, eiluents, thiekeners, ete. Many ott III,, de'-
teriluatitin fir selectedl explofsives.2 1te derivatives rivatiattion reii' t si lie earnied ouit. undter thep
coveredl in this studay eoanprisecd thle mor' implortant £nierosaope often with impure samples or mixturest
ones for the ommtsti gents. In fte o'oiure of the( fof agents tot yield airetly der'ivatives fof e-haueterio-
work somne 1.34 milompounds presenting 199 different tie ertilrphepropoerties.
erystOallilO phasies hanve bepen descrnheol otptivallyand Summahit~fr. In view of the( ftet. that tlie laboratory
geotmate ricaouIly, sill but at fo'w oft them for the first time. companies were provied with aequitte ibrary ando
A compromise was madte between ifletil eompleteness lalsortotry ftacilities in addoition to beig 14tppi th
oif otdeiptive olitta anif what information wmas most wish the( tabve anol other lolentifiriation lriuteeohires,"
refllily cibtamlabl on samples aist they~ might bet consiolerahte confieene raol lotsihee in their
studietl in thep Chemical LAtltoatory (Companies. E m- ability tit ide~ntify raiidly bo~th repiogniured and nlew
phitsis, was plaed oin properties that are aistinetive chemical warfare mterial. Events proveel that. thisg
mnilt esy tot ohtoerve, andl on me-thools that will Insure confieiet wasi justifiedY.' It should bse poiintedl out
their readly Itidel cosistent avalabtility. 11m-t elescriji- that. at number of other oeiemett for the identlflealtion
tions aire in iweotrdite with standlard pritleie, andt of chemical warfare agtenits harp beten girollItoM444.
should hie usabhle hky anyone having at foutndaution in MMl itit almost without excepjtion they .'I ercon-
niharasoopie erystallographby. sidereit inuleoiuate for tfl itess itu t(i t a smi-

In most instances It few oft thel more obtviouis chisr. loernltt tltrtoory uniit although aatinltte~ly ust-
aeterist ics wilt suffice for reeotgnition oif ain agent ort fill in other eireumstanes.
dlerivative, Pt thatt thip otltseiser shouild loe able tot
idlentify unknowns without resorting to sill thle ilO- 35.3 II)FNTFI(:ATrioN OF (:hlKI(AL,
tails f thle descriptions reivirtfed. 1Te inexi-tetie wWRAR AGE;NTS IN WHOIILE
iimirosceopist w~ill bet gre:ily aidedl in this. by etom- 1 11 RIE
pari-atits with tite opts f samples that are lifirt of iheliltsT htE
d'ottltnwnt of thep(itemiral IA&.xitiryr Compainies. MoieIhrtoeittnl'tfrupostaowl. -

t~e~erl swo~ahtehniolues not previously rimphaaaim-o1e sil intelligree were oteveloleoh andl utoict by looth
were ohe-VA0o1111,1 flttuui l IMtittularly itso'tu in thipt ( zunaianl M aind British1 " I nits. T.o-re Is not dotiubt
work. that aitnmibile hahonratiqr oiffers, onamioerabilpe hallenges

It waso possilel in at numba'r f instances tot olevo'lop ft the ability oft etiners; unfortunately, the( limitit-
rapid methods for thle io'entification of apgents by tiomsotfspeso" retrict thescope of stch, laliratorie.4
mtakinit uase of crystalline derivatives that ten readily that they% cannott het cotnsidereot ita replace'ment fotr at
prep"urI~'l oin It Mien scale0 anot aIto by applying the( WPtl-ecj1uippeot semillerniulieitt inllatlionl. It WOttld
well knotwn reactions4 of micrs~pis't vitalitaliv.. appear thatt mathtilo. hlmlaorie.. ar- of utility otnly
analysis fotr fte idintiflo'atiom or entaia elemnents, ins ftoe £*ums' where the prollms they may oi-It
Thes wotrk varrifol 011t 1114111g th1i line' tu14+olo44l niloro. rouniter arp clearly lelined It, fotr emaintlo., idoutgificuo
Wcoiplo. sluodios of sall solid1 agents fhotht toi he oft tioth 4.t reotIgii7Aol ILgonts1, sturvo'luA'e ot1111,01PO i1Sl -l
interest, and, since mnn etf theseexhillit charr.wteris. terial, routine testing, &&not m oarologioval i~ido.As

ha or~tahloe prqiertes, loolntilliatifo %vithoilt mobility shotild not. lop otfi,,eol to areas4 Iravoersnhtle
tlo'ttiint is ;miotbhle. lDesei pt it sis anod 111tho01ls tor ikV iloeelo'et Wohio'los4 it 41114-s 1to0t S14-11 wise tot ti't. fill,
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laborattory it) any fine type of ftnifportation, IN- it, exhaust thle possibilitirs; indlividuald judgilt.,id anld
vehicle, bocat, or plane. There an' toxo many situattions particular circumstane's are reliedl tipon to iltennine
wwre any (me type of transportation may 1w' mnade- the exact proedfure anti deductions madle. In general
1qua1te. There-fore, If it mobile labloratory is diredn~, it thle efiuipmesnt containedl in the cases providies for()
would appear that thle btest miolion io to develop the lidettifieation by means of reat-tim iii solitiotis, suc~h
laborantofry around a series of portablep kits, each det- its formation of a preci1pitatte, color, eitc., or ily rpiwl-
ifigned for it specific task. Thium for any one type of tions with papers containing appropriate reagelnts.
mission eertini kifstits 4..11i eseletedf, dependling uponi The kit contains; mny attractive featilres antd is (if
the task t 1id.Ambltlbrtrhsmlduo surprising applicability considering lit size.
thle abhove principles4 would consist of( a series f kits, CH' ('heniml Agent Aimnljzt'r, -O. Thipecollee-
eac-h seeries. designedl for a specific task (for example, turn of chemical warfare agents oin plain or impreg-
thep identification of recognimed chenieal warfare nutedl slicat gel andI sillispiquent idlentificationl of tlie
Wrints), anti eachI itrim tt kits composedl of( cor. collected ugents by means tit color react Ionst wit It for

pirnent kits of( varying portability and svople. TIms, without the addition of silpplementary reagents watt
dlepending upon the situantion, a kit could lIe selectedl stuldiedl extensively in this country by bioth the
that would hep of maximum uitility consistent with Chemical Warfare Servie and the( National Defense
the site and circumstances of its intended operaition, llewearch Co~ummittee. One of the first schlemes dle-
bearing in mnind that extent anti reliabtility of operat- velopefl was designedl to provide for tile identification
tion will decease with the sito the kit. of 32 iftlectedl compoutnd,., which included aill of the

The4 so-calledl M4. atOhIe laboratory 01' Of the more important recognized chemical warfare agents
Chemnical Warfare fervie was probably the closes-t. except smokes, after collectiont of the s~ample oil plaini
appronch to the ablove type (if tlboratory unit at- silita. gel tube.'" 1'ls schleme was 141bseqtaa'nt1ly
ftmedt during the war but it wast not posisihle to nit- adlaptedl for uste in a kit designedl by CV$ andit
semle a partict'lnrlv sattisfac-tory unit, principally designated~ as ('hemitcal Agent Analyzer, R-10.11 This
hecause of thle lack of time. However, some of the kit containedl sufficenpt, eqluipment und reagents ito
kits containedf in the 1-3 Itlbratory are veryv iseful provide for the ientification of mustardi gas, thle
anti it is stiggestedl that a sattisfactory mobile init nitrogen mustardis, aretenicals, photagene, eyanogenm
cotuld bie ausmlblefl if adtvantage were, taken of the chloride, hydrogen cyanide, chloropicrin, plwenncyl
kits developedl, not only in this country but also chloride, andi bromobensyl cyanidle by means of im-
abroad. In the following section a number of kits pregnatedi tailicat gel tibes oir papers, andl for the
designed for thle identification of irecognizedl chemical iilentiheation of( some' 211 less common, recognized
warfare agents are desc-ribedl. Considerattion is alsfi agents through fltitle of either plain or impre-gnatedl
given ito methodsi of idlentificattion capableil of being silica. Vel tubes andi supplementary rcagent-4. Till,
dlevelopedl into self-containedl kits even thouigh the sc-heme provided for tile iden-tification of albout. 32
act'tal kit may not have l'een constructed oir die- toxicA4, bioth persistent and nonpiersistent, anud the
W-rIbed. prolcedures were organizedt in lte form of at series4 of

definite direc-tions to facrilitate identification of the
333. Kiti% tecloped for Identilieation atl. The Pffect; of mixtures oin the sceme were

of Recognitied Checmical Warfare A'gents st~idiied, ats were the piteets of soine screening smnokes
Itrilish Wiar Gnit Trmliug ('ase. The War f ;as Test- andtc of high hiunidity; aill wore, found tot present seri-

lag Caw 0 -1 wvas cesignd ft providep a coomprict andi mus interference under certain conditions. h'iieh tet
portablle set of apparatus- andi re~gnts for flip itdenti- was studied rathepr critically, and lte sensitivity,
fienia it( oftile- nreeoniz."dl eiclal warl~o- agetsi. length oif time aifter exposure whichl will still allow
%Vih its aid it Is possilei to determine, with at eon- detetifon, and pososible Interfering su1114lifaSne were
sidtlerl degree. of certainty. the idenutity of many dietermined. Btefause of the pfrsible value of at qicik,
ot the conimon war gases, andi in thoste ca. wherep simplifiedl Scheme, it system Wats (leviM(e whliVc INIeS
exitet identifiention is not poissible, mitchi valuinlile only three expoised tubeps. This simplifiedl scee in-
inlforulation" Van be' '.btiied. rhe. instrueti..ns pro- ('h1ded4 mos00t f thep iniliortant t.'%icS aind all1owed
Vided are intended ts at gidei tot the itse- of the ease their assignnient tot one, oi several classes, b, it did
andf its potentialities; they ar not intended4 ft fie- not allowv for complete identification.
sc-ribe it rigtiroiwt rouitine tit te-sting anti do nost fully A~ nutmber of new te.4tS MWer iulu.11VIl il t- scheme,

SE(i T P'
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among them the D)11-3.1 and the selenliotti upidl test Inits were stipplied to tite Chempicial Warfare Aeviie.
for the( nitroe~n mustards. Tha" former depends fin thep 'Ilie following agents were. consideredlil Ow theelane:
fart that thioni'l chloride inhibits the J)B3-10 test cadmnitilolcdimoie phenac-yiltiorde,
with ne-arly everything exept the nitrogen mustards. diphenylchlorarsine, diphenylchlonr'sne oxide, di-
The l)AS test for cloropierin is nlwo new and Pon- ihieiiyleyaitorsltte, jphenarsaunine vhloride,. phenutrsa-.
mist" (of 414 'ompltwng ft- gatple with iulfiirie avid sine4 oxide, pheniylellhlont"slw oxidt, sesqliulurd,
ef intining batritim dipheniylamine sulfonate. Nitrovsyl selenium dioxidle, stilfur, Hiein, Iphosphorie iilip IidPl,
*hlorid(-, which is formed from chioropicrin, oxidizes 21111 chiloide, and sine oxidle. Tree quick prelimninaryI lit, reagent to at blue pttrple. Other new tests includel tests were usedl to determine I te pre-sence or abs-ncep

thle test for hydrogen ryanile and eynnogen chloridle, orflhe toxic agentg mentioned, with the- exc-pt ion of
at( ts for nitrites and KH-E using sulfunilamid e and ricin Teetidailyis coipei fs m

N-(lnaphyl-ethlendia it hydrowanic ac-id mixfture of these agents and thep known eatses of
test for me'thyl Huiorotetite, tests for phosp~hate and interferv'nee, usinig the separations Inditd4 In the
fluoridf- ion a~fter dewomp~osition of fliuorophosophates scheme of anailysis are given Ii the lescriptifions Of the
on the gel byv hot nitric acid, and tests for lachiry- tests. The preliminary tests requtire two saimles. Tile
mators using 2,t-dinitroehlorobiensene oir 4,11-di- complete analysis dejx'nils 111)01 the seiaratioli of the
rhloro-l ,3diitrobienzcne. li1 Ke -10~ kit and its agetso 1)3 extraction and reqires4 from five ito tenl
sysvtem of identification of recrognized chemical war- tubevs depending uplon the sirn' of the samples. The
fair agents lpese cimsederablc merit and is abiove kit appearm tot provide ait isfititory means for
generlly satisfac~tory for the tentative idlentification ft- idlentification of generally reeogniz41 toxic and
of agents present lin the atmosphere. In view of( the nontoii smokes.
poissibility I)f anomalousm behavior of certain of the Viedneaux Ikiedor Kits. The C'hemnical Agent
tests uind er certain situations, it is clear that infonna- Detector Kit, Nf-9, the Navy Mark I Vaplor Detec-tor
tioli obtainedl through thep lise of thep kit should lie Kit, the A4ecirity D~ivision 1)estertor Kit, tile IDe-
subjec-t to confirmation bky unambigutous methods. tector Paper Kit, ft ectector Kit For Blister Oh~w
One disadlvantage of the present kit is that its up- andf thep Watter Tersting Kit dlescribedf in Chapter 31

*.plifcability in general is limitedl to ths cntses when- aire siitable for the tentative idlentification of the
vaplor saml(le Pa~n hie obtatinedl. RIMPeconsidleration more- common chemicail warfare agents. These kith,
should lit given to) the- tentative itlentification of the or their compfonents, should find application In at
relatively nonvolatile hydrolysis prodtst of certain mob~ile labhoratory. Attentioni is also, calledl to a
of the more common, rec.Wu~ized chemical warfare system of identification' tuloptedi from German
agents. liritetill',"' which is himtse iionU aslpiratlonl Of air

Silokc Ident1iflin Kit. A scheime aind kit for fte through oir over it sa&mle of eoniiit elnattcrtl ir
dletec-tion and identification of tetrials whiech might. foliage and then through at series oif buibblers conl-
hie encountered ili smokes dev-I(sixelopd' and 15 tamning suitable reagents.

0



Chapter 36- 0

FIELD SAMPLING OF PERSISTENT CHEMICAL WARFARE AGENTS
UNDER SUBTROPICAL AND TROPICAL CONDITIONS

361INTROI't(TION 16. DETERINATION OF TOTI.

in To 1013 no attempt hal liwpn ime totstudly VAP'ORtI)S
P tiiw iwhiiwo ess*n ew ie Iu2I h etermination of tlip total vaptr w iipes-
agenits in troiet oir stiltropietti am i n contrast, ent ov*er a seletrtedl time interv iit agimee pintt it

etmsitk'nible ~ ~ ~ ~ I "'jftnehd ie band in'm t lie sumplinx area isl of patramotint itortive in t he
titelitig fii ttittlit withi peristen'tt rt'miral wet fitre flild etsomentofaemitlwrreantr
twtits in tmtntinentetl 'erects in ftse tetlivetate xome, no. tion. The sialient featurest Of thist deternaitioi int
tablyat the Meflwhl l'>,.pprinwntet Itatiin in Albertal.4 ftIseil bielow.

tfortenetply fte topography at $iuffield wats that of
at typitcal senuherid pritirie eand, Mwstee tsm- .e~t IoalnadIitiuino
plingo teeriit per lotd tit that station, 11ltieotttgli Iioi

Sampling mintsAly setisfetetory for thep purpsest- of thle station,
were soo spxeielimrd its tot lose all alplerabbty to otheor A4rea m'rsmic Line Sioulding. Thep distributtion fi
tollivrtphil situtionts. Tir prattierit' ip he ov Ptit lmtling polints aiot m i 1ft'5i', jintflltl litips uihitli
lag ( ;rolnll tit l)I1twt, I'tiili, wtt5tits 441lly. spivcl. are normael tol thle mean witeil dliton wat il lwt-ali
imid. .AIthotig the Porton establishmnent in Englandu and prartitred by British Fmpire P.stetlildmtls, its
wast it pioneer in fte development f field mpliiing was a vaiation of tis jiroeeaure whereine Samipling
nithoils,ma~ itivestigettion, tit this stationl were flin ptiint,; were' lIttl alot eteeetsivp pmaelil- ares
Kniell a, smil settle that sletiliil timlling ell- WlIose lengjtswt I e e 14rmnined4 b1y thep IllaXIenteen
nifiles afgaineeiN'etredstiiitalplt 11 (oil three of the alrnrr enticilletedl variatiorn in wind ,iiretion1.2iM 41 Tie
Attong lice sile's were eeothibtl I'eiowl (off/ there from distutte between fte para~lli'h title's or tires won,
rnIoreclfi ol a ai tm to fill ,HDIet in the ioedisg usuailly rat her larxe, ie tist eaises hitelig gm-ater f hll
afl'OM. This highly stietiaitiil4 ttipographV permlittedl lim) yankis It alppeiv:s that this4 prtiitt was 114dopted4
tim, fit* oft sampling mepltods and t-irit-s thaet werP lireaci1se Or tier- desire to obitainl ftil laehd tl lie11 Iw
prit~eilly uIseless elewer. h fatwtors thazt pIt'- appliedl to It theory fof gas diffuesion thaet relacteti

veitrl ie eji~lt~itt.. f tile sampiietgi tet-linititiesd- density f cotaiunation and mefteorl'Olgitl1 to-011
Veltiui tit ft- fireing .ntetions tot tropleiti antd stilb- tions tot axial downwind (tWtltgrs lAter %ihee'a wtork
tropiteeol situations weir ttipogruephty, temperature, was nacderteiken telremiiisflwwitiol veloelity
anii hiutmitility. Willi etiiitiltt :owkdrgret vatriability tfi windi
lit ft-ears 1913 ito 19 I.5, eperimental slatiuilis diree-litm, the etres were thesil tit form cote-itrie

were rpdsllisleutt ;ee Fhurii. Paeesaillenamai, tirehem for ft- ite if form conetrie tS111111".9, h11t
Inicit :1uitl New (1uieeea. Afltigh a ll of thll", sIa- flit, ilisanee laetwet'n ainy twit tireleo tir stjeeartes wets
fliong totei tet-i eXt-InsiVP field triatls with, meesterd still ke-pt 1eetifu' herge. it is nott roeud lirntt-iv iu~.t; im'
Icas till- lteasiint-h, hFloritle, 4estalli611tnwnt Waes 41i1t- timd tot tiny tine- the-ory WWIrI) t'o14lhtticeg piaydc
stueslifigy inll t-11. lti i f tchtinit'cil seampling untd it Wets rerognliImd lit lleeSleeia'hl ithat lilt(- Sittujiliteg
teciet-Aw oit grnerasl applitoiiility. 11, w-fethothe- ii.ll 1 it.,- %meailieet wce, ;nl.ldt'quatcY' leetit t iii to'l
1-t-1tIpe41 :1ite1 11M41 l at his statitin, whle'i rehette- pni- scijilii.g, area samplifig imiplies, saimpilieg alt plints
nietrily lt fll, tiemitechseti ampliig fr mnwisliu gts, tlisit'r.eti %it Ii mtellit'iit oletesity ti-r litant at i ec,
veupuar, he'li rree-i dt-sciiw'el," ceand much fier it(ei- so ilt fit- ;irtieriieit of u1'hm-ieteesit i vt -zeeiilt' is
fuleut lioin t'tueet-Iiiiett ill t his tlis-uis-iol 1111s iNs'ee insueret. Tiff- iti,'s'esodethtxim-ndittim ..r mmiiiliink
dtiewi frOetxim-ri'iett at ltislt'l sit1)1PjIemtattd l1V 14t1ilint'ui is niloel tlian t'timitiatedt iy it' valmts taf
tihisrvetalip it sior ift- tither stat iOns, theP 4t01 h 1t111tillf41itt~ l1V tis'lk ,,~ a ~it is Ise.
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lit'vedihat- area ipllig rpreita'ti Ptfip tst. gepneral enairnauly tiqtpllngifllilt les anti It Imnot kittlii
praetlee. ~ttt whast extett stih flmlaitrptitiut sholl liop nitip.

Diauirib',ithmn if .vattpling I'nina twr apt Arco. 11e It, ima elear howver that limitation or sampling tit thu-
distriutlin of stampgling points over tin tire#a* it s tit arbitrary 12- antl Mtlovllt levelit 1 my not lx- fimait I .
14111" llim"Ojiritattiii stampling it praIfoitnly in. - tialy sotind andl It must rmattit fr fimire work
Ihimimeel lky praa'tivealol'wnts. Alliply, time, antl tit dletermitie tu what eteant, tit whatt Intervals, 11nal
alaiiswaer listutilly flatern'Ana' the numbeor of avanitatll' 1111414r what (ronalitiams11 'if topography~ "I'll tutr-
sitiInijlifg appliinees aind ini tiny practical sittuation olatgy, mpling ait a numbesr of different heights4
it is fleoma~try tit ateialde tap what. extet the t1liuity wottuld vit-lil alata or suich valito 10 ats to juustiry tiut-
of itampling points an Ie realteftl smal still otitain tolsviouti inereaseo in sampling aliffieulty.
tepm-mstntative andt rliabh' sampling over tits large Di~bributisa p f&ep eTt Pitis tritA Ia'afa'rr lit
an au aS pmolbie. Witlli it ingle- point iamriv, TrpolAy. (i level, tinifoim terruin it 2)-aral
probably the mosit mati-fetawtir rnngenient of( inte'rval, rea'tangultir oinpliig griad or at itritmoa'l
inpling pointsa is im at spialer-welt, riulial-type grat.'1 aloulla h10-yarat interval, ree-tanxutir stanplitig grid it

$Minaa' tJIM- flaerl-IAaa Of awIaga'R it great with an ina'reaw genrallv Putisfiwtory." However, if the( terrain is
of dixstnca fromn th' itouiv, paartienalarty uinder lapse vaitialie it isprt lilularky inipairtmtnt lt proviale' (or at
eainai; ions, the smpling ,oointm shiault ix- momen- greater atetasity of sampling pmoints ait sites of irrego-
tritat aromnlte sotrme tanti may then atremoia' in larity orof special interest. Tihus, boutularislt-tumall
llenslty ilti initintg olitiet froim hil' itattre.13 It frt'itttiii an fid'ds, oainia' oil in A iet anoplIe, 4-11itiges
is e'I'tr that. at spitter-web, radial-type grid can ie- in aniiy tanad hie'ight. itf frmst anin t.4 , aiait fof

waise mly for pooint satires statitcally genetrated. Fair adeni4' waalergrauvth, sham' linest, significant daangs inl
this raiuian it sinple n~uiitr rea'aangular gnat with it elovittin, nairrow ak'fik't, steep)irglrtps 'vs
griat interval of abtout 20 yards ana llh sampling aica'isiaintl man-mada' st matures, e., all require
pooints tlispawael fil INa' gnat line inta'rseetiamit is sj1ild ctonittratlton litn gatohaiaii of tiataB.
probaubly tha- iniwt generally use-ful sampling arrangi- tiatnat Ptiptitg paointit. Tis allsatssin tits bean tamo.
onlt1-3 I )raiil(4I tillfgraplhifcal fe-atres anre 'i.aon- finedl tat irreglarities in taipogniuphy stial: asK awur it,

tably unifairm oiver Ilist- anitiv samplitig ona':. Whara' uninhabta'l aor sgeau'-sa'ly inhtibitedl areas. Whait pie- -

time un ntulm saict ia, mot avidlialfa fair tNe em- cauitions are reaguirel for aturafte stimptinig it)
plima'nmant it large inumers oif sampling units air onttrooaitan areas rmains at mutter for a'onimectima,
where the suppfly of implingc utnits is linita'l, a Very little reliable informittil is tivailale(.2.1
mawill relatguhusr grid many lit' a'mplloki3l withoaut *I
taoo gnsalt a ,aaerifiam lin t~amirtwv.1lin this littt'r air- U.2 t1ratlii fir S811u11lin Ia'rilso
rngeniment r,-toniling ittints tir first aispaista oiva'r thin' Continuous ra'rstism Intreilla',n ISIta,,-rhgue Smi.
entima sipling stru asi thi-hittaraa14*ti.,Insh i at-yaral ,,ing. This ahisa'utssiaon is acanfuel ti pnmaaitiaa' pur-
itarvail grid itial then tin: -iddaitioull.l st of( samtpling pinting ta) giva' ra'iaut' infainulatila ina'trlitg fill-
jisints ara' pitua'l in tin' tantia'lipt(Al imllaict saran an inean vaplor a'anaetittiatn aivet at tinie inta'nvill afill.i
the iltera'atiaona aif at seaamal 4lh-yai ita'nval griad praedmnta'ly 4 4; houirs. A masjor differencre in the
whiabi is aliipltaedl 211 yards in b11th1 alireatiainsI with samuplitig pmeatime aof British Empire aind Ameria'n
ro'fa'rea ti I ha' first grial13 Withi this hitteor tirnmra- withhsii' tws thl' pri'fa'rana'a of tN ha firntar fair
nme't i s alesiable its pirovidea faor at na'sarva of maihmila' ita'uitttlmi l lnaa i ls nt' arani
-ampling uttitsA whijab van lit' llmoal within 10 yarals4 Nunpling. T ma'ran N-m lit nat lif that 'mntiijiuas
auf tha' siturai' attic it hmas' ba'a'n lawta'itt211 Tha'sa' mobilae miniplinicaivar tlia'ant-ira' tima' interval, in this insltasawa
Ptanqlinig units, tura- alisjstaal an it lm- n'ai from tha' I is hoiurs, will give relialola inifaormationu mrda' iK
satraa thiarath iat la-,!s ,a lina' af fix(41a sampling the nv'an amanavant ratias tiattitinmal (hiring thla' sa'la''ta'a
p-uint'. Uit itealan , praivith-al, di 'au~ th!at ti# he' j1aferill-

1*11 rind Ifixlribiuilo #if Son.jihit P'aeints. Tha'ra is6 n atir to f iplitl'i' is Altti-lfsta'tairy tllhirughiti
lit tha' 4al11lt t hit in prna'u iaidly :all aof th' tielal trials tha't etire vaniplinag ts'rioda. As this4 boitter aamaaaltimi
(14111111104A attiring tflw past I ya'ars insuttfiaia'nt alt vall lot. sntisi'aI wit bin "a-41am1,1ila. pratat ia'ad limnits,'
%\e'ra' 41it t:imica in msgziral Its the( alistrilastin 4a aifa~iga' the jpraitiaa' af a'aotiitimAit samplimng ovaer I ini itt'r-
ra'Iiuiva to) tIha va'rtival c'amimmant ,' Lta'., lia'ight itlsova' val aif 1 6 haturs k~ stma inaId jirait l.
gruimia levael. It i- tniv tlial thi-t ofma':isment adlb lit inite'rmittent saimpjlitg t ha lrimiaa invoetia'
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takingsamples for perioalsof 10-3flminuteslorginning vaipor conccntrations will lie very low tit tIN'- end lor
flip sampling- periodls at, for inittance, M'iO titnet, thius 4- or 6-hour period and mnay remnin so nut1iii
0 + *0 minutes, 0 + I houar, 0 + 2 hours, oeA Thisii shortly after sunrise. Howe'ver ait this time thfe vapor
practice is based upon the( atsumption that the concrentration maty rivir rather abruptly aond if this
changeti of ivflentftiitf with titnw is conftintiis ati l)Eietility lIto lx'u'i ovcerloket in dueciding which X
regulatr anti that fte toltal EIEIEagE can 1w' obtained byv sAnnPling psiNCtionts shllil Is' operatedl during this
ltte'gralon Elf the cPlnelntratlon Vortof~I time' ruttvE. 011441t141 141111t11ing InterVall, it 1s Pllar that consdE'AMPMlle1

Whil ths piu~ Ic ma 1w satsfator whn tse~ Em error lit ove'rall toltal dostago vahues will result. As at
opoen level terrain with low grotind t-over, with a stimilar effeet may lbe proolult ' by at light nein, it is
wind ve'lEoity greater than 51 mph, ati the variaboility orlear that priorf to the heginitilig of it sampling period
f w~ind l Ellltionf small, it is certain that, ulnder forest there Must lie lit haild rehliable Information nolt.

etintlltiolns whore ip h wind vlotity lis low, thle windl only with retoppe't to predfic'ted M~iWe'ttratilotl at the(
direetion exceeditngly variable, anti thle Eistribttim bieginning of tile samiIng period but aEti it forivitst
Elf Elhstictiot irre'gtlr, the practice lead~s tol wiolti for the next. 4-8 ho~urs of the metefirologicill factors
errr."f' If thle te'rmiln were ruiggel anti variablle the infliucing thle Propagation Eof gast c4o.ltlE This lin-
situationol d V lie far I'Iww. AsideI fromn the tibmlve formlfation iltifir priE',E'iv fr tliseneE'c f eloltidl, fox
Elbjertiulns tol intermittent sampling its at general and rain, ground and air temperautures, andl time Elf
pnmictlel'tw tir n practical elements to consideir. If tquinritti, anti sunsoet. In practice it is usually found,
thle sampu~linlg deietv~' tire nolt capable Elf VOEmplE'tEly hItrring 4('Emlpllcatlug Wlie'W 10Egleft factors, thlat. this
attomatic lpt~atioln an t-xtremely large' number of extent Elf sampling can Ile profouindly dekercetl~ afte'r
pl)h'k is retquired tol perform the neercs:ry pn- tefrt rwoi apiglvlosadeiile o
tiouih. Even untler idheal oinfhitionms there is an ap- the n'ENst. part ltl impact area..
previable- errolr intriwitteed in tiaing thle sampling An important effeet arising fromt the problilgit'l
period~s at different sampling points, and, where sampling of an impuire agent suidi as Levinstein
personmnel tire reftlireml to wear protectiv we lothing, mustardl gas was olbEoervedl at thle Bushnchl installa-
olpertion l~vetEI momr uittisfartolf hecause Elf tion.1 lin the sampling Elf areas eontat'llnuf44d with
augmentedl fatigule. IA'vinstE'in mustarol it wait oloolrved that 5otoE' Elf the

P'rolonged Mittpliag. In some caties significnt less sixecific analytical methods mielh ats tUlf bromine

amolunts (lf vapoir may lie evolved from it uontami- titatiorn, ellmmitte-T cEllolnmetrip methodl~, e'tp., ;nate limita folr it period~ Elf several Ela.ys. The prolem althoungh satisfactolry in the dt-ternlinationl Elf mus-
Elf determininig the toltal va~llf doisauge uinder thewE tard gas in samples tauken tiring the Initial it-riE d,
cemtioitionms deserves special consideration. At first. gave resuilts greatly in error when applied tol samlhes
sight it wouldE appear that taking suestsiver 4- tol tauken dluring the( later sampling pWIeis. 11w ex-
fi-lur simles Eover tlie entire sampijling areai for the( phontionlu of this lu-nolmenoln lies in tOil- fact1 Mtht-

WeireI heidwol K necesxsary. While this practice dluring tile initial samp~ling pwe~i the nitit) Efi molle
wudcertainly give reliat.e Elatit it tis also extremely froutrn Elf mustard gas to) molle fnw-tion Efi interfer-

wasteful Elf mflflllelW anti would rtlulite ain enEormilmts ing, less volattile' impurities was largE'enolugh if t~ak

re'serve' Elf sampling aeENE'2E5Eries. It is no~t pisibit' to the effect f the interfering substaunctc. D~uring tlhe 1
presceribei at prot-vil,,re that will fit all ('as'; all that litter saimplinug lo-icuENm, hecatse, olf t he grit.'r rata' Elf
vaun IN- donte lItem is til pooint I'lt thle moTr impiortnt lo~ss Elf thle mort, vallatlle eotinlloonnE'nt., the- fl raIEI l.n
M11t[nih'rtiolns. After infolrmatioln has looeu AllttainedE small e'listigu its lrl itie siv'ioltt anEd p~rofoutnd
Eluring the first saimpling pe'riodsN tvth respec4t tol thteErrorI. This effiet shouldE NrvE' too E'mnllahivt th' 'EI .4

bechavior Elf con, entratioln with time :it ertain forevalutatiom f the 41pfeificity Elf analytical methos
selectEI IlsintX inl thP sAmpl11ing lrea, it has been fene andl instruments with respect. tll allt E41illIE coi-
pootolllE' tol pirdiet wit h reasonallE' tuP~Ir11ill(- PlE c X. ~j~l~t1 at Vajrionus reltf.iVP EIll(-I-t nit it il.
WEill ltl wuhich smampliuugt miust IN' eartilEEo lut iing
suEEeE'Eing sampling toE'IIEIEI5. In suc~h prtlirtiolns it .34.2.3 Nature' (if Slampuling D)evice'
lis extro-i'ly implrtant t)l take intol atEwount tiny ani- There nis littlE doubt that, thfeIst 5. ~i~~t ~i~
t64'1311tt41 vitrititioliti metc~rololtidriu cond~itions. lEor it) obltain ilittiIIE iniformaite to IjuEroling the initsii
exolnijpbE, if thle (nul Elf the first sampling peridool falls vapotr EEonE'nt.ratilln pr-vilitlg eovir It A41EIt1ul thie
lint Ie, e-arly moineiuug ho~uirs it is quite INK41le that interval ait any elioEe s~mnphini Islilt is til jlrol'ilE fEor
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tile aspiration of a knor-n volume- of air through a lIest sampling mnethodl ist oae-in whieh, t le flow rato is
bubibler ebarmed with r titable alworhentt. anti suhec. ri'ehtAeed toam low It value as4 possible without rethat'ing
ielit tlet4'rtfinhi-iIII j the amoun~t o! 41ubstanc"e on. the reliability of the eesjulient analysis of tfeipfl111

gtivof: the" integrateil conen~tration over thle 'eclectedl it hIfi een found that a Hlow rate of 0.5 1pm is .eto is-C

time' inti'rvi, it is eleafr thatd this i-tbesi is mlore factory for tile sampling f mustarti vaplor. For less
w-;ipitivi- andI moreit emeirti' than prot-eduhres which volatile i'cninilus, or where work is bihg dole lit.
t-it-n'fh t~ili the lise of an inmtrument whiebi reortis lower tempecrtuires, it may lie lit eary to(4,11I11j1

tonc'iut rat urns pri'sent at tiny onle time ats it functioni at slightly higther flow rattes; it does not sem likely
ecf timle, fichl1OWed1 Icy gtraphical integatlion if the that. raUWv in exess of 2 1pm will ever have ito be
retoi. Withi the hubliler tef-hiuiqui, It it, polsibl tt usedl.
oiititinlit lihle iniformationi for dosages in excessA' f Iktvlope! rerii Tem~nerary Snming Ibixtullatlls~e.

10) 21) mg( mmin m. If an instrutment weir to eompete At certain proving grotntls, notably at l)ujgwaky,
inl sensitivity with thle hbivr method,. it wiemleil have Uth andi tW some extent ait %kill 1.Ioe, Panama,

t41 itui' sesit~vi~ sinifcan lireter Itm 0. 1 eag sauiiling areas wir developed to tile extent, of pro.
(ir stitstince. Probably the greatest adtvantage of the viding power lines ai~ vehicles aemm roads to many
libiccler techiniquie is its extreme simplic-ity anti reli- pioints within the sampling area. In at eesrt, loteatiucn
ability. Because of this there is little doubct that swo- suchl ats that ait. Diagwaty, develecpeil taro-t areas ame
calledi total dlosagep bubbler samplingt will continule smeful providedl that at sufficient number of t-hemt are-
always to1 lie efi paramount importanc-e in field work, available so) that a rnmittnahle rotationi scemie euil be
In lte following sections. the tee-lmique of i'ollerting alp.lfor their use with persistent agmnke. lhowv-i
,eec-calletl total ilosagi' samples anitfthe precautions eve-r, eeert area are of limited interest andi thel ad-
that muiist hie observed in this type- of sampling will vantage anti eiisativanta~ges of developed samplingt
hie diseulsseld. installations ink areas of more VAried1 topecgrapuy

Loote versie hfigh Irtier Rall' 8am hiig. Prior to the should bie considered. lDevelopmnent of target areits,
development of methodfs suitable for the fletermina- patrticularly in rugge terrain, reqires it large ex-

lion f miirogramt quantities oif che~micall warfare peniditure f fuinds and nmpower anil i many east-
agenits, tile use f macrotnalytical methodis reiuirell so alters fte topography thal& environmental effects 11
the( i'olle'ction f rather large amounts efr the subl- are obsi'ured. lFurthermiore, in forestedl are elefohla-
stane' to li' eleterrmineel. Consequ-ently the ti'nileney t-ioit by mustard vatior becomi's at serious facltor. In
eliring this pe-riodt was- to aspirate' large epiaulties o;f genterl it. apears tic he (ituestiicnable whiether thep
air ait high flow rates through thel bulibler unit.l& 1 effort expendled lin de'veloping anl area is wiorth till,
The' nee'e'itv for high flow rate' smpling wa4 1111- limite'eI 11-4 that Pall INe ecb4tineel froit such-1 anl Jirea.
e'ttutie ly the usme of short sampling peritxwis - Tit' other alternative is to restrict development to
whe-re, only bv this means.-uuld sufficient, sample bwe the cronstruction of primit-ive acess trails andi to
CoIllcte4I for stisfa'tcry analysis. It is clear from the samrple with porable SPelf-coutaine'eI equipment. With
previotuus ,ist'uission that in geni'ral eont.inuous sam- thep litte'-r praetice alteration of lte natural featuires
pling must IN' i'mplikyeil if rt'liable results are' to lie of thel area is minimized, a minimum of effort neei lie
tilitnel. Conseqluently this discussion is limitedl to expended, andi when the area& i-4 no longer usable be-

continuious satniplitigt over Ix-riotis oft & 6 hours. F.%- cause of delc~iation andl death of t'e'jpvtalion, at move
t4 sIv illiies ait Bhtuwill 14 1 andie l . i hre 1-11- eti readily [e made to at new fix'atfon. 4

have shuown that i'iatinumous sampling ait high flow
raIPM eIcto11t Ie' M-441' mille'r trecpc-u andtI slctroicial u, *..
viiuilitli if 1p4vo-1i 1 4ew tlm' 1111 s hort i s I" ) minute'.. Withlli .. 111 ~I
fll-i ittlhility of nmt4 els itble for thel iftfe'r- 'Ilo Ice' use-ful f'r fit'lif wattilillIC it juhiltig mitl
minitt iin f miirograin elumfities efo stiIystatve (Aw't must provile for the( atspIrattion f air throuigh ft-.
Chapter 317) it N-4tamit clear tit: it wats not nmie'ssry Imuhbler ait at rate t hich im Ix' e'agily eut reclli'l anL14
to colli'ttv argmoieunts cif mate'rial Ii ceer that matintainedl 'cnsttcwt. to wit.hiin l'*t t-han 5 pe~r renlt.
atcuurate t~intysi'. could Im niedle S'ince ltc d'fie'eniy lIn addition to the mainiutii efo at conmst.int flow
of the, Iubbcivir u ci iliiing ele'viete decreases nradly rate' the'- pimp umnit "hoitill IN' portiall', ritg$4(eI, uutil
n itli imue'i4e'isitic sccn11cliug rate, it is appanrint that the' tithable'it fir mieustiucel ohienutieo. A' nunhcer efi dif-

SEVR: 1t 7I
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ft-re'nt pomplj onits of varying utility are' dpesrilxed ().MI atmn. Thet only elseevti fe hcit i 1lpeitt isj

('ampreanrd Air Injeca.rs. An air injimeter type ext4'nsivC storatge- battery e'hargi set tiop.n

pump was taiedl by till Dritishi Fmpirp Stations. This sampling methoed, making else- of it tritiel orifime,
litimji wll(-is w"tIS 4t'iiIl tit oi-Wftt, at. flowi rates liewover, Itnvolves vot'eserabip powe'r coit~niptliteI.
oif the( cirile of 10 1314Ip m ow ted tof It C0'e~(44 air The htigh powewr e'lttumpI li andi (t need fear mlain-.
tank, r'tltieing valve, gauges, How meter, and in- t4tining it reserve sopply of storag(' batt'ries and e~x-
ieetor. This tylic oif air pump has few merits anti tensive ree'harging fawilities des's not apie-ar to bp'
many disiuun~lltliW'5 It "4'1111" ItI heavy multistalt' text gremat a. prime to itiy for ontstaneling reliability,
e'ompre-sstir unit for reeharging, its reliability in and it must lip remetlmls ie that one( punip (-tilbeII.
oEivrationf is low, it. is hi'lky and not part icularly useel t4) oppeate four to eit li ulhhihrs. If future, iels
pimrtudile, it re-tuiree eoneieh'rable servicingt, andi it is warrant fte expenditure of fte effort, the thesli or
tou, ipmanding Of atteintion in thep fit-ed. Melifleation thep pumtiptel for c-ritic-al orifice' operatlio -ouild
of fte present depsign 22to pe-rmit samnpling ait lower probabtlly lie' imnproved particularly ats fur ats its weighit
flow rates"1 hardlly seemns worth while in vie%% af thep and volumo' is conered.
availability of more rliable puimping units. It shouldl (nsat ipem ilRe~'rel Opc'iie 11#10111.4
Im' plupasilied that, for eme'eItt ati i'e'eomieal A pistotttype, pump11 elrlvi by tti'lueMOrdlE4
oeMrit iota, manlipulations it tlie fie-ld must ber kept ait cons4tant-st)(ed motor was eleve'loped 4 in an attemplt
at minimum and any device whic-h requires adljust- te, provide- an air pump of reliable pe-rformance and -

inent in the( fieldI des not deserve mprnous con~- leavinggia minimal pwer rceuirpnmn. Thet ae'tuaal
sidpeation p~articularly if it is tot lip usedf in large pump umehanism consists of three 'ylinelers rad~ially
numbeors. pla.e'ei about the crankshaft, their aMeS lying in aL

Ihiqsteif re as Injerfnra. Thp ose of n reaily le- jidte. 1iE' three pistons atm uttacwhed ft at sinle
fled gats such as marbotn dioxidep, propanep, or Nsamae connietig roil bearing othe clprankshafrt bky slirit
inste-ad of emlresmedl air in thep oppeation of an in- blueles whieb actf to i'onnlititng roels. ThIlinde
jector type- air pump was investigated am, Ia prolmine- bocres are inate' in disk-shape-d graphite- piecevs which
operatedl staitaless stee injector pump wias dle. are frpe Co turn in east iron hiolders. Ast fte crank-
velmpa.' ", Although this ltiml in prine'iple wats shaft turns and thep connec-ting spring blade is bemit,
supe-rior to fte parlier developedi e'ompressed air in- the graphite- cylinder bloexk revolvesM slightly in its
jet~or pumph~ it still e'ould not bep consideredO the11. ceittl hler in rsponse tot teforces impoisedbky the spring.
of etl'er pumping ele'vie's it, regahd to re'liiability andi The mnotion of the( cylinder bloc-k in thep holder Shifts
easep of ope-ration. lte port in~ the cylinder blocxk bac(k anti forth bettween

flrifirc'e-Clredled I'EirkniIty e)jrraf#N1 Pumwp. It is the intake, and exhaust poirts in the holder. The( three
we-knocuwnt that flow rutes can li' controlled within e'ylinelers opls'rutp 120 deKree's (lit, of phase with one
ri per1 .'ctul lkymneais of at critimal orifice, provided it itot-licr. This arrangemnto is nt only c-onvenientl ini
pre'-suiw diffierential in exe-ss of 0.35 atm is ma11in- de4Sign Wit is also de-siralel for the( produttion of 11)011
tamned acrok-4 the oritim%' A very7. satisrtu-tory pump uniform flow whimn till fte cylinders are pumping (in
was de've-Ilpel using tin Oet rie'allv driven toy reeip- the( sant- line,. This uinit. wats develped toot late, to)
rt"Icating steailmlninef." The'4 111n1i1 finally 4devloped1 permit extenmive fiefl tests ati It rmatis tot het opi'

la it'aptivity of from 2 11Ipm ait at vacuum grtetr whe-the-rthistunit is ats cap~able, of reliable, petrfotmatnre
than I I inies of mere'tir antde would theprefore, ope'r- ats is the( orific-controlled144 tYpe oif a1ir ptmlMI. Until
lite fouir to eight litishle'rs at at fill%% rat R-'11ei ll at 4cotisiderable confidence' Pan IW 111111ed inl thll' allilitv
tI.A 111m1 by critical eorifiteI'.. The, main advatntarps of of the( geiverner-ecint rolle'd motor teiomintain it v'u-
this type of pump arm its rugj4elnes ati dpc'nel. stanit sp:'ed. it might lip' ncee'ssary to proVide' It ele'Vim-
abiilt anld thl. e nlativelv small amount of servicing fo~r receireling shaft revolot ios.
P411giinll for voeuninueous oeiruration civer loing pe'riewls .1IqttiirtiIIy 1rareue 1eeeep. A mnli'r eif thuga
of time'. As tile eorith'es re'mainl attal-14h e'i tl. he net ieally eijx'rute'tl1 111iimitp we're' inves1-1tih1 ilac'l it-

lithllcer unit,4, oeit ions inl thlt-ie'lul are' mm'finl-d to t'm;)ts toi el('veop puomps of low paiwl'r .ei 'a't
Itrning the'- ptimp oiff and oni and eletrnuinngat the' tulmsr diaphragmn pomps, althlugh lim-.e'e ' 1e'advelv
INlwinig 1111114'1111 f at satulinghi pi'riotl whthe'r fte tit $Am ,lgct her till noct sillie'imit ly re'lialle tit- II,'
111unp1 is vaple'l eof presliiuug at Valc'uutn in I'xel'.4s of o~f limiited1 e'a1pa'ity. P'robly lvte' tiici4 sat l-lmtory



DE~TERMtINATION~ OF TOTY41. VAItOR 11011AC.ER 599)I

ftittneltietdllV Etp'ttl PUMflP (l(W'lf)j( wits one4, in Vinety (If ('0fl1litiOitiE. For gete 11a)lllittitil it I- 4

whiuch tt 3)istom puimp ('Eltstrtlt(( fro lipi~ yli ynder impolrtant that a solvent bse telectedl that. not oiil,
of it tfky steam engine was drivent by a magnet (ill.- will perinit, the efficient, collection oIf thle Sample but

*tained from tin Plef tri( gong.2 The pomp nd libattery iti156) will not introduice any ('Emtll~tti(IlI il ti 51113w-

tgnit weighled llJpjroximt4ly 20 pEftinEs and wits quent titlytictl provetlures that to b11%e se d for fh-

cajpille of cirnt-inttous (Iperttion for 12 hours wheni ternhtning the ainttt of sttlIwtantW( presenlt itt the

delive'ring atir atl I 1pm against a headl of 4; em of solvent.' 1
mer11Cury. Unfortunately thp relizihility of operaltion A retuctive solvent hals obvious adlvantagePs pro-

of this tnit wats not nearly So great ias that (Ibtaittll Vitl('( the( ratte (of t'eactiott lw'tweett 5llvvttt t11id45(IllutAo

with the( orlficer-ontroIll(NI pump. Thep air How with is rapid ltind thle solubtility of solitte itt the solvent is

fte formner waso co(nstant. to within ± 10 per rent. high. Unfortunaitely if reactiv:e solvent sajtistfying tile

aisree conditions has not liten found for mutletrd gas.

I hBmlcr Iknign. C areful Study of thep fiactors re'- iW(ti( avid, has liven usmed extensively for ft, eollee.

sponlfli( for buabbler efficieny 4.1 hits Shown that for tiion i(f mustardgitlmhIl.Pl 2 a. Fifty ;w'r cent. I
How rittes of approximately 0.5 1pm or lI", very acetic acidl suifferso from thle distu.lvatoIge that its

Silore mobr are satisfactory. With increasing compoifsition is altered ky asmpirating atir through thle
flo n~m mrs-attention has to het pnid toI bubbler bubbler ltil, atlthough 110 lx-r (-(fit, aceetic swill is at fair

design ill (Irler that eqtt1ilibriumt conditions maty het Solvent for fltltttril gas, the( toolttility kereL'es

es~taitlishll between the gas 3and liquid phases. For rather ratpidly with (leerestsing coEnee(ntnitiEon of

flow riftes (If 0.5 lpm fir less, tile Simp)lest type- of a-e tc acidl. F'url hrtnore it is very difliult f4o preict.

bubibler 1-1 Is capable oIf satt i-'datomy performance, (-! tralnlle(ereEfa(cre h ftell(-y Ef7

an~l m~romplicattedl &lSigs sere only t41augment af luliblere('bard wih.0 eent fleet ie acid beause
aillteblbea.lroeail i lwand thes r Kthe slwirt ftertltin(fm trdwt
t- difficutlties utssoeiated with chaistng, discharging, oIf the( hange in eclmistoit.i(In of I lrSolvent with tme

ratesA in excess of 0.5 1pm itnumbiero(f bubbler designs aqt 4lt ace.tic acidl.' However the efficiency of a

p (I~~~f vnittig merit have bfeen sg std' bobbler-solvent. colbinationt can two (letertlfluedl it- f
34.36.111 UA coel~ible( avantage (of low flow rtti etirately bty experiment for a patrticutlar set (If contdi.

Sampjlinig is thakt it pefrmnitsA the tisp (if tn extremely tion-s. It is impotrtant that in) priketier~ W0 per cent
siile' ubbler whic'h ise(asy tolnauacue evc' acetic stcil (-tilt bet usedl us it solvent tit ('(ll('ct mutstatrdA

atnd handle itt latrge (1uantit it-4. gas provWidled it stamplittg flowl rte of (1.1 Ilim oIr less' is

Ifld t r biqiusids. Bubbler liqutid. mayv be of two timl for saimpling pli nEot exceedling 1111t11..1

baw-ie types, thait is, till"e whichl tit) not react, with Withi higher flow ratVK seriotts difficutlties tin-ell'I-

the subsotance Weing atlisorlbed andl thsand ('. (Etltr'l'"'" 3 ~ init gec l s, aulequt11te

1)iethyl pjdtbnlate is lut (l t 't nolnmiftiv(' Solvent soluotion of the flificutltie4 lilts bien jlr-stltf4l. In this

for mustird gas' and11 lilts .K4et1 11sed exte'sively in connefction it htas ls'en fouitdI 4.1 tlutt SholldI Sttil~iing

fit-lit work." lDifthyl phlittet ('lEotly approximattes Elf mustard vatpor hatve to lit' (1(116 for lw'rifuls (.X14(1-

the( Ideal nonreactive soilvettit in that its vstlx~r prn's- Ing I homur (Ir tit. at flow rtg-~ P.\V(4ittX 0.5 11)11,

Sure iA very low, mintimizing lossby evnpoxrttiiin diet hyl plithalate wiill prollably itlways prove to liIs' a

du1ring prolog samnpling petriolsk4 It 'is it very poior moe ti'fficient ablSorbent thatn N) pm-r cent ncetic

Solvent fEr witter atnd therebIy cam 1w tiusedl cindler liid.
Condi~it ions where the( waiter (cotentnitiEon in the itt- Siuid Aedrnrdwaafr Thel( re-placement Elf ft(-i liqutidl

ttosjpliE' I., high. If ait oitrs-ative solvent is USeA d. 1 bubbler utnit byv it SoElidl imd'EorlSttt. jpresttits at tnrte ive'

the' vttllr pr1'estit' Elf ft-il ven i4(tfi M11( oile, tilE- jlEI5iIbi!it ics. t. illt is hnlttICU (JW 1114- SitlEE' it was5
amhil,int teer't11'nt, tile Voltni, Elf Solvent, and1( the tovil inl fill- petrii 1l oawiag WoErldl War L." It ha2Jt-
voElume tt alt ir jut-, tIh rough Ite bubbler air knolwn, lImmn folund that alstorli'nts S~if-t lis silifea gel ealtint

tiaIutlt( pr.Elielion van Is' miulE' Elf ft e (fivienry In, tise I gentitlly I "', .fas Elf thIe sudverwi et-fects
Elf tile lble'r uwit.' laus itiste.:,d Elf relying tpon~i Eof %%ttier vaplr Elfn tit(' efiE'ieny Elf aukiorption. It is

empl~lri(val voErneE'ioln fuEvtEr4 whirlh o':v reate to trote that claircoal is tilt extE-lI('nt admi~rbvint fsll

rat her sleifiie~ sittutt iolis, Elit' pillt wi 1 ll, !~E niisit gs 4 IIltit 4.1intilt li t- IhyEdrEIIYs plrEimluNOt4
jimhl flit- lifrElrminti' Elf ft-E butbbler imit undelr a is, Eliffill to iil iI'lfletA.4 -V Uni t ilt i5EI5orImn'i Elil

u- ( 111



0(N) FtVIW) SAMIPLING UNDER 141*1THOPICAI. AND TROPICAL. (ONI)ITION~4 4
he found that will permit tir quatntitative adsorption- DETER D lM I NATION
Of mus1tard gas MnI 01lsMMquent (j1Mn1titative elation OF CONCE'NTRIATION VERSUS
of the hydrolysis prodluii, It doess not seem wise to TIME ELtlATIONS11i11M
considepr replacement of liquild bubbler systemst I' n'run't tia)efo h eiruatnO lt
solidi tulsotlietits. Isnmnssial o i( eemnto t ~i

relation btetween 'oncentration~ untd time ar e.
36.2.6 Nfliferelluntonip scrils'd in ('hapter.18. The metlioti elf tsinxj titsf'

In the. p)receding pairagraphs at-tentioli has bepen instruments in field work hifs beten i'est-rilted inb
calledl to tflip more impiortant features of so-catll considerable iletail."1
totnl dosagev sampling. $pare does not permit giving
tin aceont of thep detailedl operations; this seems
luinliv tot lix flttessa int view of thep facrt that. fill 36.1 IDl'TERI~RN-T)N
i'xce'li'iit *wtint tins alpwtly beven ptiisheil." '0" 'TITAN)W(-l
ever it doexs steem worth while to call attention ti) OF~ EXTENT) A0ND DEGREE
A-vet'rl specvial jwactief of interest, to thep general
problem of determining vttlxw ilostiges. Thep extent and degree of itiftial liquid e'ontatminia-

SA11u6plin af A11idilnpoilent Sy~tenmu. D~uring tlie tion can hep ieterminedl by adlding ain easily (leterni-
course of field work it wits desired to sample And di'- nable chanwteriaer to the munition charginx. 2 ' The
termite mustard gas in the presence of chlorine are'- motf important, Aiu wteriiaers utsed hnve ke'n dlyes,
Ing from bleaching ptowder placd ont contaminated although in mew caes, other sublstances have been
areas. Since information wast not requiredl ill regardl It.i. ?22.S.7'UU.l4-*Te ex~tent and degre .

tot conentiations of chlorine, the simplest. solittiern of initial contamination Call then hie determinedl bv
W.as to) Provide thep bubbiler with It suitable filter that visual Inspietion of the( terrain with oir without the
wvouldl allow the ttuantitative passag' oif MusArI WS aidl of enameledl plates, jump cardls, or filter paper
andf provide for tipe quantitative removal of chlorine. a~mle~ 2 u...?..* 4 ~"For reasonably

*Two such filters --one eontaininq puimice granules exact work It is oblvious thnt dletermination oif thep
impregnatedl with soium, thiottulfate 21 and the other amount of chatracteritier on the colle1eting device bty0
pumice grantiles impregnatedl with a mixture of lead etolorimestric means is necessary. In some eases it
acetate and earbionate u ~have been 4eseAilU'd. ii1P may be neeteitiry- tot determine thle drop petrum tin
atamp!Ing of multicompioneint systems where informal~- thep collecting tdeve-. Sline e distribution of eoi-
tion mus-t bep obtained in rerard to all1 comptonents is leetting devices in such at way as to insure representta-
usuall11y qullti difficulit and is possile only in those tive sampling may hep difficult oir impotssible, turf oir
--a"%e i ere sitable ami-.lyticul mfetheuLS ar avAil- foliage samples may bie taken and the amount of
alek for detentaining flhe individual comptonents or charueterili'r contained therein de-termind Thi
thevir reac-tioti piriltio in the presence of each princriple isadvanitage of the, use of charateriserrs is

thatit gives infrn-aion only inretkt iitiau
Samiling of Chisulst f'antaiuing .A hoMrn IDrnpils. contamination, or, in cases whepre liquid dropplots

With certain munitions it is necessary ft coussider have to traverse coinsiderah)lp dlistanlces, ;t, gives ill-
the, sampling oif mustard gaw present both as a vapor fonnat-iot, only in regard to the situation at the' pioint
and at fogg. In view of fte fact that the uiropts of troplet formation and not ait Itoint of deposition.
pn'tw'nt in a fogt may pass through at bubbler " " and For this reason, it is preferable t tise methods- which
t'5t'ille uabswption, it mary bie nce"sary tot plae is involve ac-tual determination of the subhstalce' be-ingi
filter onf the bubhbli-r intake thint wiill piermit the situdied. Metthodls for thle determination of liquid
deptosition of flitp droplets oin thep surfacev of thep filter muistardl contamination hkv nict ually deternfinitig t-e11111101t-1n ashiw suliseejuient evowritioin of thep droll-. mustard pre,ent hvIM 14--1 4ler'jb4.P-~l"'
lets into the% bublpr. I'Sfveral satisfactoiry filter (it-
vices have befen dsre. 2 .II 2 Impingers, alt houigh
utl in ce'rtain instunees,"~.271 4 have not founad .vi. Nl $(:CElMA Nl'O1 METlHODllS
e'itensive use in thep sampling of mustardl particillat*'s
Ulnd little is knou~n regarding the( reliability oif thep Attention is caslledl to ife bioassay of nims-.trlga-t

te'.'~nicie'. Ikv mens- off physiologjiefil changes in thai' ml- ('i f
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rabbhits.""- Although this4 method it, not Precite. It Th dten natnotsitbe riniurst ori fie
sgpn-mg it valable function in calling attention to the height of burst in' ofcnidrbenpoteeifel

.elxwre. fIm ro nceialrmlntp) work. An instrument, wrui d~evelopedI to, flcilitate

th e tfluot
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QANTITATIVE' DETERMINATION OF CERTAIN CHEMICAL
WARFARE AGENTS

Bly Cairt .Virman

VIA INTIB)ItUMMON intdk 1 ttration with istantimil soiutm hypoehlo-

X TI rg:COURSE: of the wvar it Ieime ntnv'*qkry- top site M11hitiOt listing Mnethvl 1114 it* tilt indiesitor.:1 The
I loie atlim l iable a ethodls for tilt.aniatv trtrani**d ,oiitsitivityv of t is met hold its oihpatl wit

deiterinattioni of eertjiin letiit wtirfaIll tigetts. 1'pTo tiatott' rntetttinndteezglt
satify tis eed ntesivestai ie wer l~dertken somnewhait. more sitable. hlowe-ver, it ailso suftferN fra in

oot only too dtierine tilt, etliiihbitity andu tia'faie' it hark I)f specifilcity 11,114 its aduvantaget liver thie,

or existinig flholss but alhso i t dleveltop new broiniti titrittioln tin,' lit te4ttlble.

e'hloiaimint-T nmty be, utied t4) titrate inuituid or

a I)~h~t~h~TIN ( M1T~k) ~ thiodiglyetol either lit the( presence or absl-ee of 1?
bromide ion. Methyl redl is used its tin ittdiestor.'4 lit

Thie imptivinee (if mustardl ow ats a ceitil war- tilt, pr'setlee of bromide ion the chloramine-I? merelyX1
fan- agent. l('iI t4 i e'xteni iveit ties itm theit quatititat ive serves tot oxildiuet bromide i o W romine, Which thenl 1
th-e*'inattioii of this sublstance. 7he advantages tand ri-tiets with the( tailfur attom its ules*rihed1 above. lit
olistulIvatites1 if( tilt variousm methoNis studied opr -hi- the ahmetwe of broid ionl jtte mcaetiot takes at
V'cIoped fin- diieltsse(d HWOW. different cotirseand twice the amount of chiortimine-T

Ifromijgw Tilmaijirn. Mustartd gus, thindilialyeoh, or i14 viottstmeo. Apliarently ehloriation of 1i't rlst
in ft tiany simple' organfie sitificli' i'ti IPE' ihiteriit' ititm INtrui. Theme mi-thodsp were s4tudlecl in tehp"~
bkVtitrtionj With1 It"l 11411 (1141.4 solution orI brominle tlilt thti ittutwa tilt l tiutiorns or ihhititinii-T wouild

* methyl ru~l as1 tin Indientor.' 'flu titration depietidsIN- stable; however, thit its; not found it) he trite.
utim the nopd lim'minta'iott of the sutile tot form the IDirhloranine4' Titralbmt. Mluitardl iliuqitl 'i'd In
djbroiie which sttfpsiently liydrolym-s tot the cyclohiexante or purfll kerottene may hse th't*'rtineil
soutfoxide. After all the suilfidhit s hce-n transformed Iky adding a known quantity of diehlortumine-T atndk

- into th ipoieo uloilthe nextadded itnert- titnititig the( exem diehlortanine-T with thtiosttlfitt('
ment of bpromnine oxidizes the indicator to at colorless after the addition of i~wiidi'*i andce-tic neid.' A vitrft-
comniotnd. I'his methodl has sten'f extensive use booth tioni of thtis methodl dependent uposn the sentsitizing
in this tcountry and atbroad lIIat..7 find providedl tiction of nttstird on tile rracetiott be-twoen diehiora-
thatt its liita~tionis till' n'giZM'I hits1 mitt-i tot coi- mitue-T tind cevclohaexinol hits also hwpen lsriw.."
imentd it. rise metr.,im uipphictihi' tto the- siflalysi-4 of These methodls, tilthough uiseful in ertain ease, hicik
11olutions or mIstanir or thioiilyol ini water, dilulte the siflpliity of more ilieet methooels anti for Mtt.N
sulffirie or Itydl-ri u -irici, itndl iqtl s tetiv mitson were not gpenrtlly list.4.

a~~d~~lal~7 flIt is simple, rapil, and senn4itive, and Chlaramiier-T--o-Tolidine ('olarimerir ho'In. lit
lit the hands of ltn exly-rientccd'analyst it grives reliable this nwthotiud usltrdl gas or thltilglycol isslved in
results. htspriteipl ilistulvantitg is ittS lack of sjw'ci- aquleols tacetic ac-id is idlowedl to riet, with a knownl
ficity 11.1.4 and in j'rartice it14 iusshotild IN- limitoed tot exivss of i'hlinsmnt-T aind the( Pecetet reatgent esti-
thoome institnees where it Ist certain that nol interferiug maiteo colorimetrwahdly Ill.t4AA4thrugtlt it*,a'
Puitslers ill IN- pil'st'tut in spinficant timemini. 1111e Off-tohidiue. T'he miwh0ifictlitilln (If tlui 1111-11e01 de.-
instabhility of the' retgo-it inikes IneceS..ary6 fr141uetut ,.etills- 1) the ( 'ilifOriil Infl4itfltte of Technitolog'y
stuntlrdiautiotl. I lowever, ini prartire where it large ptrilup 11 is protwibly the most reliable. This method in
nutntlwr Of eleteniittiots are1 involved, the nied of its4 ilPt tlesiiilIi' form ", cain IN' used1 t stit sinute-

fr~eet 1411 itin liit zuion Was.. nost found lt he' It tfllstill gits 'otlcottnit iontsover.l tit iavof0 (MlolIg
Ipiureteimor ofastrel mix4 ,w'r mliliter of uqoulit- tirefir arid

nipf/DeUhbot TIeefifis. Mltiru a s Miaen lit- dtier. 11111tld n ilIN- ii'ti im-ie tuel coel' it io iiit's froin

M2*~.
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DETCHMUNATION OF WLTAnI, GAII

35- MA v*iiimp Ipr cent. The miwthlnd 1 is Mldabk andi pkyititii (D)1-3) MIM-1nt lilt 114e-1 deiiiw'd11 in R a.i
w-noltivt', Wit Its six-cifIvity Ii. low, iw'InX somt'whitt tent 31 and X~ 1Thio trot whiech is hiamti oirnn flip
rorpn jli to that (if flipi immtnl tit rittin. I'ivattie alkylithmf or D)11-3 byv mustard jaw aind tip' suliee-
this latter mpthsil is 1wirticulariy rapid, tile advan- fluent formation of it purpi t yestuY wits used its tin'
t4I4(tP Offt'i-4w tu f hi ram101inel-'r is-tolitiine method ighti fi at nimiit'r ltf co'tritupntric' mpetiitils fo~r Owin'

arl. Itu-0ionabp. oltinlation oft mustard gats. tit tiilty of thlese Iiitt-
IEti~p~inie' C iaripiwlric fethfmi. 'Mustardl Mas or ots ""~propier attention wits not grivenl

tilitiffigltlil in 11411l'tltI1 t I'tit soiuitioitn rtls toI impolrtanlt Viliiahls 11nd ait oil' tillPt' the whole.
Witli itufloplatiniate tfrn (i i('l)1tI!a t ap)rtnWIl Wits ill disI'Vpute. ItI0WeVer, VIareful AtIttly
iodine."'iTue orilginail met htxl 11 inwd uplol tiw abolve of thliap r of tite reacetionis and of tilt,' important
mmItigi11 1-1il1441 for flit' Iulition, of staltil1 to tit, 1Pm'- varimlt'S 1l4d to It n110th01 of great t itla I'lle11

titan m kti t'il n h ail3 to take adivantaget of tilt prot-tdutn'm finally tievetopeivi "I involvedl the u1M, firi
itit.Jllittillite itall .. colorpi anail in tilt' presnce f otler Ito aivginpet. til t, sitivity antil :s1)(4eiit. of
nitstamii gas anlt .1rchilt(-11 is tonfrO10 it lli w It till' 11l'ti1t1t, a1,14 tip t444t f Jili, tt'mperaIntniru, etin1-
iinuit~tiont of toitir tiue to at ierem in etrntintnm- etlttittn of retatfults, nii Interfe'ring substanueps

tiotut o itultin atE' ion ainti iIncease Ili color flaiu oni tit' eouindtsation rpetiut were tiitirtmghiv inl.
to tit' ftwtiatitill of tiit'starchl ittint'tcmplext'. S4'vl'In vtstigt'l. Till' dievelotpment of tilt toltoretd tlyesttuff
zittepit I?.?* toi Impro~tve till' twiil niiIlthilt~ wlt'l wmmgaisoti titiieti and ftll I1'ai'tioil itl'rprttt' ill tt'rnis
not pitrtielllaly 'tieesfitl sti Iongmms stlmrt' witmatitied f tit' weakly acidic chimu4ratrof tilt' l1'actioll pniflulit
to tile' reaction mixture. However, if stlirch was f D114 andt mustard Opts. Ilt'lttiols ftmnt't'tt'il Willi

ontitteti andi tit' netili biieti upon tiit' dec-reatst in ft- lading tof tih' tlyestilff litre Ptuiet and it wats
etaltr tilt(, to it tpcresi in tilt rotmcti titrn tf ititi.. shownti tha~t tit'% pfiniptiUl efftte 1m ctiwu tut ti 1flit'
plattilmti itill, Sattis4factorV "eslilts wewi' olitainil."17 d'* tyesluff Wilit iydroxyleiclvents. 'ii t. itai , is

2I~.I The modlified iodfopatimmte procxeflre 173. tuttfttl for e'stimating mustard Ipts coneentratiuns les
TI 7% xith-4s retuits wieth 1lt' ttet~milly rpliaiit- when.~ than 150 jsg mitto witinl)miitit I pag andi to willtitl 2 pm
solutimns eontain motieratt' ammtunts oft mustard gast for at rmmlgetit of l'tlitnttifill froml IN) 11) #A$ 111. i
or tiiliglycul; it is sensitive andt rtmLonAbly 4ptx- prat'tir' tit' mulstard gats vstpor is ctollected in dit'thyi
frifie..1rn3 In ftimvtt lses wht'i'i it is flI 'itty t, 140ht11120It a itlvely ntunvolaitiit- solvent in which
imnalpi' mItIls111 aUTttiP tf'lltt stoliltitons of nimstti wakter is not ap)re4'tkIab3' S41l111le. Tipe iiove :nt'tiii
pas oir thiodiglvt'oi anti wimtrt' Interfering sotaitmnti's is iuMINblby IllP' MOPIL siit't'itil' m-til fir nlll1sitmrt
li1t' 81Ms 4tt't tit- mt4Nitiif't itltltIIlatillat' MntthtNt 17.21 gas turrentiy avatilaiblel "-3'"W atIt Ili&% iit't'i ittuiit't
('an I*' recommt'nit'tif. for utse i at nittmhier of establishme'nts 3106 wit If bt

$-Xiip~ht, Tggisibimptrir Mehiml,. iis metmod 177 minor motlifitatitrn. Its lise is st ningiy ree-omntuht
whitil thit'pt'ISu upona thet rci'timn f :u an:iolii i"LItimlarly ini fit- trotijuit when.''t tithyili i)htilt*'t is
ittiiititi of niustarti gatsl''ith ain alkaline soluttion of fair supe-rior to aqueouis aetic tii for tie 1 0IMettiOl

$-natplhol anil sillmit'tlent pstimittio' f lt' turbitiity oft mustardl gas vainir.
prolit'til by tilt' nitistarti gas D-namitiltl t itilelitlion A rget'niowri Tilrolio,,. 'llt yoti itti n1rititut oaf
proiluwt1, aitiloulgi reatsonabhly siwc(4ifit, is oft limitedl chloritde ion atrising from tile iydrtlysis of maustaruI
appieaiuiiity, is far too insensitive, anti cain lbt con- gas422 1 is ttoo inse-nsitive to, warrnt furthter t
siticre tit o i otnly historital interest. sitit'nmtieon.

Piriilit (4..riniwric .Ie'Iheut. Tin' tt ntilensmt ital Mlrrritrinodrir 7'ilreis. Tilt Iml'rturint'l lit' t itnIl-
proit't tuf miostarti gas anti pyridinle is trnsntfomm-t't tiem tf iit ritit iton, atrising fronm the ilydtalysis tinf
Iiti 1 ycltw tiyentuiff 111Ol treattment vtlith alkali. tMistart ig o1 isinmg tiliemtnyl etriuatwilt' it" fill itfli-

Allitlylti-I l'l ittatis 41 .. ... 1aIte1 111"I11 tis rt'mmt'tloi. cttir Wats illvt'st igat*'tl "I 1 " Iiti dIt was' ftnill

iiitt aiiiaiiiy4 Sitt ttirmeittsti tl4m eh'ftn t'tsitajp a lpltrt a.I v'arlotmuixi- 11111 ren.,sall bly- meitivt', ortf ha t edn foltrtIimt' f ilit, esi aton ll Pmtardt' apm Overfii lat:
oir greatt'r Sjwc4ifitity anti snsitivity an- available, its ecintrtitol rngp (if I) 2AA) jUK tfi mustard glis lu-r

Ci11- r t rtgric .ldheii. 'iIlip ietet-tit tif miss- itin 2 1 pit. Sint't' tilt- st-ilsit ivity tif tis Illilau
tMri gas thlroulgh thet mis4f' of tOw Ppnto nz i - i. not sto great aIt fi i:rs tif t'qil~a six-eifitity, :.it It.-
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pateof the consielle laborw involvedl itt ear. Of the( sixteen methodls destsiiel MIwe, live zri of
tying (Hit a lige~ number of estimations int this isuch limitedl applicability that tbey need not N'e tilil-(I
wtiy, t-he mercurimetrie- titratiemi hati not bee-n uncd ideredl furthri. Theme are, the( 0-tuipthol turb~Ii-
444-noiVely. metric methotl, the pyridint eeilorime'trie met-hod, the

/I-.NilrdW11:11 Ifrwseate Cfu lte~i,.rie .MrAud. Thin auw'nimetre tirteun, the ji.uit-rolie'nzyl bromnide
niethetlu* 1 bael IoN) the cenlfllsatlebn oft p-nltro- coleimetrle me'thot ati the istte thleosilfille tit'ra.
Ilunsyi bromide with mutstaird gas anti sturliteent, tion. The bromine titrat-ion, the( hypewchlorite trit-
trpelatment of flhe eontensatlon prewluiet with noihium tion, tlie ehloramine-T titrat-ion, thep diehlornine-Tir
o't-hoxidle it form elyestiuft is too) itivodveel to warrant tit-ration, thle chloranuite-T oi-tolieliiue volorntetrie
furthercoensideettioii. met-hodl andi the lbromatt-Airomitle thioloutlfats' titra-

(ol Chloride Igenlidim' ('ne'orinietri MethodI. In tion art' relatively nonspeific and should be' tseel

thim npthotI 41, aelvantage is taken of thep reactionl In- only in those toes where it is certain that mustardl
tween geole chloride and niustarel gas to give a com- gas is the only reacting ceomponett.~ 1 *0-6 Of the(
pile' scoluble in hensene or moneichlorolvenanie. The methoils in tit- group thip bromine titration is thep
slutiont of the( e-otnplex is treatedl wit-i bienieline shilest and in the( hands of ain expleviencedi analy-At.
it) give a le ilyetetuff. Theme is not sufficient infor- Itives satisfactory results. Of the( re-maining nwtltodis,
mat ion available to comment oin t-he tudvantagrs- or the 1)11- colorimetric methodl in clearly superior "

dlisadlvantages (if this method though its repotedi 3 uAll followed cloisely by thfe jodloplatinate colorillAlt ric
siseuracy i,. not great (± 10 per cent). methodl. The mercurimetric titration has proved to

Thioloodfale Titrationa. Thiotiulfate ion, as well a:s bleof value in a nuraer of cases, as has the thiosulfate
many sulfbhvdryl eompoutitnds, rencts with mustardl titration.
pas in ailueouts solution sov imuch more readlily than The behai~or of coimpounds analagoits to or dec-
does water that. sublstitution eoccurse almost to the riVe'sl from mustard gas in the more impo- 'e.:t of
complete exclusion of hydrolynis. In the proposedt these methoels has bleen depterminedil~* ami J1 call
methosi 2 the sample containing mustard gas in at bx- concluded At adeqluate miethodls fer the deter-
water-miscible solvent such s (ellosolve is addedl to Initiation of mustard gas ar at ha'nd.
a known quantity of stautdardl thiosulfate -milution
(().() 00) IN) and aft er t juc soltion has I xvn allowedl 37.3 DElTERM'IN ATION OF' N ITII(X)ON
to stand for 40I minuites, thep exess thioloulfate is de- if UST AR DS
tePrminvtl by it dot met rncI tI ition. This met hist proved
ito he' of vilue InI es'rtnln investivitieons' bot unfor- The following miethdls, were slevelopesl for the-
tunately thtere is little or nol information that wounld quantitative dletermination of thel nltntrou nustardst.
allow' one to1 comment tupon its usefuulni'Ss under more IbflW Cnoritortrie Mdhiv. The D)1141 elorimptric
vane.i Icsondit io ns. miethodl for the determination of mustard Tim 11 can

billa Thimadfmca TiP' uliopt. In this methoeul " ells- hie usedl without moidifienation for the( determination
ride arising from the hydloily-tis of mnustard gw' is of Iriidfleiororthyl~amine (11X) Is anti with Nuat
estimaited 1wy an indoimetrie' methodl lu-441 upion the one minor moslifieatiern 21 W.nt~1-i(-hsrehy
metfathesin of Pilver nioate Iky ebilonide iom. Thll amine (UII~). Presumably the methodl is equially
methodi, originally atlveicated '0 asl ain atccurate sutitble for thle etilmation oft( y-ieashoo
methodl few thme determination sof mustard, is far tio ethvhamnine (llN2). The methodl is isensitive anud

tivity by other methodIs. thian 25 pag ml ean bie eAtinmateel with tin ae'ettraa-y oif

ltre,,nuolf IBrosife ThiaeuIfnfe Triaie. 'Mitstaiel 0A5 AXg'ml andi rouneitatieins bectween 25 ai 75
Wits in glacial acetic avidl is allowedl to mreset. with a Ax nil willh an al'curavy of 1.5 jig'ml. It is bs'-lieveil
koimn 'exess of stneiIrel brniats' bromidep silustiom that tive above methi 13.21 is the is' mst saitisfavtoiny
in the pressenci' of miercuric' brotnidee ati suiffivient oine avatilable' in that most oif the saler melhls sisi 41
sulfuniv'aittes make thtsmtte .S nufrs will. the' IDR-:l n'sua'nt "104 V, 41, W are, 141,1414 u11ol in-
Afte'r is suitable intervalt an excess of itled-i-4' . added-1 M1eIPipt 91tn11V of the' M-'aetis11Y. itIV41Ve'eh. The' 0SP' et
anti the hilm-ae'ted iwiline titratedl with thioioufints. Bit 1. to prevent fadIngK Of tite dlve'stuff 2"" dimes netl 3ip-

Thi mthd " saM04.ilttion of tlhe~iireetbrospine pevar to I-e nsel'ssanv in thep ris'onmn'nele'd nttaIP41."
titnrmtitoniume suffers frism then'onq' ltek ef nxe ifieity. Attewntin i6 e'1014-1d tei tNe methefuls dlyie'limg 11s11as1
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tP.TEllVI'4 TION (IF CERTAI N %lt!4NI4: 1. 11)

ttieti oan of th ilt raigi'tt muiitareli' with 1)1t I M npn'g- (bd1a'iI lnI. 'This Iietiel. aIiigittally ila- --

nateid (m ilies x'l, aindl subsequent d~evelopmenft and CIitl'li 'l for tilt determination of Le'Wisite W&An 141uhse-

extril-tion~ of the fdyeituff with1 a basie olitir soltvent 41ititly simjtihetIv ytiinitiont of wl't.lithing its tillt
mi'tittw '-' jil tin intereting butt not very prietal iitternivilltt step.-0

maliitaation of the hamite methaul. IDirto ate, Tiirqiinn. IA-Wisite' orethyiichlotAmits
Iferferiurtric Tilralimi. A mauI~leiy rapal ram- may IN', oxtiizeil with alibraitatte inl aalitt- sttltuiirh

till(- tnethiii delmx'iihtg topon til alkaline' hylyla sis livid and tit(' excess5 ilieitlanlitl delterlIPla' Il ' I it Illi-
olf IIX3 alial tfptile-SIM4 1tteflt t tilioll Hf the( lilieriitetl turn Witli ferraitts zittitiislfaite itsitig thei lIaLIttil
chloid~e' ionll i statldltrl Mereltie' ntitrate solution s~ttt olf aliplit'ttvtai liPSjf0uniV Itlil 11% JWill~Iaa4.

timing diphenyvitia tti'n Its tan iniator Inks' livent Btral, e Tiluglitin. A iassiia A st'aa
deserihail.'" in it 2-mi saimple in dia'thyi plltthilite ethtvidolmrrsiit. mik it- titrit4'l With aquIM114111 brH-
o 2fJFA IsI of I IXN ean he' 'stiiateil t4i within 2 1 jug. mline' itsingl mtethyl reelI its till iit'ieskior I AIVi)4il4' find

Ill 115-oli samilple itt (1. I nti nav id 1) AMg p'f 1I 1%.'tthyIlifiehlriim eae'Iustm II mole' o101f limmlim-~l

viva IN' estiotliteda to, wit hin 3 5 ux. Altigh ne'ithe4r ;wr mole of (OIultuid~l.

Ito sieeifie nair 1411 sensitive' its tlt,' 111-3 rlrinit-llt- Ilyjswldill Titrruian. IoPWi?4it4' attIt es iiyldliehlor- I
Hae lilt thtiN, 11 thiemrixttll4tiel titration 11111 j)MaVeal Itfsilie may IN' titrtell ii hylNicielaliti' isilig
usmeful." 11tttbt l aIs jut ititttir.1 Attenitiont is ('101141 to

Iiamag Titratiun. The titration of ani M1111411t4Ittshylrul- the( f.Mwt thuit. tile t-ripoisitive zirs('tellitttttt 1101.4111P11Y

ymafe of IIN3 Wilith t.1Nh5 N tilium Iiviroxich- ha I mobe aif either biromine or hlvplwhtiairit4' Ix'r mohle of
IN'Pt pI)M I11 I It 11t110104 fair tilt, estimaltionit of thtis eail~ltain iii l'lttt.t to till' I)VILttli~r of mitist4trd
eaifluhtiind.-- Thell tnl'thimil is tooI intsentsitive fair gas whiah conilsumesl' I mole aif broine and 2 moaIes

~~at'aItts'.of ikvypawillaitite.2  z
.1 riff 'Iilredian. 1114' nitrogen m1111t31 1l1 aljS'alIVEl in (eripurlric Titran. Ilith itiinnottitn stifatoveritt'

ghituial iun'tir mind maty Ile' Iitratel Wilit 01.01 N ,ti'r- attalij'e-lititaete0 14011611t1 Waisere' 1M4d ilt till ukt-
* t'I~haoii adil in idtu'iti lteltil' neid tIin e'it her t'rvsttil tltlpt tot devist-til amiulyt mmii pr'scIaiam' for th dei al'

vioilet or Imraiticu'It144i grel'I asl ti inaliator.21 Al- te'rmnantion aof trilliisit ive ' ntir a'ls.~'1114 indailuitorii
thangh not ptirtia'tlarly setisitiVa', tis nlltII01I giVes ('1l110Yl'41 wer e thtyl r4ed .111 tuiatll ferroli*.plwnalt-
relille re'sults. The' nenes1ity of mendlating thet thlnil rlexl.. Trll forme~r is tilt irrev'er4ille jun11-
fititi jas tinder :ittlrilt1 eamilditiols setimisly limits vator while thia' hitte'r is4 rever4ihill. W~ith li'atilmitt-
fihe iusefulness air thie tmllthtl." tiailts Hf el'ri* aompailttll4 ad ind(iltiatols t ril, ti ha

O f the4 i~iI tll'thI4Ni4 tilt' D)113 vidnrimtriva l'lrtuti alSt~ty aE ag positive 'rrlu la,
MAIIII htia 4 In V fLrv( till' maist 144't)itiV Rod11 Si 'itwl itt 2aiaitiOtt, tha' re-stlts were ntot ra'p-railel. 'Tis
attl haIs SM11t extaensive' II1' itt fielad work. ' 11,4' flel- was appareitly (lull toia' lixidlationilf it( o11 gainic
a'il'trte titnlo ra t 1alui'ugh it"s metisiliva' is of Pin- siat' duhlil iii till' at'4'tlialId t at lt oci slow tit tel'1t,
endtith pplii'alnhty."' The, 1, " it rtiini anal tit-' iavil ill qllaltititi P WI iikt i'it :iti4 t0Nfast. - ta'glu''t alt

fltl'1tlil14I J(16-441 fAir thea remlit nm slihatiain antalys4is ata'alrata'ly i% ith stlfattleniesa mllt~itio utsingi I lii
aif til Ilit rOgal tlisran: ferreis phatianthrilitta iltalwator.

Ituiini,,crir 7'ilriali.:,. Maty arsa'niaal4 (-tll* Is, ti-

3.1~ t hTIt %I IN %TIO N M1 (:11(1MIlN I nkta'a alil 1'1' Wl' l i It mi11statta lsira fsilIa' 1tiaoltlt tisilig

%RltM NU L -i ~l.'lala' 1s1 till iteartnal ialiva,tar laaieva'r this1 is ntha

ftrua' ef a'tivialahirarsji. It is %%ll knaiu.zi thit

-toatits tar'e thie a'iittaiiitg I rijliitlm iria .%I- iuil'ia 'iittll ita'qatf'taarua tapi:l'h

ho l~imaI a if ar.'a'ia'al ahtlia'nial ilartati'aga't s, tra ( if till' plollI if t ha sa ilttait aduiring tiltr:,mitI..A ,lll
lictai114 a itWs imi Ilal Io' aif soffia'itlt ;iroliVs' lt Wvar- lx t waelt 5 noad 9I mutst IN'- etipliyea, sina' tit it IlI
Mott a'~ta':tsiVa IliI Atitaiv. CI *aillse1.gtgE'ttl ivtlvtia'al It"~ thili t fha' fixilil be11I illa'anlllIti fillh' 11114'
itnvist iguittiti itt t Il I isjl'a'et we'll llt- f'itll pvI'hlllli V4 - ', 111tal itI aII tilltl'r tI Ihi ilt ionif tlf I la iillil
anal lit I'v atTairt "I tsp l'xjmn'tla'l Iit Itae imlpri~a'nlent tor is aasmiml iihtai iaialuta' mial iociala 1 . At 1111 1411 hit,
4loifill aulaf a-'iol 10--1 1it161i114v a'jnaa Ill a 11.a' 111rgatl 'a' aif na41lltg lilt a'-1'ess aif
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M; Q1V4NTITT1VE DETERMWPALTIO'i OF 4:ERT4IN UIRIAE'. %WRRFItl %4VT.r

Istilfl(IrtV i lcline miEEiItionI ft 1114' trivisE'itivE' atrmeitti Elf Ilitoritie ion wiith t 41 tu-mite(' Ef almtit maS' 1g.14
flissoEl in It bilriNIstp liwiffi'r mud then tit.1ltilit the '111s iethil hias Iw'en showni tit lip t4)liva'ldlt tit tiit,
I*% Vka jijlime with stan:Idu'I t flit Wo i(:1t4. It i-4 known ce4etiotl and14 te'W1)ioitio~ Elf dikyl Iliaoroplot.

t tme fi.r thi.,4gllffE for titratfing smalnl filtitinti- piuttemw 1114 -ti t R1tA'rtative m1e'tholl oIf iet4rilittlig ()
A ~ ~ ~ ~ ~~~it forl inie I lHI'il it upitint iEr slightly tilktidin oti IionI fluoridle ion1 Ilving'Il fiili11tint of leadm itt Irollitoridi

thios4tilifht( 114 EIxIiS4Nim1 ftl sidlfte ilnltetill Elf t4'trltiti- lU'fwitWe' its tile titoriutt titViltionf.

niftL'. i''Iiror' statnda~rd armenfite mEiltjlfl muslt hle *~Stittine rm poii A 311ove'E'41r4 wasL deveilowlie
Al~I ill plitil' Ef thii1Ifite if twilttithesulstint-11 tit for the vKHtImitioEf 111tiw in illE'41IX)IIS 14111l11 1

A qeni.rr Titraiun. 'ritt. yEIIIlai9 ifitittioa fi (thp e'Elillmlld( (Iissle t I l1i i-e.Itxant %%-fix rt'iiume'
elilri44 aii4lg front ft-E' ilErlylim ir lf ewi1ite *114 witha motlilln, fti- 1tioiel' ion extitvlL with watter
mllll M111 1111,4 IN-1-11 )Yl3)411E441 illonc wiVth li itt' '1- a1nd6 fint, IitoileIE4 ion In 1114- IUII('l4 141111144P lit1te'lI

Minia 41 f sirseiliv tIM it mfllE'il for de4termining *111144 witih thittrn ,tifnite usnmmitwifl IEEI iiNrIin olfoul1t4'
tottrd 1-1 Uini I14414- WIU't1 tsiflitfl'll14Iiisy premett.M asl tin infIiLatolr.7 lit the( hople of enhaitgE'flit e' oltr
'is meUt1441il Ittwking in sensllitivity,.hag E ti t tithe 4nd point11 or titi' Ihorium nlitrate'

Attetion~t is 49111t'E til fllLtfl Inl IJ4l for liii tit.ti 41, .54 4fy4tllff,4 11144 ilEdiViE1lIi inl e'1unint-
14q)(eifif~titilm atltIIViS 01 IA-WiMRtE'" ti411 wiVthI wsltlilmalitatin Nulfotat' we're' inIvesItigtedE.

Only fli Po~nt Amo iitte appewared to lhe of valtuo.7

3 7. 5 lWFIhF.R lN %Th)N OF (:P:R1AIN ('omparisonmof iotwhromelirillit itBle . suiti

O RG A IC LUO IN E O M P U N D it4lniei 41 11t11j4P P14 1 de wu h it 1131: 11 itii f-1,0' E I 1 1'i It i lI

1'meti49iIlv :111 f tile meth111ill devise4I fEor tfli434e- of flitorlnel in. 1'hr fornter inEdie'ator wa.' fouand tot iN'
tL'lifiniat ionf Ef fhuorimt-containig cheical~91 warfare mo~re' sens~it ive tt lower £'oureutlit 41 Elf fluiroil 4

* ~~~~~to-116ti WPM- IE34111'1 111111 dICLom3)IxiitiEon of flit, 14111*7M A el'tlimelhltfle me'hiIE fo~r flit- t'stimuttiot fi
eompount.4 iII Eltestionf with EclllEomitmi1t. fo~rma:tion fIloife'ion ilEL441 1131111ftip III'llK Elf tiL' til~rilifll.

efo flitoritle Iont and14 subsi1equen('t emEillitieln lit tis aiuin lf onl lake EIitt' zi. I tist1144 Wen'E des-iE'141:E.' Thp14

latter 141tptitleeL. Sitive1 sattisimfltory Ie'thlEsl fEirth tilE' EI'elmj~isitioltl (if Ergtoie fllitrile' in E'nlt~ttII lio1 11
d4't4rmuiuitnn (lf flintridel ion1 werel I-tiailale :it te isy sod(ittl and14 slwitnEEIIEIt e'$timatl.ion fif fluioridE'
ti*114 thins woErk wat11 inilatiI, tip prole'm wits tit 414'. jq,119S Iltillighl ust-4fi ill cotrtatltl E'EIWr4, il 114111 Nil

vE'Il) rmlitttile mle'thilA fo~r cne'E1rting tilE' fittorin.' me'nllit-f ill its 11 I the' me'thilE usling it ilipIr In'iI- -

ion1. mim, 114 no~t it EliflicIilt 3)roletIf wheire' setveral &dUli 11 'rnridt' IkemptDimflJiliI it. Me'thodsw i'(-
nliilij~lnm Eor the isolittetl ,j'iyst4inevP trireti1ith1e', it jlieflet uapon fusion Elf 111 oranlif fluttrine cElI)lltIIl
ill moslt emaie'w it wits tit .-ppo~ry fit voEnlsideIr flit, fil- with moilitim jlerolxiti ' fir~ Elwith fletlllie' so4-

itlyi f veryV much('I smaller timlltties'1 and1 thiri 4911- 411m 1I.,a.-.g) ti Five illle' loll tin,' Efi 111tilrest4. oly
Ie'Etionf from tiE aitmnosphere. Fhte variousll flethoEN in tl'fltip iy4J olf e'EmpoutickIE' Eeil:U1111tt ill itfill
prlumdEE for t~wt -o E iE'~lposlitionf Elf Llrmifie Hilrine' is~ltlE state.

Et113)4411411 with tie formation Elf HiinrifeIE ion* arpE P!1rJii)Anmperiian Me'tIENI14 IRMA 11130l l I hP il

4E--i'lpl l'Elo4w. J)lyIiim t:! (rga~ide f1inP ewlfrollflin'E rithur il tIlE'
A umiaDeaixmiitit tehy fionu-tae *of p-er 21, or A enre1 of litrW Iiitigllgit

IE'E4l ini impilrisi timni tt ranu1 E'lip 1w'hirolye'eI til ressful in some' insltan lip 411 lot upptar lt li 3w'gtn-
01411-hyl 11IE441I10I, gItlEfilliP tlt-iE and14 fluoErieI 1411 lklimiat- enraly ttwe'fitl, #i1l1 ill nilitly M'IAPK'1ntiftitltIV PfliE' -E~
lug fti- unlflimonivl sluittionf in it sttlted tmile' tit. v~Lersin into4 fluiet on 1411 no It 0hll~I.'-*- 'l'I14iw
I W)C,'or at ii pressure Elf I tutm, for 2 bi4rE.& A Jlr- IttltividI-aliv trite Elf the~ niel111414 INI-t441 1111411 eomtsi-
lion1 Elf tlh i oly tite conlftalining nt~t morelE thtan ltinf olf tin ti~lti('411t ethanol~l sohitt4l1 Elf thfiE to14rile'-
W ~ PAE o loo-li-'EE ion1 is fn'ed f ammnonia f13y e'vqx-mr- conltalinling violmudI1."'"-''

h~l 11ti lL.mi fl ittoioe ion~ de4tL'r111' I' titatlioti with I'u'rifwlnr I',rjlornlu' Dria'eon4iiene. Orwini 931141-
tIIElis litni hut i its11. flin 1 incliettor firiliant Adt11E, rini' etolpl4inilp. m'ielti 11414 Iethyl ftitroelttie', sI-flitoE-

E'lirtimpE 1Him14, wie'il fllrnl, it Ittke wiithi tIliriu iimf.,* roil4'tol1 tiil tIlE IIElll(-slitI' ill tIl111o14 so111-

ml'l iml Il IN 34rlit.4 tit 1'4ti11litlo 111f fromt I INt Am tilm 6:111 3w' ox~idlized fir IlyEdrolI !oI i% t- tiotriel:' ili
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lky trentnwt with a ixtu~ re oif liotitsim meuitit'rio. ikfrm~iiliolsf V 11iydriges CyansDide. A itt'termast-
daite, silver peholtlrte, andt pwrshloris' neisi.11 The n-. tiomi of lmydrt~ e yanidle wits madeh i thle pre'sent-(-
aetion Mixture is refiuxedl ond then distilled at of( tikttnium tetmehtotide, d'is rsutfoul' ileid and.
13Th 115~ C, maintatining tipe lemperitilri' sit the it wats found that hysdro~et eyanut e olleeted itt it
Stlkoe' vait. ii' il Sthidlitioll 4f wate4r until 1(N) tiii of bler~~ht chargedl with1 0.2Th N tooditun hydroxi'let ('111
4istiliite lits iN-ent 4eoltei'teii. An aliquot. piortion of ni eemsedet~rI' t raion withI silver ItitrsWe fir
l it ii.'iillitA is then aitlyz4il for fluorie ion )Wy by it ('oloflfltfl(' mi * 1ILM41e 11111011 tii lt itOul of
litttion with thoritimn fittit4' solution us.inK tolo- eysinjil ion withit p x .teit.2 it the( former in.'tlnwl

- t'li~~~~erom Brilliaint Milei Its ani iniuittor.&aliio otoso s'stuot ytdeslto sr
Tile ceiemtiii warfasre nitents saseb its thle Iluorottee- titrattecd with silver nitnite to it silver Iidce endif

titti's lond their llomologs, never showedl miffiejeont poiint after mitk. V, .. hlitiom OA1 N ill uniniott.
protlhit to jtllsiif3 e~t4'itsiv' field testling. ('ansi- TIht' hydroxyvi Ion .entsit Jilin vitu vary beotwen ,

ifluently thN'" wans no1 oppiortunity to evilsutta' eriti. 11.5aStd L.hAN wit hoist miateriuilly aftoetIng I te results.
easlky thet useilness of thewi methodis under vatrying Tilt- preision or thep methiml is 11I) pot front IN)-
i'onditions. It shjold~ In' ixtintail olit that in erltitt ,411K) pg anid ±21) pag from ,M -1,M) pit. The
ittstipts it wilt piissibs'li. t ilsvime it fitirly 1sjwx'ifi.' li'i'nce of IWK ing of mmliim suiute, siiuin i'hthridep,
miethod for St flttotii'e-cititilifg co1inpoItI14 w Fo x- litmL~iilm etutte, i'iwlittim furntt, iti r moollus sulfifte
anljple, %Via0 ean lit- detesnninvid in the pre -nee (if 6s titliOtit i'ffi't uitpit( h tittitiiin. Thi' hpieri' it'id
al',, S0hF2, N02. X.20ns and a b1Fcy removing the htitter colornmetric e thooI maty be usedl for dleterining
gRtmen iby lutisst0' througih it bubbler chats'l witht 2 IIN) jig of eyattide ion with tilt itecuti'y of ±2 pg. A4,
stikaill stud thten jutssittg the- effluent stretni througlh ( Iit, rioe, stulfate, £'ysiatts', fornmath ansd imuinotlsik bitsR
it bhh'r foritainlingp it solutlion of sodlium fir liotii$ fill licit interfere, but slfite lol ss.s
sitim i~xdids' in teetorie, thip iocdine libieratedl hieinK Ikrrimnalion of A.7IhyI Ammly~m.eyfoJR
det-trmlined bv titnrtifiitil With t-11hMIittifst.'' phaow (3itl.). NICE,' collectedl in aquevots 'soiumti

hydlroxides Ityilolyzes to) fortit eyitidihi lost wihitl eain

37.6 %M CL :.Li 4NF U DE l' *TE'RM~INA4TIONS lit deem i bv tit rzt.ion withI silver nit rata' its just ,1
uless'ilil.2- To d'ti'riti the( jphotspliots itt NICE' ~

h ianstlytir'l ms'thodls fdissessseil in this section its phosphate ion it wags found neesssary tot resort to G
wesre' lict ttsed s'xtensively an~d little information is fumingt with jierchiloris' steld A' or oxitlastison witls both
av110lss1h' ill Ie'VI ct4- to their tIMeftaltim-s antd ti'hi- sidtlgts andi sirl tinikutgante.I11
ability. Ikrrsmaisnltie of ('hborrrhpr imits'ee (('VI. ('hhsro-

Dicfrm inlion .of AlAwl Plemiropshospusae. The( ualkyl iteoettltotw i'sleets'sl ill lithlyl 3)lithitistte snity IN'
flcsoropliosphsttles van lix hydrolyzed with Ammnonia es~iirnttsf s'olorimetris'smilly with IN, itio of ,u-dilirit-
to givo' fltuoruih ion its indietecl previously. Alkaline, lw'nu-ns'Y
hsydrolysis oiiutrily qheh- -noat result. in the formastion 1Isrfllneox Ikfrmiinalioni. Attenissi is *'sdledl
oif pitisi~Ptt4' in. Alkyl lttoi0iltoKsiti-Se 441o1(4't(41 in to Ms'thoolK ds'vsloped for flit' sps's'ilisatiost swtlysis
2141u4o11s alkatli van lie hydrolyned1 by either hkydro- of bioth hkyorow'rt cystniiie 14 and cyanogen Oloie"
ibtomflhir ltyelrostliu' seid It ive phosphate ion 11,1'121 flit-' determsinastion of es'rtsiin ehemiesil %asrfarc
whitli i'ut then lit' dets'rmineil bty eolorimetrie imetis- agenuts itt s'otttmjisite varln elothing,"' andu the
oils involvinKigte formation of nidolwentim determination of 4'ertsiisi dh'irtnil warfrem agents in

Conttitminatteu fin KistutT4,bAU-.4

Mimi



4 hapiter .38,

INSTRUMENTAL SMETflOI)S FOR DETERMINATION OF C~ERTAIN
CHEMICAL. WARFARE AGENIS

11X fEAIPTI: .37, metliisls for the dletermnation of lin thae usuaul me'thoils of jletefltioetie titratioi, 17

cert inee'nie'ztl warfare aigentA usingp 140i-1-01144 the sllt4iltanve tP.lot titrated4 is addlied to. It hltf ell
'hpialeleiltmit'tii tte'e'htilejte were Eletl'IiIN'EI. .%s t'Elttainins it sititalile eletroide' aIIIII e'e-titii't'ttl It)

ieliva*tei elI vieiuslv, the de'termination Elf tnusuul ano~ther half c'ell ('e0ititiing It nwft-euee 'etfrsiele.
gas ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~'1 na"ytrteWotipratpril'.Atinil h egnt is luldeel In ittt'ementS attile lotAilitil

ro-rtain of tilt, mo-eallt-del ehieaI methilNs wen-i n-. is im~iei uafter eadei tublitiont byx mnis eif it pci.
Jltlile filIIE Werled e tuiiA41y t here il- teflttinieter. Tilt- pot4'nt tat Ill tlt'It IleIt II 1110ijst.
ways existeel it iie'e for ntew andi imprsiveil ittlls tit,' volumie of mgeg'nt. tuldect and the( end polint 4
of anatlysis. lfithelt lttlxnat4lry% the laek of skilled determinedl from tit(e ploit. This methodl is ae'e'uNPt
analysts, tlt-' primitive facilities, anid the( neemsity fr aniW sensitive but fles tiet tx'ailily lendi itselIf to
('(Inetttetilieitisiiitclsnd of inelivitlual alvlste lt't instrumental develolpmfent. Tlmt atqattis herein
mized the' need for reliable zmne rapid instrumental fleserilie-d is boasedl imo thle fact thatt iii ninny eases1.
snetheaels (it analystie. If ehantmber experimenits we're time inlereas in pitentil ait the end1( of the titrhit ion is
No Igive it maximum amnotnt elf info rmat ion, it wats *~I mreat thatt it is nlot eeesary% 141 me'asure till' in.
neeessairy tie elopIe~ instruniental methlels I tat s lutttiivlat Int'e uI a jil4n ietr

woumldl faarniLh data wliebt either wats unobtainalel byv only at galvanotneter is reqedini. This will Ise rmveleR
elassienl metio~t, fir i oth obtained onsly with ni$(41 ts Mhe pnmiple of the( sitoefall Plinkhouftit-ra-
c'lillsieeble' diflic'ult3'. Finally there wats an urgent tidln. A referenee eleetrocde Is uaeed whielt has tilt, V
demand for instrumental methodls elf analysis thiat same pltenstial as thiat of thep titrating eleetrotle lit,~
froolil he usedl i the( fimeld anti that weinlel give ini- the end peflint of the titration. Th'it''aig 'e'teil
foranatom etlmt'rwise unoebtanuable. TiMe instrmenl atiIlf thle referenee 11leetruule are ieeel telI
inethockl tif analyvsis elest'rilie lieleow relate' primarily galvanmometer andte tilte reagent slowly addedl until at
to tille de't(rninhltinna ir iniure ms ant nly ilv rei- suddeen fleffetielf, or ili some, eames it null ptoint .

dentally Ito time- determiinatioln oft other celm'mic'al war- refulisig. is olierm tin thet glalvanonieter.. Thisj".
ftire ants. takenm Pls thle end ,rnint. lit thle apaeratims wintler elis. J

4U'ull th 'iltflVP 'If "t1a0es11 wieledm is nell. ti'3n
38.2 S'II %tTOM %TIC' AND) %1TO1ITI(; edirec'tly' but is dieternineel byv measiuring thet timet at

TlTin irI.Rs eeins.tant. flew-tyjw burette 3" is often.

'hlwe eiise'everv that mustardl gas- 8L. well ms it nunt- puimp, is tit-ratiern rell, an" reetncahly opierateel eoin-
hetroef eithemr u'hifie'al wazrfare agents e'eslul ie, titrt'ed slant, flow-type' brette,a gnlvasmuinu'ter, 101 t aswite'la
pitentionu'trie'ally was of isme-tim.'ilp vailw jet tile 11". icialnnvel'er anei switehl may lie leae'tleel

eleele,.m'nofi instmrun-ntal methodls for tfe nly- wherever thle eipentuir wi-Ahes tol lie. Fouumr wires con-
sis l e illt t hes 'iesiieas ~arfre iagents. 1amit eiioigiial suet. thet t-wei nits. lIn ollerationa, air e'eaPitnitiiii tilt-
investigaionil i# wams shiwn *that mutetaril guts anti substautee tit he eeermineel is drawn thriagh Lite'
u'erlin s'i-ieals couiald Ixe fiiratedl in ii uf elhae dti. litnira t 4-11 il at. it i'on-tant. flow rae. .%te!'ri a Ne'teeil
at'ii 'eoluIeIn~0 Willi breiminle anti either mlitlizing tinue' interval, de'pe'aielig ulIIJ -jene'eileil at ilacit o
agenits us0ing two pllatisiumt e'Ieeftrcwles 11111 at seamsitive the( solulaee. tep hev udetermined in tile' faiir~reala, tI'l
galhnamcimme'r tot lth-ruine thme end14 lulint. A~lthoeugh switeh is eleiseeh, t,11un1 eIling thit 4-111114aolli hli)%l-tylN-
tihe eoristiism methodI im now f histolrical interest, it burette. The( e'irvuit is, alle'weel to ri-'main d'oaeel mat ii
Aeved44 Ieo eh'meanostrate the'% lifitehtiallit's of fte up- tIme ovitvallopiter nee'elie 6~ Ieeleteevl it se1e';t' l n-
prime'l. her oft seall' ehiiifs-. At thi6 timne tile SWitieb IS 1againl



efiitiic, thtis stiti)1)ifg fte' Mow frowni the busrette'. The ',itrfare 1-h'rvito' [3 'A'* andi f ie' Nittiti Desfense
time interval from the beginning eif the aspimlioni of( ltesegrscIi 'timitte's [XI~IC(, i)IVlsion1 0, bIIV'41
gits throoogh t he titraioni el fto thipend off the titrsi- iipern the inilauaom'tic ltrim'ter esccrihesl tive.
ltot is eliree'tly piliciltienfll tei the zimcint of atir The4 field mtxl was meistifiecl etigrinic tihe MUM-inar'-
peesss' threasigh the eN-l1, andI thi' time' intervcs from lioin if( iseveral hinlre'itoi units 111111 41n11 tf'il 11
0op ' ic'illill off tfis', ftritiern 14 it tiel 14or the ti'el. nliiialili "t will lis'eis'ss' Thei Inst rillns'nl mIIs
fills) is flire''tl.y jirspifrtioncti fit the' suifleiit cii' fiatir fiiiie'tleha parts: it titriitimii eaithnet, Ia pirt~al
re'cge't sileed. I'iiae the 1141w rte fit the itir throungh li-veat %vet-el baittery, it five-wire' cable fil it reol,
tile' el Ittel fll-' At engh of( fte' re'age'n is& knenvat, und It 44a 111 ' I XIXte Thle~ fl.1 11' I it-at Ie 1 ca llt e'o11I1Mtall t
tilt- 111111t3'y eIIfll-. stibstit'stoli e ' N ete'rminee in e'l'c'trie'ahly de~r~sn air puip~, it I ttit41 e'0'h, fill
the iirstretun ean Is' tolnulily 'ailiatecl. If the' stib- Pee'etrienf ii is'teei 'cmstgt. filow-typet buretlte. all
sitt ito be' eeermite'ei is in soslliem, it kntwn Vill- eoverfieaw tril), sin ee'rls' re'hay Isom, atndlia thiree-way
Illnec off tile' Wialltie-ill ecita IN, 11ele'l tia tie titratiein e.4,1 'l nitetie' valve. T11' prhnv'liil hilsVat it~ oilt hel'e'eit-i
ande tile titriini ierfeiriii'e its el,oeriix'c aiietve. inti the field neii tit-rini'ter ive flit-' preivseioi r

lilh' almvp' apparatls,' 41- It simlhifiede ve'rsieon off it tit' stirring off te ftistte e'eoiI withi eh'cn stir. Ti's
it) 1whie'il the e'l4c't rie'ailvy Ionrtleti bstre't te is re'piteeil wais feotund ft be' net'esvittry 6e'eause, if heigh cern-

lby it maillaily eiple'rstf-1I ems',4 hum, livesn iam'eI feir tile e'e'ttratioi i ormitstard oas we'- re ese'nt ilk fill' at-
el'te'natitin eif utajrel pits, its ltimelils, aned tuelsphe'l, et~itilmlee l 'uhrtheml off the' 114 llt 1i Illit 141
e'e'rtaiih eae s'l il (iof wihi niety i'e titnra il pes. air thaiugl the titriati c'el during ftle titriL.ieia
letenitrie'ivy with breimine' eir either cixilixing lif'rhod l eie not ie'rntt. the 'ttfiinment e i n e'ali4
nav'nts4 4 

! Jlistiemlle, liyeiregen e'ycaifle, e'iieori- pit within it n'aselliidie time. It u1s411ll1l IN' pointede
pie'rin, andis Wititr sublstances whaich libe'rate e'hitee elat that it is netit pnraetiecil W cit, e fte' e'oe'e'a-
ieli inl the pl'"'nepe eif water eir form insealithie e'.m- tratie~n elf the l'eapti't sit freen't. intervals ituneer
ponitneu with '4ilvter ielfl mayv lip titrt'e pe41i'lttts- fif'lel ('eisteitieilia. Witht tile stl tifst thr-ay'siis~ ncgns't~e
inctrie'illy with silver Pitrate' using at silver silver valve it wits po~ssiule ta a'eplral4' e'elltamintatee itit
eohleriel' e'eets l'. it thu' c'is'o efi plhisge'ne it is fi hreaagh tiae titniticiin ec'li for at selee'tesf c'eille'e'tiin
netva"tr tet havi' solie ji-e'iironiiint' in t-he ftnt- ix'ricsl, scdtl'li, biy ediverting the atirstream Ilhrelulgil
thn e'e'l tei insuire timi-e hvelss.' Thls titrag'lit a n 'iicr'il traol, ft pass 'e'eiti air tiitgl tile' c4,l1
mitisteanrel an Ik' estermine'il ttoientifametrie'slly bty ehiaring tis', titrictifem jx'rieshl. Tile et tril boxte'elllttinN
titraitiern with silver nitratte,'I withl dilute nitriec te'ich as gtlvaneampe'r, twos variablle resistatnce". i tep
losinig it eflinhyeptle 'eetreuele'," stuff withil Chiltd wVit5'silsitable toggle switltes44 tei fhrtni ie 1lij1)

lfielinIl ilyerl~il'tisha II II Its11illhYelrmtl'l'' -14-1 11e' niete fr, and e li inoit Is 'I- als' titil I magnet is thirei'-wsy
aefte'r pyreilysi s( lfte ga'es e'ntering te' tilrtictn Valve. TIM' e'emtrlh NIsX is ait-lta!l e'ithe'r eliret'lly
'N-Il.12 Th ile'semuilteimaiktie' titrims'ter aloof its simphi- it ftis tit ritisi fll e'iliiet for' ineliree'ly bky lil'-fills efi it

tieel versicain wert' uae'l e'xt'tsivt'ly fer ft. clcte'rmnin. e'aiil'..
tieitl efi tnulsltrlol giv lmriwe tl l sitas at giss 1- ernel in Althllugi se'vi'ril h11u1ls4r"el fiel uu4IeIee' aeniiultil-
s'olii-iiti.' Tis appaotts lpried t4) lIN' quieit sen-itive, matie' titrimneters we're usedI in fi'eld weark haiti ill this
in titt :c frcec'iiem off it mie'rogram cir mu-tstrdl gas e'eittiltry aind abiracl and wern' no.'slmttsiiles fAir fill-
e'oiihel se dehet'l, sanid it was., siaffive'ntly prec4ise' foor tLaululg nii' valuaialc ela, thic'ir eipe'rtinn ree4111inl'i
noteAtptirlrocses. I'nfertuenite'ly, Milae'e' it is 4eI'lelii'Plt 1as' se'rvie's da at litrge' greiup of reh pl' Thift tminat,
1scon1 ftle usie' efte' litiminpe titritcn fAir fte' fc'- thei instniuie't ansi it-4 tuessefie'sn werl' uinwie'lelly
te'iinitimn d eif llltl gets, its s~IN'e'ifie'itVy is 1eit solid hie'ItVV sIelels'e it theis' tlIesitie's iIIIleI's-it in
grs'elt 'rl eisut'ist. 4tall 4-4-411111 wtllfte'i anitc il iihi 5115ltinfill ciifi ehtilt It-'riaitin aditltia, w s'x'svo
atitilt'r ill hut if( lte les reibitst galvaneanie'te'r se'rvic'ing wos i i no tie. inhcr flu5l'5 favoible eeat-
litus INNc.i sliui414ee4s.1-2u chit ins it mciv lbe psisimlc ft irovihe' fAr Isoe't sr

iuistninttliait wiith I~lti'ltlhar ro-Mai fewr lighte-r
31.29.1 Field MI1eas.e S4e'liaciitofltatie stoodl Ism ilky eehilinw'nt. anidu treapi'- andi elitst

'i'itirinteer jwefiing of sill e'leet r'eval sood nlce'llhie'fal rili)enIlts.

IIue' need ftir ailt tins'pte'r e*:cpahai" (if bc'ing olte'r- S4tic~h it lroscrim Weagie be'1 jistife'el 1il t11' i t itii-
Woto'e ill tis'- fie'lit 1e'41 ft tf'il ''l in't qif cn instrii- ne'nts enrs le1 Ie' 11,d441 fit' fio s' le'railatti oeff
lili-tit, uunelcr fte' joiint awipivs'' elf fit hmue e'tiss cit-'ndeal warfare' cigo'lt'c tthe'r than itusulirl ma:s

SFCR-I,



010 ~INS"IMENTAL DETE~RMINATION4 OF WARFMU AGEN~TS (

becouast, other andi more istisfatitory instruments, fervid only in minor dt-iil Wit, different olrt ul

have been developedl for the determlnatitm of thar voittitiona-uere viiiployeti.
0bhtance. An Inteetn applIctltion of tlat elettolyttls prin.

elple it, tW be fouind in ain appartus devisell for the

38.2.. liectrolvitic Semiatvlitatc titta'.;. of Wcill gase by electrolytic genera~tiol (if
Titrimeter hydroxyl ion. !t- this aipparatus it dotthl,-oiup.-rt-

titrationlls by10 ~ meains of an elie.trivally or matni-
ally opeNrtti liuittt. An tilt .-iiie and superiorW .18111 Field Modxel leetrolyaic
neetholl of intresleteing the meag wit into the titrattiem Semiattnttic Titrinweter 0

elil wits dlsteovt'rvid in 1944.2t-" This new methodl wits The Intrunments detwrili'd Int ft,' prec-eding pant.

hlee uponM the elec-trulytic' r *ination of the reagent graphs were deslignedl itrialy for lahoraitAiry usp.

In the titnition eell. In r..Icfour electrodesi are In iew of thp difficultIes assoocitedl with fte' oper-

mountedl in th.- tit-ration rell, two serving ats oh- ation of thle ic! modlel semiauitomaitic titrinieter,

se11rving eletctrotlett andu tw its generating elec-trodles. steps weat' undertakeu in 01! v fli thBshnell es-

The solution in the tit aies cell contatins ain elee- tabllshmeait to develop it feld ModHel kt"lviie

trolyte which cin he cionverted into the reagent bky semiautu taltle titrimetee'.

elec-trolysis. In carrying oil titration tiw samrtple is The it....rumnent finailly developed 26 consists oif at

intruced44 into the ttration cell andti r4ient is titrime", . enbinet andi cables. The titrimeter cabhinet,

passe ait a coustate. rate through the genertsting is at liglv .'eight. resin biondled plywoodl biox viquipp.'d

elec-trodles until the tend point is observedl through with r. rrying handles and dutt- and moisture-

thep use of tlhe' in~..ating eleetroiles and a suitable wiroote b1Iy meanst of a rubber gasket between the lid

galvanometer. i ic wt.oth the time the current is and I~ ltom. Chiest. patches allow the cabhinet, to be,

paKsed through #I.,- generating electrodes4 and the closet, tightly. Suitable holes, one-half in the lid anti

intensity of the etirrent air readily determnithle one-h- If in the bottom, provide the outlets for the I

quantities. the .rnount of reagent fliberatedi in thep ite,* . t lube, main cable, and bttery cale whet, 1t1he

titration cell t til fte amount of substance titrated m nv iIs in operattion. Rtubbier bhIings in these

are readily a eltei. Tie adlvantages of electrolytic hi.,-,, keep tight sels around the intake tube anud .

gpenrtion oif wt.* reageltiare manifold in that it cal. ., anti plugs are providedl fer tMe bohw e n ~

eliminates the ne4ed for ti, ""rette assemly whihi . anachine is not In opera~tion. All the elements,

is fragie and ltulky, does not reit.:; - 4indurisvA h.~lin lte cabhinet are mounted on a reucovitble Intse ,

reagent solu41tions, permits the use of uiky .. *"ent. 11 .. Tese inc-ludee (1) c6 moUor-opeat d pump

concentration therebyI) 11llowing the uppatratusto I'~rt h m se eiuoai

ftmnction over at wit Ie range of sample concent rat ions, ;.rlitetv. "), the cell, which is held in at

a1nd, finally, opens the waty ft more general and hich contains tlmt. - 1-"fitim genlerting Plectresles

automatfic inet ruin. nitat ion. ir.- addition to fte inlieatiu.g .' -!4teles, (3) an over-

Tb' abiove principle ias, bieen appliedl in ftecon- flow trap of simple bubbler tubte eorn%. -01*'m, (1) at

st rietion of se-veral instrumts4 fer the- elec-trometrie reay housedl in glas to control thl, motor, itno .

titrattion of mustard. gas.'11-3 In one of ftese I~ one brass plate tin which is mountedl the ainplieneo eon- -

pair of platinum electrodes4 isA used ft electrolye it npeetor for the main cable atnd a toggle swiftht)

solution 0.2 N in sulfuric ac-id containing 0.1 jx'r -)ntrol the motor relay. Thie control licC contains

ent potssium bromide. A~ similar paiir conttdi to (1) ia milliamiow~er readling from 0 -2 and 0 -201 mat,

at scjA1rth- Current Wouree is used1 to detenninte the (2)adouiblepole, cdouible-throoe -witeh to selec-t these.
poll point. A poteintial differe'nec of 0.2 volt. cross ranges, (3) at galvanomneter, ( 1) at slixent ru'gusiec, '15 1 it

the' indicatting (1lectrodesN rapidly polairizes themi and circuit foer regulation oif thlie eliet rolyzing eirrc'nt, anid

thils till eurrnt flows4 lntil the 4,'111 point when the (iii switceus to control the ele-t rolysintil and mnotor

excess brolilie flpu iste catholles. The clec. rely circuits. The'- electrolyte c4-141114 li1 1111' t i-

troillyzim ptn l"id1 is ma1tiitied a li t If 1. volts, tnrting cell1 is 0.25 '1f In sulfuric -tcid mix (0.1 .11 in

thuts Imeiig lll-t wm.n the decomposition voltages of potas~sium bromide. Air eoutiniuig thel agenlt i14 bi-

lsitaiwtliim bromide, and sulfuric twill, 1.2-7 volts ant iWbe throulgh thll titralting ce~l att tht, rte of I 1pim

I ,7i' volts re'speciM VOYl. Thle other instrument i" if- and two potlalrized painti m etresle's art- used ats
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R814tAVTOMATIC AND) AUTOM ATIC TITRIMtKThtt liltI

indicator eleetrusles. With this instrunment it was azntoant of bromine equiivalent fto lte amut of I
piosible to schieve rates of titration- of fromn 0.82- saubstance preseut is renmuoved froim the coamined~
If$ jig of mustarod Xg per seeomd. T7his latter vatlue airitreania and cell, anti the current reaol on the
permits estimatlotm of orimeentratioams Welt Above the mlcrovmmeter wvilt decrease in diret proplortion fto
Wor~hst obsoerved in field excperiments. the amount of stubsttnce presnt at that. time. lte

Althougth this Instrument was developed fto late instrument ramstructeal ' was souitable for the dec-
to lie Pitt to extensive limp, It Is reasamably elear that terminatiott of musturd lots a'onaeentrationit varying
It was the most sittisfact-ory semintitomantle &iel fruml) l0oja lorfrniltIl~oxa I hkystuitable adjust.
instninent devetopieul. It is possible that the instrit- ment of the resistor in series Witli the cell1 and mneter,
mentstion could Ile improved anal this might lie and from 0-51M jag, I by chianing tile capillary in thle - .-

profitable If future work reqires a Soemintomantter stmplingt airstream to lower tile rate of air intake.
Insotrument. It lot clear that. the Instrument, requiireg a'aliliratiom

against known coneent rat icns of the subhstance to oc
.11.235 Automatic Titrimorter determined. The actcuracy obtainable may bep about

An im.4'rnialic titrimeter was developted 14 whieh ±11) per cent. It should le emphsI eat114 that corn-
was capable ot if&,!; *ting concentratiotms of mustard piarigon bietween the results obtained lkyi this instru-
gas, or any other xtthootni, rt-neting with bromine. ment. and those biy other means tinder actual field
1Te remo of the instrutment to iiavyinX eoncen- coinditions in renderedl very difficult by the fart ltat,
trations oif mustard gao Wait reasonably rapid t%. that only hy integtrationt of many concentration-time
within limuits it wvait capable of Indieating for prac-tical cad'ues toi give at total ulaweage can any comlirigon bep
poirplooe concentrations pirvailing ait any onel( time'. madep at idU. Ritch a series of conenttration readIng
In this Instrument fine alrstretim is pia.'A'. first is obtained only hIk -sritlnuous observation of the
through a chimol trap to) remoive any subshtance iuotniment liver a relatively Ilinm time perlool by ain
mreating Withi bromine, then througlh a needle valve, operator expiosed to the sam contraluan tit
and then througch a sooluition of bromine in plotaissium, mutstard vaplor as is the inootaup" Itself. Thlis ton-
bromide. The airst ream conitaining a definite amount desirable feature in the instrutment's use- 'iu J.h1 fly
of bromine ist then passed through at length oif respiboUle for Its bring used only very slightly In
capillary tling, thronigh a T-tulic, anal into a cell field test. The implortant obooervation made in con- E
camutaining a platinum electrode anal a reference nection with its limited usep in the field was that, thle
electrodle. The two electrodles are conteeteal througlh acre point wilting was far too unsteady. KiectrolytOic4
a variable resIstance to at 0-M1 mlenruameter. A generation of bromine, as pointed out below, would
secmit aistream enters tlie system . t it known Mae proloiblly improve this undesirable feature, it the
throuigh A titheI con1tiing It byv-pass Ptuipped with instrumenit's opteratlam, The Instrument. Is complact
a "miond eltarawn ti), liesses through at lengtth anti portable andi appears to otfer considerable
01 va*pillarv tubhing, and then Jains the bromit promise. Thei instrumentation is lprimltlve anal thtuc

the ittitia'. ~ --~'- Th insrumnt i pro insntmntatamdtailan nstrtment selu lem tor

In ofieratiom, the waecimu or samplingt atrstraw is basic prinaiplem~-* h ntrmn emt
first by-plawsed througth n achunoal trap, thils leaving Is xelntoe n lty of I'll ~ Iwet
pnure air toom ix~ with flip hprimnie-cointainiug stream S~uch development attild~ comsidcr, asiae fNom fen-
tit 0~. - . Tile needlle valve tin the airst ream pnast.ingt tures ofcomvenionate', thep auesibilitv of improving tlta,
through the -.. "mila m~autir Its adjuste'd sot that a indicatingt system Sot as to lessen thle amount of cur-
n'dling of. say. 4pa git. .' '"ein fm th mia'roamme. rent dirawn through the a 'ell 'ush of Improving thep
ter.1iis tilwcrtiarn providles for u...* 4at iadtment of thle doAlen of thle titration cell -to to to minimix' loss of
is'trniment to ain arbitry xera) reading. " - -amn- bromine in order that Plectrlytie gene'ration of
linit airstretten i- then diverted from tha', hypu, 1,-',mino Poulal lip lased pinardly '.''itta till prcsa'nt.

Sind its trap anal is aliowealit Ill ilit thp I.' omine. alesig0 , I* 1'~y; 0-a'ratifin (if lirmuuine is pais*.'!olt
lialen airotreum. If inowsaral ga;" OTr any 01114. ,nl- fair eamau4enrationo fliph 0- to Itigag ranuwa.' Aside
,ztnae whic'h rcau'ts with bromine' is jpre~w'tt, an Iri, . 'k-'uiting the ne'a i of . !'arteo sol:'tiarn ig a
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airnt itili pwUeil3obiaite til nm fair alilratimn; of air. Thesetilver nitrate' titratiois s~ilighitly lowaeee.
live. In the dleterminaition of low eoaneetratittis t

38.:.6i Automatic Re'ormling Titrinieter mus~tarol nao, the atir may lot pa.,asee over certint
An altotaiatic raeonting titrimet-er wase flevel- kinds fif ieaca lime to remove aly vapioroa of I Ill- poly.

cijied ""'2 whiceh was4 liflJspal lipem tile lttv of tile saulielci f mustarut gas which may ise ;cW2-e'ell 1

varmituitamatie titrimeter atecerilX4l -*n Spi-tian .32.2.!1. I'le ove'rall gwetraty f ft, instroinwnlt ie sehacit ± 111
11his lolltebfl i lonelm , whirch cectilis aln Irr pent. *rhe ui'eeilor maty he III ainy ala',eirpat Ili,'-
eleetritiilly olierat-l, ecnstant flow-typet butrtte and all(-(- fracan thle titratiom cell till([ severanl titration 4
i phietew'lectfle i'i'ly conijitt of at titratiarn and a cells at variloeis loceationsa may lie opieratedl andl
record'ling agnit, Air ii. drawn Into a cell mionineet in reeerleol ceisenaeivaly by till earn.' ret-orde~r.
tile ftitio"I uit. when' the. titration is' auto- A simple elet-trotiie timing circuit. (ror tie, with tilt-
mlktiaIllyv effp'cteel. T7he recorlitig unit romtrusli the tilooe automiatic re-ording titritneter wvas eeviselt.'"
auetomtic titration in the titration unit andi rececrs It niiele patiosaiible thle selei-tian f time ryt'leia %Aryeittg
thel 1eatalyslig tin it eluert. Th'e titration lintrewelot as abetween 0.241 andt .1.8 minute, aind thus. woerked

folloews.: Air eotitteining fte sutib ea to he' e- below the( lower limit of 3 minutes pieflft.tC'dl by ft)
ternvie is drawn eemtinaeoi'ly at a eoenstant known gear system of the eanmollifle'at titrimeter. It. also
rate throuigh at sachttiom which abst1m tite substance tiratiprat autocmatically for thle start, of it new samn- ~
andi which eerntains tin electroote whieh tietects Ii- jpling licerfl diretly after th fl pevilng lN'ruawitf
dhieetly thle presencel4~ f flt the ustance. A re'ference completedl.
electrode fof appro~imately the suae potential as the Stix automa~tic rceording fit rimeteral wvere eon-
end pmoit potential of the firsat ele'etroole rompletes stritcta'd "anti were ist eitluer is csnstrtteal or withY
the electrolytic c-ell. 'hue piotential f this cell -octeolie, minor mollifleatitams"" primarily in himber expieri- 3
thr'Awigh at jollatot'letrte relaty, the audition of titrat- ments where their perfolllliier wow. teasu'mtily sattis.
ing liquid to thle cell. W1hen thep potential fi tile -ell Watoy.'I""'Ilm a V otef fte alcove type f nttd
is. approximately toenu, no titrating liquid enters. mattie recoding titrime-ter icelimited 4t the lboratoiry
%then the .ulwebrc to lx- determilned ii. previent, pro- (or wtnijx'nmnent Insttallationse. It, is definitely not it
ducing a change In potential, titrating littuid enters xtttile inuetnuement andi it ia contain tlint. It could
the cell ait it camtant rate unt-il the sidl~tanve to beot not survve field uasange. It is very questionable that
theia. nmnea is no loinger prevaentt. TIliusi a statec efi further intsttiiiinttitim tiemgfthe above lines. woueld
('fit . *-il balance i% p.:."ltce'e In thep cell. P1erioalicsdty, resuilt in at tuuealek portikl Instrnument heneie f thel
umitie fit t..gliill ie sAt~cp,.:d #anti dha- suab- fragility antil bulkinessof at i number tof compionents
ctanel' allowedl to aeii.:'ein the cell. At the end 'lecesesaoy for this type f instrument. A stromgerHi
f thIpt samplingt periodl, titrathotm i.1 ;Ivs sint Icroceads reason lair us., -intinuing developmoent along fte1
itIll the seubstance to) bM. leterinlnedIs lo, !'ower abovve lines Is thant another ia.,.triett lca'l iun a '

prettnt. 1he amount of-4ubotlace whieli enters tile .;fprn principlea anti offering efomsi lanabl Knu%' -w
cell dturing the sanmplin'g antl titrat-ing ieriols can be- proomitte I.. - drealy beven levelopeal. Thlis is fle-
caleulateal frami the amouint of titrating liqueiad whichi sacnsibe in t-he faclikoei.- maetiaml.
enters.fthe cell dluring the titrationt perii. Sine the
rate oif flow ofr titrating liaguil intao the cell is eeistant, 3827 Autfonatic Electroytic tu Met .

time or fl)cw ie prispecrtiona~l ito the queantity f ra- Ttif~
agent entering the cell. The reeortar marks fth een- Mo Fe lisp in ehemleal warfanr stfuallee anal In aother
than fel litratitm antl nontitraiuca periolat antl thusc prodems, an auteimaia' reconvE.- - litnimeter shlda

wwifl.es i ee sary infairnatim few calmulating providle for (1) the dip Ihttpoua intblicaia tif t.it"

'cnttining bcromnine, eleanfing eipen tlie typer afi slib- indhicatiocn fir thle int*,e!.t-m vale ocf tbe fcneentril-
Phinee tse loe tletermnuld, A vellva'n a'leetro"le was isvil 11amo. Thaot los the ,~ I.fiflll'tt shacuheli IN'alilola f
with tlit- silvern nitrate mt'gent anal a platinum a'lrim. Ind-enting thle rolnla',? timn a titely time', flu-4Ice rasg .
troilewithe it(romine reagent. 17he biromine titration aleeTnetlateel fromn ae arbitrary areo lime 14 lt! time
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of readling, tmlw Ilw~ varintion of eiftlttin tiiti witht tial" is tppliet I lit, ilitt tew iil oif an t'ltrst W
tinme. It is realim'd that if Pti~ffieiet time were avail- power umplifier, the output terminals (if whiph an- ~
abile anti eonmditilms' ide-al, all of tite information coecetri in series't t e geneWrating e-letrodels' and
P0o11 he ohtatined1 from the cirneentratiom verts the otut etitrett. meters. (4) Titoe hange in the,
tinto rs4s-rd Ho~wever, in fieldl work etindiitions' ai' "obsrved potential" easit e a l l ein th1w broinie-
rasrely if ever iideal anti, s'iner time- is often an im- generating current wiich is jiss't s'1iiliit Ite cii-
portasil 4.4lent in field wvork whieh involves exc- peneate for the eons'umptitin of brone by tht-
poettin' of humans ti toxie' iticnts, it is oxr-ul alsrii mis'il Tite lio anpliis'atissn of %i-
des'irahle tIn have immedliate information in regasil amplifie~r lis seull tit produce large cusrrent. -

to the concentratiorn at tiny ome time anti the elos'ag elItgs for very al hne'i h ibserved pet Pit
awcumuhsteil eliring a given time interval. tial. Fo~r this reasorn thle initial bromin vecr'ss is al-

An automati recemlinx elvet rolyt it titrimeter was mlset completely rrsitesred. (5') Sine.. the, vhange in.
elevelefipl 11 to s'atisfy not only thewe refquirements thi- bronihu-generating curren is it di-f'ct menieors
limit alsos otln re'latinig to portability and sns'tainetd of the change in the rate of( constimpt ion of b'romine I
unattendedm ope'ratim It was' intendedl that the. by muietard, the( recern f thwecurrnt. may bie IWed
ino'trument. hse us'ed primarl for the determination as at recor of mustaird concentnitiem, the- propor-
of mstard gas. The, complete instrument con~ists tioiuity factor king given by Farada's law The
of( (li the titration units (2) the recoring units (3) an seamplingt flow rate is ilons'tant, conveniently tt
auxiliary integrting unit, anti (4) an auxiliary powe I 1pmn.
unit. Thew titration unit contains a titiation cell Equilibrium ctmenutratioms arn' s-t tip in the titra-
uttiliuinletrlyftcgpenrtiemoifthetitraitingagrit., tirn cell ilesepite thle consetant addition of the ii'-
an elevtronic polwe amplifier operattedl om dry cells, wvtant-As'ml (etiof the cirrulation of liquid through
at ni-stor-elriven air pump operatedl by a s'toragr beit- the cell and the- aeration of( bromine by the airs'tream.
tery alios in the unit, at panel me-ter fir indlicating Cireulatlio i'of great impoirtatne in the rapidattain-
cosse'etration, a gate-typ integrator for inificating ment of esguilihrl and in the prevention of hunting

* d~~isiaesg'(mcsttim X timse) valuses, the neese'ar in the intrunment. The alkefwlsong seolution is cleansied
controls for the adjustmewnt andi operation f the, of exivc.*e reactants andi reactions preslts', byv -eseuW

inietriment, and elettrict otls for emtnectiom with througlh at bed of granutlar charesml.
the other unitst. The receording unit was s'imply it For oheierving the "instlant~u4aiol" concentration
clommerciall modlel ink-rcewling milliammewter. The of mistaril gulas't i-I milliammeter in the gene-rating 0
auxiliary integring unit is an ell ni'snie I lev)'" v- cluirrn ircait. was emplikyedi. Pe.r minnte, ong. ma
velopetd s'shseevietlit tot #hp gnietype Integraitor. Thte gene-rates' thet quantity of bromlels' wisielt realts with
el imie integrating device, is' capable of greater 10.5 og of mnts'tard infce the air sampling floiw rate Is
prevision and uttility than fte gas't-type integruteir I 1pm, a meter readling of I mat rorres'ponds to 504 oag
buit Is' seonsewhat larger. The auxiliary ls'ter unit is of( muotetril gas per liter to within I pe-r eent. The
preivith-e for thoise c'ale. wirre loing piersis ofnoter- nwstfr s'ensitivity can aliso bie 4lecraesl tlo 1(N ag of
ation aire refgusirel. mustardl gats per liter full-scale hy inserting, with the

The way in a hich I the tit rimeter operates is ilhts- aid of it toggle s'witch, at slnst reist in parallel
f mted in Fire 1. Althoughi the ifteveral steps its- with the meter when at greater range i' cleseirel. Thelsv
i'olveel tit !.,- -seration oc-cur s'imultaneesus'ly, it is recetuline, unit. nuay also bie placedf in the generatin
cone nient tot arrange d. litit hypothetit'al see- eurrent cirettit, thereby enaligO nth aewl of thet
egutncs' as follous: (1) Wien it-- musttarel is rostu- eeentration ats a func-tion of time. For dietermining
siorbetd by the titratiot, cell, the generating elcetr. .,-A' the integratledl valuie of thet comeentraticin over a given
prothltei brominse ait at low ew, t'tant rate tot Provide it time interval t-wo devices were, developeel one fr
ceoean lbut very s'm~sl Is silmn oncentratlem in which is a s'imple electrolytic gas' generator and till-
tlie eell. (2) The ob~wri :: cleetrsle itstetm (pslat- other an eletctremic circuit and impulse ouner lith

* muis.4;:..!-14 1 is ver% vns'itivce In small chaunges' may lxe placedl in the generating current circut Tit
its thes brosinte otl'se *. When tmistaril is asb- vlee'rsilvtic gas-type, intelgrator, whlsi was hl'eeu
issirles in tit(, 1's'11, it Ille~ eiuntital, the' upoin thr dis'pls-emet eef at dYed1 01s111tio1 alongK a
brumnie andi prselsu'e" -- "hange in the potecntiasl of lsict l vP~s b' gats getnerate fr11snM two sesnall el..'--
thep olame-rving s'hlee'tuwle (3i The "obserle poten- trode'st, is graalusi.. otf 2 ma: 'mmii, tirn-
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sipnding closely to 1(K) jag-of mittetard. 'he range of cawe containing two eoi'iipasrtment., tile lower pro~-
Thw electronic current Integrator, fir mIrrocolom~. the tipper tine for the sampling awlI retarnllng media.it

t'ter, can Is' attached to the titrimeter In place (if Win. The Inxtruiment, fully asisembled weighs 25 Cthe gas-type integrattor or in series with it. The potinds. Air containing the substance to hew deter-
clock-t-ype couinter dial of the micruooulometer per- mined is drawn into thle sampling tuid eon't~ling
mits fihe tllret't reading f the Instfintaneotis valute f mc-chnlsm through a metal tubex, eqjuippe-d with Iit
the integrated camerentratiorm. The riderocoulometer rainproo~f cap, projecting through tile top) of the ease.
caalso Ite11 uised with tile titriinter tot perform very No. special provision is madec for air t'xbatist ats tlwre
rapid flomatle titratilus oif microgram stamples f ie sufficient leakag at thle tmf-off switch andi tit other
mustard. In fine series f titration,., only III seconds points for thle eseape of air. lthe sampling andl mrni-oi
were reqluired for the completion of each titration, ing mechanim is driven by a (I-volt pih'tnlt-wollind
including the addf ing of the sample and the recording motor with built-in worm grar. Thie stiion p~uimp itt
of the result. ain automobile windshield wiper motor from which

It is beieved that. in principle the above instnu- the valve mechanism has been removed anti wicli
ment in vastly superior top all others developed for thle is provided instead with a sut of Hunsen check valves
instraimentul determination of mustard gas and other connected with fittings attached to the two pump
suibstanes determinable bty a reagent. capable of cylinders. Thesiction pump is driver, by meains of a
beving formed bky eletrolysis. Further instrutmenta-. cnneting rodl anti crank. The voluime -if air puimped
tion is needled to produce an Instrument that. will is approximately 8W0 mI/mmn with tile gradle of paper
withstand the vicissitudIes of field work not only in usuially usued. The paper tape transport mechanism
the tropics but also in temperate wnes. If suchl an can be engaged either intermittently or continuouly,instrtiment could bec prodfuced and demonstrated to Toe paper tape transport mechanism consists of a
li' reliable under a variety of operating conditionsx, pair of intermittent spuar gears dIriving a standard At
it wvould he an exceeingtly valtuable instniment for all 16-mm film sprocket, and two e'ms, one of which
ty-wpest f problems inpluding wime noit pt-rtaining top controls a valve on the intake air line, the other rt-

-* - chemical warfare. lea'sing the paper during its period of travel. As.
usutally tised in sampling persistent agents, thle paper38.3 AUTOMATIC "I'VE RECORDERS tape is moved wn that every other frame on thle fl-

Mile re-timlers4 an- Instruments which in principle suiltiny rourd In. unexpsed. This gives as many
depend upon reaction of the subsotance tp bc d~e. Wlanks for photometry as. then' are exposed frameo.
termined, or at prodluct thereof, with a tape i:,ipreg- The provision for tape feed and rwind is conven-
nated with a reagent, thle roducit of fl'i tmartion tioflal for 10-mm motion picture etluhlpment. An

* 'ink .a rolklutit- stitin %lo,u. Intensitv, ir eo'ftnt, 1. atuiatIng cam was designed sop apsto b e readIlly re'-
propoirtisinil ti. :1.' ve,11 ti.&Jii ab. the subsmtance pliteable In 01114', to, provide wide latitudelt In the
io bie dlotermio.ed Them e-posture of sucessgive st.. choice or exposuares when working with different.
ments f the titupe tot tit(, .ubsatance tot he determined agents. The nit" of paper travel Is4 nrmakllyv tlit
ig atchieved bky miehanic-al mevans. Ili tluit wayv a which proutest oine expoiture per miaautr. %V it Is suit-
record is prmouced! which ean be, read, with or with- abik' modlificationts the paper taple travel cain bet
ouit the aid of auxiliary aequipment, tf) give infornia- changed tot a muiltiple or fraction oif this ratte, thiti
timn regardig the average conceentrationt f thle providing for greater sensitivity oir greater P.-lt'c* df
milalatnv top be ft1,ralned over the satmpling time cnetalm
interval anti the viariationm of this Incremental average The volume of auir drawn through thle papexr when 4concentration with time. the film-d1riving merhanismat is in comitunint oqwr-

33.3. Recode$%thin (i.e., for nonipersi-Aent aigeats) is goiverned by
Paper Tape Ree rthle angular extent of the rise oin thet cam operanting

A paper tape recorder andi aulxiliary equipment, the air valve. The volume of air sampled in this way
witis th-velopted K21.t04.l. aunti rotliierd in suifficient at each exponture Is aspprovimately 2 nil. Air enterinig
quantity tip permit ev'aluiation (if this type of lnstna- the intake fillhe Its patssed, Ini order, throuigh at ctolt
filent unde'r a arictv f f~ilcdlinsS.Ie valve, thna.ugh thle paper tape, through it trai which JTilt lutN'r tape rmio-Mer is contained in an aluminum rormtalns either V1ha11(411l or silien gel oir Imilb, and
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finazlly to fill- Simltiotl jIm . 4114 tiotllf plIMIl is 1111w$ The~i po~rtlle 'ilpvlrat ion im111 pr''vitili for fill
4'olitinuuli disteharing elmin air within t114 itunsti- availab~ility of airmi-ain routainmig knotwn flhl)i11ttti 4

me nt. m rp eit'u 'iiiilltoli qjr. l h aiu eeiial warfare agett andi was
niateiy 1.11 amp, the Intt ery ('aj).uity thuls prolliditlI simply it systo'm plerinittintilei 4'llitrl( iei tionl
fo~r aoitfm~lately 1t) hours fi olieratieln. Whien u*t1 uf .ur airstream eontaiiini relatively high and
foar notlp'rsidtc'uft iglte, till- limilttig fiueter in the knownv, *ese'tt t ion of thel- ,IllhttItlc'I' to IN' (11--
1411111)li110 tbiu' i .il si r ofIe' rollt cfalse11. O-(till~ fe'ruminil. V
role cf tapse' prulvidtles for Miniflnuates of Ilnfling titne. Trestii tn - %%ere evelojwl for deltermniitiml-
Thme piser N, VIAI nmnnfi'turptl Isy the Iulbutrt tarsi, e'yaneign c'hloride, phosgeuxe, andc hvelreagen;41"
It'teMr ('41. was eei'-4lk'eesf25 he IM441 for stholiee'jte'n im. yuide, and fllth inst rumaent wats timed in muany field

dirmievil requirements. palter taple ret'elers were first utsed in field work, 1,R
The 1te'segmrl' l'fIiipflwft reqluirvid for the eotwr- euonsiderabie eiffieulty wam eneount'rp'il in jlreptaritig

Ittio i ll, rronli 'WIIg niuts inelucteel: it tapu'-impreg. imre~ignteil jiper tapec that would el 'init Sitig
slating mluchlne' in wiuiet flhe paper talls, is iniprem- ratwtewy hi'formtep sunder varying Condeitions Oef
tiate'el witl' rVUgents appropriate for fte mubistanee toi te'mpleratulre andi humidity. In praetieamlky sill if not
III' ete'tiiinif; it phiotometer For detett'niuiit ft-e inti ll inse, it see'nwtl pssilel to overeenie earlier T
intensity (if tfil enlored frarms and a Isortalhe eali- eiffienlties, andl by late spingl of 191 llh taint iv

lerating unit few ~~~~preieiite'u knw ao etentrL- Ieoreterm werel be'ing utisel in field trials. Althoghm i'
talls elf thel sulistWE'e to lee diete'rminede. T1m, impreg. opiport unity for eomparitcon orfte' paper talk~ iv-
tIatilt i latitN1 Will' th-Asigiw to e'ilrr out ato- e'urder, sing its now most tsatisfae'tory palse' feor
nmtiiahly fill impregnation and drying of twit mtrips moni air., with tite field meelm' 'etrlytie se-6
(if tu.. s* *.,tolsk .The ape a liii' am -.. m-t ut lle litritnefer wldEtt In' de'suruiue, It. seet" A
by imeans (lf it metor-etrive -4proowket from feed reels that. the two instruments may lbe ('ajal(' of ('(Iln-
inteo a e'mmion lath eontaining an imlpre'vnating pacrable neenrary. TW, paper t4Lpe reeorceer is u'ufhi-
soluion whuiei'if el t fromiiit reservoir throngh it ie'ntlv light andI l'Omlpti't ft hE' einploye'el iin *'iisi'
('oiisttat level siphon. Thep tatics travel tip nnd down where extrente poeriubhility and romplet'13 alt.inatii'
thirelgh a drying tolwers through whie'h hot air is operation is re'iiirel. tts jpflneipl elisaevantagp' is
e'irttulateel, andtin-rc then pamsedl ontol rewind rels. that no imme'eliate infornition e'an lee .ihtainedl re- a
The appatratits preevides- for three speeds of tape gareliig tvltlte'ititiou and elosatgc. Thes paper taum'
travel andl for twel settings oft the tower heat. ree'cIrcle'r is hle4Tl tol lee a leatisfactetory andt ueeful

lhe photonlle'ter atie'illy t'lllsitoeetl tif thre.' piarts: iflsirnnest for obtaining infeernuatiem in resett t41
2 ~(1 iit-l (ome wiilh pariles fix- light Se~itrc', talse'- thll- e'emn:entraltieens4 fof It g~iVn sidstune. Th' mne-

feedl ne'ehanism, andels, (2) till' lliiotttmnltifiedc O'utnie'al featirn's of til ptoeee'It instrument appisar
eteldge Wle1 e'emtfains thle pheotesee'll anud the toolo be wztisfaetery, ailthouigh it uueaeild lIm lprcfilali. 4 toqcr

~ae'iiimfii~ ampflb and 3) thle " trot unfit unflertake rasirther in-truentautiom in ".xet 4
whli'h leorittlils fht illi'tltitiglt'te'rs e'oitrols, and featores of ronvenienre. Its applientiem tom problem
dr hatterits. C'urre'nt for ft(e lighlt euouree', mostar, nde othier than thoise e'aiusicle'red is feum E'lirepen'ltlen'it
amplifier til)- filament. is elbtatlnel from amiliary upon tile de-velopment of sitablle impregnAt'lI pali'r
liEoil gi' lutteries. Th1w pholoetry i5 perforil bry tape's.
measurint list- light transmitteel thronugh the papier
ttl'. As f111' reeernh usually eemsist eof a sefle'2e f Nm3~ ensitize'e Film Mutstard ('981
risomd spelts4 intersperm'e at inte-rvals, with blan11k leeod

19415,II'i~,~ru~l'iis:uljt~elhe eas fPAll.:r In this in'Oetr nt 14 annI emeutiigiu
out filters, its giov' it tl'ule-tl reacting for to 11121k taurti gas it% turated with wata'i vaplor tenet is im
511411: OIL' 1111N is mOVCed ftl laPP~ to (eolt~im- solicet ini Ole pingiel tipemn 2' w-fsitimmle gelittin ftlin, IaclVuILne'ee 1kv -

light path and tht' tlee'rea.'ee in transmittedl light is tdc,: !Uwerk, to gtive It t'rui' of silver ehlorehee, I his c'aoi
lkd'll toe Ie'- w.' msrtiornal to the intensitv of thf. Lt s~ ievelope'di atid fte eeptiepat ctenfity related Its flit-'

of~ lAsis.rt tolfl:.avetrlidtre oil i( substanee'lte lop raibration of fil-insirmenl. Thme en-titivr tutun is -

ele'te'rmine'el.pre'paromd br re'moving lii' Aiver hliule r'iiou

, "A

m .



(rool iutlkid logti iiv :0-imm nitwie film atui'treat- ieItttil byV I litam 111' 911 141124-111 ly tIP4 It fV ~ill'
ig the liittit Witli it siilitiitin t silver litrllIrtitel. lilt- pi~y lysting uiDt. r'heit niitiif tit(' 441'alttnhtia~t4'il
,nt intsttinn'-nt iInllI0.*4I It I-Pulriftgl vitrutim stir Ii drawn byv lilt- injetor thnsugth it liltart tnl', it
pumflp, oilt'rated lk it asmall fi-villt moitor, first, toi pocrtion (if wlil is heatfec byv I gasK huI)Ierr. ()In
draw%% iir tivpr nit-thunol andi through it efini.witi passingt o~ver thew heatedl pilmntfi.,, of the i'Itll', lIIto
ei'lmleir ai It lii'at-fliSilliitit 111t11' 111 mitintl at i101111"i gait is pyrolYFA4 Withli Ot fe~rgiittit(ifo
eiinstaint teinuratle: seeond, It; draw in tile stir to hydrogsen echoridle. The tiratrenin is then jL:.a'i 4wer
Ie( samph-if through it ffint-regnlaf jg tupillary and it few n ts (h 4pS f waiter i'iaftainedi ilk it depii'f1'4i1 inl ti
then througlh it water stitturator, too impinge it Iliroigili tlle, whein-' the( hydriageti ehirie is paially :Il-
It jOIt 111M0l It 114"inltg film, and thent exi' If; thirdl, sonlw'do The4 sailing anid almirptim, of thep byelrogi'l
toitdraw eletin mustard-free atir througgh It reg-ul11a4ed chloride prileeds11 fur It IkeO lieriiol Oir tltit' (19 multi-
leak into) the retcorder ei'intainer tow maintain ai nion- utiem if Itle IJI-mintpe yeli' I is ml), after whieh lt,

fte nipthanisms anti lilt- film whielh iN 1111 In lt, lt, reoring drum. 11M' latti'r varri(4 eai a r I'mbt(
immoediate rrgion being( expinicil to thei sample. 1114' sorlsent pape'r imprgnt*1 iwi ('ongoii'il and
film is advanio'iI hv at eitock-diven meehanism at t1w tte ni1Wilith a ter-repexllent material 11141 ve'rfieul
rate' of 3 inieis per laimi. Afte'r exptoun- flip film is stripas amot I , inch wide. Thes quart:x titlw' impinges4
ri'mo1vild from lt- e' t'ii14r, washied free f silver upijn tihe diim Ii tile vet'er 41 onet of tOhese v'i'itinl
piereloti't, developedl, wamaheil, andi dried. Phoito- strips, antiitas wios as etintet lot mak'l Withi the lNIIN'r.
metric ecorrelaitim ofileW net light anbe'orpti'ms ofx ti1w 1Witwter is finawn bty erapillary au-tion throuigh it
trace' Withi known militei Viol etici'inttiorms per- small hitle In tlp-he it nd tintima.4l outt nto tile strip.
miltf a vuilrifioin clam' ft Ime rotuefl tl whitch Till' strip of intlh'mtotr IN eolorptd 1u to iIlngth
can then lNie ,gord top convert olaweorveil net light ab- whaieh is d1ependent. uipim the ansciwmt 4f huydrogen ip
morptiim slicing flet trat' to) the mustard gas enneetn- ehloriilr' present; hence the length of blue mieaisures I
tratiimn existins i lilt- air dhrawn intof the recorer as lise cnnentratioin oif mustardl gasi in the incomingi air1g
a funclto of time. liutis, average concentrations tmpl4'. .AftAr rentaining Ii emliwt willh the jwlt'r
ovei' 3-lt f-minute samnpling pcriiwl can lie tolltainedl fur 4I 4r .5 minutes to allow time for the water It) lbe
from thepi'urves relating cimi'intratit andl time. ecimpletely ilraini'd the tulse begins tot move away
Thp mniium tinettinit limI dtIM'ctable by lt-e from tI.. in, andi sh'ortly thereaifter it new elirgi'
Inst ruiteuit sopims ft Ile IN-low I gg 4 muastard gas Ix', -it Water is Injeited Illy it small pump. h'ni e'lll
liter. Thep film appears to ieo stable if kent diry ati pim-~est is then re'peated frn the next 4'yile, thep record-
dlark saf rettmommibly cooil ani maty ie- prlvlid Ing ilrim i ip h meantime rotumting tot bring it new
weeks. l'fisrn use. Olie frld ti'st. oif ft'e rer'iler stipI fr pitiser into) posi iton for the next record. 11wp
shfowe'i value .5.5 per entt belotu fthe average f4ita1 instrument wais dlesignedl ito 4eriftit tiumsly t
dvoi hi sh ubler vahtw ove-r at 1-hiour peritoi, anti without att'atitim foir ;5 biouts emn at 1-miniati' i'yi'l
hofurly ...si's "AWhirls f 4'vinaf 7.15 w'r eent, fnim boubbler ufor icir hours tin at .lt-minitte tei'e. 'n11 rrl
values. *rw, othe-r fieldi trials4 sholwedl fair coirri-ltifon 4cha1rts am' about li If nellf stgb fik 112 Inie s h11gh

Will th toe re-tolrand blinler mi'thois but fli suf an -am iividedi infoi IN) indlividtial record sI rip.
til il iat' dilaet "it, a'leituati' tests. flicaitsi (of W.hen the' end of at mrru'ni Octlga is reaulhi'd, tilt- ill-

Itolatedevltopen i as noct poisile tit evalitafe mtimment's clocfk mntehanism stut rinjiahly sotops it-
flue instruauent provilrly, althiough it cloe's nulaca.r se'lf.
fluitt. Ii prind~pli- it is nict soi useful its lte ppr lapt,'niew fuel Istik hoild- 312 .XIIII 4-auuso liquefied IN.-
1114uOrch'r (*tin .a 43.3.11i. fruok'uam gas, wluieh iN su11fluui'tit t4l suipply 1e' hmnier

for imfshman i flor. 11w' lstnei'nters tIheI Piner
Ua..3 l'i rnlv titwusardl Gas Iteeareir tIbrough till am';iriliag 111411l11', silnuahtaamieu1uuzuV fV1 :'

An instruntrut was ilevimu'il wliichiilcjiinils upon the' flitmi' that heits tiii' quartz tigl' -lilt! ftiiillitii
fiii' lyrlyis if muai gits t* feorm hvdrelialoriv acid fix-w sutiit neci'ssar~v toi suinaih h tiar. The gus is
an~d ilte esfiniation oif this loiter 1411111,11-1-fli'cl- eleliv'PrP1 -it tionstat hlips4um from a rii'guftir. iwil- '

int fraaly.' Tis istrumn ties licit recguir' Ole iduring at eimsatast sainlulinug nif". This is adIjiusttil 1W
ice. 4of i'lecttrit, plower in that thu.' meclaanii'al parts aire means tof at rtamirr tliwmeltir thatf is iniuli:1 in

dirivent by ei'hmikurk itail lilt injectoir-type air ptimp lte suctioin line.. (hie adihustedl. fll-i iuistruifuiit liiulds



E~I8 INATIRMETALI I*11FKRWINMON OF IVNrRE AGENTS

O. W~cttilIyV 441111-t10111 flw rate efi abouat 0.5 1pni for a hydrogen halitle by pyrolysis. Voclttit- tivds aefet1
the ifuratimn of the sumpling pencoil. It is necessary the indwtator. Th1is isi a markedl fisadlvatage in fif-el
to opt the flow rate alwaysA top the same vale' since aeaeessment, where actic aweid is beting inet in bublera,
thep mustardl gas comcentraifls givenf lay thep Pali- placed nearby. Ihe quarts tubes are fragile. The
brattion elatrts tire viduI. ty t the sampling rate tit absoitrption of hydlngjen c~hloridle is ineumplet4', 1,20,5-
whil' tit-' ittstitonlcft Is eaiblwteti. Inx sitlhli'it i('olott witliait the' istr'iliniiei that It,

At thep e'nd of it perl~ of ofamplilg, thep record may fail toi operatte eocrmctly. Thp cle'viei' is usale
ithec-t is removed from the, drum anti the records aire only Itt. icmeentrations f mustard gots up to 5) MM 'I
reaid in the following manner: the ends of each blue andi at comcentrattions aMove 2-3 iag.l. Thep blue
strip ame marked with a pencil anti the length fof blue bioundary is, indistinct so that hirnr retooling ersn tire
is then meatsured in millimeters It is now iercatory inevitable. Temperaturn' has at nuirkil infitenve on
top clctcrmine thep length to whic-h each strip was wet the wetting f the paper. The apiparatnie fr(4cjeac'ntly
bkv watter in which' thep hyctreagn chloritle was. ab- skips a rec-od when waiter fatils to drain fromn tlie
aorboeci, since the length oif blue proxhleec by a given quartiifu ti t fte time of making corntac't with tlits
amount of hvehreege'n ehloritie is lntlenec'cl by fts e t recmr chart, probaotbly be'cvaeese tie apillatry is dirt-y
extent of wetting fi thep strip. INlid elot blow. oir alr-boutine. The lnetriment samnples oinly for two-
ing hydrogen chloride vapor onto thep recurni sheet thirdis of the time it operates. This may leadh to at
frm a bottle ccmttainins dilute, hyxlreachlorip acid, significant. emror in calculating total ducsage.
The aricd vapor terms the paper blue eve'rywls'r x- .
rept ait thep limits of wetting, which appear as pink
lines against a blue bactkgresmel. Having meastired I 1I.F.~~,NKf! l Th hN T4
tlit' lengthls fof we'ttlng in millimeters, thee arveniw nti c''hms'.mlhsrm'es r cie

musttrelgasccmcntralcmdurig ea'h &.miute which were le'veleptl eilther ats lnst.ntmt'ntal aidsc in
(or .30-minute) interval cef the sampling periol i fte lahoraeto4rv determination o~f musturd jgas and
round lay reference top a calibration chairt in which other chemical warfare agents or as warning cl'VICPS

milstiergs ccfcntpfr aiti s arettabuled g nst intended to alert, expase'cl peraeonnel to tlie prnce 4-
millmet'rsof aue or ainieesweting enghs. oftsignificnt cmncunt rations of cerfein e'hemicali war-

A calibration chatrt for eac-h quarts tuber is fur- faire agent.
nisheil hky thep mnifafze-torfr flhe instrumnits. Each ,

lntliviel'eal tee' eitiries at separante e'alhifltti chart, M3.S.1 r1ite'ntlinr-ide Ieterminution of
since thi' efficiency of ahsc'oticm f the' h.~dreagen Chlorid4 e Ion
chloridle is cdepencdent upton tle ce-.tcute'isties f the
pticulatr tuber usmed. It .. o ni stty howei-er, Mustard gas, the nitrogn mustards, atnd a number

thata cu~itr tliealwys le ued n th sa fir other chlorine-coimtaining chemical warfatre agents
machine in which it. %,. .4 calibratted, since the flhow may hep hydrolyzed oir oxciclizec Up chloride'- ion. 11is
Wae ait which cliffeirit maxchines simlhe is set. ait latter substance can then be cle'terminect hey nieasetr-
tOr same v.alue. ing thee pootential f a cell cotMocsel f at reference I

Thiis reccerilc'r heas several feattures which recon- half cell an t is ilver silver chloride chloridle ion half
mend it as at field saimpling instrument: (1) it is at cc0l.11 An alternative methodi is fterie cntimesl pij-
pcirtaable, (4omptiwt uinit anti re~guirem no leatteries oir tent iametri* titration with slyer nitrate and suitable
externatl seacerce of piower, (2) its operation is auto- itnrtfing anti referee elec-trodes.3'
mtle ande it requirest no attention from thes oprator 3..0 Cautm riDerin io d
diering the -wimpling peritsh, anti (3) a time-dlelaky 3..! Cchctm rilec'niaino
starting device its inc-ludted, bky wheich the instratment I I~'dachhlC Arid
c'an bep set top stant antApmaticelly at, stime p,.-.5- Air cctaining mustari gats is peessechl into at cell
te'nncl time, from 1) 5,5 minutes after setting: thus ccntaining two elerroles anti maintaindl at at to 'm-
sevpnrul instruements maty bep set bky one opesnttcfr tot ;xsraturp cfi PA) C. At this tUcmix'teehre t-he hydrolysis
laegln reeonclineg simeehtsueecossly. fif meaitioac gas is reasfmaibly rapid aind the hyclro-

11w. Ikyrealyzing re-order has several lecusir faults4. cheloric' acid formedl ran bep uhtarmineid by measuring
Thep inclicotor aictimn upoun which it dpendtus is not the conebtetivity orfit- solticmo. A rcordingt milli-

t-mie buat wiell boe givn hay any comptonel forming ammc'tpr in a !10-volt virenit. acted in ,aerifes with t.114

.. ~~, ~., ,* !~~'~~''"'' . . (--.-.-- . . . . . . - -
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M ELELtAN4E4)S IN'4TRUM6NTS 619) ~i

eleetrotdcs provitlem for a efintifliouNs reord of tile titrato silver referenee cleetnitle. The air ito he
Anmout of hydruelilorie adid formedl andi theomtnt~l aapi lee introduced Into tht- bromine-ladlen air-
of miustani IMs Introiduced into the oell.*? ottrawin prior to the latter's entry Into the cell. In thle

alitienee of seuhtane'es reacting with bromilne, the
U.3. Automatic rotentimetric Dosage potential of the cell lIN transilated into it dleflite tlo-

Metmr flectiiem of at mirror galvanometer. When an aniount.
An Instrument wa*, develol"Ic for the automatic of oulistanee eqjuivalent, ito the bromine prioont isJ'.

let*et loin of gaMMs which i'i'tet aill silver lita to formi introtelve'', thle potential hereiiiws m'ro anud the, 41'-

an insoiltble c'ompound or c'ompex~ Ion.' In this In. fleetiom of thle galvanometer is altervid. The ltva-
otrunwnt air containing the substance ito he dleter- nometer fit trrungrel to eeperate a phuotoelectric relay
minedl is ;Nuee' through at silver- silver ion half cell ,rn that When exess~~ gas ise present, the re'hw operatoo
anti pore air pticil thsltrih an iudentical slver-lver a signal. If the wa concentration ciropo, bielow thle

ion half cell. Thle complete cell is conneetotd in series tequivalent bremilne coneentratiem, a potential dif-
with it mirror galvanometer through approvpriate forence ine again establimhedl andi the signal Is turned i k.
series and shunt rcslktancem. W1hen the concentration off. hu'le'rltleal conceentration required to ope-rate tile
or silver Ioin In the half cell through which the coin- signal may be opet. at any desireu matotiel gas tim- .

*taminatrid airstream was patiord is clerenimcl bky contratiott pnovidedl that it is grater than abiout 0.2
rection with thle subsitance to hie fdeterminedl, the jig oif meastarel gas per liter.
galvanome'ter dellee'ts unitit a beam of light is ic-
flecteel from, thle galvanometer mirror onto a photo- 38.1.4 Autottatic P'hotoelectric D~osage
elect ri' coll whieh in turn artuates a relay controlling MeterI

aIitio Indillttor eisme other .~gnal. Bly altering the An apparatus was designed 11 to recont the att*Jn-
comeot,txlc of silver ion or the extent of gla's ment of pme'letermlned doages of muotard gas anti

non-te dfloionumed a oer t u*a th htorly other chmclwwaent Iu kino nialuqanitag
the'- instrument can lie usedi to indticate the attainment of the change in light transmission of acell containing

of at given ilcu'~ge. Thle limit of sensitivity appear at reagent which wouldl react With the substance to he J-

to liN' abiout 2X 10- 1 mole, clilorile urn or 1.5 #g or determined. Air containing the sutifncer INis v" 4
mustardl gas. A variationt of the above instrument through a cell containing a solution. of Congo reil,
was also developedl for the dotection andi cletennetinu- silver Oiral,, or otarch andt pot aum ioidke, art'
tioti of subsittance's which react Witth bromine. In superimpoed between it light. bevam and a phloto-

*principle, the operation of this latter instromectZ is electie relaty. When the end point in reachedl thle
similar tit that of the automatic titrimeter dc- reay is actitatoil andi in turn it operates a warning or
ocribedl in t~t in .18.2.6. An ainremerein taining a timing dlevice. The endl point is a fiunction of the
low andi cemtruld Amount of brolmine In peNcaed cemeentratlem 4a the stabsiturie to lie ilotermlnedl, the
through at cell containing it 94atnum.'leetrodle, diluite ameistnt of re'awnt piresient, and the seonsitivity
sulfuric andt hydrochloric acids, andi a 0.1 Mt silver phoctoe'lectric system.
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Catr39
MISCELLANEOUS ANALYTICAL STU DIES

By* Carl Mcilln

19.1 INTBOI)U('IIN at 1054C and thle CakrbonI c0XjidP 44111(4-1441ill a.

I'MUe THE~ 44IteSo: of( Iword Wart it, seetin weighedo titlx- chargr'l Withi Astwrite' '.Dm.. 9,.3 tf the INalilonal Mfenve, lteiatreh ('om- 3.Ai jumtihnfrie methodi lin Which earboin moat-

entee£I~t 1 emileida numlier af prishlemit "IeWas allfowed tot rn-It With iodinelo Ipento4xide ait.
oter than thnu'e- M'ating ft the cilertiton, identifien. 140)- I51) C,. tlw itoothhin orel lbeing ptollevitedn itt e.
ltint, andte fieldi osiswient of elteial wurrf oisre e'tm tussiltim itedie a1n14 fit ratt~l With slanail" thle1tgIaite 4
liteesup*I~pl-fl-nttm. - lmoillemes wee.' eempernheI witha ,shto~tb
(I) the dtcrminatitm tof etitrnit memotxide, (2) fle .Aetirt rvmta ehdlawaecr~

neitel eholhting, (3) the tmitinent df Witter efontami- mercurlei ll xe'11..ntineth in it we'ighed titlE'l I h-
nated Withi certain cheemical wairfare age'ntes, (4) the termining the iss in Weight arieting fnim the- reaetiola, SA4

COer~ato (git th Imrgnt etgen Ofblol ---I-'g I~ gp N(lt)
u1lerminatitm ofr the vapir Ivmoofir to( ece (141 4 W~+lM eoi)- O ga)+jg(nt.
echemical warfaei agoents, (5) the th-terminathm 4flife Nuiims~tl iinilyt' Weir rnolt' v-ti fthe flettlits,
striun,t er (~rt cirtimla Warfairagents, anti kescraht,41 aomve anti it Was t* ,1 ;jd.j1 ,, hat I lit- nier-
(6) the leveltonent d. analytical methixis for the ile tek- methodl Wtt not oly the- eimph-leitit the
.*'lerminatjtmn orf JIT. Vr lais tolpie is (hisp,Wit' mo... '6Ak tof thime inveetigatedI Air tile anatly-is of
a Chapter 412 anti Will nt,# hx- cetisoerel Iee.. tiremm oidarmxte.

34112 Intrnmental Mfetholp' for D..
.o2 DETERMINATION OF' CARBON termining Carhon Monoxide in Air

MlONOXIDEl Initially tiv, flleji-.ive Watt tot tevelfiejai P impele, :11 i
portable inetruennt Which old 1w. itelf linth fie ldil 1

IDivito 9 sitptmeuer"I ft kinits of investigatioins lt determine rncentnraltmu tof varbemo mimoxjtle in
the file itermln~aiom iof carliom mobntexiwh': first, ain lt- rage of 0.01 0.1 pier rent. It wai intente l that

evalaatm o mehtedt fer he ceanetedetrmiastten this til~buratn.' lit ee at ti t testt lnsttment. t tie- -

of thwecarbmon mnaoxitle preseent in see-callrtd statalani te'mine the atount oif earlbon moinoxidle atrieing from
snmlo' IT peiper lky thep Onl o1f Standai: the firing of wealbimes in enetesed placeft such as shipum
140"cind, the d evelopment oif inetnamental mnethitit. of gun tuerreta, tanks, anti fertifiatioiis. Interes grotital-
anals'is4 etoitaible fuw tender tield econdiliftts. The lysheihdi h rgnl ea iilelltp e h
"stttla arl iphes" u., Il. a11'toary ats attantueas ill jwrobleen of determining carbson monoifxide lin alirln

this econdphase of ct' wok. e'is wher' the- chtief stere. tof tile gas is engine
exill"seet. 7ltis change #off jetiveitpoeted" a dfe'ent

3ea~.eAnasisor ~ M noxde-ir set tof coinditions in that it became- important ft Ice
Ntixtum'~~al ttnat Sml' ie titet'ine carboin miono)xide in the presene o~f

11wl analv-tival iethitis 1se"I fer tletermining the- l,.s 'rovtalbeme. In attblitlii it. Ww fleersary if) fit-
~- tasettoi otent forfithe sob-calledl standardn termine markedly lowier etncerneiatitms of earbon

stimples Were: emioxide, anti to lie able' to) iijbirat' ftee ist tnents 7
.tacidinvel ,aw-heoml ii whicla inrlocon moon. utndr greater varlattne oft te-juleratun ca uaci le111i41.

ii~dvaoinddvd ts earesm elhote er Ii looluealite, me-tric perestiere, these- variatitrns hw'ing sudden- and
Ovltim car o elde alpsowiked -in stadara' 4er ttceeerihig colistantly rathesr thanc lieing sesoaal aend
hydeiossilde' JIlltion, andf- thle 'xi'sim alkali titrute-d rlaatiely~~ sltoW. ll(-' ehlarewt'lsplttfidsirtl were the' $44t4

Witlia stanehaniil ahIl.lfloig (1) nango' of caineeni rutitn eheterneinible,
2. A~ gnivitni-tric mothld in# idiclo uirlownn. on- ior thle Army 0 0.4 lit, tow th'le Navy 0I 0.04 .

tradet itu$ doxilhisesi t4l cnArhen d1ixid tove-r hlowulife ier e'nt; (2) limit Orf ('ror, ksoir2 liw ;u'r can t.al *J 4
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flKTFRMflNA~TION OF E4RKON '1OtNOMDE ~ 6121

nooxide; (3) Aspa aid weighit of instnitnent, 9 x concrentrations of carluil nionoxide. When,, tlit vireluit
fix 5 inches4, 1S pouinds or less; (4) timte of respotmsc, wai comipleted through the higher conitacts, at light,
reiable muting. in 3 1 inuites or le*; andI (5) mztxi- mteter, or relay was actulated. Vinfortunately it wast
mumli powe'r availabli, *ON watts for ft, Army, M1) not foud ptosble tot plac~e contacts t'lser tit each C
watts for tN. Mety. ot her t111 bun alwit 0.4 elgres. Wilit ft- result I 1att

T17e las4trumentation prolcrtm MjmposorP. by Di- concetitratioits rotidit te tdt'Irinlintl onl- lit steps of
visiern 9 Wast elireteel toward the~ exploitation of four about 0.01 per ent.
reactions exhib~itedl lay carboun imnoxide. These were In view of the twee of greater sensitivity it wtas d(--
(1) the exotherinir oxidlation of ratibem monoie eilest too abandon m te e of ercury-in-glass ther-
over ilopralite, (2) the mietiion of mercuric oxide ntometrrs anti to develop it device in which the
ftimercury toy c'arbon memoxlele, (3) the reehictiom temperature' was menieweel by resistanee tiermoin-
of cmfl)Jlex rafleullem utilts by% rarbom memooxitle, andi tterO. Thism lat-ter Inot riuwut consitii of four Moni-
(4) the formation of carbon monoxyhem-o*lohin. 11,4 jpanents: (1) the manin inot-rnwnnt casep, (2) an Intu-
instroments otevelopeti Were either of the therm.. rating meter, (3) the drier assmbtly, and (4) a
mectri.. or colorimetrie type. soction gaugeP anti regulating valve. 111P Main in-

strument came corntaineti the reaction cell and iet

TiitKmouh.rbuh' INMTnrImINxi exehamgrr both in a commnon tlwrmestatedl housing.
In the exothermic, oxidatiom of curbarn nmooxide The cell de0sign. wait of the parallel-Hlow type-, in7

over Illopealite, mneasuiremtent of the heat of reaction which the influtent gas stream was dividedl Into two
providles at metwit of determining the- concentratiorn parts. One part waspetimi-t throughtheatalyst-charri
of carloon monioxie. This principle, previously em- where the heat, of oxidlation was effectiv lin ralsinK -

pty-eet in an instrument developedl by the Mine the temperature of a pair of resistance thermonmr.
$afety Appliance Comipany, was given further cion- The oither part s passed thriough a charg of adl-
siderat-ion. A simple hermomietric apparatus wit morptive litit noneatlyvtie material (('olumba. Wll-
tdevetm Iin which air wat paised, at the rate of vateol carboun) expoecd to a second pair of identical
1.5 1pm, thriougih a cell cemlaining I g of Illopralite. resistance thermometers. Each (Afite foutr rsistance
ii1e heat. of oxidiation of rarbemn montoxie'e catisesi a thermometers constituted one armi of at Uheatstone
rise Ii temperature wichel was measureet by at Iriitie normally operantedq at constant appliedl voltal('.
specialy designed. mnercurywin-glss tlwrmometer 1he lspiosaiem of the oxidation onti reference tier-
placed immintitely abowe the catalyst. The rise in mometers was such ats tot cauiso' maximumn bridet on-
temperature vW*a foundl to lie propo~rtional to the hoalitnet' for a givn temperatin" difference. Any
eoticentratlor. of cairbon itiomoxie in the ente14ringt elifferencef of temperature. between the two pairs of
gau" andi the device was capable of measting con- thermomieter ausmed a cuirrent. to floiw throtob fte
rentruitiona. of Patrlmn nmonoxide between 0.01 0.1 micriximmeter ciomnected acres'as the biridge poinh..
pelr cent In steps of 0.1)). 'r cent. This simple etvice, it thel oxidlatiton of carbon monoxide, thuis current is
whieh failede to mevet operatingt mequiremtents, wit. porisnl tthcne'tjti.afcrbnmonoxitde
mothificil in an attempt to obtain it satisfactory beinK Oxidlia't. Th10 Use of P lAralle-110W typoe oIf
Inst riunent. cell madle it posisible tot elittinate '41ubstantially 11ul-

In the mnodified in-tritmnett,' air flowing at flit- sorptionI fets 1lieP I0o141oli611 vapor, ea1014n1dio0ide,
rte- of 1.4 1pim wits piteseet through at 21)-knit cop- anIsmlrgesndapsl pceun eivet
per coil, throuigh the raltlyst andi aroundl the ther- heucts of itulsorption Aiuiltaveosly lin each) ce'llj
molie't.'r l1t01% The abhove assembily wats recle cambexr. Tb. desiccant ustcel wits indicating IDrierite.
lit sin elctrically hiett th'rmisltt whichi cotirolledl 1Tb. total weight of ft, four roinpemnents inclutiug
the nibient tempeorature to, within 0.1 V. The4 :1-fewit k'egttit( Mi4A flexile tioee wats almout 20

mertr-im-glssthwrmomeiter Was eqluipped with pesanels of which 131 . pouinds wits in the. muin
latloitu c411-o 1114ts 4 ie t intervals along the stem,. inst nrumet case assembly. 11we main inst niment (-aN

'11w' tlermoostat Wits aeiloatede so that at therranl Inastirel 01 .j x1114 go inches.1, and t itaillls'atilig
equilibrimsi the mercrury threzul Just ompleteet the ietr unilt, 112~x t.x 1 20 ,4 I s l~e . In oreher tsIcircuit bertween thoe first anti smceed cmontacts. '11oc matke e'eimstieon condieitions iiiiiijemaele'tt df ullicit,
higher citat.4 were spacee to ceorrcspemel to tem- tempexratur.' vasriatioins, ft- entire thaerneomet rie
pteratures attainmed ditming the eoxielatiotis of seletedl bridge wsL'4 eilosl in it thuermoshitated hoiusing instill-
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tirmlt at uppniximatt'Iy J10 C anti controle b%% It With inprRAsinig 01-10111111 Psulfide1 01'utnt O tillI~' test
Fenwal tht'nnoiwiteh. The influent gat wait panoItmi patter. 11w abotve insttrument siiti all operativie
throuigh at 4111table heat e'e'hangrr tlio cntroll'ul at reflremnentot anti it a truly poirtailik' inittrument
this temnit'e. in that it wai light, nompact, simple, aundi ytit

This dire14t-inenting carboi nimoxi instrumenit operate. When it, wait tested with~ stnuilari eurbitmnC
wats testedt alth 11w intment D)eOeoptnent Ilititi intmexitle -air mixturcit it wtw foiud thilt itst prt'tisitiul
tory oft the Naval Air E'xperimental Station, iila- was high anti itit accuracy wait welIl within 10 1p'r
delplsia Navy Vard, to tobtain informatiton tin the( (sent tof tile trite values.
altitudei andi ttemperature't eharartorlittirs. It Was A jphotteletrle inittint bited upon tie rethsc-
found that the instrnmnt prrffrortt satisfactorily thrn of either palladouxs millctimolybtilate for inillatititis
w~ inftieutool lky aero anti t'alibtatitrn chorks matle silicotungittate 1wv varbtmi monoxie wait cdevlopoid.10

mtitittid air mixtures obtaineil from thep Bureaut (if hopper ints it eell placedl between it light and lek'igitttesatadcltteso ahtn teaoepilaossls *staserdfmifr n ftrtefihs hsisruetwsas ntitisrnn iiaglipentdwt1oeo
Sttndlant'1 andi results Milt I' ul I toi ±0.0)1. 1T1111t photoelectric cell. T1w nmeter was aijuittd to aero,

It Is einar that lit), Owt pri'clslon anti ut'roor sof this th lit amplte pasedt at at lreitttrinetl rate anti fir at

light intenstity arising frs:m fte hange lit tranitaulit
('oIARutwVnt NKTRUMENrTS iim throxilia the cell observed1 rn is calibrate mili.

A lightuelgiat, tompacet, pocrtable instrnwat, ft-. ammete'r. T1he lnstnimetit was it o cnsdtrte it to
penck'tnt upoin the reilucticon o0 mercui oxide at permnit tlit' re'aty d'iinution oif tlipex~hatUi'i idil.
175- 200 C' lky vautioin mioexide anti suubsetjuent esti- catfor friam the test cell anti thp introeluaction of it
niatlou t( ife liberatedl meriur with at oelimnum freh charge. Provaio waso also mader for thep crnm-'
stalfit' test potl'r wasit eleulqwdl ti a t'ontract %voluent cointrol di flow rate anti sampling time. Withi
spemmsere by liv2.... 9.m ta thiit instrtmet the palhiaui sllleoimoilyhla'e- iel. tihe ran-p 44 the( In.
aupk' was draiwn into acylinder byr ralisingai pluanger stnimn~t wait OAH~-0.5 per pent carbotn monoxie
nianuay and then allowing the plunger tot retuarn too and with pallatohait sllicotngittate gel, 0.01%-4.) per
its Initial poositiom, thus forting thep sample through it tet t'arbtrin memnoxiele. F'tiaipweI with it silena or.i
reawtiem ttube charge with at spec-iallyr preparedl trap in thip sampling line the lnittniment, appeitnvi to 'p
iw'rurit oxide. T1e ri-actltrn tuabe wait maintainedl at he reaonaly o~itpir anti theV sensit ivity met .4'*rvice
1711 2M11 C' bv m1eans fi at tiwrrneaottatteil bo.4Ang. The0 rrlreanti. Although the abotve instruameat tilt
Nates issing f(m tlip mereurie oxitle zon' were pearvil to satlitfy Serviee requmireme'nts lprefe'aI'ht' wats
pmiiet thuingh ain iiihett'd anin of the re'attin tube' given to other insttunments,
afni[ allowedl tot impinge upoin a strip of selenumw The reactioin of catrbon monoxidle Wilit iwmu;t:obin
rAtafdt' teo i't per ce'tvincdl therein. 11w puesene' of to form carberin moinoxyhemoglbin wait investigd'eil
mnrury eauseitel imaskening of fte test paper ant with the( intent of developing an instrit'-went ittilitinK
the length oif the stain was fomundi to ie proiportiernal thist reauttrn. Althouigh conideerable infornaifmn WItK
to the carber nmoxidle content oit the mtaatiit. tiitaintte relative tot the itpetnip)ttlietrit' eletermi-
Through thep use tof aliliratedl papers containing ap- natiton of lwmoigloolim de-rivati anti althoumgh a
priopratetirnn'ntratiois of seleniumn suilficde, meaustr- itimple photoelecetric ceiltimeter wast tivelop'dl, it
menu a cit-b matlt' oer the, range' of from OA1 3.0 per wait etmeludtid 1 that the hemog~lbin retg 'n was
cent t'arlmin memeixitit' with at relative asecuric over teati unsttal-le to permit its main anti that oither muel1i404it

thecutireroue' r J0Itxpr cnt. Thtltnwn avejemi for of analyisi wtere superior.
at te'ti-rrintiut wias aupproxinusttly 3 minutes. When The desire of tin' Armedl Servieps to) have ait hlai

carbotn montixitlt' frete air wast passe timnghs tife an instroiument, tiuble amatk-r flight 1'11111t611104, whithal
appatus sit altak equitavale'nt to alvenol 2 hliast 441 41oa11 indlietei the conent rat ion tiofcaulton motnoxide'
talOn miontxitie resultedl fruim the thermal disotsi. present tluring relat ively ithort t ime imtt'as appeaet
Ilui it irt-~a rtre-nurie oixide. Tin' chtief ,tures oif tit isv bae Ien itatisfitil iii tiht delt'v'ojpfittif oftilt

ermir appearedl tit he tlit' 1110g11tue11' ofE the blank anti ILeetis and Ntwfbrp tht'mnntit'r istrummnt I" atIl
Ilit' ha urt s of th In' Iicatfary tof the stainedf area tin the M-'tkmttn pfiltirimt't ic inst ritmtnt alrt':ttly det-

tiie' to-t paulat'r. lieiwe'-t'r, thaio. olourpnt's iascttut': strilie'.l.
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34.2.3 Dettection dI Curiten %1onoi14e *XewitM thlsilffitt'. TueP phHl.eIT III ililI', I'tl4111rE4

litly rthe op of invet''lgtinso .m thi' det.'rmniaa- v'isutally or with flip aidl of a paper itlt;'uaited with (
11cm of enrlion miooxide, coierblen forittfi "taeh, rerv-ed to1 indilte the prtwlle oir ahlev (of it

'11114 ~ ~ ~ ~ 1 btie liltiCI )4dtetit f this Mist jlrtmi'termfi4ei amount o( m)eglt~(f.VI~ A kit
.AltIhi A 11107119-1 Of tfifferrnt* X1tibst4ta' wer' was11 eveleopril wichermwnittrid these' o~perations11 tot
stettijii' 1111414'e litue ilt 14ersgttility *f ti1le paittliit e Pf(llt(tI tIfIPVe fit'lel POnditiOosA.h"

ld4erldiileiii(lto.I ol perhatwt Natry AMethtu. A methted wits de'veijwd for defer-

Heimllltit SlIndica tor (ItI wol 141111414 tha wit mining the' imprtiinite content of( cloth which~ wt:F
the' t11ili iityP of the. Biln-i'21 olf Standaijt ;i ind(icalto~r iu po me s r en oftl h at iin din ieuingl (film re ngent lnd th ll F.a m r ti gh ( RA F) t hl. reati oI n et ement i chof th h et e a d it14-tr" wielIit ptwil petilfuihim 41M111 i'lu'taI gssiulnfle I hel~yrail.i1 dpe-lae iitMditcaneee stam d thatfti e hewe teihinmoi'illllgtil ttt I f
Ii'ti of fte i'tion 4I ('1111411 mimkie ig well in It wt foundi that an1 apjpnoxinuttey Oi~l iIiltioni.
hllEi prirti'ilifI aIlith1t' MeltA are il'f141l t 4)rmove ,dip ('iists4 he'twe'itite flipniouint of( lieit utevelorivi

1lydrIvlotilI gaIand Zl othelr nitnxmspas.I ati thei impr)1gulitl' conbftent. f tit(- clot.'*"1 'rhi
earlsoit mornoull' Iiinti r pronieil inl tlei C'hemical nietle"l wits1 not1 rouxih141(tItt stiiitabtt for fivld itst- iby

WarareA-rie, N-9 Weeorkitittnotat~liatein the Armny 11411t, as1 it ltpWIU4'I tit offer consi5derabtle'
't i ' -A i e e'~ l1 1 'f't r k t 14 no tt q t t p Ir titse for lisp tilt sthipIN fhwn andt in rouitine te siting,

this l1'hejN14't. ItN eelopmtent th~rou~gh lImproeilus ninimit'ltltion~

39.3 DEITERMINATION was. undertstken.l' 'we iferent types it(f11 Intel n ts
were detfigoedl 17 for 1tvs in the rapid evatiatiem of tile(IF IMPi'I.:NIT.: CONTENT pjlr(I4'(tive capacity f iinriiatrid clolting. Tlwe'

OF'iI'R.;~h (ATiN inotrite'nis %%en- built for uste withi~ t speellI'dl
Tit dIete'rminattion f "tntlvestlcallts" in limprt'g. which was Ohermally s~hieled antel separatedl by a--

110141 c'lothig wias, 111 Important rou~ttine( deem- 6%414'(f~ilI fed istatnce from a wovenI wire electrical reveidtinci'
t1111 Ini tilt, dievelopnit andit tirveilliwee I(f this type thermoumeter elemetl. The tempe'rture rise', wits
(fi glirmcnt. A-tidec from proslehirm. suiitable for 11W11411t' lky mrast oIf diifferen'tiatl eetric-al I1'itfl('t'v
In~ratory use'c, met hodso were neieed wicholdm1 be tivirmoeme'ters, the elcmtentt oIf which were' vemented l

1114(1ut 14))EtSO~ ltlipN~ld,11.141il hi' ~ 1W the undsl(l44 fir gold caps. Tile thlermnomter urnit
wits insltl'I fromi the thermomette hous11ing i1v tilt'

341.3.1 laboratory Niethlvi sho~rt baeilite tithe1 stipporting thep gild cap. The uste
4( tile t-wol-4letIIeft differential thermoameter provikleSince tell f the impregnitce Iled in impregnatedt (-lstlperusatie(n for Amient temlperature c'hanage's. Th;e

clothking wen, ehlernsmieles, a1 simp~le ioiometrie titrit cjrtar is a niae yth i'leif 1
114111 wtus U(tltatt( for their estimation. T'ie imp".g te'mern isete scaitle. I by etr li th trn-

nit' 111( 'Xlle'l'dwill115l~ti~.' s~leltpotlisiam perature rise in this petrtit'ithtr insetrtment, the cloth1

witil'115ilied, s14 hellrte oln titratee r141( gidly lky mleanls elf a plattie (a "ht e . 'clar~~~itli thiosiilfttt~'.1 " lwichl stirreulldI6 thet gold1 ('84) 'if thle"ht el'.11'

.932Field Metbwls cloth1 i14 thu'relky nilitainttl lit it fixedl di1titnce ailioe
tile gold e'ap. T'his milke" it pIxIl to1 make manty

114)11 nitetIENs were1 f twoI generatl types. In one4, meistiirpents without the troublile, of ('leniinx tile'
thait f 11wArniy, no4 ittlemlt wast1 miuk' ft (I('t4rnint goil (-ap after eachi measturem('nt. '1114 limit i( error
thv itetuil impjregtlitf, ((outent but1 tit mis'thei wvis fi the- di111'(t.I'adifl instruiment was ±. I x chIloridel(
Itiituli-l for till' hu14ialtion tite tile' presenie fir abisence Iern em, x it 11114 the limit oferreir tfr tit(' simIliu'41
of at pne4ie't4rinilnl ittlipr ilte con1tentlit ill, uotir, ilstrlnntu wiats ±1.231 K chloride lin tvnV X to'.

thc Navy. tile' avtiiil llmellllt olf imipre'gliti' presnt 11'Nv oundel t.114'Ne itlstrlitip'fts 1111 siNtO~ '11

A01 Mg II1ieee. ''ic nteimelby1114' ArmyIN 1I41111P.M.VWJ4 th icee-mllllinlg type. F
bI1 1114111 tilt' riifl 11 (fi tilte' 'loramnhi' w~ithlitsll f)Ihw .irti.ist. Feor pltirlpelste' eif re'i'iw'l, l.t('luti- Dis1
tiowillfl imitdio *1114 tile- s41i,44'(1t('t itetion1 .( the ('alie to. oilier tols11 solggct'4 foi eb'trinini,,KI-
film-4rall-d ifillimith 111 :1 pre'dte'rmnnid amnllt fr tile' impregnitc ('iintf'it fr I ilitilA
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391 TREATMElNT OF WATER mitqolu solutimns tit t00 111111 it Wits iawt~a
(A)NT4MINATI) WITHI CERTAIN palatable but nomtoxie thiofdiplycol wast-teailiy xi

CHEMIICAL WARItFAREI AGIENT dlimmd to the nmntoxlc stilfeaitde, Which haug praetally

(onsiderable, effort. was expe-nseti in investtigationsi no odfor or flavor. Further oxiudation gave ftit) Ion
t~ie mtilfoitp wihth loost witter readlily oan helest er

rellativ jV ta Ithe I ft aMe't 01' Witter ('1011tR11111i1111441 with sol yrluIt hcdgyo t eant'jr
e'rtid~a ehc',nileal warfame nmentu Itinioeer that 14,10h 144l fill looihlinilli witer Ito yield iteatato1xit. thilaxiute'
waiter might her madult pitalle. The investtigationsm slo~ew l m ttEnIvM4 totlrea(aligtV( udt li *om, teixincludedl at Meudyi fof the chiemis~try of certain chemical ature, but rapidlly in l'eailing wider. The notivetieautwarfare agents amt water contaminants, the tehvI'ltqp- wtl'oibiae~*'i~lk
nient eaf atialytie'al mnethodsm sitable for control 11sir- mk hsaatrainsrelymr essetiui

pemies, smetital water treatment proedes, andi a msadgsi otc ih'~r

asetuatle l~~fe." t'xrelenL yieldsx of &cloe'lyluhivlchtride, tihe

1.1.1~ Chemintrv of Ceirtain Chtemical pewtiltitedl lnt'rimliate in the fenarma or mnustard
Warfare Alteiuto an Water Contaminantit a rmehln ni ufrclrd.~-

11w eveopmnt f mfona tratient norshi" uspenstioni f bim(IS'hlonwathlthitiethyl) e'ther
ihe eveopmnt f rtioal teatentpr~e'drcs (T) undcerga hydrolysis at. about half the ratet f met-

was dpendment. tttxm having mimpuate informiation in tr!gst i' ope itu f1113pstv
vrec Ito the hselral3'tie andI oxitlative retions A0leimsls oTgyolet~h eetdi h
cWi1~ ,4 i ly e.'-.icemletil warfare agents. ThIs hIioyae ieI- oiiesltnu ato

*~~~~~~~~~~ . .o h oe omn ''with 2 moleculest of II'CI wats preparedl andl mtiled.
chemical .,w * 'tt".1'sifnaswlastetouitrelemrlfrs

Aln rvl of in nmi I p otfr 'a ofic m nd ite t m by of T oenlfoxidle w ere als preparel anml phararctrime'c.
~lrhyss o mutar ga ws sudid atI t " 1' isy are muc-h kws toxic than T. It wats cottelueleel ll

found thsit thi' nontoxie thiodigycol (IN*,) and thtte11- essicroae i h wAeia
f-he toxic sulfonium salt from 2 moles of thiodfiglycol ~~rar evc ae-etn is"l eet oi
awlI I f mutardi (if 21N ' are Coice in varying cmetalmso ufmu at. '

propoirtionsP depewnding itpean fihe cond1fitifms e-- s-llamtilliiel,,i a'eiamsae,)i
pleayel. The conditionst for the oxidat-ion fof mustard

gasnelitshydolyis reslucs wre lsoinvstiietel. extremnely insoluble, in waster and lit rae f eissolut-
The oxdizng sgets mpluyc in~tuht'l eleine tinm is. fart lew than that f either musttard gat oir T.

watter, hypeachiloritest, oxone, hydnlreuge'n wite de f eud hrfrcntiueamc esseb
llattaur. All these age'nts readily ItA hnilly 4 )reie sa ae otmiat rm t aeo

oxidatin ivhydolyslis in atioes dilomaw, It is evidlently absoutvested xulfiflet to suilfoxides-. Further oxfaintim the iea ecie'a n bu fsrtmsa e
milfone is rapid wiOI. chlorine andl larlasuone-, but Jitv s nitue a.t:w ~tua eatdtate
reqires eotasieebly longr timne oir more viuros mchatnism fof hydrolysis f thme mustaritds ai ele
ctonditionst with the oither oxidising tw~nt.4. ('bleara- tielgyo tloimslswr tde.Qwse
niine-T meu-t44d with mastatrd gais to form sin inpoolu- vt'rftl lky eaxihatio to the two diastereoistinwrie
hle. stalole, msoderaitely toxic, sfulfilimine dlerivative: lsdfai adtohesloneelaalagas
'lt; and 11 .211; were exlil Ito tfhe sulfoxide- hay
thk' wresget. nxle slitly toxic silfeaxides of mestuirelpulcswr rpaeclfo dgyelau r
gMm was extremely sAda& in witter einder all eonli- ±l(cndianzet.Thoxainprd'tso

tiois. he ligtlytoxc tut vsitantsuloneol ains Q glycol were feaunet to he relattwely anontoxic.
tstrd gas wnot unduhanged aifter 17 ebsys in distilled.orsea.l.Aul. ~tl a ud'tetnsih
Watter ji nmoo te'mperatsse. lit weakly alksiline soti- atlonfthtrenirgnmiars " swttr v'
tion, fta. sufotie rapielly least hydnoeagn chloridep icnaiats h aueofteIyfotI rcs

giv diical silfne. I)Itnylsulon' ws hghl toic foeattiem pncimstts wit corrlatedl with experimaentll
innianusciihrly aend t'xtiiiety hitee'rymiateaiy, lout in elsralasci h haagsI h'txcttm as

______________ ~~f lor mrtlea con *tetivatc'd carims, tla .ee'te-
*Tim' reine'ibmns ho wat ip ,tw star ati ni Iratn tmwa-

lion~l an,~re nmpimwel ito 4l'it-te i e iri it a l eeat 20. Sulf ~e. I.
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~ nl-the ease of( ciorifiatiom elf thaee -feat~eret' of mty-ieioc tit it aolo Is.... hot its
A'r'nmk'~ Ai'mnat, emiittn~trtw~iii'tla-t, oeipi i.A anti by inicetion. Thiws

nonfaldhOteqxti%* oict mitlewith CbheUcteineldifitltirot Ef eletec-IN
ittaeiii ae. yerogy' -1 pratetleally I' stantanutleay tionti miietminhation. make I ita very wteeete

em e'emsttaet, with water. Lewisite freeguently- foas. halil as a water eemntam"Iint.
hard hemnpe ce etmaelact fof a plymevnric- meclifloatiem 1aiter Denial 4grvfet.I. *%vrti of the te'om-

- e til' kiti'. -tieltioms of the avau'nieegi ageniti are Pouis1 whide'i were te't' %vete fecund to show
rdlyollirito the rorre'iepemeiug acitt with a promiaee ats water rontainnttin coneentrations4 elf 41i 1

iniltakwd teemw ini toxicity. hiitht'r elxielaticn its I tpm. Ilt fociiecing fix are arrangei rotighly lin
difitt~i Luiite may lie reivilly removedl by adl- tinier of ele'reaming e'ffieitcy: ejuniuin, aekatol, met1hyl

aoPti n aetivatt(eel carico, hcitl its Arae-nic acid in sele~eofflwosaetate, a mixture of e111itiatind titolakml,
tiltlt to rmeowe in this maflnewr. musitard (limethylthielether, tue! thitivaleraei'ylle.

1UN"eelt~ (Alore.-M The hydirelyvai eif eyanogrn Iflcitkntfl to the above elbservatillns It wit" ROOM'eV
*shluriek' it% water ine at llme'~tlae' rtion with a that i,3-bultanelithieiI hadt perhaps the most pootent
half-lifeltimeoef IN hiacon.tat. pit 8 anti elf IM) botin. at andl iisaigreealle nelor elf any olf the aitoatevot ~ ~ C-

Of1-7.-Phenephate lie acceleratest the rate of hyciroty- teaotei. 111ts, althotigh Its. 141 "vrptibililty tec oxidlation
aela. In tilitte soeliitim, ammnonia bt little effect on preehuele Itst iaee ase a water tcemtamninant, It. might
e'yanwqen chioriele, bit aeifletle ion reatit rnpiclfr tec lie worth econa.Iiention-as an agent for portielucing at
firmi thiwyanitte. Ilypeseblotite raplidly elvctriya. masking Moeoer In very smiall tcoacentrticn.
eci'anow'n ehierile nde thet. ise a teaisfactory dem-
tminant. The chlorine tilemanel of vcyanege'n ehloritlk' 3.1104. Anal) dc-al rrotvlur'e. Suitable

is. equivalent tot that eof the anmmia. which wouuld for Gont"o Purpovicit in Treatmient of
beo formd bly it.; hydrolysig. icis agent is Poorly ne- (~ntaminated Water
moved byv the best water reatmn~t caricems, buit the-
whet-lerites are rmarkailly effeetive in Itit rtnllvai. Attention wets givon to the tie'vlopmnent olf na.
Ilshioenete appearst toa be a cheicial ftegrailatiem ltclpneltea.eitbefn h'ui~n~ttv' .

rather than an tulmortitinm. ('.vnnogn chloride is esmaino () lrne ie anltU..4.
cemnseirlly more toxic tit fish than any Elf lte other (2 h mtsrs,1 "4I0b()tersn-
chemil warfare altents teteel in this mianner. calel"'(4) t e,4 ame nneetam toicsChdCI

Fluorine C.;mpn~sndx.2n- MM- Diaopropyl flutenfl. (5)1 bdIngen era hie~,~ne!M (4) ynoe hI on
phosaphcate 14 asolulek in water tot thce extent Eof 1.5 tvr rd~'i enrlteemtemswr ne'luo
ent at 25 C. Thse primary Iimrlysis tit aimpnupyl- nonwpiclebtwreaattic.,atll'fe

phinepewi aeelane hylreflulre aidat 11 8 water analyvsis, of methodls previiseslyv tdesribedl In
law a half-life elf nearly a week at 25 C. Neither thleertlpoiefrlerteminr ee emitm,
algent nor Its primary hy'e11lt-ns primblcets areaffeetecl a kit was ilevelelpeel which inteliil sinte of 1iaehee
by bypeltilrite. lDiisopr10 loort Iosphate siolie aehei.Tettsf-wlhaprtce im lincl

t~ib'tmaerac tceeeluv eeetHn O yel etetne were prlvicla were: (1) the 1)133 kent. for the
antli isirpylphostiphecoms aciti, basit the fiectora mustntsb, (2) the mrclbelentim lbue test. for arsenic,

govenin thn ractem avenotbee esablslcmi. (3) chlorine emnl, (I) cyanide, (4) leadi and thai-
Methyl~ ~ ~ ~ ~ ~ ~ ~~~~iot -laleeett nanull e h xet. 1m (11) mlercry, (7) stelenium, (8) chloriades,

allle~. 1 jw cnt.in oldwaer.It y~iaayae nllttIV (9) hiarcness, (10) alkalinity, (11) sulfate, (12) pit,
in lis~llel ate. ~nsliyrecyiei. s ittlyael 1 awl1 (13 "iii rlelelrne. hep lmast Pi tests were in-

menlily Icy alkali thtan Ity atwici, actt fin InAlkaline etidel'd. the aealemoslol ol11e' 1.51014.4v~ floirs! 14l
mliettia ytl vlyvim is rapiud. INeither mepthyl floont. eilhvnge;altAsi l 'aupeeuta~IIe'Wle

acette ew -Ituernethna~ isaffetedi~i awste supply pooints em- faor eie'val agents antione fear
Iad1ilita6 leyclootle4iti. aMsllitifin litit list, elf vigesraces 0'"nitalot p Kie'.
11NI4lizlaig agi-nts, suie ns elinoamr anti utilfaaria eaiais
re'sltn lin 4eelnlplett' ela-ivege tel calian dlioxidle, hyar o- '* * .reen'no oluiete Wer
gen ticriele, anl water. Aithiemgh the flutorne in In genra MIhe 1110 lan' U&Melveae'ata'a - foter

nwtbv l~cammeetat in rmarkabhly iert it eieaes the rmecova 'of the' 111111 eecannil e'he'mol warfare
raial1- uialas tlvAIeeartf. 4I4 o Ef lte' manivo itiuotinx anam, ocr tbe'ir Coyvirolysis ocr ali an ipnotivs,

* --- - F T77in
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MKELLCMEUS AN4ALYTICAL. STUIF-A

tpro pitlilpwittrm uir mmlifeaths ofStAM ~ itCIl attenioth0ON ntl'mr IMIportint InVestigatI01ns
water treatment practice in that NO chlorination In this flekIY.--i1.hmhPSa.
and treatment with activ'ated carlon were usoed.
Commercmially aviailatilp carbonx were evaluatrol .19. DETERMINATION 0OV IOLE1Il
with respect to their efficiency in the rmov)%al of the mFucruimE OF CERTAIN CHIEMICAL
etcommimclmical warfare agents, or their hydImlytie 'WAFAE AGENTS

or xidtio pri~twti, nd ~msdeal)e ititi '(W In mustard gma, the avrage of the carlrnul stlftir
collectrod relating to the prolelm of esotablishing and ad rhncl'ebod it14Is nelut
maintaining suitable reiduail chlorine concentrations greater than wouldI heexpecteul from the values% fouind

ineataiatcdWaeAM 1.Sin simpler moleculest which contain iwiods
The chioroethyl sulfur groupsm in the mustard gms

as I)ERMINATION OF VAPOR molecile have a planar, tranx configratium. fit the
PRESI11R OF KRT4N ChMICn. mleculet oit the methyl andl ethyl amines, alc-ohols,

WARIAREA(ET~Iethers, mnercaptanit, milfides, anti chlorides, the liomd
distancem and bond angles are all in clas' oir Idlentical

In order to evaltiate properly the potentialites of agreement with the values fouind in earlier work. It
a nUmber oit rcaniard and candidate rhemia war- is almoist certain that dimnethyl triamilfide hasx the
fare agents it wma neeAmwy to devote cosiderable straight chain structure. The nitrooen trlfluorlde
attention to the aetiulatom (of reliat Je vai prep- molecule is pyvramida. The higher boiling isomer I
sure data, for a large numbher of comnpund. It is not of lewisite has the trains awd the lower boiling ismewr
neremsry to discuss thee dfata here andi it will suffice If hats the cis msture.'

a
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PART VI

MISCELLANEOUS INVESTiGAViONS
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SYNTHESIS Of COMPOUNDS FOR STIUDIEjS OF LUBRICANTS AND
HYDRAULIC FLUIDS

Ify Jimathalw W. 111llims

41I NTRODUCTION And lubricating is.." 11e complouints havwe ssort '

~ip. WORIK OI54INNEi n this thlarter wast undler- htquiths nwgi's anti ploor viseosity inqditts. The
jtuhcn~~il~ he irtui bjetiv' o tiI~tl~1rltg iieitiii staility, particlklarly thei hydrolytic sfta.

-rhonir (41111)nenPItJ Elhdrulic fluidst anti tubri- bttws(iu o1'jIW
eating tills. i1w partipnrtiom oIf JDivision 9 (if the
Fatiotoa Defense M-esearch Committee ENDRC) in 40.2 %I.% XLANIOtS UCOMPOUNDS
this program was limited ft tin' prcparntion of tom- IJ 'l Tii~
Ipnds. All testing top determine the ~isefuiltmw. of the tUn'qetoti'N alIscrbIilltlIv

CO~ji14111At file tiirtii't ofil t1w thea Navwsirr Iteaarrfo
N I)iW und'rtook tihe preiltratlim of manly orgaitirc

"N.et. s~teporm ~ ()te iilwotaftes oif Interest In til fIM stuillit (14-t344 to
iletennining the effed t( f aditive,. in lutujeiAtilig till".

preparation of a n~ombe-r for rare hs rpoiss, aehiik Vws~.~wsSttPlIt nlt'svrlrr y
alcohls~, tils, ati esters5 ftr use in thin fihin ittiin'i, Dyih'etiocattens, spiels, sileohtois, anti esters. The mnwe

1111 2) t twy o mthds ittallt ft ttt StttE'14 are tiesrihel its the Indiividutal reports '4 anti Ohr
of luoocabon, o ineret a inreilens ~~ nminlns madle are lisied in Tublett I -4. Thw uise' f
infamnalle IE~1W~E fiits ad ~ttr~ct~n tie. Many of these siulstautees in the av testing pro-

In tir' first part of tile program very Ip samples Nv
of( i2 hydroearhimi., .39 idoil, 7 alcohols, 2 tif15 iii gala wt eirel~-

~ I18 ,terif wtere ropriitre unmit turned tover ft the Naval
Research lAtbilratiiry for testing. All of thewsu 4b- t.;ILIJOR(XARNJONS
stanes %vere rare fine chiemicals, the preparatim on o f Pullaous in tin' open literature, preseent elaims .

whichi wouihl have takten several yearsf held it been lip lisimal sttiiity faiw fluepnacurhons." -20 The Naval
utetattiken bky a small groitip of emists in -I K rviep sieei jisis eam ne.stdI hi

hulmitry.possiible lisp noninflammitIle hydraulie Hols send
The wiwrk ors flitirondiabuns was in many aspects A lihietiting (hIsi. NlMlt( iniltite as prognun of( ex.

pioner sentrwe ftor prurictl ti Wtts Up poimplet~ plontory ri'si'rph aiedl tit devisting sutitAle
flt .slett me'erbin-qkelcti~ issules. Two nwhssofsnthesis (pmptimes prepared as at

methils oif eims4iferahki pro~mise were ileveil. Tlit n-.'ilt fof thes studies ore listeel in Tles i-7.
saipler oif these- preweseees ises colotlt ttiflouliie asan It was ztgil at the oultset that six general mel omis
agent fiwrelatl'fl)E'ft of all ilyiirile atoms in hyuiro- fof synitheisi shiltl Ioe expioreul:
varliens 1wy fluorine. Vsig this sehemea uEvttion eniet 1. Reaction fof elementary thatirine with carbon.
jollitt pllant thrucem has bepen wforked out feer thp eelsn* 2. itephwefetpit. Efi hypiroen in hydriwarboonst by*

;I -w ilnvohlvE'I lte jslymrixhatitom f lirfliteop i tpaimnto ihriiou'u . loie

litiuimni* A gENIEI methoul fof jireparaitin forftibs -1. Rllfluritfoir nlitro sir amuglil gni Pls bay
mnitltir Is, hwt-ii devii'i, anti thr jeclyista~lltiil flirini' (in tic' aromatit' mpriusi.

ttogiv- i miilmr tf iter-4tng rimoel les 1en . l'vo tatiirn for smuall uits.
scttilipul. (oimmtuls pru-iamre in file' Division 9 iml klerdto flihnu-c~irwih loo
gram includle 22 paire flummcarbims anti 17 mi."acI- ~N45

Tests c~notl e t tOr Naval lttsmirih Illwmt-iIEiI Erlfl l~~'41iNK WITIh CA11
t4Irv Ioiavtiltrnonsitratel Itseat flwoicarlmmin grenmol Mimoing icatils in the, fltati,7'1 a sitily wits
i111 t1411 is-t Navy jqiifiatifins fowr hyrlii flfs mskt fo ofithe rem-itiEn oif flitorite- with tiirlrnI. This

1-?, I( mr 1 1, 1

-t ,7 *-. .' .

~4*

0 .; . .



thu) 4b 1111.4111 0 (Sit PI,)tll ?W S4 .'I4:~T~4l I~~II:it

rAN,.K 1. Co 11inhiN Air thin fibins a'dica. T-tonx 2. ('nniqmond (itW .111 1i1111 P'5aiII,'.

3~~~~~~~~ IN.n~ilacan~ cu

I.~ .lMm,1I-2-eylealicychal mel

t p.)Iklu~ie'ilaas 4 04~'ula~tilcnl drillI
I~leelnjniyl~wi ~isw2 eA-(yl~ny~aks~ncai

2.5- Jiwi yi..4'c-einilyl inasw o 4 w-F.1hyirwatdvarnoai diI

I,3l~schy'leprc~~w2 nI-,lydrocyoidam~or id

236 1.1 hI.hIi~chl)wt 4 l24lydronwififideatonle Arid

2.4.)nwtyl.2,IaeyI~waefranc4 4.Krtiaptrari acid I
l~sanw~se~.~e~a~sw4 12-Klimktearle r ill~

ladcn'3 a.emdeavac cdI
IeDowwwcycintwntanc 4 .1'." fi" ."4cadcl~ ealcdI
2-i.vEthldcc lrcsuthnlicncr 3 nm*.yldmmArnnlead1
2.4-I1ermdien' a1 H.Pentudecjnea'tllonic dridl.
2-I1cegcne 2 m.Pcnadorwaneact

2-Mchyltelinfnw' Ttaaac 3. Veammiando ifaae thin him plindill.

AhPcnshcolsanc4 ityios MI& pi.

(frmfl 4 (eestyl alrovivd 3 '
Tks~wh~ttnc 4 I~vwnwthykq leaa' Ilca

l,3&.rltIykyh.wam'3 EiE.I yI alcialatl 3
2,6. I.Trinthyltamilmieaw 4 2-m-irtptylI-amnnml I
2,11.1 1-Trnlrfhl1-Irnbaayldonpfi 4 2-ps.lt.piyl-i -nmmwl 31
inylyloexne 2 (k'tndirtnorthiine lyi I

I-inlI-yenacwe ___________ 2 OlprI antlmol 3

was. sttempted b otskp~ini fliw sine oiver aunwsgr char-
mold or Nusrit sit Plevatedo tempeatfurvp' ani. Ik RwlEPM'KIMS'( OF 1IYDRINW.N!- IS flyrionmr
,ma.'ing flsuorine tisinil it ratiloonf tat. In nither' m-w 11w4 ifirvit rioniit Iietivctf eleme'ntary II unrine
wits tlw'ru' it sahjgtbialtt yil('of Ittltitilt other thau -%fill v*aius hy~drol-tisofla wa' ttil jolt IthIando"wu
(1",. Thlem' wits, (uriwinn, a con1stAnt PxPlOatiOn luceawie of the inevititbly explottive naitire (if tle.n i-
lsztzusr. 1lia phasei of t-11 iiaieauigzttionf wa." siban-i uion an(# t-he formutiern or forry pnobaelt's.'' 4anll
dolled in 01e.1% 4- thr'a. fifindii, for to fliriautini agent. ort hinuodiati- ,etse'r lte)

JQ ~ RX'



-011
c.1g Irnlin 2~l~q I

Pill*-. pm tlhymle~ntnew obaie lk -aeil r

*u.Amyl si

ue.Ihcl en~wtti~El REPLACEMEKNT OF IIAUX1104 BYl FVIRINPK
ue.Ih'ey Imitate Thi.; exehan "w i been saopli.'hed by meanli

Of ua varietyt It natlng agents;, till of which hew.'P
mrhyl "114.ben (wrIKani the open literature)""1 11w prin. .

Mcliswy Inarn'e El ipal agents used In the NDRtV stuwle; %vore fluo .
rinnlkiset I hyd"- v, 0--ride,9-" mercuric fluoridej-6 anti C

melft-l "ftmr 4 antimony t.# .641 pet afluorkk.'''" hteplarnwnt of
Mehyl mellule E all chlorine atammt In thlorocarbon,. to obtain fluoro-

n.hmwrIcqat l rio uw found Iimbebyany heds
$I;)kmWleVI u~sl,wiuj'E tesed. 11m. wiwn perchlneyelopentene lI. treatmd

g~htek~y Niemie __________-exhaus;tively with 1lbFa, the major pnxiluct Is; per-
fluma-,24~ch~nleylopntee, wlno completely

eventually to the adoption(of cobalt trifluoride a. the Itint'tptdt' Notie.
agnit of' choic." The reaethm between a hydro. eii~'i. kagu'lt t.hi' lt~~Ilm

carim nd ~u 9 wnaly ramlt. Incomlee fluolifa.. fltwf hy(Ifn'IU4na by alternate chlouinatlona anti
tion under the conditions decribed below.Tpcl ev' ,tnea.;rvtoI'P1W -

mreat bas are: ""YCt4fl
Sgtea -4 + ~ ~ aed to CoitsM1, but replacmement of thesme chit)-

(,Il,. + ine atows by fluorine proed to he very difficult
Cgl1#1(ts) + 2N~Vs*4(~4Y + 20(4,1* + 10111? under the condition. tried. In view of the mirrem~

The obal trfimirid mayhe onveienly y. atained in direct fluorination. these experinents
generawer: dtscontinuwed.

Wort + F2 -11 InFS RErL~cIexT OF Nimso OR Ammxo (oo my

fleut resqtlt lhave been obtfained by a vaplor phase FUR
reactiont. The litqai hydroarlom to In- fluorinatedl is Thli type of replacement reartitm han bWen found
injected into a vtporiuer mintained at a te'mperature t4 rvd h otcnein olfrteItolc
abot lot) C Wigher than the boiling point (If the tion of fluorine into an aromatic nmtcleu. cheme
liquild. The resulting vapor ise then m;ept with used bai been sud.;iedl extensuively bky Srhirmann."'
nitrogen through a reatit io b cotaining coblt AwnIe commonly- referred to bky hlis narm
triflouoride, in which a fm-A -surface i6 conitinuousely At%%. + ft 1 I -o ArXII, + 211A)
expimerd ly nqwj~w Of shh revolvinx pattelu'.. fIe Ar'ZII, + II6OI + 1101 AiXAI + 21-)
teomperatue (if thep neator lit grded from a starting ArXVI + IIV --- 0 Ar\*tHF. + CI-

pimnt, equal4 to that (if the vaporitter, to abou4t -1(m) C AtX 1IW4 gImm ArV + \, + UP,

at the exit end. The emerging prodluct.;, hyvdruge The goal of fine phame of the Divition 9 program
fluoride and the flutimueartwmr, are colected in a trap wai the preparation of an aromatic fluorocarbon Con-

and useparatedl m. imnimiile limtidi'. The crude tmining only earlrnn and fluiorine, anti retaininif the
* ~~fluorocarbon mnulitute.; the lower laye r. It lI% drantt aromatic i.yutm fonute ;iaqttrtm. sii

etf, W1914144 Willh Mild taatIth 01letiern,-antI disetilled. giusl wits not altined. $peiflealdly, it wits hopiled to
In the, cobalf Iriflunride protewlure, the hydni- prepare perfluorimceitylene. In this; studly, fluorint,

carIlr ni reactat ;tlifed MIcaMI thoroughly hits bee4n atom.; wtoe atfftche Ito the opt-i PimltmmI. Ito fte
i-heptntte. The- mmcvey of eitrhoin eimpitunel. in the hiensene rang (the, 2, 4, and 1; pill irn.) byv se'.sli'e'
veilatilte liquid niixteere primlom tE se adxut WN pwr S4chhemann mreation.;. It. wits planned to replae till
(4,1t.. '141 ide lllE'raetion niixtum- lbste the, following thep uid--hain hyclrwn atoimm by echlorine, and O~wn
lippnoximnat. eeutiiwmltiorn: su~leltulte fltrint i fu e hlorluw. It Wi. ts el lacu. Nw-

~ ~ ~ ~ ~ *.~.-. - - -- - - -- - ---.
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412 14YTIfl3IS OF E()WPOINIMI FOR STtUDIES (IF I.1URt:ANrTS AND IIWIM: FI.1Ig 1 1

'er, that only omI elilineq Mimi,~ (t wo iw-r nwtiiyt arex. (3) Tim- effec*t oeir tseripc tit 141Wv t4'ln324rton'
grotip) etl be ifitrutimoel with e'11m. An attemllpt ito (approximately -78 C) iqe to int~itv elinwriyatieiii

wphw thew' c'hlornit tom lky lumint- Ilsius UPI with moifl 1tiirabttoll. As lt- tenitwniate is ritiVA'e, I
wits unuwleemwfti. tE Ow W of thw mmwtion "lhift towairi mmnirtioll 7

PotAI.~~xZATrloF SI MALL. tI14 withouitplmeito.

hinamtaeh its' vitriotia' flummwo"lIMMeheIutve 1)IOernDATa~O (I 111411 MOU1TA lle,.u WFICATf

they provide' simple4 hyfirogen-Ime arting martrialK,.1 il~rbl~wa

a'tudIso wen. iiiititi'I(in their piolvmnriltion. Bt-. ~~ -- --- ----

4.1s, fr ft, eile'eatt efi Illroiion livaililkahie l on t'-
pollymeiriulltio of butitliene and ff'litili dies, theilt-~ ~ ih~lI~leD
Min el'lnphaN in this a' rt f the program walew PINMit~o.Witae~w
picdeml on it wiy f peflrhohutaidiene."'I'f,1n4e~'M 7

'ntilem iK'1' mos't, confvefi'nitv tkn~~ byv IN.rfiun.vr~titutams M4

starting with tirifuonoehioroet-hylene. P. a~vssst P~~~n2sIuwIyle~IN
IV' ) 50) C, nea'iltt, in ilimerizattion ft give it mixtoirn': Prlam23elwhl2,~ee

andf~aw~a~Im' IiFtyteCwFtlle CFI- (F

11w esptielitthin cotnpotine, (i( I (NI (IF INl-41uim..eMe1PtI11 I I
C F,, is ft-e majobr 'onipnent f thep reactiMn mix- Prle,.www.,I~hn.

towl. Wheni thle tnpurifiedi mixtullis ch'e'itinitt~lIIIP'llml~t yey'elmn

chlorine adds~ to the dtleml~l lmml of the o~lesin giving (Wt1
perfluetn -l ,2,.3,4-trt rachieltanei. liperato I
uhixtlie tOwn cits1,l principahlky of pwrtltiomr-l,2,3, I- i
tetehlenmitsuie mixeil iiithi soanwe a"rfluoro-l,2-eli.
eliltim-xyiiohiltip. 11'l latter sulminel~1l i24 II'lmlvll .mi l limiilrtaIe'ifurdrnm.ilngi ~
byv dIsatilatilon aindflth- remlitt, is elhIonnatited l b
it'fluxlng w~ith Iic III tile p,)1'*tll f Ilyi varbitol. IrIHI. - Iet'ir'

Cr4l (1'c (Pc Civ. + 27mi 'rimen2c~~m-~.~l~mam~iwI

%nl Altemtite but someha'hlt Ii'ss ..eatia'ftetery rotat'iff, li~lJ.',ef.~hinH l
ito pe'rhomirotitlie'n starts with Iqm-jllf o P'fliffi-3-llmntoInpsw l

diehhlonlw-tllVhle'. "I .I* -7A4 C filEritir fl'Ucts with I'rtmml2ilc.nm4m. )
tilS 21114 b1tl1lee' to I .eN ltlc a i tIrae1e dlmwr iwhib a i '"s '~n -.. lren-.4~nIeg lit

I-f i n1 .1-tet ~f~lwI. rat.eiiItIIemitutifill(, lit

2CF0' (PC i F I- ' ('P-l- CFO(l- 'CI IPII Ff,'u.Ieieuem-.Ig.ei'

Unlfortun~atelyV tiii' i'Iei im nolt litr-llt, 111141 t1ll' I'erfugm-l 2cillpleicye.eliauztgie In
Yielid Oeilf-iM4 IWINll(t is rallier low. 'rmatmwitl ii l''Hwn9,.IeIIwe.-.eI~ug'e 1

zimc lll:kl Is- eilrrifll OftI it. deP'crila4e ill OI l4'1hiflig x''leer.I..~hIti'~s~t'2
pntgnipill~l. I'tq~enI:.~cI~antjn,'e I"

I' l al IIye'rizaiii 1111 r Fe'hl~~lltlllle l~lilI 4rfllit, in 434 ittic IwI2.3-ei o~ertghn Ill fi tt
uicee~~~~~~l~~jili~~~~~elie'e1riti m~ mh t lfern ~e ldtes Ialeer IEf~ ~ .l 1.2.3.4.1 @- niellb)I. 1 :lsigt-Ii
1I't011 Ii-1111 vth edifeiil polflerv. Ii nd r Perflis in -. 2.2- ii*rll4.Jpro~NIe 24, titfl

tlit' ilimilmiel of huimi Wow,,, imlvierie mli~tlll2 tll un .- rrfu.n-.11- i'g.rewp',.
ie0iitii4l, IcOH1 whiit it ieli r 111111 IIrii''hljV; 'lw'u 11 .1.e11ni,,..I,,)i ~ riI~i'n' ,1~wi~'i' I

Sl11lj4'lell it$ OWi 4.ttalVti( inlflitelce f Ite'::nejfgper.
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Although tin, iRem (Aws oin the oriijpnal- program, Ttrit.1lAt-i.'T Astn
nit work was thine after receipt oft a report frimn an' A practical isynthenis for thin Publltne hiz' hcti
indlwsrial hlborator stating that the principal wo~rkedI ott iWng readily ailhe mtral. I1
psshiets of the tls'rmal (6s'ompositilm Of poly.Atmra folouing steps are involvedI:

ivseloppine. Iliew4 substances did not appear to Iv- I. CIIIA +- CO, -T(i, -*" vil'clAtiAcI
likely eaflsidalte4 for further synthetic work. iItt

The fluoIDIEIadrnitx I,'sItd by Mer Naved Ri~wrbi 1. 2. Ct1(~,+Xsl
'1uer ~~~ ~ ~ ~ ~ CI Aer VVCC srru + \e Alf +yl..A I(Vl + At~ 1)

aD.tory 1Sfv not psn.1 n r f rn(s nit .1rtii . C'(tI ('(ICCIA + MII.V,-10 CCIt- VC1(1, + 1I'CI.
fluidI ranldidII,n.I Thry uv-w shoi" to Ann, poor v'i*- Vd,7

eunily endis-s anti short liquidnit rangeri, and to Ix. 4. .9CC,- VCICIaI + 4KNI"), + 14KOI1
ehenirnI~i isa ~alb thn sas entiipvwif.3('V.VOO)K + Oh4O, + 91(11 + 3KaCox + 711,4)

T~ix7.flwnhiinh~~n Y ields in tht- folur stoes are 911, INM at I-

I,.)fw.1trill- 9 This subsitance may bet prepaired in it manner
2,4.I~flsswtnc..tylen subsance tW lip #xidisi ift ClII(If=XI,.

2,2,~tt.s'ir~flwst..n~w II XAPt~i(MLrAki' Acto

2.4,fl~rifluim~ms'.'hiyh') is xictatiom ofpeforI 2-ilr-lylpnte.

Thiis enter hass beven prodluced by~ condensaition of
40.6 F'LUORINATED OXYGE;~N ety trfiuit-tt with ethyl aretate." 1he1P

COMPOUNDS 3)rnidut rorts inettil chelate compounds, vssli uti IN,
As it side' line tit t-he study of fluorocearbotns, infor- coinqir derivative, u'dth ame esy to priImiri and~

matitm was obltainedl on the preparation anti Priper- hrydrolytietihly rather stable, andi which exhibit 00-
ties of several tlinuteil oixygen cmmwunss of lis'cinble vapoir tenlsiont.
interest. T1wetiElilpifl4 tire listed in Tjli M. I

..- ... .. TiAcompI~~n4Jili ha Icen preparedIk le(Mslensatisii
(.m~imneItte's'rein Of ethlyl fliflllrNE'tRte With1 ethjyl ilIta,,R4 ItN

IDifloi4l-l.ic arid.j properties aind reuistitns tirs, imilar to thos of the

I~sbI ~.ijflg~mn~s'Iofr~~s 1T1i fluotrinalesil aetyhwtms'm Ints been prlaired
2,2..3,I,4-~r~C~in.,gs~suic ei. byv moflels'flng ethyvl trifitiorsiacetate with acsetone.6

T,~~rIfftnowmms..ss'w4 Its rtopper cshelate slerivalive hlan hsen found tll he
2.Trfls.mwsei~I~n~iIyh'to very stabl aid to have at histher vapovr pirwstirs' luau
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PCIAL FUELS OR PROP MSON

l ('Andes .. .3bfitio anti J4111#11ehl 1. wI itos

11.1INTIIOI.TTION in 1943-4944 a hen D)r. F. ZwIcky ' uljp'te' to p~er-
lx rs ie'wii~iem pecalfues fr rroalse~nj~ tisnnet of the Naval Mureau of At-noiautiet. that.

j IA vi 0 9was emcgerneol with three flif(eret nos- buh~~e~~,tllmIy the gnos.jrt olchesme bilight.
Peets of the general priblem: (1) Och'ctiom anti testinx s 141'patcli iiiil'rttittscudb ra

ei hemcal ,eitak' ewuseas yctopelsefues:vite'e which weiuhl mreat viieoisly with Witter to
(2) selection 111141 testinlg (i rheiet'tlot its ranlitite Me"Pate it large volue of gas anti a large amount. of
il~lititL2Lto it) ijprl'. thet i'ffire'ity (ifIi g e in flt' he 1emina1 s of this. .%*.- mih Ill utll~ in* de-

,!-npildw motor of the V-1 iuzz-bomb typie; anti M3a ~'''e*~~~ 1 it ynhttt *L1ji~'
'Wily (of the pllol'IP tevt'lopel in Germany for the in whic-h the. chemical compomd isl injected into a

proeucton o hylremrn eroide'burt 2.thywthr- srea of water flowing through a duct. In the hyulrol-
fjillntli' loy mieWcceivr hyedropmrathor andi oxitatiolm. pualte' fuel priolilem, chemicalot have bieen oeeletl feorJ

Amumg the crntmpeuniis examined in the aue'treh fotr aglve he aestfeluetdpcfctesf
Aetitale hyelropileee fil-I, the perfewmnfep of %lot- eliii ~' wlkY h peer.aimsIeiae

minim ewoyellek le mot.n~u~v nlie' 111 th 4 leIrl fw coimplete reaction of the furl! with water
eqicifcatemsuet u. Titecomoun isfarfrot jle at 25 C ii In .411 ei01 - I len 141 ni an evoltt of at

setst tip.M mlA etiifim gas frearbr hydrge'n per
few the- plirptim as it is quite dillimult to prepare, ct300m ofgsreralyhd tPra,

hamarelouts ~ ~ ~ ~ ~ MM tohnlti ntbei trgpt.g andi 5 ('al/g. 7Teoretical studies of the poosd-4
tiiarly utielr tropical ceionlitiems. 1Sevemi other lti' fthhyrpseiebenrol'bto
""peiunilst tu millntkel fer limiteel applieatiem anti h''el tlniictee'rh nifeeopin. -

test utqage'. Among these a*e lihm hyiridle, lithium 04i)grt5eltlk'fllilrnI"
bemaihydridle, twd ethylahuinutm ',uhyelritle. Atnx variesas enpeluilels investigateel as fuels

Tess erriti ut n V- tlrelulle oto onttdtt ife hyerlrpulse ulevlees, lithium hydridle, atumineni'
tnts to inerease the thrust obtainet with gas li ereyillltim bwheree n '~lit

faleol tl uincover any promining Iees. The cen-mintim settihyelrlele appear motcst suitable on the
pouns stl~leeiine'ueld sontieoesly nflmma liois of bibewratory tests. For a diret. bytlropultoe in
itl~tetals o tiwer uwraie te' cetae ~ whit-it the fNt is Injetd into water, aluminum h1010

csa etng o te gatd hyelride appeai to bel the biest. potential candidlate'
A stuely di the preparation of hyetlreig peh siIP ince it it a lie jutil anwl wreats withWatter at 2&C~ in,"-

bky ootten-Wie' liyeroination anti oxitlatiein treat- ((W0(l etolIilbrt bu ,0 lo
Meats ei 2etilklantOhiuinmho wehtqeni hyhinsen per gnn rai per cent of ill 'thOry).
tative yie-ls of hyderen perod am' ostained aenti However, this esnpoundl is rather elfilcult Ito pirparn
that the preiw mky bse repeateel maity tune' Withl anti it presenats problemsx in regad to instalility on V

no sgniicat eeerese n yeld flythe us ofa etorar~, pertintarly att elevatrod temperatures. A
te'trlero2-ethyliantlraeluinime, it. has been found liejil pretelet, be'lie'ieel to cosist largey of e'thyl-

- petoleeql( to douible tile yielel of hyeiretgn pevxih alumninum toesienhlrile, has mreel Wtith Wtater in
per csycle as eimparel ito the 2..ethylanthrneftiintme leow than 0.01 seroomd it liberrate tip tol 754 ml of gals

prd~t'e4. ,per gram. Although dleficient in gas preskwetioa, the'. '

latter candiduate it. oAlattiiable from ira'lily avilable
11.2hi~~lt~l't.S rIIJImaterials anti in view elf its high rateof rea metiem

*0ould itppei to meriit cemsielcniaam its at fNe foir
The plillbility of preitptloi of deviles such w4star- testing the hyclropeasr prinile.

11141411 bky me-ans tif the thrust ob~tainedl freom an Litium hyelrith, andi litdu hiurohayelrie, litith (if
1ui16aeltaer gas1 je-t wast findt. given serisis consider- whiech arn. "idgs Mreat toot slewly witit water at 25 C' 1 '

tetioti ill the~ I1thish Aedmiralty llesearehi Llository too Ite of intere't ats f(titt for a flirct byclropelse, I1nt1
ii It t.e leti ree'veel imptus1 its this c40untry tbe'y ae' Ix'li'vcell toa warrat te'stiflg Ill 1in "iivei-144 a!
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-hydrottillov in which unteriet injeefcotm thre lki- 41.2.2 Alumuinumi Boroliride
Waia, with efteleafawnt higher rcitllif teapwtiir. Aluminum lIorohydrida' Ias an aml1etanuling furl

and eaciam ate Pawedlilitlv' of oither water-we-e candidate am the buis ief rate of ram anl apectl
tive souli:', tuich 0~ ,aaaahim anti cal14c11m hydlride's, ga prluothijam with water.2."'R This matorial hati n *..

lithiuim ailieile, ando certain bieryllium eawnialimia, adatlea ailvimlug over many of till- material: e'valu-
WE'm Asto IN-ell c4'tefleg'ed. aiteil lw'a'imipa it. is at litinid, and! wamila, therefore,

jrinvaliily for ltwi difficult to injact. Hoawever, tilt
caiipitil I:' rather dfiffivult to preplare anal It ir-4. ,

11.2.1~ent pnt~lr hdidldlem l wi hatv et t Ieo teolved in nagarel
I n vie'w of 0tA availability andi high thetoretical ft installifity on stoniga, lirtletilarly at. elevita'dl

tqileifle loits praouitiam (2,80) ml'g), lithitim hy-wdridle temprature..
litta reaceivad particulair attention in thle search for liquid or vaplor stumpce (0.02 AM. X) (if aluminum
seuitabh le ydrlee'd fuelia.! Me remuulta of lalliratairy hoorohydriale react with water tit 25 C in OANNI -0.0l15
trotst,aggtat that the- chief prohoi in connnction ,aa'cama t liberate allout, 2,M() ml of hyelrogen pier
with ft(e louop of this' candidate eomeenu development gramn, or 77 per cent, of the theoretiral amnount.
of isuitabile techniqtet for handling and injecting it (3,740) ml 'X). Analyses indicate that. ait. leniet. 99 iter

ame a very finely divided powder. loithium hydride rint of the gnat evolveid ist hydrogen. The hwat, of re-
wotl appear to bep an excellenit eanaliaate futel for actiovi hualf not yet liern aletermineal with Certainty,I
test. itt the "invoorted" hydropulse where, intetenal of butt. p)reliminary s'tudies hav indicated l 1. 2 -3
injerting the chenilt Into water, water i injeeteal Cali -X. The heat of e'omitdim haa beven lihown to Ie
amto the alhemieal with coneequnent highr reaction approximately 13.8 Cal 'It."
tempterature anal reactiam rate. Althonog. the hyalraipn evolution in the aluminum

('ounma'rcel lithium hyadridea of abiout 07 per rent hoorohycrile 'ater reoctiam lot afferteal by temperm-
pirity wits foundl to lIblerate 3.7 (Cal X on reaction lture, its evialenceal by an Inereace from ablout 72 lwr
with water, anal after icaronizing to an average par- cent of thle theory at I C fto aver 90) per cent ait. 99 C,
tie diameter of 4 p rectel crompletely in OAS. the rate of ratim ie not. miubttantially eliawgeal.3

eeema to evolv.e 2,4NN) ml of hydlrogen per grain. Other invetigatim have thown that t-he pit of the
Matterial of 17 p averag pairtiele tdiameter renteal witer may determine the course of the reaction anal,
in 0.10 uea'eond. S.twhiese of lithium hyslriale paowder theraefare, the tepecifie gae praaluctiam. 1Tume, with
cautsininx varliel: aiignnia' anti inoirgnie compilotnal:. water at at pit of 1.9 (0.1 At1 phuiephorie ai), 'mh-
incluading ard!:, anhy triales, oxiadizing anal realucing :'tantially complete hydraien evolution is obtiia
Ogentue, anal other metal hydriades, fatiledi ft uncover at 2.5C, wlterena under neutral for highly alkaline
effective aa'tivantore tot increase the rentiam rate.! conmditions thep gaow proalution wase eon:itlerably

Attempts' to d1evelaip s~atis~fiatory lithium hkydridle less. . .

pelletf and luewle aranmpatvitiat. -wluieh might Ile in- To tweiset in aletermining the ittility of( Aluminum
ject141 morein Asily thu liwaileo have bee.1% unmiue- bairohlyalrade1ate ful for ft e " onva'tionuel self-
ceuuiful.2 The semalleist 0 of x 1% in.) piellehe aif 41. ft o eatalntal jet motaier, witch OWe titaisee ePlauye'a feat
17-#a lit hium hydride powdalvie whia'h were :'ufflreently auusisbted take-off of planes, eqjuivalent amimite of it:
compacet for hanadling reatuireal from 2 5 stae'milm to caindiate and water in thep vap~or phase have been

nueauampletely with watter. (C'rtitin dliuente, mtuch rnateAl ait elevated temlN'raturee." Thiette testis,
ats eidlim hyclriale anal a itria' aia'ialit 2A FA0 per cent a'arriealit withO1.010.3gefaln umbioyaraa
(Vnat atiamo, iniprovedl thte rat. cr reactiam, huit in at. KS5 10 C, ishatel that the gpte evoluttion woo,

etil 11e1 ~ 1114 4-the' i tioia df hyalrag'n a'amuphlati nearly aiountitative In reautlaut parialoaf 0.012 11.1)1
less.' t1h11at 1.A 144-41111%. 'Pit alfibbi , flowing pases oif taemiatil. Althoumgh the "tultse siPaag.-%t that 1ii16' fueal
lithiuim hydlriade ialars, il'aut 40 I'd) per cent of combination. woulal proibaubly lip mati-Ifna'taary, a'ala'ii--
inert. liqidf al -tits, 1.uch11 am amines, ketone%., aor latiov matle on fte huasis aof preliminary hevat air me.
etba'rs, wasIt reatuirel, till of uiea' greatly aldeeal a-tiam alalat (.%l - 2 3 C al gi fatil ft indiocate any
the' rna'Iiaius nie.1 *lINA~lst IiitttI'ijltNVitiln metiel4 Markelt sisfiriaarit over nifirama'thuaa or gaaouplimi-
tit lcas% 0.3 s9inul fill eauiplate reastiarn with water; anal aoxygen.
it Wive fonly ablout I aiiM) ml oif hydrogen pe-r gram anal Aehuminum burohyciriole was cirigimitlly prpara' boy
shiwas imuair Plutlilitv ails %tiraga' the ruasation fof eliarna'f withimnl hvaguuum~
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.MIL), + ^11.t -0 21112h,) + 2tl(IllIO i.IiW~d it to reat very 4.owly stuf il eomph-tpdy with Is
At the prewnt time the mift convenient pnxvm for water ait r-)C, Most it s4 Iwarse, therefown, to lme fr
IMpratifn of this material eonsis of a inotatilptie-al little Interest, for iiiew U4 it diret. Iyelroj)lk'~ flit.1.1'4

,egwlemlw'we''n eewl~t orl~t~umborhydial an !4untlpf high puirity wee'found to requiren mjore
aliminim chloridle or bromide IittI)N'',tl lgehitltloitSpr'ntofl'(theoretial hydnoge Willi It IlaIVI PXces Or wa11t41r fit.S~flIII.+ Ak2  **U~ltl~i + 3N~lordinary tempe-rature,~ Complete rection, with at

m -y nitroe li-asdoer a 711 mixture of aliami. heat evolution of 3.3 (Cii 'g, was realiurd fin diblev
num chloride, and scgditim borohydridle at 110 1l10C. moiions onlyv by miniiiningc it jilt1of 7 oir Ifower. I
Thie reatively volatile alumirnum Ihkydtle is Anmn approximately (10 organic and inorganic lost.
entrained1 anti fobtained in good puirity in 8O per rent teriali. teted4 am ativatomn to promte fitster and

yield.more c ot rction, only *altit of placlinin,
In attemplt ft 1syntblui aluminum lenrohydrile cobailt, andie nickel were founif ft he' ffective. flow.

by new routes, attention has been glve't to hydro. ever, even In 50 per cent concentratIon fll,*,' mat.
Netittiom of triethylalumlnum trie-thyffooron mix. eil.a~dt rmt opeehargoeouinL
timIre 3  e only prodlucts obtaineil were utilfetl, In ke than 10 seremds at 25 C. Further tests demotn.
water-retive soIild fortmg at alsout 21X) C. These' strateeil, on the tither handI, that lithium bernilyelrid.'
solidsm, from which no aluminum bo~k~rohrcid el reacts in abouat 0.05 second With an equiivalent
bet isiolated, are believed to have been proelucel ss a amount of water vapor at 107 C to evolve 3,5M1 ml
result of( the transfitory formation anti milmectjient of hydrogen pier gram or 8M per cent of the theoretical
thermial ileompewemition of the deimd procluert. With amouint. On~ this bInci, it fit believed4 that this rani.
the exception of palladlium-on-charcoal at IS (' Cor a (atite shouild merit further conifideratiem its a fuel for
ruthenium catalyst at 180 C, istandarcl hydrogeanit ion lisp in "invertedl" hydrotpulse or aierotmuls-tyjle jet
catalysots were inactive. Not hydropenation remilteil sit. mnoton. whieh are designed to oplerate ait higth lem-
lowver temperatures. peratem's.

Attempts to prepar aluminum boorohydridle from Lithium borohydridle wait first. prepared bky thep re-
methyl borate, aluminum chlotrid~e, and moium hy- action of ethyllithium with cdiborane Th y1~sil wim
diride have aliftn been unsucesswful." No videne hes low and theexieriniental technique tawcumberwevine.
bee~n obftinedl for the formnatiom of aluminum bore, -Sveral improvedl procedluresf hatve been workedl out..
aluiminuim amalgtam, aluminum chloride, (or lithiom- from sodium hydlridep and trimethyl borate bky me-
aluminum icky.~ in the presence of( trietlkyvlumo, or awelion at 2t10(C,
of aluminumn halide sodmitum fuoborate nmixttares with 4XsIIl + ll((KiIsb -0- NAlill, + 3XnO(II
or without nm halogen ac-id acceptor sP40 as sodium

hydride. may bse umse in a mectathetical reartiom with lit hitim -

Staebility studies w~ I aluminum ho~rohkvdrie tebloriile in anhydiroum imiproiyleamine,
sterved to mtploort the teo)ry% oif tratn-iton' formation \4t4114 + M0( -0. 1411114 + Nn(1
of thlos materil in certain of the alenti' hydrogenatiom
exlwrinu-nts." For e'xarnple, when lmroi5. ta, x OlI.g togt''aWN 3wlfItlrNf'ititlribere
viamples were pmsmoml with hydrogen for "Inigen in The deired rroelt mav~ also eobtainedl by the

a. sainessste*l ombor n slve ordirme analis inwation of imorane with either lithium hydrideip.thydoatine ~c- mo einslmo(',m'uhsnalvacolmpkt lithium eth3'late:
deeumjisfitiom ..ccerred in 2 hoors Solid dmiempoti- 21.i11 + II.-s 21.111,
tin jImrs~ls similar to thmm primium ' on hydro- 3M'I t.I 1111 4xU
ge'nitting trietlhyalumninm tri-thylbeprn mixtures A new skvntheslso of litium boirohydrile It L,!:--%ter. olataini'd. uncovered whichi Involves the- hvlrogoe'iltian fir

Ilhim hvelrieetrlethyllinon mixtures fi cyi-lo.
41.23 ltleim horo~dlilehexane.1 In small seale exeriments, litlhim oorio-

Lithiulm lImrohydfride is4 a white-, hyrrehacopifoid hydIviridep fiaving it mipeifir gasm irodeeetion of 3.10)N
Which ttmerore'tillyv e'volvesA 4,1210 ml of hydrogen pter mnl g fit dilute acid (ca.rn'sixind ing to 01.7 lx-r cenit.

gntmun mphtv tydulysm. t-A onthi ml.:it uity)ln XP mltelilS~fi 8IT(-1 i'

~ ~ ~, ~ ' ~ W '~. - -. - - - - - - .
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fromt the crude metionmpowluct 1%y ether extraction. Sn4mtllu4mpk'i4 of' tis liquid productm, be-lieved to, 6.
Further ethier extrattioms yIeldld materia o)f 97 98 predominantly 0-thlithloninm esqilaydlpride but miot
per ent purity. 1he best results in a limite study of compketely lettlfrd a such, rmat'd with water ait.
variale affecting this reaction haiv ien" obitained 25 Ci in abosit 0.005 mvmod and liberated 75M mi of('
lkv comtlueting the hydruogenation at 210 C under a gas4 Itr gram, comparedl to 9$1 ml Iter gramt theory
hydrogen prisure of( abouit 3,M(N 1xii. Pre-liminary for the, Iure compsolnal. Analyse of the gats evolved1
exteriments hle Intdiaatedl that the retiom is of inimp onecae showed,4 an ethane* lydrogen rattios( .

general applicab~ility and that the fre mietal maty he approximately MAO4. Hiatlton of ethylalurninum
emplfkyeNl in ;lI1'T of tbe lkli mnetal liuylrvhk'. Ths sesiniloride with lithium hydride in diethyl ether
sooliitm bornshvirifle was obitainedl in good yiel by ait .35 C! gave substantially the same resultst although
hydroenating triethylbooninthe presenreofmslium the liquid producpt obtainedl in this eaise was some-
or sotlitim hydride. There fit some evitdenee that what cloutly even after filterlt. Ilse reac4tion of
calcium bourohydirife can fie prepare by this methodi. ethylaltumlnum wsqmluiehloride failed to proceed sattis-.

Attempts to prepare lithium bionohydride ky the factorily in ether whin sodium hydride was usedi in
reaction of alkyl loomute with lithiuim hydride at place of lithium hydride.
elevatedl temirratures have indicatedl that somne of( mine mthylaluminum hydridest would Prove corn.
the desire comund lis obtained byv this metthoi, aideraly morp efficient. as fulels becvalse of( higher
bot the formnation of larxe amounts oif lithium alk- specific gas produtctiona with water, particular atten.
fixiffres makes separationl andi mriflcat.iorn of the inhaaeheengiventopouusiblitlesofmethlluminun
prodluct diffiiult.' In experitments carried istt. lit diltydirie andt methylaluminum sesquihydridle.''
refluxing lDcalin (hp 11M) C), lithium borohydirite Thse producrts tobtaimleA 41 eatin the rorrsptonding
having a specific gas produeptiorn f 2,155 nil ' was metlaylaluminum chlorides with lithium oir soilum
Isolated. Not lithilum bourohydridle was olftaiel in hydxridt have been found to vary camsiderably it
attempts to hydronate alkyl borate 'ithium hy.%- their proplerties, however, deplending on whether thej
dride- mixture in ryclohexane at 240 C under a preparation was carried ouit in hydotcaahona, suchl as
hydrogen presaur oit 3,000 pI. n-hexane, oir in ether. For emple, rem-timi of

A rareful study of the- heat. oft combnustion of methylahiminum ilcehloridle WIl 13Al( 'l with sodlim
lithium bourohydride resulted In the aceptance of the hydridle in n-hexan ait VA) 'N) C 11as yielde vi111u111140
value of( 13,210) ± X~) cal Ig." spomtammdistv inflamtmaltle liquids whichs reacted

with water in aboutit 0.025 second to liberate upr to
41.2.4 Alkylhaminm hydr~rie 1,040 mil of gas per gram, comparedl to 1,420) ml

In the course of preparing triothylaluminuint for theory for miethylaluminum dihydritde. Analysis (if
test as a gamoline adjuvant, alkybaluminumn Woiden, the giases evobmd have shown a higher methane-
oiftie reaiily from aluiminumi amnti alkyl halidess, hydrogen ratio than expec-tedl from the desired
were found tit rintct with lithium fir Psliuom hydride prosiut (0.21 versus 1,2), Indlcatingc iat. momt
tit ive extrlymely watl-:reactive alkyliluminum highly miethylated aderivatives aire formed during
hydhridlesb1-8 Staudies have indicated that ethyl- somle stage of the reaction, pemesibl through dispro-
aluminum sesquibydride, (',lh.AllI!:((',lU,.UAII, is psortitmation. OIn the other hand, mreation of methlyl-
the preferred candidate in this new clas of comm- altumitium dihihoride with lithium hydride lit the 2
pouinds since ~it is a ,nolsile liquid antl reacts sufli prewanre of ether hits given an ether-solubhle, halogen- -
eiently fast with uiatcr. It will be nmltecl, however, free, white solid as the prinelat prnhltuct. Ill(eidentity
that nomw of tlh' alkybllumium hydridles mets 1th4 of this M1Isoli "o Iotbem estubhhilit, but it is 1w-
tentattive vi)WEvitle'tiomn reqiiring a gas evolution Eof lievedl tot Ie- methylaluminum dibydiride vontanal-
.1,4KM) mil g. However, they shouild Is Elf valute for natedt jw.ibly with ethier and f41mlix mifZter'fls~ ofI
testing the hyvdropulme piiiple. the typew liAl((*113).l 14-.. It is insoluble lin n-bexane,

When elityhiluntinum sesquibromide, ('11LITlIrs: contains sme comnbined lithium, ignitt-4 saion-
(ChisoAllir, wit- in-ata'd with lithium hydtridle in taneously lin air, andi reacts vigorously with %uaticr tao
"isahitane" at PA) %N) C, it spontaneously inflamt- evolve 1,250 til of gpAs per gramn. .Analyses of I lit, galL'
tiall, iiolsilt. liqidl was ob1tainedl ill 71 lw'r ivint evolved Aml it a lyarogim rnuthiuu' rtio (if l.ct I.
yield tiftor rE'moving the- lith~uo b~roielE andi evitilo- Methylaluminum mesatoailhoridt, with sodiumn by-
ratig the liyelromarbmon solvent undtaer vacuutm." I dbidle in o-Arxine tit N) li4t) c' wave m'lslilf. lhils

ills IF
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which mrcutecl with water in alsit 0.014; seremd to sure have given a soide producet Iie'lieveil 141co e)isi-At
flberate up to M3) mil of gma per gram. ' lim n'tin largely of ethylberyllitint hyclriel.' 116s owifteril H
in ether ait MS C using lithium hydritle in plan' of reated1 with dilutte mcid tot liberato 1,.344) nil of gms
aciium hydritie, Igave at highly vimereams liquid fromn per grain, tcomparedl to 1,150 ml 'g for Pthylberyl.

which a Igmv..white molitd deiseoitedl on standing. Al- lium hydritde.
thouglh not poswitively Identified, this solid appears to 1 C
conmsist mainly of lithium aluminum hydlride. IjAllI, 4.6 Miwiellaneon Comipoundit
a coiljN'itil previisly prepoare1 leh~ingrAR It, Finely gromundl lithimn silieiele (IJt 2), cahummo bty-
wats fimund to emt4if cem.ieleble comblined ithiumi driele, anti soium hydride iwelere have bieenk found
in aelitiom to aluminum, hyelronpn, anti a smnall inherently more reactive with water than lithium
aimount of earbont; ona reaction with water it Illmermteel hydride but are considerably less Mile'clent futel ranli-
2,0l15 ml of gas pier gramn eemsistlng of abmout. 08 per dates oin the baspt is f hydlroge t-volutiton. For
cent hydrogn (2,37A mil 'M theory for IjAlIIO. 11e example, calcium hydride of 4li~ article diamneter
liquidl productt, froim which the soolid was removed, reactedl completely with water in 0.03 secene to
gave' only IVKIN ml cit gas per gramn anti depusiteel evolve 97(0 ml of hylrcm per gpam. Ptellets (I ~I
addit lenal water.rc'ae'tive soilidls on standing atI orch- x Ij In.) of the loniler reqiredl emly 01.201 mmoend 1
nan' or elevatedl temperaturee. conipart,4 to 2-5 seconds for similar lithiumi hydlrie

It appe'amrs fromn fte aboove remlti; that the reaction pelltse. lit-hiiun silieidle andi semlitm hydride ract4l
or methylalumimnn dic~hloridle andi particularly of pslowelers in 0.01-0.03 mer'ond but. tine pellet in 2 4
mnethylalutminum oeemie'hloriele with lithium hydride sueemnds, repectively. These materiale, thimugh of les
remelts inl at complexity (if proeltiets, the individuial interest than lithitim hydride ats fuelse for hyclroplmee
comptonents of which tire difficult. tW isolate.-' In dlevices, nuty haive piotential valute where the ejumntitY
any event, these itudiesA have shown that liquid alkyl- of cemical reqired to) develop a high iliomtiWutIy
aluminum hydrides catn be obtained which react tltnist is not especially important.
oefficienitly fast with water to meet t-he tentative IDihorane with water or 0.1 M pho.4phoric acid
specrifient ion for a hydrolile fuel. T1m pt prodlut- evolved 4,2010 mil andi 4,4(M0 nil of hydrogen per gram,
tion (7(1) 1,1() mil.'g) of these novel ceandidlates falls representing 88 Iter eat. andit IN or rent of the- t-ed.
Phort o~f the value desired but it is believedl that retleal amnount (4,85 mil/g) at. M5 andi Oi C, re- 4
comipounds o~f this type- merit further invetiptiom. spectively, hutt tht- rectiem reeulrel many steemes.

41.23 BeryliumCompundsIn viewv fif the sloaw rate of reaction andi questionalel
41.25 Heylflmin ompondeestaboility elf eiborane em storage, this candlidate has

Preliminary tests eof beryllium horcilyerile 'illi- not appoearel suitabhle as a Iiyeropulse fuel. rhe 1
Cate that, this eompmIIInel Would be omttmnding ats it skynthesis cif elorane has been stulicell by several
hydroumlse fitel if I)..xtical methmes eof prepauutin groiupsc. It may ber preparel emvenienitly bky the
anti sitble tee~hpuiees reor injee-ting the siolid intoi resetiem of haorem triflitorie' e'thermett with suc 1ce04411-

water M1114le beI ele-410ve.lepe In rimetion rate stuetlies, pesut~ds IA lithiumi hydritie "4or soellumi iohyelrlee.14
0.0)7-x samples of N-qllimm bore.yeliel Sppe'I EIIiII + 211V,.(CItU, 10 l1:lt + 6IUP + ('tiA
to react ivith water at To C in 0.101 0.01.5 secemd to, 3nil + tW.(i. 1 )-.-
liberate 4,1(1 mnl of hyelremgn per gram, or 87 per 21%11. + VOnW# + VC1W)
cent of thep thedlry 04,13) ml 'g).

Small samp~es (if the mob~ile liquid, eliethyflerryl- 1127Test Mfetimoeli
hium, prepeerel from e'thylngne'sium blniiie antei An iimortant phase of the work emn hydrililse
beryllium chlo~ridle, hmvelrolyze'i eemmpltely in 0.1121 fuels has been ce'nimmeel with thle- deve'lopment omf
Mee onel with e'xcess water at 25 C toi libierate 8210 nil labooratory met.hoi~ls for evalumetinsg ecandielatm thme
omf the gas jx-r gtrai, eompartei if 8 ml gt theory.' bassis (if tentatimespeeificutions fcirgmesevelutieon, heat
.Anmlyme.' mhommel the gas Pveilveel te, mist of sep. evolitiem sinei rate' oif reeuliem with wito-r. Fer rmeta
proximuately 17 29 joer re'nt Iyercgen, .11 55 p~er studeie's, splecial reaeti cm ieim were th-viseil Ili wmieli
cent m'lmimne, andic 24 27 pe'r (eflt cn.aturatedl hvelre,- wenall w'ttnph-s oif cenmmunels in eillwer Solid, liejuid,
carhemn. or vapo~r state's eould e -l441 t't intime tme' p'tre'e feir

A11 le1m11lu lt prepjare' hmeylliimm hyelrielc' by hydiro- e'mipk'te Irt"I-iem with watter wase ohtaine'e froim an
Wm~ation eof elitthllneryllium iinler 3,M1() poi pire's- omieilleoseoopc recored if Ime lifl5unfl strpe pie'keul mp by
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Th~~vsrvlfi Pint/ nImn 11u. t10 yit4ea
utt'at,25. 11ActktuaWe lit urPOMeb. at M.I C lt10101

('nlldnte Rt 25(V Fernwel liwuty In lipt. 1110 at MVC (C 4') tw
11.(In's 41211 4.100W P,11 (0,111f) .

It'4111i 4u11141 4,01( 4.11.1 0.01-0.03) (0.07 t)
U14 (til~e foi~~~t2 Ati AMn1 (1) at pit -7 4,121 >10(.OZ) .I

fiin 4W ht flevated (2) at pIt -1.11 4,190 0.2 (0.0401) .

(3) at 107 C 4,120t 0.0.10 ("lAM it) ,.3

Liflu3d 1M 370 .0 (-, 11vlew -

2,110 2,710 0.01".4013 (0OOpgIquid. .. 3

&4M (M(V) 3,7119 0.012-0.016 (.Ofhnp) .
11.11 (4-ms avg. particle 11n1d 2.1110 211 0.&.1 (0-07g 002.7

ll Ilpts(4-o) 1441111 .... .... 2 (0-M X) *

(14111.) io
Naptl 2,270 .... .... 1.1

2,2M1(pit 2) 2.270 veryulow ...

('1, 1. ....t.. trnl P44141 WMW~ I' ifO 13(ie

Mane)
NAlt (21-0 avgt. rIt Peu041 RIO M3 0.01 (07n?) 1.1 1

WI(ili,) 31 lIpld 7'm MM2 0.1OAwi (0.010) 4

~IlIhl tnid ,I'm1,2 .... I)
AI((I,1 11L'0 I.tqueiel 7124 Ito2 0.1M. (0-10)4

Ifr('uie) LiquidI a"~ 611A 0.020 (0-07 R) .
N -K Aflley Liquid .... 33.5 0.010 0%optm) .

T6.w Ittily twit getity ti thtw at,,tdhst..so it In" tw r.4lisa.y f4MAIiWOaI.

vnt sitt a es gonrurtiu, 14 111 ta, it.. f(weiestio fit m.ho"~e. %nd hytit'e.n .iatlns hyettutt,&s.

Pimple wire train popmr of the flAl~win~iwothwark Ile tesfts carriedl old tild to uncover any promi*.
type. A moelIflee ga bur'tte wap emplikyedi few ing leivi irn tIjuvants4 to increase thae tlunt r
mensuring speific gas jprollttioms, anti an adiabatic specific impulse obtained with (12 octane gaoline in
Dewar caloirimeter for hest-~ if reaction.' Sa standlard aeroptidse motoir of the V-1 husz-lswnb

IData olitainedi in lalwiriory tests of the various type.'6 The- ,'letiom of romp~nns for study an
hydropuls fuelst tlitieted aboxve anti reeren to nlitivett was guidedi lky the pn-miwe that. more rapid
previous nexwuts in which experimental dertailit will rombustion, possibly apprtnehing constant volume.
1w funud ar given in Table 1. burnii.s. would 1x- desirable, andi thut, lhis might be

obvtainedi by tht- uvir of small amounts of (1) splon-
41.3 GAS0LlNP. ADJUVANTS F'OR btzotisly inflammable materials %r (2) agents to

WlHKOPH.S4 AIMrORS lower or raige the cettane for oetane luting of Ih

In effortsf to improve the t-flicienrv of gasoline a u $pemitawtl inflammable complotnubtl in 2 -13
fue for 'aut-rluw ote oors," emphasis has, lava placed per cent concentration witlh guisoline, ich as hutlyl..
,i tsting gamoline containing small amounts f lithium, triethylalumlnum, trlethyllioron oir inixed '

ariqats a~gnts for imnwoems'nt of thritst andi ispelS metIkvlasltminum hydrides, ave vither no improuve-
impulse. $pemvitaneottsly inflammable materials, anti meat or inferior results.' In preliminary tests4, 5 per 1
agnt4 f known valtv- in raising or lowering cetane'f rent tof butyllithitan with gastoline ga~ve a iigweilie i- ,1 ,I,
oir ex-tant' ratings oft gasoiline have nveiveti major pullse' alwsat I% per cent higther titan that f tht'
Attetion. control. Ilowever, furtlwr expe-rimenits with this muel
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combiination in it motor with, inmprovml ValVes and It pI'wt"brn fouir ulilt.'u1t 0o'3;01 aon. r' inIVeItvrt:
momsi acwetinti roteun.'le'r fitllI.~ too mufluI-m l . (1) rt'ditellon of li' ujituw'm, (2) iri'nuval of t zd11y~l
Vant age. from t.e waetln n ,xtuo' (3) oxlat.Ioli, of tl.('dane, when ,tmim aluone ats the fuel, in mew test quinhydwronc with air, and (4) iv'noval tit 1wroxith.
gave a 1.5 per cent inet'ms over gatmoline in speceific fromn the iretion mixture.
impulse, hutt otherwise tno eorrehatiuon be-tween oiwtaue idionalory' stutlie have' shown thtat 1114' M11 huvt
anti ueletii numhrr of diffeirnt hydrotarhxm fuel's (if 2-othiylanthrimpinune to thle vortesl)m tling ujuin-
anti their performancwe in jet mtors was, oliservedi.6 hydrwe with sulm-uent oxidhatiotn girrs quituOtilt-
No aidviorti.w' was gainerit hyv addinic 5 M. sw.' vent live Y14,141 oft hydirogUisi pi-'VoxdII." 14 'Im' r-es may
of ty)viea 4li4'51l NO 4i aI*eeleritt4)t or antiknock atp-nts he re-peated many im,~ without it sigliut iiII-
ito gasoline, such am i-amyl nitrate, uti-tertiary b~utylt crase in) the %rield ..f hydrn Wm ixie
peroxide, nitrm hone, and te-tmoethtyl letul. A tetmnhy.v)2-ethylatntlrquliiirne' We).4 jwparei

hlv qunittv rviltietion or 2-t-thylanthrmtiiuomu-,
413 REPAATIO (IFIIYIHIXF.Nand wait us"ed in the alN~vP phxcess' It, appears I rob)-
41.1 l'Itl'.R ~Tf)N t.'IIYIt~lN4~Nable that, throtigh the use (if the tetrahydroqwtnone,

the yield (if hydrogn enirxik' per clematy almoust.
In view it( the iepoti'il siiccis atthoih'iI itt 0-4r- lip doubled oiver that obtineil Willi 2-ethylauthrin.

manty Withi the' jmarn,tifn b~ at new "Hltit hveh... etulnoi. Thlisi is thi' to list fim-I that t1.1w letrahydit-o
V-'n peiroxide of higth purity, work on tlt(- pnrocs " uilnune may lie M0 ier emit reduced to the, hydmlo-
was initiated in this country. The methodl makes uise qidnow wit I no pirtcipitistion of organic material
of 2-ethylanthratiuinone whieh is sueesively, hydro- from the ireac-tion solvent., wheireas no mon' thatn 15
gettateui and oxi-liffed, thus bring uiNu over andi over per cenit of 2-ethylanthauuinone can 1wI redU4e to
again as at medium for the union of the elemients the, hydroqimmoe (i.e., to the quinhydirone Mtge)
making tip hydrogen peroxide. In carming omit tlt-m.* itimtt. precipitation.

SECRIET
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42.1 byROW T) Iw the Armned Stirvices for tmt Ii writing ~Apevifica-

Tii tI VOTUo(f infwA'Iti, ethr arthroipaea, findl tioisiiniimi of techinnica lmlr otimmed (nn, ithree
jrnlents, were proltihms. or major impoortance to of the fou conmpikuae priiicimig DDT'i III April 191

fix- Armwd 04rviccia aurinx WVorld W.ar 11, and at con- and it* lky-prialurt toil obtained friom fte faotrcl com-
icalflioltinaiit of n'iu'ara'h on thes'ae praiipinms was Pin ""re' stidttltlK'II. Forteenm rotptuis welt --

eii l ut. ticm andth liring tit(, ar eir. 11me iwlatml from tlhe* stamplesm andl itientified. I-Tni-
pn(4itoslerformned with;in D iviptiom 0 of file ,*llo)m'llltmn pa-~

Nationall IDara'aue liesernrehl C'ommittee r IIi empaailiomit 70 Mh per eent oif tlit- technuital
we're itlintit antirely of it ehtemietil nattm andi repre- tolinyaxluan i(p-tn)T whoo2oelitspesen )ltpextehnt
meitiit aall paortion fi tlip total wonrk done.. of het 0ltier (ou't.lT wdqati atneitnt tof time eftur-

ProalmietitI tl'tlitd it )Mivii 9 Were Atulitted4 tfee cmit"In 4)iN' %remt. pro'qigti t itni 111t1, sf t" fiiky
to olithr lidriitories foir entomological ev'aluation istn anditf sntesis, forl entiroied ia r ad tte, by
anud toxla'ty oftmles'i. hiia a'hampta'r im inifinelfal atly UPiizta~at ynhsifretimltgetat ~mil
Indliente ft i -oi amndl "'itmt ot fte ixtuicx ('arrid cilial t.ctt in othe'r itiitiiirttitips. The. etoamoilogical
fcItt within D~ivision 9, althouctgh ciec'asioni mentifon aaidaal htteil~'hiala'I~Y'ftdI'

* ut titfioter work is mai' to clarify the pr'etntatiam. Meaal 1))'is dfipe primarily to A .)I~'l In tarviei-
11cc' invc'xtigationi wveto concernedl with DDTl, did activ~t3', to,p'-DDlT is abhout. onea-ifth ait c'ftc'cive

inmee'ct repellumts, mitif'ider hindersa, andl rotlentiejilex. Its 1p,'-DDIT humt is of little ialahw against adult
11m, c'hemietil iepixotition of the teehni'ail DOT pn- mtiioihueleat (p-ly l)i lj iel
clawed in April, IN4£, was determined. ornitins 2,2-biimllnlipnv)oun wei
a'ontaining DDlT werp prepared for a variety of ~i'an ncnalaomilii oi xpp.~h
appieatitinit 4-eheiily notewtorthy is a water- tjimplIITtit larvae and ootly liiexkv xt. cthn:
aiipl'rcciibl tion'akimg piowder tiontaining more, than ,'lf)toImiriecanholli.
tMt per tent DIM)T $c'vi'r metgoalis fair the deter- hattiumal ditiat t i ig atitt ar ndtccrph' toa-
intatin for myl)r werp d'vc'loaipc anil evithliImel nton lxiiaini mii aumaa rtiaii

Aiaimt 2,M() manidaata' inmaect ra'pellentc. i'ern jH'P- anailyis were emptiyt'at~ wto aj'tate pcoimponentsc
pacret: more repielleney datit are net'lecl to viatmate fiuaaahatar.l'ailaarte liltai ttil, a'

ilt hitt cal in 1Tbk- 1.5
Icc41110 icajmztcv(' I act te repilents mietverred dmrinp: 1Itgmpi rihia D feeto hthix satmtly. Ilind-ir- werte fol-mt whia'ha extend thep life m riec'i e'nta ~) i a'maftm
air niitideqa intprgnated iat c'lothing. I-ffcrtct tio flind ftimrteen coimaiouniblimay lie explatineti froim at con- '

it napiol anad ia'mara ae'li(ai mc'thal fair flit- acawso ialara in4 fthuia' exisxlii etiaine tift'iit, rme if hirl-
tif ft- rtentirile, nil stimll, were' noat xmuit'c'-fmml. Of anti teimIid lXIPtnoa'zcn n 4tilt'4Il WILxt'ng ofliptu

tit-e' 99 onuxtiamin tlt ini'ttedfo (i t in4O laus raivet 1 i'mi in productf. wit If tan alkatline' *)ilt ion. 1otittd iii m i tiatim fa t we I t , INN) pum n l i pof i s n tci o nf i e' reov ry ori idettified a'ofnp tisiu in the
i641a fair li'ild tesAc Ity other airgrnizatitill4. stimlh- lt'tim an om PWAn1O 9:3.5 pier cent. Tihr aapjlem,

%e no ttt eximixtiiv'lv tmAlliii. The4 uiilsI which re-
mCO PSTO OFnivial aifter :-ll tImip ?xlitl.4 that t'rv'tallizeai had been I

C iIC i.cm myriio nmovea(4 hmad 'enmc'nntal aniyit' similar tac fliat oif

finfarniution remarding ft-a cemical c'onpieitiom oine tin main' myi) ixcinm in adiitino tit tiap o,,c*-
,if teIca4iil DDT1 wcind the in-ore'ticital po4tenay null antidc-'oes allt ittipha'rntjtion (if twat oaf thep
phlyaiaatt1igeal IVut ion of its 1'timlionvinm't was le-n'ti oils t nait lq'aai to the formialtinln itatlt urnl sf p

- 1:.44 li'na~ua. l,~a:i't IDivi110:19i is( other tan tl.t' rwo andlj~'ti'iial'uaptiaiax
1%-t 1, 19i, it- :iitratt~lI .'1,ar~'. S4even (if fte fiamrt'mt-inmiimt i-aiiaoiaa innt het

8SE( 11T afill



612 INiSEc AND ROD)ENT "M4R0oI.STUDIES nti'~

'lllfTI p~ .Cstlolo s IU'ret DDT."

1 .Treflslasrss2.).ltldisrt ilsmsyl.2-p-pehlt irtpliw'nvirlis (oje-Il y)t) 111.0 (r.) 7.1 1I Ult Alf~
( 1) .7 .3

t,4)a'atsrs ha(s-h~srs~s'nil.e~ss dh~'-nl:0.3 4.0 0.171 .

&is~-(ls~ss~ls~syl).aslfnr0.41 0. 1 0A3.4 ..

.. (issasr.aIsasssilw:slna'zssihi. .. 0A()7 ... ..

p.1 labasnlsas0w.02 .. .2.4.

10.73
tit " ielna'imt s rep i amlw'ny6la thmlin s -i: a eltisUlsstenm 1111. thl . rw 7. j +ni at s isp mil

Nlka pctb l Pa naurviti~ wit p ul fssnssT.3 (r rmmm0.)oa0it .ll ~kriinsuli ni f ..tfta (e "O. sa renr vj

I4. 5.1w v01 1lv w -i 4pp.111108i4 N%.4tl 11lrrmi 1 1
*ma" ass Min 4i,t fiv an ,it ialitr sha yst to*..u Ca lsaxdutai rr ima lC.H .C nI m t fla NI, re'tortin a z3Saa r mill o. tw na isnd et"..

tesvltatl iuIsi. ws~ fe..,,.li)-Ti.52 b stemiim~ tnomalainis wi~ ia~mgs tiaalnsa~~tos aShaa~p asanais~ w

9 Ts alsaia' tepf4 s. Iffgtta.~ asifll is.t.i) 10 1 . .alto W as m . PI 4404m 'tla t~'sasaal

lw.ls .1 Msa a'sinti pit "ga'.ttl) l 4als by elementan l of DI~ Ivr hilwi (a5t inttm und. .'.sa'.ig..sallss ith.fs
anti.pe".Iu ad. ahstirat.Iimamn t aitunow asuina msriui', and viortlio n ('.Ietni kv erysistpy esp.u~.l~..S sim natonasofial. -

___ ~~ ~ lssm~~huion a' in livsillt l .~ .' .. ias

71 th- barll iis l of a fhe' 4-lioniN. i5wi" liv4 ltmltvllntd lmoiito fDTwt

f# ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ choi mildieI exaunined test. fort lw'ttniv and*ii't color23 i~~lRINT1N OF
vioisty i te ltentl~e.11w sanwtrn o~eguh formation lk tatttlidwitifn imtwla DDT Milr th. euuoa

thaw witits 1mi4 p'aihahl bywri(s tmixt~il of111wl' niilnifredatigirivltiiu

Melin w i t , n w p r -l hI aait o perttt est i xed iest nlkttli. Publieations in the open literature oin
n~e~tt ;~iit tuu ihlw'c lan o ~titztui' aeria. iots for tht, ituaipti of DDT)1 havwe ie~n sum-

Duriost ther mauis of thit9 xtutwit njumber of iswn-
poiinda we", jitejantal thtat we".a either dlerivatives oir INFIAREI) 1SPrf7R0M DPV

i~t'~~~ain~i', of tit- £'asm;lollci fundut ir. t(tIllinliet tl itrnil~f spa't.rawopy wits5 tleaW'Ssftlly ali-i ito '
DDT)1. I~Lhnit(aI iffits 91o IaI,.tha',im Ill(- n#u.'-issohser tilt- rhanteIteilistioln of! treiiial DDT)1, tht'tsinii.
were tltIAs~le1~fuli.'" T Iilt. t~r vol1~pootndbi ld tin or tilt- rclative, pmojartiolnit ich it a Cmnjtlltid

tol thi-I "ttli Wihiit'li' W eplMlI iuaahiuth all six oif aseetir- in hiffem-nt low~ of ta'tlhnil DDT)1, find! lIaP
Ilt' itioimrie i'soai'zii~nni with (s~ite -1l41imf (jpifltitati1f-n~ivsisof li)I l itftwi~llts1.
0t it'tal ritg.i-4lK, -. 2b3 ~ -'ioalell 4-thltttt A stlttiy of tOw infratial ahsuirptlon shwtrtib of

(I l)~ ), lt rcblro--ma~husrsph'ni-2p-aior mwipies of DDlT anal ,D,)-m)), ,I,-l ), , -
j~it'ly~ttht~la' n~'.Il and, tilll ths hfina forneai DDT), js,p-l)IDi, bi~-hoohnI.a~un,1

i1V liitvi1roi1t14)geltlo o411af tilt- ,wv-mt iait'rs of a~a)~io22bapedrpl'~i4tu len' uis 2,2,2-

0. .....



folmntv "itsltI in the assiggnment of etIiorpt~ioln ffiveAincg lioiit epe'isioll jcrotlc'il hy til~ lci.\j uixtu
Isttieds ft Pit rettii'il 11111ts c'Iiiriti'teriptle ot thIese~i 'ccn- (1) In it seolve'nt not a tIc'mponi-ot oflit hi'mxior', and
pxvoud. ('ompavrisi, of the infritreI spec'irum of it (2) inl the soclventse known or suisp~eted ft It(' eoem.
saimle cif tei-hnieltl DD1 T with fte wssignee ahccorp-. ponente of the mixture.41 In prite'iple this nietlp
till 1111t1411 thus jw'rnht, etuitlitative 4leterminittion of maky fo' aied)1(4 for each coornenet of the mixture,
iosI. oft fll- e'imiljitods comprising the stmille. T'he bita in WIUior'(' it isi einplokyei onily for eoipouc'ta

r'lative propocrtions Int Wlielh a rompunhc e'ucrs In preseuit. in suixstantial amounts. tJmIig this proeduehre:
chiffe'rc'cct iitinilies oif c'ommerciatlly prexluerl DDT) the o,,'.IlTannd p,p'-i)l)T (-,itent.% ti two ri'sicluto
vanu Ite etermniel hiy it ecinpipuson of the'- ithsorption obtatin'cI duaring it frimwt-ionctioc of t asamilple citf l
e'ueffiients (e'Xpre'sseul It" lccg,1 A. 1, where I., is the niteal DDlT were eerni~lt
truinimitteh ritliution ait menu e'encentrattiem and I isc
the trauismitt'eI raliatiun of the samiple) of the lT~Ai)'epfJTiyPes~:.. .ireu
eliffere'nt. saimplcs t ti . it pprculpriate eharate'Icriictir The'li metucl for te eeternainattin of DDlT whiehl
wavele'ngtlts. 'lht, eiuuntitittive analy-sist cot DDlT in IS aced uposn tile eoxidatiorn of DDT) with ehcromie
unknown seulittioms is a'eoimplisheol by eomtccring iwiiet'tmtto ofh' iertcIposne'wa
fte' per eent tof truaonission cut the unknoown sample ietuiil anth its tensitivity imprvecl." Ani a4qparatfits
Sit It c'hkicrteteritie wavelength with at reference c'urve suitible' for the determination wats ele'signcd. Thce
eubtinech1 by pluottinug known 'otiecntrattioiis agitinst phece'ge'ne is swept through at small arMa of ce'nsitimeel
per venit (ift tnqmicsicn. paperF by a slow sttream of atir, and the intensity of

Thle intncl alhsorp~tin upeirum of a sample of the e'oloiel spot is relatted to the ittant, of DDlT in
lmyreaite w' otinec from ats little tit aInmg l. t-e siunIle with the aid of to ealibratteel refen'nivp
Abouit 45 minutes is reejnir'el it reord the coumplete (turn'. uter .'crneitions of miAxinum sinsitivity fte
spec(4trum eover ft(-e niiw fromn 1 IS x. If only the method is suitble for samples less than I pag. The
ntngc'from 7 12 ga ist examined, It returi eon 1w' *made "exrimentatl erro may lhe t0 15 per rent. Tee'hinie-al
in itbout 10 inute'sq. The' quantitative itnalytiead ))1,p,p'-l)I)T, andl tt,pj'.DT yield restalts
proeure for determining the etmeentrattion oft DDlT identiettl within limits of e'xtwriment4cl error.
van boe completeel in less than 30) mvinuteti, preserves lfrTF.4-rio\ our DDT ()\ IiACQtiOtRKt) Svi %t.s
the sample', anid ,wirnits analysis of samples tootA methl loheucel on the Weilste'in test for hanlogen
smal~l for gratvitmtri* or voliumetric' methile. 11li'W aseeeoelfrte l'ceimo ~)e a'wrs
e'xlucriunental emir oif tlhe me'theccl with dilute -*)III- .'arfau o.'s.lTh methodl involves wipuing fte letuereoh
tions (0P.25 tier rent)P is alithct 10 pier e'ntan Ih srfd'iitae'llceibcrtinmtlmrgntl
more' i'onentnttecl siouticuns (I125 pe-r recnt Pis itIillt it% e'oplx'r c'arboitte. This mitt is the-n buarneel in it3 pe cen. slt-cil hunuer which eliminates the yellow roueu. in
Ui.TRAVhut.KT S4g'giritticopy the- flame and makes peussihle the fleut~eion of the

tStutcli'u of the' 'aIrttvictr i. ichsurptliun six'etrt of griv'e 'clcr aiotinsita dark huiu'kgruauc. The' ejuantity
tce'-linie'al DDT)1 uuuic uu'ieral cit its c'rvon ntws dicitil o DDT)1 cat hue estinaitteel roughly froom thN' Inteunsity p
catted that t iltratviulc six e-trtws'cpy enulc not wrv of fte' green e'olor. The' tent is sensitive to 10 Aig of
ats fte' luatsii for at it-A'ful puawcluire fcar fite' anitlp~is (if DDl T, van lie esirricl out in less thatt I minute, and im
te'ehnical11)1'.' .% dctitil,'d stitck cuf fte curves over Hilltaffec'tedt by sitou chloridle. It woucilcl lie litissihuli'
fte' whole' wim'lc'ngtlu rutiue'sems- neeessAtrv ft mach to make it kit geicul for 1,1(NX) or muore te'sts, we'ighcing
('wen it tentative cmetesiou. Vltnviclet -I,*crpir les than I poundh, and occupylliig at veclune' cuf acut.
clatta t \%rc' cihticc'cl foir I,I'-DDlT,' I i,,,)IT~i." 10 rulcic ine'hc's. This methich wias not studiedl vX-

ethyl j-lcielic''slntt, fciucr -etmllle's cit COduin Tv:sT Pocll p,g'-l)IYI'
I)tecune* DDT, an4 a uvpccid oif etit re-pp' The'lm nie'thocl (or the eerminuttioin cot p,p'-DIlT 1

1)1?,'tc'u-,icj ru-n~'-l)JT,'andthe u~'-,ui~-, nd which is IxL4c'c em the primluctiuaof: citwli ecil'cr whi'
p~p'clihilcrcuw'nz~juce'ncnes.'t'tranitro-j)'-lDl P is trc'te'e wvitli mthiioi1!

('eCRYOccmi'IC: A\AM'SIS scieliucin hyclroxiclc' " %its invest igateql witl 1u w lieclt-
A~ c'ne'ntl nw-thccl four ck'ermining thle cccmijpiiticin jieetive cof inc're'Asi it.4 -4-sitivitv C IO-g, a~ ~npli'

oif it nu1Idin lelt-11A lvi utdcf iti'rlinittil cif the reejcirc an-d ine$' citriuini flie' finwc ic cot ar to csatr'.

SE( 'T



t~4i t!4NKCT 4ND RODENT CONTROL STV1l)!K$ :
7 nt the tesvt (31 hours, tilt-IHligh PM P41111111 alu li t M5 C 11t tnt ait 115 C; t.IP~ 1iM Of Ither( atheaking

alin IN, I-in coriitit.~ ' I.lmlted4 tlille'i in. tixet-at1 or Ifil-forit t fltlot with jptrillpl I ))
alwo10el it mollified prawcdur wich involves nitra- %ieldedl pitlta whiehi did4 not valke lit atorue t14 C
tioti of th tjil ae faio4IkaVi'Ib treatmenit with metlit- M~ C far severai montih-. Siliml, lueroge and carlion 4

nolic. poiatasitinh hyalroxiale toa ieI satidfaatawy foir the liwak wein, ft, maist effec-tiVe utienaking apents
quittitaive eteninaton i( j,p'-l)IT in the tilt. which were fond, although Iaow-1l4',Isity ttilicia' luil

sI'flal tof ipprciallt amounts cafi lypMilt leilum silicate, expitnaleal vermiculite, miarmptilver-
normally presenit in tehnical DIM)? A simple iaetl usloplitai, hydoAh~a alumina, andi at aiatonmaeus
colt ineter imitAle foir tie' in fte fieldl was tlevitteal. etirth also) were effeetive. 1.aaw hulk akunsity Wvems tot
Tie proai'alura' alpjars it) lie i'sitiva' with satnpli-s Ixe a prime reqirenment for an antietakingtagetut.Nol
aIs SMall a 13 oxg, ciun ha'- etmpletetl within 15 nrnutt's, caking DDlT piovalers were praxhuma' hay icaaating tOe
anal *,s jcurate t la iliaiit 21) per cent. individlual patrticles with prottive Minot (if wter-

sioluble jualymarie materials kich tilt methayl elliultasa'

42. t I )I)T F( )t ILVI. ATI )NS adlyin alcoholl; howevvr, stinvea thewse oatedl
prokuets a prlitil lv amt.er lengthy prolxema,

Di)i-t'K tinixI DDlT Paaworima' main' atte'ntion wits devotedl to thep aleelopment of
'I1mt. Armed 4ervlca's wanta'al DDlT fairilat jeans tlip mittit atimpler iernlaiing pnrwe.

with at high DDT) comntenit in ortler to suit tntusjxar- A aronaiaerale niumber of alispwroing t4;ents4 were
tattin spale'. ('etntti-Ae which were wu'f-emuulsi- examined; of thom igepaun r Ec, 1iiW*0N(('ll,)-
fiablk' lin waler andl crntitied~ 20 2M pier cent teechnical (l$4) a)and pailyvitiyl tileohnil (gRik' 1111-12)
DDlT were used extensively. Stiudics airpetedl toward are autsthuiding. These tgents4 jvrfanIrm well with
thep development of water-distpersible- powders toa differnt lti of puirifiedl DDIT, ar compctfible with
contakin at leatst M1 per cent DDlT weir suivceetful." variotis types of antinaking aigets, aml give prodia.et
The alipersile powdlers alevelopemldoring thi6s study dispa'rsihle in hatrdl water. In winme fonmulat iolIn mor

Sgenewrally mirntaiti n antieaking aegent. and dispersing than tine surfac-acmtive agent. were uuicl; thep auxiliatry
agents in addition to the DDlT, and cank inad simply tigents we('m f,1 inceaste the wrtA~ily IS the pow-
Ie( prepared byv pasing thep b)plende cmponents alers mind stupplement. thle dis~persing acetion of the
throuugh it nicramhaer. They dot not cake, during prok. jprhlspiplt agent.
llnged storage lt 44) C al requ1ire only mnanual Sm4eer tttnwtlvep daluerilole DDT) pokwders wemi
mixing with water to pnr~e wvell-dlkpa'isr'd suas- prepared during fte clurlee of thi-se studies. Thel
piemsione which tire equil in iniorcticialal effectiveness perca'uitge eomlialitions or three of the pnreerl
toa emuilsion camacuntrittes or oil aaelt lens of 1)1)1. Iliwlers are given in TOble 2.

Test.4s.iiinst insats s -howed t hat t he effect iveness Ttai2. Peim-t it~pt s wasult book daI Ism- mflinYaiiititive
of suspenialams aif umiT inerea'u'l with aleereasimg Ii.AIidihaI tDlyr t~livokOA.

littrtit-e lsipi over the( nuip from 22 Mu to ahusit 0.5 V.-
NMetluaxls involving mierniixition, wet loctll-iiinig.
atnd a'nuil-ificatitan ouf motlten DDIT in witer %%Pr%- Cipto- 1 2 3u

found sutisfimlairy fo~r tlwe-ammnitioin of DDlT, with Arrv~v Lsttde' DDT) I N)As I%) 110
miarmitlaiin proving to) lie the mst practial. ,:i NlKhtONi(twsT)3
Micreipulverizing, cAilloid milling, kind vi-aa'awms mixing 011"11itvh Oiwtoytialm-1ii.I 4hislilfolniaa (Arun-
were untiati-tarv. .Aerasal grade lDt)T rteclmical kla'na' 4111 0. 3.:

DDT a puiritital by crystallilzation air soilvent extrac- \,m~la,jola'nam fernuib-hhetb-'afaaaa
iiin moidla ie- readily niivrottizeal, wha'relts teabmaiesl (DIOnea It)
1)1)' 141414 aaleit pteaak lit Ihle mierainiwr.

'Illhe re-sittuca laf DDT)1 toi a'a~ngt at hitch teraitn- SMauanplas of piwaler, oaf the( types- indiate l i
tim-4~ 'va.' iiired-4 toy (I eausing DDhT 4onisisting Table 2 have latchn 14111ied44 t4a tI It( U. . Armny, Navy,
esseni iallv aof j,,a'-l )T, (2) i-eahtinx fte 1)1I )T lortma'nl aif Agrictilitne, andl atha'r aauiat'

pairth14-s fraiti title :1nwier liV mns' aif at fiely aI- fair further practival Mev1lu11t,11. The, lahiraitmiy de-
6iale4l. leaW-41a-11-ity atailal dlilmetit orw:utiantkiaugngent, veleapmnt aof fi aeA Itim 1ars is uAiatstant ially etamo-
andl 131 otating the DDlT pairtiales ivit.a to film- pleteal. ice spitee foar trnin-41irtaiaa prae~miutdly
ftirnumivil; inerial. PoutifiMa DD11'is rei54w1u titeakinst wiill Ie- ess valiallil il iif Ii -aajaae tla thling d ie



myr lrtinu lArmous 4; 1r

recrtt war yearmt, thew' dilier1ihte Itowderpt of hiIth Hush plint, Innvorrlivtemw tit pltitem4, low tioxivity.6
DDIT content will In, romixtredi erititcally with foimi- and2 water emuhptitiAility. Sovesto No. I (16Ah potint,
latjionit of lower DDT) corntent to determine whet-her < IMK F) in equal to xyletie in itolvent power, and in
prEMIIietion Eof it liilh DDIT content protirt intide- imimllnation with 10 per eent of eyeioltexanotie or
sirsibde. methyl ethyl ketone the itolvent net-ion in etil t o,

that it( eyilhean14 wih11solveMos110 (1441 an' E'jtIll
l)ISt'VOOO1)1)1 W' PASTU:s weight of DDlT tot give it IN) per cent aililo. Mtethy~l

Nil lky tilt Armedl ?Irvit" for praticaetl formutla. ethyl ketoue, Iophorone, and inviityl oxitle are~

tins with a igt ldA DT eontet prompted lt otilites on among 1lie polar siolvents found tot Ine Itjlal to eyelo-
rotleentratedl ftiEP2IE'4II IlbiK4 of finely dividedl DOT) hexanone inl~l t 1"01p1111lOWR for DDT)1. A 111111l101 of
in addition to work oil emlxion eoementrate2' and ihydnxcarlion isolvents were examinedl.
dltib e ul~d'pwders. Propylene oxidle andi ethylene oxide were funud to

Wit epdptxrtib e 4t ontaining M0 70 peor tqnt e~esottutigsl tio xwpaity. for DDlT (I70g
teluild DD! T I 'hae 1 t ElvElOpe4.1 2

t 1 These pastP1 andi 10 x m~yr, ir) K stolvent, reitpu'ctvoix). These
tire resistant tot settling or nalomeratiotn turing solventK arep too volatile for um it etnudlslEU roueen-
Storage at. 55 C andl are readily lbqwrsed to g;-,e tratex but merit invent igtilon an axilittrysolvents for -

diluite supnin~for sprayinK. A typical tvimposition aerrotol systems. In at seontig expeoriment it standard
in lMulillE'11)1 O (M3 jier cet gwlium ligniti Army ittite aerosol liNmb wits elharged with 11) ie'r
sulfotite (I jier cent) as Eiepersing agent, polyvinyl eent DDlT (threefold increalte over tile standardl syns
111(o1110 (1.2 per cent) as tabilizing agent., andi water tin), 7.5 per eent ethylene oxide, aid 82.5 per eent.
(44.R ler tenit). Thei two) p-Anw requirementst for at Freon anti wits found to s4pray Iwtisfat~rily ait afine
piaste tit Ile Stable' at M5 C weie shown to Ito (I ) ci- aurniowt. Toxicity andl explostion hazardis Ef systems
jplet(' deIflollt-411dill if the 1)DT1 partiMlet andi (2) stt- cirntaitiit these alkylene oxides woe' tnt exII 'l. . -.

I 1mtinb i-ansti of a protective colloid ft prevent Si'E:Arv ~KC5FR I5FA2. ))

Thel tudiert on aqlueous pasteg which khu v en The dievelopment of DDT? conentratem stelf-
carriett t are no~t exhatustive hut ean sprvew nit agotl eniulsiflable in water wi t eiredi by the Armedl
biackgroundl for t1iny titldititmal work tin D)DT pStet-. Semviee i;. order to save sh~ipping spacre. Thle first.
Useo of purified lmlr sthould iive patst44s tilile tit DDlT emulsion concentrate r,4eommentel to thet,
temperature stzihve M5C, andl the maximr~o:a eonu- Ani. 4eviem wag eotnprisoid or 20 pter cent DDT)1,
E'eftratilll Elf DDT) inl pastem reuni1ons to) h- dte- Md pe~r vent xylone, andl 21) pe-r cent. Triton N-Ml) (at
tertnineti. WVhile pasten avoid thet- uoe of the flatu- jilyethloIN xlycot ottyiphenyl ether).20 Attlornaiti
inllble siolvents present in% e-mulsion tnivio~n rate', ds.. formulatloms were clettlredi ft help hnoot,' IUile'ilnto
persilule Ilwdelr contnlin)'*.rat least MN per cent DDIT, mipplies and if postsible to lower ('liots withtout de'.
which calntajin neither stolvets nor wateraq0 diliteints, (Wtnime in quality. A survey of g0 sturfarle-ttiii'
air inherenly mm' uttmeitive. itus for usev in DDT) emntlsion concentraten wan

lo1ix~s- ron DDT) In floratory tests, Ammoni'x MIt (oleyl dimet hyl.
A~ variety omf milv ents t and wilvent ovste'm foir ill) amnine oxide), Aikanol WXX (siwlittm hiydlricnrbon

wo're Ivuili1tteti wiht tlt, 411))44-tlvt' of idig solVeIN P61lfe1 011100, Ninlol 7:17 (('ji(' ul-,k~hlIin l.
or silve'nt cominiiatiomns for alpplictionlf itt t'tils~iit deI4IsIte', Phl-( ).l (oitui rilnoleic sull'onalt), andi
voinctrait(-, ei:Ctratewl044 -41luuion Mprziyit4, anti -A'.11- NlPIH1i (Potliumr livfhrotwarhln stilfonate) we~re roundl.
tjionsi von~taifling a highi J'refltalge Elf DDlT which totIn lla least x4 effective Its Triton S-lot in emulsion
U01otlx- Is' tiitale for diltition with ils available in cinccntrates vontaittin xyln P lt ,IeK*aXE. It
theticll Awerol :tttruictive solventt. svy'tenr4 wen- wait fouind that a clnenut rate conltat~ining It pelr cetnt

2IIW4IVE'tV~l. 1)1)1 (tht. wig lmi) conltetnt is nolte'worth~y), 6i 1),r
A~ tysit-ti E1)tfllriit M E)pirts of AlEiV"S) NoI. 31 'entt .Anmotnyx IM), 15 per ENtt iotoh E24E No. I,und14 5

Its hyll"1t'llutedall tu 11mt1422) palt of eviclt- pier~ln rotil b hvt'ni- readily gavc' 1ilt tiElt S 'ineitil-
litxitno1ut diio5lIveA 7,!1 pat" Ef DIi IT auul h1M ilas 014 5111 'if ex(4ehluu1t "1talmlity.
pinlt Eli 135 F. It ritetlis saisfitetory with MEl"ett tap I )aring the Eoursit o!~ thiAi surveyv t'o alobl~Iility

fil



fl;INSECT AND) XIRE)RT CONTROL STUIESM

ut Tritott N-tI(Xl improvi-d, its post deerfen.411i sharply, Agietit4Aln Mesarch Administrnition, ilonettu fi
anti a comentrate pontiningt 7 iflst4'Q (It 20) per cent EntIogykq anti Plant (Itu*rniine, w~ith (inds Iflatle

Triton N%100 wag found to lie stitisfatoryu so that Availahle by the Office of Scientific Rm'searh anti
the n-v'd for alternate 'mrfae-ative agentit bectime l)e~vlopmetit. Candidate isect. repel'lets oltitii'di

les crllel.fromi indtietd tln~m't's andi~ lepautnimt fir Agri

$rnyAI~~o EII.%T FOl JAIII~i)ALOIL (is WTMI apaintit eiged Aren flrwypi and Aioiphes quiondri-
Unmodieified oil scilitions of DDlT tio not. spreadf ,,uwctdgzliu. The morep pronising maiterials were' tested!

readlily over wator rovered by a biological film, a thin in the field aginlst other molifuihN'tI and flies. As a
tuwfacw' film protitir"d byv orpnisms or arising from "lsilt of theste stuliett it mixture, knownm as 0-2-2,
their dlecomposeition. A wirvey w~as madle f ivrftwe- consisting oif it partst of ditnet hyl pilt halatc, 2 parts of
artive agnts which might promote the sPreadling of 2-ethylbexiinviiol-I,3 (R-4112), atid 2 parts elf inda-
oil solutions of D)D) over water and rentde'r flip oil lotte, anti also, thle individual compjonents were
film more)1 reifst4Int to comprein byv wind anti sanhdardlixed by the Armed 8erviees in 1943.11' While
water coirents.' Laboratoary (l*Itz indicatel Pntamui 6-2-2 wats markedly superior to insect-rrpellent eoin-
87 anti Pentamul 1211, (esters of pentiterythrital) antl position mv iEotioly available, its protection time of
SP-315 (alkali metal petroleulm suifonater) to bie time 1 -5 hours, dependfing upon condtitioins, wits nt, (-fil
most promising olf thep 48 smrfric-active agents ex- sitleretd adfeequate. The Army wawteil ain insert rv-
amined (huring this study. Field tests showl thilt pellent effective for ait least 12 houers.
Peainul 1201, $P-3IJh, find Triton N-tflt) wvrll In Juine 1914, NlDlt( I Division 1) was rpiiitested to
etquilly effiective in inreasling thep spreadhing of oils cooiperate in the research Orogram to find it longer
over water not coivered with it biological film. Over Lw&ting inset repellent. byv t-umpplyng samples of cattdi-
water covered with a lhiololal film Triton N-lW) dato insect repellents for tests in O rlando. It, wast felt
wits supewrior to Pentamul IN1 and SNI.S. that. a careftully organiwed stynthetic approatch Ixiseil

__ LIIOFC%*.Xn%% O L % t) on leadis indicatedl by tile rpi~jellpey data mightyield

C1vtl'LlAL ('AtXf~h4FR L ~)Oo ~ tishactory repellents mort- rapidly than the niethmod
(~,iI(1j fi simply testting ainy compound that might beeomo

Thle p~roblem (it controllingt fly larvae andi *slor av~ailable.
around latrines andi corpses Wa. important tot thlt
Armedl iSrvirelf in thet Patwific areas. FormiatiIIIIs I1MEL.vrs TI:STRIO oN ZRIX

entining DDT for tipe control of aMolt tlip. ue, Co ~mpotinds which were liquid at room tomperatiure
dfiehlorohexnx-nesftor 11w control of egg aind nmggots. (testing (of soisis describled in M-etion 42.5.2) wert
andl~ creosote for miwking odlor were tirvel"tlw'." sereenedl by a methodl involving application oif I ml
imples of( ,ix comweentltes w~lf-emmlsifiable in sea elf Lihe candi(bllte repellent to the( forearm f 511131e'ts

water were :4tglb1itteel to tile (liemiral Wartfar IIm l d j t'XjIsitig thle forearm for 2 nminutes suessnively
Service for field evlmmti'. to several thousanid ragedo Aevies ar'gyp'i and Ana-

,,hrelun (JnadritntfldaitsJ tit W)-30-mtinut* ititervat

03 INSECT REPE:L~LENTS tititil tipe fit bite waus .,litaimei.2" At least two subl-
jetst, were iiuel for each matemal. The promising

MowIljtit4n-leonfl ihiseL' have been it major prob)- compilounds were tested fiartlmer in at similar manner
lem to timar Armed Services, c'i-4a(-llv in aret4oumatir and also evimluatei it- paired tests with dlimethyl
of thep Unitedl Statte. Thle routine isc of atabrine phthlitlate. The( nmaterial -ompared( with dlimetleyl
antd tilt- cointrolii of fl)435qIuitop', withi DDlT and juanita- phithalatue wits app~lied tot one fo~rearm f it subhjett
lifin provedl 141 It. invalmuthh' (liting 1f~nr.fl War I1. and uimethyl phithalate waso apl)Pl' to the( othe~r
In ne~wly s(Mmfpif-l :mnd comlimt areas, relteflents forearmi. Thme materials which seemed to lix at. le-ast
ajpplieeili oki and chlothing were patrtittmlttrlv trieful ecqmivak'nt in reptellent activity tot dimet hvl phthnslatA.-
in giving jmrltect ion fromi %4tutors olf milaria and ucqre submittedl (for ateiut( tttxieity studties (35914 ml)
of hi-r diwa*Ne. by the Foxul and D~rug Administrion, D~ivision 'if

At f Il,~ "iiqtvs. olf f it( .nrm' * Srvices, at sorch fow Phtumnarolo,y,1 and fter further re-pelleimey teefl-
unew andmi vff-ctive insecft repevllento was undertaken ing (1-1) nil) in the( labloratory antd also1 in till-

in 1912 by% thet 1'. S. I lpaminient of Agriculture, fidil whenever poss.iIbl. 'rm it imidI4 M-1(1jxlts
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INSECT RKRIELLENT14 l1 17

WHOe IXass4d 110-1tst to)Xicity test, wvhooe tconiinerial the mudh higher perce-niatae of good 'js'll~euts tuig
prwittitimto srawne femaible, anti which were relatively the cointotuds zyitl(w&'ti for rep'llecy ttSK thaa (
odlorless, nonstaining, anti nlonirritatinlg were sub- fromn the comnpoulnds obtainedl in random faishionf
mittedl for Wg41ay sublacute toxicity studies (3,1) bky from variotis viources. In atidition to the coniouidt(I
tug' FiMMl Anil lrugt AdminbstratIon," anti ftir re- spiecifically prepared forw in iftq' mii'leit prtigtram,
ptelleney teshtA 0. I) 111 the field agakinst the actual Dilvikion 1)wa ble )4 to obtain tMw' generous4 eioper. C
mEiiIitof's from whieli protection was detired, Pit at ion of wwvral unulvrmity laboirator(ie iuitting
peelally in tbh' w'verad theatersof wair. Testing against tampllen of W7 comp~ounds4 awailalk tit thesi' Inbora-
different r1xvem' of mtwjuit4wes is% ne esry biecause tortes anti not previously tes4ted in Orlando; 1' of
rip-Ill.nit do not, offer uniform protectioin against. till these, 24 rvipelk'd Aedr's argjlpti for at least 1140
ti~xviws. It was felt that tiny comnpotnd or mixture minntots in the scervening tests.
which was bet ter than 6-2-2 on the basis of this4 spries A total of 196~ compounds and mixture wermeox.
of tests would be cmsuered for Ktirimiatioti by amined1 for acute toxicity byv skin application to I
I lie Arneil litervievi. rabIlts1, and 81 (In1l4-111411 vera X renM-111 10ns1 14oln-

Aboutt 5,M)N materials weir wreened as insect. re- tionot) were fond tot be neither tAN) toxic nor Irri-
pellents (alsoo testedl as) insecticides) 211 for application tating and were consideredl worthy of further
to skin, andi, of these, approximately 4Y) were found tituiis. These materialst were cearefully considemi
to repeil A riex rargypli for at least IM4 iinute.' fromn the standpoint of repellent effectiveness, Irit-
Approximately 1,1(x) '-91didate Insect repellets fir tive toxicity. andi irritaulcy, odior, stainingt properties4,
skin apjplicatilm tesAts were- prparedl by the Division andi acceptability byv subjects Weore eeting the
9 e~tit-oIs tin hils proje'ct., andi, of these, abxot, compiounds4 for Wlay stubactev 4iidies andi field
2J10 were found to exceedl 180 minutes' protection tests oveprseasf.
time against Aedems argyp6i.'*-7" 1 legnititn of rela- Tauble 3 listmsO hecompoustm wich passe the
tionships be-tween insefet-repeli'nt. effectivenes antid 9.Any sibacute tests completedi before January 1,
chiemical structure andi volatility 1?.19.20l arcountedl for 1941s. In addlition to the compouinds listedl in TAle 3

- ~ u - Tr.3. 0snIxmoiils pnsing (a tiipt fixilty tonoteJUnwary 1, 11)to).

l~hW~~l iI,,,,s,,I' Xrnen-Iwlh-nc'y tisr In elunrsls3' plluslnu.'

9 1 I~oe1.1kI 1 7 113--4

20241 Vrnopyl rinfnmw't. 8-1461 8-37) 2-1-H) 2-34

201t Imeipripyl "imitnntnt 11 211) 911I 4- 1 4 4 131)

,.13t 2-PiwwvrMeiti,,l 101-W14 IM-87 -174i*
~1ilt :( iwiI,2.. -5i~;,'w)2.dimiwilrie arid. 4Ii- 711-M11 M6-47 11.301 %1-M
methyl te,'Irr #--:.?4 097

u1I1'~ NN.,~~tI~*~ti~iu,,,te453f.4 -71 17 42
4.P-Tr 7-44. :195 4-11

41230 (vrhloo-cyl neiromi:renip 41 A1 39-57 4 .177 4 1214

434K!1 414141I'mo-t 1ot".s."sIsom "d)1"t.
I -ai~ inI,'svw eff*!JMIJI.

- ~ ~ I. I~ Awl 4,..g.A* 4.* 1 dadruf.WII
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Twxg~ 4; ('eampwndo-om hand-tow 11114lay souIskmilt tiousklly 'ilosle, O.inemnry 1,I~I. - ~
Mo. ofan. uAvo. lirftos

rqilehncy tinio i dlinotlyl p4ihoi late
Oflandn imlu lnaiie

8-221 8 7

14;g -20 to5 4 37A .477
24114 , N.4fYltylli liltfhI 4-3:1. 4-252

35W2 Dillliqnsilky Itrtrnt 13 2414 1MI31 4A30 A -143

ss:~t t,,.N.Piexlm nthle 211-2212 34-114 I11 11-24

&13t .AilsyI.5-ieliy-13-II'xne'37-214 33-41 :1 -Y.9 4_-39

0-2-12
MOP7 iDeIIYI W)nuer~uel~~~ 1.-1701 5~ 1~ 12.1 324(

al.IfCylitwity 2 -:14 2, *1242K 24
1113* ycltwely t~ye~unstyd.1'umeenlnuy~ne.24 391 2113d2-3.71 2-241)

"Cut,51.inwleI igip.~I 27 170t 31 -11)4 5-2141 7-140

4-4111 1-43

0105t Ethyl Nijnstfefnm t .- 21W 31-I10 -Z-2
44M51 4-7.14

7112* Fihtyl XN-eya ny4uxnswen 34-207 40K31141111 1-3 41-253

7M29t 20~~i M~ieIdiy~~eut7 OS? 35 141) fal4-71M

4-332 4-162

.8-220 74

- -~ 132144 2MK ~ M

flit% Inltdireo, 6-2-2 aind NNM 2011 (3 jindrs 1,2,.',1- (emsidienuiilo varizitieh lit piteitficn times wax
tetnipin-2-ni+phtd and 7 parts4 2-pbenyleyelo- cohtii withi all of the comimnds Atuind tit powsem

tests. ~wIhielilha~ven iiinixtil asdletlrmfiflifg tltsi I)tf1.
TWile 4 list% h nii 101 dtate inw.e-t aeiellent4 tin tuh time if it ni'ju'li.nt till' -.pe-(ies 111iet (ltinflitiI(ifo

hatnd att fltF14K aund tInel rg Aldministr.ititon foor tIN- noestsebitto, subhject, temix-rittun, Iioniility, 1ernelitirin
illky Sii14Wigtt' I41i-iity istiiit :1. uif Jatliwry I, 191lit, 4)f the skini, nol ianiftimity spf apiit))iftiin. I~s hey
Owii ex-liiitil'h4 il- wlit-,W~l still it Ise cstimpetecl. skin i~tlesariw1 is peilstlty flit ost itullortuait fartfor



I%

in limiting the protivtioti time offrei I~y 1c5KEtoui RKPLLKtir.11Mn 4.411taae msinil frt

whieh do pootos rvtwlkhnt properties. The test results miming. leppellenry datat from the. field aigainst at
obitained In tOe lun~ory wit~h Afex rglpti weir variety f mwulttws* ame rmWet In tirder to evaluante
qutalitatively reproductible, and1( generally goodf vorre- admlttately the randitdate inm4c repellents uneoveredi
littili Was 011W111441l With tIPAP test4 and thosei in the during the courser of thiso studty. The available 411%11
field against tther -11oeelesA, inc-ludtinX A nueoqihdN. " indicate that several repellents have becit fon

T1he loratory method was- refined tit the Naval which arne longer-lasting than 41-2-2, although the goal
Medlical Ite.sirili Institute ait the expense f re- oif a 12-houir protmctioni time ituder anyh conditio~ns
diteing the, capac-ity fir making tests, Wsit the range anid against afl mostquitovii still remains to boe ait- I
of repellencyv times was significantly decrease.11% A taitied.
numbier of promising repellents as indicatedl by data
dleve-lopecl in Orlando Wiere evalluated oin ,.wlititing I4Rr.L:Nxis Tst~six f ('wrru
suibevis.144J NM 141It 2111 (3 purts 1,2,3, W-etraltydro- Abiout 2,50) materials, chlIefly solids, tee estedI
2-naphtbhol, anti 7 partsi 2-phetkyl~elehexanul gave in cloth for repellency tfo inicate their vutw for Im-
prote'ctionl times of 3 7 hours in the labooraitory andi pregnattion of clothing andi fave-nets andi also for use t
tip to I I hours in the field, whieh are longer than in solutio~ns, sipensions, and ointment-4 for appliva-I
2-phenylvyiclolieunol, 1,2,3,4-teftahydro-2-napht ht, turn to skin.21 Litquidsi which failedf to pass screening 1
dimethyl plithalate, and 6-2-2 offered lonH Other tetsit for irritancy wer testd for repellency in cloth.
mixturesf eontaining derivatives f 2-phienyleyclo- Thei test methodl involve imrgain of womens
lwx,4o Sad 1,2,:3,4-t4-'tahydro.2-npltlusl gaive menrceim ittorn hoote cut to fit the forearm antd-
equtally goodl results.'"' exprosulre f the clothedl forearm alternately to caged -

No repellent effective for t.t least 12 hoursf again-it ih1d..,e rnepypfi andi A PeolAexa ginavrinmridanfu.2" H A-
all speiesof mosqutito and under all condlitions was postures wvere madle daily for 2-minutte periodls. About
discovered. N,%or has a definite path leadling to the 10 per cent, of the materials scereenedl wevre repellent

42-hur epelent been indficat~ed by thewe studies. -- tles ofy against Aeriesargypti andI about
0 Mot of the compouinds giving at. leaist 3 hours' pro- 2 pe-r cent against Anapheles quturiniaaeelkhlei. Ihe

tec-tion time have booiling points Mbove 250 (, sand screening tests wvere usually termitiated at 10
none of thewe is highly nonvolatile. It wvas demon- days.
stratedl that. certain families of compoundq contain Of the' 2.,;JOo compouinds, aboumt I00 were synthe-
more repellents than other families. ('ontpountiq con- sivedl by Division 9 contractors for repelleney test-,I
tamning two groupls regatrded its conferring t-'je~vnvy ing "-1 and 1.38 were obitained from univrsity
when present ideme were generully totailly inac-tive. laboratorlest; 171 were repellent tot Aeries a'gypli for
Pssiyfut'tlionl molet*isb..s were more effec-tive than at least 10 dlays. Among the, compoundslt Utstid f#or
simpler structures. Among the classes oft compounds more than 10 days, X-et.hylaetanlide andi N-propyl-
which %ielde am i sttabstunti;' numbetr or repelIlents ar acetanilitic are outstanding.17 They were still re-
amifdP4'sterK, N-subst14itu.tedl anilidesl and ainiels, pi-'llnt tVai Arden ailqypti after 35 daiys, anid in 20 per
I ,3-ditls, P-pdsc'nylotlannis (including I,2,3, 1-tvt ra- cent solutions in dimethkvl phJthalftehav 1VOIass41
hydro-2-napht-hol and 2-phenvleyclobtexanol) adkoxy- acunte toxicity tests.
henvaldehydes and hivimxhovvsers.17." V, Use of the bietter solid repellents in the form of

Termninattion f flit- Divisio'n (1 sttiieife on insec se- solu1tions1, skispensions, and ointmnt?. for skin appli- (
pelIlents shortly after the( end of the( war with Jlapan cation rematins to Is'leqatl evaluated.I. VVI11 'L-4Vcra of
didl not permnit p)rpatnttion oaf samnples oft several the solid rf-pellents in dimetityl phtthalate e'Adiit ion

4. compound1Hs e,.n'41elcredW4111 wo tit of acte unilI (Mt-day offer longer proection times in skin tiplliention Itests
M11Ulsaette toxiCity stu~dif-s ti; uthwr.I e test- than 41imethyl plialate alone. Impregnation da
ing. Some tox~icity stuidies tire in prcogrs.s 1,2,3I,t- repellents in clothing and in both clipoe- and u~idle-

1etu~ydr-2~i~p i t ws suppliedl foir extensive moesh aets hatves nrelered thp-R. artic-les rejae'lle't for
field tests4 .1114 alaout 110 IStloois of this comnpoitud el Nri'HIs, ranging froam I week to 5 inuatis.'" I low-
hsavlxtbn prepa:ri-il.'7  Smaller quantities (2 1 ct-er, instafthient rpellt-ntc and toniicity thita have
pound-osiof otheir jpr)mising materials weir soppliesfor boeen obt4,,ineil tip indicate whuichs of thte iat'ritils
&.111 tests lay tlt-e Army, 'Navy, thle lBritisha, JDe'part- t-xitined it) clttce ti be Iist foar imrnsfatiorn of
mea-tt fgt-it ziutut, and I thee of Inter-American clothinga:nd netA.



%11. ItTlC DES -. FIXATION ON AftA-r it mustiteilioi of Ilhe realuir-eaugts for a~C(YT() lA1KI ralataiifil its illdieataa41l y fte 1Fish and( Wilahlire.
I Tt'w-emtrol of menth typhus, w~hic'h bi tfllnstitteil arve re'presentative anti of fte toxii-ty dtali, it

bpy mites, was a acriouts protblem to the Arma I rv- nuinf iljphsl -l'rcntniael ytiime in the Pawifla anti the ('hina-llurma-Indja Itiea~frtsig.Smlso hs opud
theaters. No sepea'ifIc treatment faor the alimspi a pi anal ttheni were' mitri'ttcl byv flit Fish and Wihillifa
available, luut prota'rtlam uw oftaincal by~ Imme- ~le nlsmlso t opud eefrihnating clothing tip lie worn in the endemic areww with fait ortenng tests. Among te 114 amal 441111011e1A 4 ta'444
flimethyl phlthalate, which hadl been found to 1ptw4 lk this Division was soilitum tittoroatwetate (IM8)""
mitiajalal actiam. Thie easmy removal of dimethyl which proveil ti) he anl outsetandling roaleaitiajale.
phit halate from Plot hing byv rinsing in uittA'r indlicatail Alpotnt l,WNX) pounait of this complouind was suppieal I
ncel for a mitieide more fast to clothing or means to frfiltetsythFshnd1llf erjAn,
htind alimethyl phtiaalate more firmly tot fabric. Navy, U. H. Public hecalth Service, aia other or-

Avariety of materials were tatualieal for their IPiniziatIOlipM The lpreparation, pihysicail antil cheical
fixistive power amn dimethyl phithalate in fabrics in pra)Iertkis, andl toxicoligy of moalittm fittairoacetate
oruler tot inereasep tha' resistance of the impe~gnata'al are summariucal In C'hapter 10. The realts of fte
dimethyl phithaalate to leaching bpy water anal fildh tests are reportedl elsewhere."
laundiering." Ther most promising bina lers found alir- l~everal comploundsi were foundl to hie slightly more
Ing theta' studies were plolyvinyl aaetate-e-hloro. to)xic top roaents (Chapter 141) than sodiumn Iluao-o
paraffin anal poilyvinyl acetate. Fabrics impregnatel aictate; however, the latter ias easier to) prepare anal
with comiiiaims containing alimethyvl phtiialata' its toxicityvismore than atlealitate. iHampleviof'2-ahloro.
anal theme bpinaerst were still miticialal after a 184-hour l~ieh~lmn.kehl~rmeie((astrix gif,?-
rinse anal ame laundering, whereas aimethyl phthalate korner) 24 anal aaolium pmdlmefthlayiminthnueiiwo..tY)
alaone is removedl fromn clot hing bpy one- latinak':ing or mulfarnate,2 which were, regardlal favairbly in 0-;ar-

5in less than .0 minutem by rinsing in cool water, many as roaletiiailem, were pri-paira'a.$areuning t'estis
Alitl-lales have been aliseovereal which, when im- for taixiadiy to rats indicateal that these vonimpoundals it

pregnata'al in clothing withotit hinaders, are caon- lessa effeative railentielales than satitum fltorxpauatte;
sialerably moii're mistaint, to re-moval than even thc however, fte toxiacity data warrantead the preparation ~S aforementionedl (atmpositions.P If the biest of these of sufficient qantities for field tests.
mit icicles are found nait to last as long ats the elot-haipw
itself, their use in aonjuna'tion with binadars should ha' ('tI:?dl, ASSAY F h11mn $qita.
investigated. i.20 hits of real aajtill pjwclar tire usuially tetital fair

42.7RODNTICDEStoxicity tot nats beore helaig formulateal into hialts for
usists rat poins. Assay is nivessuary hoeeami,e adiffaer-NiFw R41DYN~Tlail*:i ent. lotse vary coinsidlerably in tauxicty. The( biaiusaay

D~uring the fall aof 1943 a reprettentative aof the U. S. proccalure is costly anal time-c-onsuiming, anal the(Department of interiv., Fisht anti Wildllife Service, results seem to vatry markedlly with thle strain, sex,
hkAtnaimir Investigations Lalprntciry, requestetl the anal size aof the rats lical.
cooperation (if NI)R( Division 9 oin it r'ea-i pro- A limitedl search2 wits madle for aiaenieAl metthodIsgrami tao findl new rocientiviclep; eanprior top theses' avail- that might be suitiile for it rapuid anal reliable assay
able tit fte time. This requet waits made pimnarily orflit- pirincaiple In real stlutill whia'h is toxic to ro-licause it wats frlt. thut ft eons4icerahla' ampotnt air aients.10 highly toxic fractiaons were isolateal from
toxieity 4111111 whiabl had lpeen ala'velpojwal within fte *tmples oif rea sIu*jill; however, attempts to taurreltteIDiVisjon ill ac11iNation Will) stuldies ain candiate the results aof aquantitat ive anitlytifa'ul procedures Ulf-ahemiral warfitrt* ageuts might indieate new roalenti. plied1 tao fte various frac-tions ati samples withdales metre effective thtal thle stalard roilentiili-s. Niassay aleterminatiams4 2 were not sucecessful.



7- Chapter 41

SYNTHESIS OF ANTIMALARIAL INTERMEDIATES AND DRUGS
Ky A rther C. Cope

43.1 INTRODUICTION to Ie, gI-AbIIAKhet in the oisen fitelntimn, witert it ea s
?N JULY 19414 work in pso-'en tabrories of th Iticatool throtilth referene t tHIP olliliIV'tIdatn
INationuid Iefenae fleinrelts Comitter mi)IC m~r-tuthisors. 1he followitsi merthint voinwimmilittot

ZPetioms 9.2, wai iliverted1 whollyv or in part from te~jnnt htwr rprd
chemieuil warfare- prolbiemit to itheuisius of anti- . 1NEI.DA SAN))K S
malaria inaterinedliatt-A and druw.. Athorimition for PREPIAREDa
thp NIflc eotlmttors, to partipipate in the malaria
wnarism of the Committee oin Meinta Inarat 2. Rff~eW~fA anti 14.
E MIt] wow arrangri.Iv hy prestntatiett of tie two Ataii

W eoi.Thnonli tis atlan~inent, thwe Ex~Nri4'tt raInj 211M
ant a nlicjover of the taNsoritorie,4 rmeernea fur- 14ginulsw 10mivi.'twllowite. VA a1
niuehed an) iulded ionpetiu t he mlaria prigram, IInumlnm tlsilue 4,17i!12. X
part itnlarty hky synithesis4 of ueomr- of the intermedliateu' n-xeo3llsma- 
needeti for prepatrottlim of the more promisinag dlnugu ate. *DTetInluew 370 it
matete for elinical trial. At the sanC time thy- pin 2l-t'thdvamnii'tlhI4tiiiiiwl hy.

(iln*hlttldi' PMI X genotieel the NI)IU' lilxsrattriest to retain their per- Tel miytiOnistihliWnim .57-11 x .

imin.I nudi remnin in it itantl-hky ('ttilitimi wiietbvIiijwitltiw ,IS
wouhi ;wrnnit Imimecliate reumptlemn of work on 2
chemical warfatro probleme in the event of initiation .Irrnta .* ot11
of chemical warfare. On September 1, 1945, thamion Teemyelupleuuntlau.4.edehyli.1.343arematining $ection 9.2 eott s~u roneernel with the Itkblnlimwntnl~zn 1,002 It
malaria pripgram wePro trnngferm i t CMII11, and d~~ynmuiltluu~ ,N4
rowmph'ttecd their work (terminatinpc I)tvmlxnhr 31, '.fYIdtultht41,5K

11.ebiay2,or .. i~ 31, 196 tiut-r ('NIRI I1'lstf'1441III $22 X

1he following universilty lidionsitorliv participatd4,IbmIt'4ou4lttiti MIXg
in the( prtlgrn throughl ('ontractst with tive offive Elf MIItaguloesnnlhArie PCh M
-%ientifie hteownirh andsi )e(i.~opment, its4 lis441~: Lni- E~thyl X~.nwzn~u2ec~nd~e 11
voru'ity of Wist'cnt 0(lMer~t E.Aerirt: Nitnuiwnetlayi Isms1fI~

State Universeity of Iowa (OEM2r-223, 0E,%lcmr- 2-X3~~w~14fu.atIswaIIM)?
W11); Univers4ity of Illinois4 (ohmisr-3), OEmi-mr. 2-Cialcma.I-nintin.2snb'oh 2110 i

A70); Itowit.Stati' (ollrp Oh ur9,OlIm-45) taaftItttu~ 71 X
t'nvivty Eof NE'hlimiskit (I )ENuer-4, OI ) cnir.51i6J s4l~rInnl~w tol 2(3)3
Northwmuteni University (0K',tur-l: , OlEMenr. it.~her~~~l (kit
5631); Indiana ltivemr2tt (0EN~ir-195). meeimir nrill 2(X) I

Unt It'r Ithow t in 1 it t it stil of 95 attinilanial in- Ethyl my$nge Xal~ot .N
tt'rii'ditt'u W 12 atmigs wo-n- amyttheuei'4I, in Ejttiiit

lth-ue vitryiho fron I it top 12 kgt. lit tulitiom, p,.epriEs 3. Ifftivu.rro ID ft Ill.

diE-velopnEt woork wit--ondultti ors thse my4it is4 itf E ata etIy'c ta(a~gi , 1
ae'erleonjlunl.' its it pri-liminary tis their Ipreputnt- 47I)aaanqaimein E~~l

1 iouh Ei' it huim llmmfltolrV, puit pt. or)14 niumtttncttr- l)i.Ii4 lt yElhI 7,1l247
itig Sm'ile. I h-nilues of tilE' elhemit-al wo~rk cooleilt2II'uv.,-ha'aanqalediaa 11,
1it- the p n.rogrami ztpixar in progrs's repors which 3:Ist.1meahaanat iv, litK
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Cheicial 00. elal Imwtuet).
AmniAlg m.. A I'm vittriuity aninmonium alglnalp. p.IT lrelhc...lIm lnl4pclwhsyl
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linu. %ot tit se itleAifirctw.thTth groundimontayintarlmilamid.
inut. Not14SMMNAc to. heclmlioyni Idniad ihtegrudemtmnsiomon).
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P-1. D-irpeya~~nphlmue.IP. Triphlornimethyl ehionntormintc (diuhosiuee).
HAL. 1,2-l)ieawpeimcpotnell. l)P. iihenyl ether.
111W. ii-Orliarn yl rani%. l)PF. See' PV43.
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A. I.. Tanilelf.ttaed It. Joaaim iea.Jne, 7. 1144. Cr.iNADI AN IIIEWORT.%
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e.W.l1431. I~o)M$$e l'aeenaaee of T.".7. lky N.K ince.. NMay 17. 1143.
Adlase rnd V. W. Itiolam, $e-lanmlaer 23,.1144. 1911. f$cak~i~d Tremhiial Mianaate- Sea I6. P1hcvoiolc.tiral resa
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9. 094111401. I'arnttiuntrie Titratiso .Sum Amovints af

114K tBlike, F. F., anl Zienly. F. BI. A..Ie s onef~irs. fi1l 311. IfS, RD) or IJM, hi) J. 11. Niortlirivii, Itiorkeftler
J. Ain. Chmn. Air.. 01, 771 (I11)). lostittile for %a'alirml ftwonereh, Vlmeonry 21, 1142.
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14, 01,1111) 40. The enelie ap- aipl I komoof o1- lerimit 33. MI411DA31. Tlh i Rote-limmiit by .1*- SIru.if) ih Tlaiedae.o
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I 'esiveraily iat Ii loti Altril 1.1, 1942. )iv. 11.213.134-12 ivS. 11621314.4
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liteoreaan, Alil 21,. 1142. Div. 11.2.1114 11142. ilv. %1422.P6?
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SEXTUET



- 3t~l.I(N;RArllt118

by K . fill Pisti Na'nctrn' sumTiipany, Maur 1II, Ilam . . 1. fil Iin u tit- Newtr atu Ctminy
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n. $rptenmlwr 1043. C. Aptil 1943.
o. Opioloer 1149Ag May 194.&
p. Xisvitmlw'r 11M. It. June' 10A3
q. Dhe'emiur 1943. 1. July 1143.

it. March 1944. k. l'tv~w IM3
41. ('eoiree' f)j'Mpr.I34, tUlve,wlty tit Virlinln Joiits 11. . lkqmilu'r 11M4.

VOW, hId. Monlth, Pinog. teli.In. I'e'miary 1944.
x. Jene' 191. D)iv. 9-422.7-M3 It. Marclh 19,14.
It. Aelmiusy 1144 ft. Apri 1144.

42. ('emtract O Moor.13s Neorthwemun VIive'nsly, ('tarint I. May 1144.
1). Ilunl. ht. Mnth~l. Prism. lIe'llits. q. July 1144.

it. Mny 10, 1144. iv. 11123-Mi . Auguuet 1144.
Is. Jue' If%, 11111. 5I0. Cultrl~ 0Isr-1 124, Mte'rk anti ('e4nIspnny, Karl
e. ltnal lte'porl ,Iote'l Not.mlu-r 23, 1145i. Posliw". Inf. Month. Ping. lieptio. IV. W1)45-Nt 12

43. Vionmet ()EMor-311 Mianfntm UI'vetihty. C'. It. NeAhlr. Is. Nolvember" ID, 1143, .
tnt. Math. l'ruag. Ilept. thItedl Jun. 1144.

44. ('emtet 01' Mer-Ifll, M 11,ass intan'h uili- UtwarlISTE'1 ST4 TES .ARMY RET'ORTS
thin. M. I.. Wo0lri.l. tn. M I'ng. Itepwll.

ivy. 9-11.1N In 1. l'nlvn'y oft ('hic-niv Ternk-ity l.nlmonatey. Int 2'emIbl.
a. May 10, 1143. .Pnag. 11111. NA . litm'ise 15. 11431.
It. Jine Ill. 1143. 312. ('WS' Afantlly l'ngn''i htpaint im lumec' ani Itelnif
P'. Juoly 101, 11113, ('unl Nis. 0, Anguwl 114.,
d1. \NIC 9:2:1 it. ii. Nei. 3. I'n paratio. of Smer

th.'.ewlarrx qf aIJ'.wapAm.. Jully 1.1. 1143.
D iv. 01.24241M Ir11~I I~ O T

a'. \0)tW 9:2:1 Idt. Itejat. Sto, 7. TAV I'rrpeneato of
#1all.mpAor Oxio. amil Ma'-loa~-op.r ei hr~w )tm, rmaalSe~.u 'iict'-
voinilo'r 24. 114. livy. 11242112

4.1. C'.mtrurt OlENIor-~11, loelbini l'nlvaiy. It. I1. Sthriner. 513. Pwal t ern ?.t..n rnc a Not. l1. Claaifrt 1451 of Coe~am nsmi

tnt. Meenil. Ionic. Reapo. ,h:,aa'.l %Inr, M&43 p".rWairnuI 1"pinniraalu SVidre II9K. A./fii.',tu I. to-

441. '.ounaw.0l.Ntr.22. $Div. O.V4 1%i &4Iaer* oil ('emgmuaal a msml fit I'orlon dead f '41wh'ietey

40' . "straugu lt.%fpgr m..I 1,~ ftrsis(~ low:.. 0earwm front *4tr#Ormh.'r 190~ to, Fa4,runar I!ftt, (a'to!mr 1141.

it.Aprl 1111 rp 3fIJ1
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M3. Cambrike lExiramunaI Teniinx-tiathm (Fc. 1). Adiazn) .01. Porton Redl IUnK. Clwiell Defrece 11thee.ac Ih)imrt.
A. 7Z30 (112o0M1). Mremninee of Four Triat!l SUPsj1, Report on the Cheueistry and TauuiewlnUM q (rrlie

HI n~aierm, If.,. KiIlby, noa n ta,,rm~ Thorllwr,CNtDIN IOITA
Ih'n-dwr 13,11P41.CAN AN REO T
XZ.81, IDdraieation of thel.., (Mire') of Certeuin 

C

Qemereenaey Saetn (I), by It. W.rnlh, It. A. 00. I1ien'r'h *tieflo Noe. No. 32. s'labilil# q I)i#Atiro.
Killky, anal Megan.im Thaelwr, January 4, 1140. fovnea.,inee ( Vhonane imp) in 1)yeae Safnn, j. W.

XZ.32. Kjaiaion ofdi(Ohlonthy)d hANine Date Jueit 17, 11144.
JHydrorAlaorialr, 1wv If. Me'V,,mbp H. A. Kihimy, andl
Msaprt llier, Demir.. r 31. 940. OPEN LITERA Tl'RE
XXI33Vtroment en the4mm Moni nth' Work, by It. ft I llowkeguImel anti K. K-aunwnla, [herr lruelaAaehqer
Me'(milo, It. A~. Kilay, nml INmnr 'n liea)r, Xt', Mw., 411,7-30)(11131).
Janar M. 1941. M2 Gunlhawr Knairt', t'be'r de Binwichkeeng an Haorm nuaf

b. X74aII (VIfl6N). The Phnleigal Rzamination of Knlqeksi 1W',., 111, (03 (NO (11)32).
It.A ia'l l lcenenea.ne l by I.M4elf, V.I.Muae' Iytwand NiiPnyw'riltv of 11. NPil1e (luaam,

I).~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~nlr 1.KhaMamr' ~laanlI.V liiil'e , 37-.M) (11411.
Ni~yttuul~' 23.1141. ~ Oil. WIlheilm Pradlil natal Wa'rnr tDnllfiw, ?'eet, da er.

e. X1144 (V. 1IMIA). Third nitwy 4reeinedhemno elun Dirkwle-f mgim (P'AOugn-oie) emne

Caleeatr anI.A. lfll'a ('eml eui, 111 K.P imip. 1hree. Iirirelf, L miliheil.: ('bee 8w; Newr I1krilte.
C'ar~~~~~n'n~~~err andesdrp Her.Kty )eeuw ) 14.e ~ ~ 3'', 61, ?A4 -7111) MIMI3).

d. X2.11 MUM(V23). RMruminfin of Wnadhylamne- 0.rai~i al' hel'cfe.,XwYrI.Vf
seiphunj Chloride and Pleww ide, by K. J. (.arpentte M Mnl mark The Wnc. (11) Nw3VA9)..va

anal It. A. Kiltlir, Mfnnh 6, 1944. (M. I*$.P. 2,2101k 742. Pearemee foer Inyteallaow qf lhaneee 0
0. Z~UI(31)1W).Ta.,Iei s"Waiwino -'0 I'a*a0f ui. 1'. J. lu,,n nt WI. 0. Wnlks'r to Amidl ('end.

CaeNoeandot, lky K. J. ('nu'ner anti It. A~. Kilbky, "It Olionumy olf N.lndowtir, WIK., (h'lawr $7, 19111
Aiagun 24,11144.

A. ('Amliw rUnverily (11. WMc(ub)
a. V.1307. Inteim Report on Toxic Leef (Comepounds.

Repsart No. to, bII.m aVmbenl .. an Chapter 15
dert, April 22,.1041. S FR A RE O T

1). V.38"). 1. Preparaion of Taic Wee Com pous ofORD O M LR P RT 0
the Typip 2.'DN~~, . Prepearation of Aryl 1. 08111) W5. Ant~pnt 4 Inhaeeeeueme JAak., by V. K.

Iee 'eltn .rpfrmllin 4aeeee (Prornie Tin Caem- Lames .n1A I)NwlfI tMfal"Ir. 04A~lnbl InlvewIy, Nn-
penl.j.(as) ilmoeereiam 4 Tholiemm Coeuen m ds vemlr A, 11141. INV. 104.1Afl.M

of thr Type R.T . (b) Prgeereal io of Mercu"ry Cone. 2. WNit 1) W1. llepwt aw Prealdien 4 Smoke. of Ilo nea-
lbecana f the Tgfpe Rl.X. (r) Pnepratiw of Toxic ea04I'eertir'lf Sise foe *mning Tesls and hD"4lpnornet 4 ~ 4
Himt ad Cirn paeaim. (at) Pip"Afn t intiniae lkteajnw Theenutlg IDinpene'el Seml, by V. K. leMer.
Aetae,, by II. Me'(,,nil, anti It. C'. indlero, Oou m l'nlvenlly, Jamginry 211, 1141.
June ft1 1141. INv. IOMJfI.tI.MS

e. V.13071. I',etwetien 4f Dirhlarirannhyl Rikr. 3. 081? 1) 1608 A Portable Oplinel Ilduent far the I'aetirle
)inwh,$l PsomaAinaphele, andl DirA lee4orml- Siva~ in qmoke., the "Oeef, anal anm Infrared Haeeegepow

4"zinee, lby 11. MOOD('APAntbi It. C. Snunula. Arnwil (Jeneetlen by V. K. faler ardl Davidl Rlcair,

Omftabee 31. 114l. (1ashamila UnIvraolly, Ai~Wmt 24, 1143.
i. X201I (V. 17). l'hpeidegirwl Tee. an Five INV. 10-301.1 I-M6

(Irgamn-IiAN1edh Compeegodln 1wv F. 1). Adrian. If. 4. 0111) .144. A Iepee' Train Vmf#l~ #V the ('eeparmlisv
Meda.nlAre, It. C. Snuntalerm, H. A~. kiIl, nal %far. leraiwyg of ilermorel and ,'4erral Roer A einen anal
Orn't Kilbky. lat..enlui .In, 1141. Sefloan opn Ilnng Akin, lay Anlai Illark, Kennelh, P'. -

P. (V.13031). Repaid .o. of an Paearoedadrn anal Allittl haIM&, and Meirim A. liiem, I nhvaemlty lef Oltrao
('empauicea, 1II M('eM~ bk. and It. C. Rmimnd.' Teadaity Lnlaamtay, Aatmaat .10, 1944. IV. 918-31.14Mi
14'animwr 30. 11)43. 1a (MID11 4176. Slataa Report an Toricitg anal Vesirent Tent.

5i7. In~x'rinl O&lWr sof Sciene awl T'clnedgy (11. V. A~. of Ceoeeapenenala efreral to the Umsiermeitg 4 Chicago, Tor'-
hlrln'ewiie'ily hliAV0Amiw, Iky fliylatat 1). Vinig, I'tilverily elf

(W.1t5). 1"i'meeinal .4nnenet 4 the Value of Flee- (im-g Tesimirhy impatruleary, (hilwr 3, 11144.
primp Ceaepee.n an C.11'. Agemin, by 11. V. A. Itrineu. I)IV. IW*N11)M4

an I. . nw,.gn $i~erlwr2, 1942. O. (04111) 41147. Pe'saratin anal #'aijmeIf A .rnoeehesen
Am1. Ianqwnlnl Cinhv, Lonndeat M I M. 11..l1tmm). 1W, ley .%Imao, 11. (ewwln, eAtlly 11. I1I.kk, .1. (lord.,,.

(V.h191M'. Thke Itraoeinaulin eel.Ve'thyl m.Proplov Kea On, KrhiInl wifire'hn It h Ielae*Il . I~er lvn ..nen (lihai I4
lly 1. Md. liItfn.n. F. It. It. jfJer,. It. Caeh, (1. L KAMo. K yli hMlttea. andl Joew~lah Walte'r, Apil 23.
It uq. inal W, Wilmm.n Jnuary 21, 1942. D13.ilv. 911-IM
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7. o$I1I) ma. A PFewmal Asialyi o the Aditu iof 4 14.oid1 7. (O.mtenct WIlL 574'WQ43. Universiov 4o hia Tom,-
Vretr""11 n Rre NintoyIlelo i Itl, Wtvr- Iiy IamoInrt. Iteport Ni41st, Effl ofa Trisep. ratuic,

isily if( (hirtWi Tookfl t ilns..rnitury, May le, 1145. Ifsumifflty, and Sraovn on the Rewtifua elf HIio Skin to-C
N~ ot~tl) 519. ( mA~oaaoDiv l~l. 1 .12 Vsealard I'spow, by Jtohn C. Tristel and Jopulin Timonitn,
K 0SD 11111. Ofew" outs an hr a H'.fI1,p in the, Suit. Nolvinitir 3, 414..

reptibility e4 Husan Skin to Venirant Vaparot, o1 ltiemw 16. Onlrart W.49.05?.VWI423, Uilvervoly 4f ("1.1Mw.l Tox.
It..nolhaw, .lsaiw 1, 1943. INV. 9.3I1l.M icily Litlosrntory Infumnitl Mointhly 1'nrorm ltelvirts tin

it. (NUDI) 14 Trastn/or 1ravirattry of Human oSkin to Jan.- Tojieitiv and Irritaneg (i Che'otm Ay.to o.
ary 1, 1114$4, boy Joplin F. Thtnsota,, lleiyI..nde. 1). Yioing. a. No. N.H 2, May I1. M.
Juinepih tlavitt, hitgw'ne (buldiontsr, Ilayvistd GI. Murray, It. %fo. N.M. 3, Jew.. IA, 111.
anse PetIer Dlinls, Univeriity of Chicag, Timidly c. %4. N.M. 4, July 111, 1945.
Labaltory, Joint- 1. 1045. Dilv. 931M d. Not. N.M. 5, Auguwel 15, 1114.

10. 01,111I) 3l191, Sufrvw of Tozirit lea of Same .W AVOnswir Pn. Not. N.H 6, *Hu'pin'enr Ill, 1145.
('arbstmalca, leyi Williln It. R Ik-r, C. F. Fnik'y, and 14. K f. Net. N.M. 7, Octoober IA, 1945.
Gintilsir, 11iertl i( ChiIc Tot~cily tLboratory, it. Nei. N.M. 8, Ikeemlwxr I1, 1945.

low 2,95 IV. 9-32.,2 hs. No). N.H. 9. Pelmuairy 15, 1W44.
It. 04111DI30. Supplement to OII f17el, Sitaso Report ono I, Not. N.H 10, April 15, 19ota.

Tkoirity and 1reairant Tedst of Compound. Referpret to
the. ltWiti of Chiroo Tariciti lAboraltry, Uniwwltty BRITISH REPORTS
ofl ('IIcwo Tauitiy lalratiory, July 41, 194.5.

iINV. D.pp,.y.?) Chem~ical Dv'fen Ex'perimetal Station, Parton
12. 0410) 515. Teal.it ofg Various P'reparations of W: A 19. CiemtIcal Warfar Astket .mvk - Il.M.14.O., 1942.

('em parimm. of Tririien by lnjerliin and byg Inhalation, 20. Psiton Memorandum No. 25. The Sampling and A nalynia
bty Morr*s A. Ulits, Lawrence Ilonkin, My"rtlere. of Initial Cloudtoblt leier?,. 1943.
ntt~il IN (16114 (la'nn. Lu,4bn..ghth I'nlly off ('hivoWt 21. Porto Repoirt No. 2M12 fRental 4j Wo'rk Doner and R&.
Ton~city fLbortory, Atnguul 31, 1945. ivy. It41.M 4'mdts Attainmt irih Glan Ba..b. Mk. I and It, October 1,

0I IFORM L R PORT22.Pions Rteport Xo. 2W9. The Pnmod..tian ofPort icuelale,

OR )rD -32 VnNFORMALt REoR heT oxic2t Clouds from Beook. Padt 11. Comnparia EV Differcnt
13. amtact I)Cc-12, lalw~nlt of 1.iawn oniity Thirkne. of Buretter and ('gje., July IN, 1942.

LaM111tory. lnfill"Inl Monthl Progrn Rtepeas Im 23. Pnrtimn Repoeft Not. 246&3 (1) The I~ard w.ero An
Toxicity 4%f (liemsical Warfare Agral..: fiv. 9-125I1 Apparatus far Sampling Solid and Liquied I'ertirodate

a. \ IW 9:4:1 M. .Alnve 10., 1943. Clouds. (2) Addenum 1. Same Impraurments in the r'ee-
l..NIIIC : \toN.. 10, Noivernber 10, 1943. .deImparlee, lettembier 10, 1901.

\1 N)11('9:4:1 \t.. 12, January 10, 1044. 24. Po.rten RetrI No. 24R2. Diaperaos if Paril uate Sum-
it. X011('11:4:1 Not. 13, Pelmninry 1I), 1144. peanastionnfe.11*44) 1.6. IlK. fhem. Book~e Drpp"I from
P. NIWt11:4:1 No.14. March 10, 1944. High. AlliS mie assent at o krost, eimury 2A,143.

f. I1C 9:4:1 No. 15, April 10, 1944. 25. Peorim Iteport Not. 21M7. Drop TrapMet a.foe the (*hem..
it. NIIC'9:4:I Not. Il61Ma 10, 1944. hIal Samplting of Initial Clondat, Atiguiut 20 19431
I, NIIIIC 9:4:1 Nof. 17, Jun.' 10, 1944. 26. j'srlot Re.port No. 1'N1I. Totrity of Partimdate Cloud. '

1 . NIOltC :4:1 Nit. IN, July 1(% 1144. it HA'J and ff. January 2%% 194.
j.XIItC* .:: No 0 l'lm-r10 147. Piern Repoort N\ 25412 Tforilt 4f liNt in Droplet

ke. XII 9:4:1 N.,. 22, \tiessiwiwr 10, 1944. Fornm, November 17, 1943.
1. NI)IIC 94:1 Not. 23, IDenslmbr 10, 1944. 21 Firon Report Nos. 1191. Nan. Filtration of Deepttta.
inr. NI)ItC :4:1 Xtv. 24, Jatntiary 10, 1945. Prd I. The Fruit ration of (lands q/ Fine Drospleto through

*14. ('eontvrt OVMstr-1012. NIlC Mitnititinve l)velilopnt~ the Vone. of Rialn and Rabbits, Felmiuary 16, 1944.
1L0moratiory, Italovenity oil Illinois.. If. F. .ihnstin.. 29. Forumi Re.port Nit. 2100 (Y.233:3.). va"I Filtration Of
Mfiily Prowlin firlsoowlN lfly. 9.t0.M3 Dremotet, Felmmiry If% 1044. I

a. Atsgua.t 1144. 30. Isiotiom Ieporl Not. 2611 (ZIM). The Applienlion of
It. AIIWFI 11115. Charadreet e ler tokte Bedimifatiof losed Sam plea 60 Cen-

13. Contrac 4W M %Nrl4 6.(oisslvn I'Mi mity.VietterK. .wde Impartow I'lira. April 21). 944. m~ ein fi
An. Inatitrumet f,, r Rapidt Determinatimon 4 Partirle a. ene, 114%.
Riadio#a and I'onrrnlrOtion its the. ImtOratory amid Field, 312. Pin. 11111 (T.1 14014). MelrI of W~aing Ie Iiatri- i.
June, Ill. 11144. D)iv. 9.414.1-Mi1 bott ios from Cassrode Impart.e, I'Iamtroa Without th eff#,)rw-

IWITED STA1TESl ARM.Y REPORTS .13. 14n. 11111 (I.3911N). 1ntut,'fer thr t 'ne #V ('nadmt
C~a'nieaw Warj.~ra~Imedr. Aptil 1, 11944.

311. 111101 '2 and AdIervoIa ($.O1117A1) ($.NNMt) (.13
I1l. TIMl111 'aa~rhmo ~rae4~toteAm (1) The Chrominif Selrvtw. U.) Aldendum. 0)I Thr l1rtide:

Potvro.Apil 6.1I3.Site. C&ItDJ in 1t Chrmsirat Sr-looer, Jeu.' 10, 11112.
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716 1111111-14RAPHYP 311~~~~P. Pin. 170114 (142.OU) gr~peeinornie ane I'nrieseIeep lucnla. 3. 014111) 11111. ?'uui..ily eans ltirnitne. o~f bi..gne I'oemegeeep
F.eltruary 2N., 1143. upon Inhalien oef Asitaninhitih (h (S..R. pfolh Chiet.

36. Pin. 17016 (T.12259). Saralotieef of P'articulate Cnlal with hyC.C. lArntilaigt t'nlvmit-. owit bengeTeosicity. Llo.-(

4. 014111 Ma. ?'vi.' HrJdal olf IVainum Areaiolo lk mirre,a

Rtrararvh RnIobliAnment, Sullo" 0. lky J. 0. I11u1eIWnn, I). IV. Hein, 1At. 0smmsr. A. F. Alit
(MC() 319.NIt 1o"is If. 141"t, It. h1errlI, 11111 C. C.

3.7. 14.0. , It AM1U. 14.. Time of .'lpiral I)ivepa q/ tke eeinmr Imutphlmnugb, Vnvegiolly it( ('luleau Tinlclty Lidlownrstry,
I'viranla, Latknrnal~a pedSleudeor, rell 21. 1142. Anguuei 24, 1142. iv. 114113.112

.1. (14111) 144. A Newa Apgnvenlnjfs ftipunev f itSewull Anl.
CA N 1)1 .VRRPO I'Smain to Volatile Trir Agets (firiniAk ,lfarkiurj, lky 1I. A.
CA A IN R P R Slilttm anti Co. J. Ittiarlit, Ittlvm'ily sif (lulcagot Timidly

Llloinmutoory, " iler T. 1942, lINV. M.72-113RErperinwenfnl Siton Sooffield. brf
6. 011111) M13. rffknlqwees Xmplrntri in ToaririlgN lirrna

311 Atul Itepwir Nis. 52. A 4 15. rkz Inensdiary Bonmb lion .1 the Vnirrsily olf Chintaio Toatirily Iabewwtlery. Uii
fl.naining ('adii, January II19. celly tof Chicago Toixicty flabwalowy, f'icnteber 22,

31k. Ntlhl Itteparl Not. 14-1. Field Xforstrme~ ilk WhN Sml.. 111 INV. I130.4
joeniing, Nlivraiu'r A. 1114J. 7. 44111) 111111. .A A.mflrlieon olf the "Orwenl", bay Wilatmu

14on.It. G1. Murmay, Jea.';.h Nevi, awnl J. F.. Timlin'en,
Eairm~grl Reeuarh1nlveaulty tolf Chimms inoclty Llwoiratiory, (hudwr 7.

too3. Di)v. 94~9M
40. (C.E PA. Primripilainam of ('elmiui Oidte Faees If (o . F. K. 0141) 2047. Improwd Mirro.Apparlna for Caoimllsrd

Wright anl P.. NImmema, Jlly 1.5, 1941 Tohrieily Determinations, byV J. 0. Iluteh'tiie M. K.
41. C RI. 209. Teen.l l Pwlh affk~ of Ike lnkestie of Col-. Ifrnme, Jr.. 11. G1. Clo.It9. 14. Merrill. and 11. WV. (bnwy,

nejee Fumes, bky 1). Irvin anti K . Stimmoins, Jim.' I-%, M&43 U*10itwsy off (lulcag Tinxcity Lilumrtowy, NivenIwr
23, 4. thyIV 04=14
(.1141t 1) 311 I Aule.uki Tileloa jar. tke lielpeeelnslien01"IN LTRpRA MF RS fl. I, oino! (lie (kiw in Aire, Ify J.,Im It. XNwiriti,'fli

42. lDaltavatt.', J. M. - Mirrampreitirs: the Teeknmle, of Pie Itea'kefeIh'r Inpillit fur Meickal Ifesennch, J0iutusury 13,
I'eeilie, Pitman ('eungmany, \ew Vtwk, 1943, xlv + 1944. Div. 91.13.1M2
428 pp. 10. (04411) 33R6. Tet of ('klewaffiu milrCmleining Ointntsel

43. Faint, G1. 1. - Thr iee el f the Witvswepor in Partile Sear far Prdeslidos Rnd ihmmMoinlif q/ Heumaen Sokin
* Anedyiice. nlsery and Indietry 4, 374-37 1(943). agnind 1'etienla, by J. Navit, J, .PThemnnot. K~ Gold-

44. Ife.ywol, 11. - The .Yeasewrenw el NpeeIeSue. PN*. Wama', P. Mikeay". and Margaret A. lloiont, 116ivereity
Inplltiles tof Mri, Piir (Lowmdonl 140, 217 347 opf Chepapi, Tooti~ciy IonlwmIory, ariols 21, 11144.

(11w). tNV. 1141tI.14
411. landshI, If. 1). -- The Vee el 3'irro in Asessument 4l 11. 014111) 3N14. A Vinjon rain S91mp q/el I 'ornhire

.4rmels. In 1~wa. (1 nlvenity eff ('t'leas, l1l..) 1'emewnsy el MustarsId ml&e*#w Hterl Amine' ael
46. Ne41, WV. -Moleelwkel~rdeng an eialforieken ir" ue n in Seidok n Humasn Moi. by 941am llotek, K. P. Miulltlie,

in IL~fflh~ern. Pto'elgwshs'ff 347,.1 23 (HMll. anl M4. A. flift. Inlwtmnliy ofCh~w ('11mgTukily liab.
47. Whydiaw.Omny, It. - - (1) Diepere i'4~qmm in cow". soautewy, Ano 30, 1944. thy. 91.1. 141M

Trans. Faradlay Air. 3, 1042-1047 (hIll). (2) IbW. 12. MR 11) 42911. Ano 91rrmi. flnr Tine., fore $e Need krop
p. l073-011 (Ir If. Tzomnm. Titrixose'In-~ C. IFnnt tlede'zann,unlvenoily cf (Wriagi

43. Winhel, A. hwl* 11. NIstnn. We .Vreseung dee Warn. TidlyLlmueOtt'pI 14.ty.141.14
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filnt era, July 20, 11143. f. 4)ixtn Itemrt \u. 1). (Y.7093). The Phm.phoki nast

I A. 4'o tts.,,ltw4 No. Z543. ('41pillory l'rroorwaililyo Fnoa Thrnepl Ott VI'tirioli: Ins Pesaent Poiiin, Md.
krietrl to the Arton; of tIWl .firmt. Part 1. 1kresornatre- D'ixo~n. forwardq yv On- Ovionilenil 11winl tin h,In
lion qf the Prorsnnee of Such Factor- ino V'rrtin ('11' Pathos 21, 41143.
loginul fztdra, Me-pteniln- 21, 1143. It. D)ixon Itplmvrt Not. 30. (Z.97161). The A rtion o/lion

lid. Pioton Iforport Nis. 2610. Sarly C'hang Pea rnlised in the Enzyn and Ps'oteina. K. lialley, T. K~ ltnks,
*Skin of Aminuulm Aiy ff. April 14, 11144. J. V. Niuricmetl, (U. L. Fniuls , u C,.I . C. Web4ls,

97?. 4'ortian tegait Nis. 24)31. Nov A4rtir ('onatitarnln foe Nepiondwr 21, 1144.
*A Ati-Gui Jint men In. 4'airt 1. (Com~x-filem. July 20, 4114. hi. V.49058 l'mrennri Report Octber I0-Ortobee,

1)94 Portion Itorport \No. 2035 Caopillary I'ertratsitity Foetoen 1940. A. Worisertli, eirctlnltxd 4wv Or 'ewia
A'elotrot ith IA Ano it( ('11' A4gpenta. Part I I. The Petted. Ileani tin D lme -~ur 19, 1140.
ration owl. Partinl l'uriilhwtiu of I.Orauevuinor: Aom 1104. ('nid w~s VIenl y 94 ranorwayst ltwos'rei, La."
Furtherr 1hjpilufewtt Properdira, Jutly 21. 1144. emaliory (II. 11. HI44)

1111 li'Mooen Itepmorl No. 2017. New Art ir nieet for it. N 4.1.101. A Hilidesirat Stitdy of the Penstrotion
Ani W.ntintroentn. Portd 11. p..1tknz I mitPt so awl Spree,.! of IDirordirlth Neeiphitr in Tianuen

('hior,, none-h, Jso4y 21. 11144. in Vitros and in Vimo. 11. It. Fell, not til,
IM0. Pewten lteoaewtt Xi'. 24147 Thr Vissde of Penetration of the It. V.6713. Rfeport on Sonor Cheiit undt Rfiolqical

$kin* byj .3f ammov Govn, A-ltenadsor 9., 1944. l'ropecrtirot of 49 the l'rtntuct tin Iuntenctnn tof 0.1ti'-
101. Portingt lteinut Nos. 26114. An, Erpe rim, otot Stindy 'if the lDit'hlnortiothylaulphid. with Fn Iluan. V. It.

?Cffrds t Af .4ppling Prsnnro. -,It BuenrA,'a 3 ,11 1. Allap and It. It. Fell, Jutly 1141.
IM2. lotis. 12(11) (II.34). I*# Ojion,.,1 otf Halnlnetrit Soiphonrst e. NY.914110 tond enrrtetion V.101131. The Rjfec ot the

Oe., isibV ".I. 1141. Skin of Mice of Repeatd A pptieutionat of Minnise
44)3. Pin. 1209' (11,1241W find 11.14727). (Comilaratirr It-uirant Qusontitirof of MIustard (Jas. it. It Fel and C. It.

Prwoperriun of I'entiri niolgonnaets, Dm-musalr Ill, 1114 1. Alolp Jtily 4113.
1444. 141n. ltNIl. (V.4351). Riffe. tel fl H apior on .41on, I'elsr- 444. Oxfordl Eye Ilssepitail - Ntiil 1,ality f ophibal-

airy 7, 1145. nuiogy (I. Matin). V.21043. flisogirat Propierties of It
105i. Iit. 173 (9.24117) letiot fin tA. l'hinlovir'at Eivinn inn.r (Cllayren, Toewther writh a IDisseuaaiion ot the l'eontuetion of

tin Ott Is Sonimgla it-Chtforf"41111 Sutgehieas \Moreb 44, Itlperarontittrity by impeglo Sethoaltnce. A. 4'irie, id
1142. It. 1). I'ulieitnir, fuorwarth-l lky titb- C lsenaienl Iloned om

(UKI. mn 2W411 4 (TAIW174). Skin fix,~oatoor i otovet .11cm. IFelininr 14, 1142.
taot (ion. AiWIAt 4, 19143. 112. Onfior, Vinivenit% - 4)yslon.PeIrrinn 4nlmirastsr (A. 11.

10)7. I'tia. 2%41K) (T 42752 112an nit:,ne'nt T1TM11). The Hip- Forti-Moostre). Y.11724. The Apaensirot oif 41eiiant
1-hrifuivot .lne tt o .1411tee,, of .llnomf (Gan: .1 Ifevrci, Pi'ser, .\5llt1t 29, 114:3.
th'i..4'r% 2.11ts3. 113. 4tfiml U nivi-Nit y I lottiurtam off I... sl,.iidt c

R aemaerch itxoi lth u t.S d o Jn . Iti-peort Not. 2. The lluioi, Hi te.n Tsoice al to
Eaethl~nimcit. %iato~i(MAthe l'truiirt Iltidane Honzymir Smxtt in nit V. micont

1419. 4.4). It. 4113. Voeaeostet .1tet and lhttnar .1 rarture. .4 etion, Iooy It. A~. I'moiin assai It. W'. W211,14ima. ,:1siu.
I)l'nr1"4, l143. ar 1140.
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It. Ite.Iwr Nei. 7. (U.3A)4). Foorthr StudyI of Pominfite is. Z.74611. FertlArr limrrcftiennt ofIlia efAiia/o
A icclct tollI (jflieao), lk% F. It. IliIalay. A~. MI 11 ine (cuigtev PIP, 11Y E~. It. IllaY, J11ly 11114.
(Ipit, J1. St. I Piljatm, and L. Itteaekeh, May 1. I 110. A4 ffifr by I'rcfewavmmr l've-r o ia I ne rcttj.
11M40. 9geit an the .lttemplerl ARamorreitv o seebieved tl#**.

e. ltteport Mo, INl (atelesgaelan). IDimappoonaee 4f 8 lard. TWather trith Soviet (eCvoento the erri e .I
Aljpiecd1 In aman Skin, ,ky K: It. Iloitiay ati Work, July 1944.
A. Mi O)ptio. Atnrrh Too 1141. if. A.M7. rdea of floderapge Perir iteaa the' Stvaed-

41. Ilonearl Not. 2M1. (I .201115). Njeet of .%ilacokates~a iIf of the ('emporstdf Mu.lowtvdc Gan Pith Koesittrin,
hither than It I'poe om to IDhrcAyecetvaea, lay It. A~. hkv It. A. Plfotn n It. W. Wiskeli,,, (arwarhl lby
IN-term and It. Wulkellaa, I41anuira 3. 1141. 111P C(iwatiral lotonnfito Aparil 14, 19145.

V. Ifte;aat Neo. .111, Part I. (V.417!). l ffiea 114. I'niVeaelgf 41 R(111111111 101 (G. A~. lA-VVy). V.21311. The
Clpen the Xvii era of the f *mpaveetl of 31oVear taae Ge RJrm of hI. via the .4raaneir ('conetrol of Sk'in Confimi-
wcith Kerorteic,. Ipart 1. Preparation tiieetSeuue Prop- ienai o alrt wthA ro.l raaea'c evrvnts. lay A. F. Gralaiai tun
Mes, lay It. A. fitters anti It. WV. Withlis, Neatrn. .. C 'Ilittw. Frirnn II, 1141.
19141.

f. Iteljaart No. 39), P.-ort 11. (1.15733). Nomce Miotaen.
tinc I 'von the- .Vaturc't of the (Comapritindc of Muarri 3II.%'('XLIA, NROYIS
Gan with Ke'rotes~. Perri It. .vilretpeeoaiti Rvr.
tionee tof the Ac rien Prc'peaotionseawl M Some Thie I ISP. ('W Ifriaaarl 2112. Report v'opt, pion of Urat lleraoa
A'thaam, l'Y It. A. I'4I't' awul It. WA. Wultelit, few andl whstrea ith evaPneeetbMttoc(J ,calia,
WIM1141u lay the. ('Iwnlrid lorti tin Novembelar 25), lay II. It. Dli aIte M. It. It. $4wnlln. \1at 411a1"l.
;;4I . I .VA&M. The Ratr of limapprarn of lltorithyt.

g.Ifep art Nei, 41). (1'.2fl07). Oin the .Vrrhanisms of lheaw v/idebi from the Skin, ntei l//a Relaitin et the *4,aearv
I'yiw A rlt itie of M.Vari: n Copaison~ *s,' CrIt omietirity of 1)/lrrvot Spec/em, lay Q1 t'nlnar (w~eirk

Sviiir Protiertuce it/ Mulmarrl ainti /is Aleefoytm lit- mflt'A'l4 caut !it Frotne),. ft ainret lay tit- (iwndtlrI
F. It. IlosIialny tinel A. 01. Ovastn, oinnoinry' 11042. liesthir fil (hhalw' 24, 1141. -LT ) ilallIt. Ifeioma Not. .111. (V.21151). Trhe Tre'atmenti qrjrn 117. W.217. A~e~In lo,.paearaatfly Iiv . T ) llmna
fot CUait Co. 'teaaaiponlimaa with Or", 1,v It It.at o Ifeoia'ta lay Pou~r Ei'wnimatr:, Tennis:

laaai .ao n inary 14, 1142. n. Prae.mioeael Interimv Reort on Maine Ph'Aysiologjkal
I. Itepaut Net. 5I. (V'.2(444). Pfrtinoaret URpedatn ~ l'oPFd'ieft of%8, lay ff. It. Fell, C. It. Albeopl, antel

the SwcrormaefcctlI~trann/oi of th Stkin nef J. F. IbtiieIl, NMnr.I 201, 11142.
Moaietni Pop to MoloantI (Ms.n lky F. It. Iliolilby, Pe lrhoniiarq. ARport an the Ili"rmit PIc'MP oaf
Felproina'y 1942. X, lay 1). b1. \e'oltan,,. it. tim, it. van II.ynainw-ia,

j.Itt'lmot No). :13. (W.4134,'A). The Splitineg of #he J. ?Anekwoartl, J1. F. Dionivill, J., Morl.arnd 1,1.0 ; ?~~!''oether Linvkoir in ('a on lDerimlitre. of Mont. IlX111a.
fard.t lay A. It. IFurtl-Abwt. It.A. Pr-. u.nd It. WV. 1. 'riYiiiimff Note vi'ons r.iz, Ily it. A. Potent,
Wakelin. Misy I111M2. AMorel. 27. 1142.

It. Itelmort No..511. (W.5217). ('n Ma eaeio,' , Geece, ea fl. Noote fil tle Tioilly oaf , frernt Me. KIllay lit L. T.
Pcoill ,gpe ravi, V~ lt II, iii I.. It. ltealillay. .111114. 1). Willliamas. ('otaltilt DiatI Actlitllon In
10l. 114!!. Tla~iee lteiuaaitecI fill Aftrel. 23. 1912. M'area ?R4.

1. Ifegaasr, Nos. 012. (11. OW111) reicteee opt tof Mlwtervt 11142.
turen ec'vth irkiehtacehcnaet~cacc ,ac a Iv 118. 2.64.. l".alie 227. Report ot ('hue/al (iteverawtim of the,
L. A'. $tartin, .I*'ly IN., 1112. Irceinee ai Treatment of Mecpoaterv (Jm intcers in tha

Ill. Hlttiport Nit. or (1I.I5W14l. The X,%'ifctcia oaf . II/ct Moset, layS. (ugrivef, Nit. 2 .Aati-Gina idtira'aleaI'y,
(Phoettcraei ieettibian ice Potitioning bk1 (hermirm It. . ine 14. 19144.
1caicatainjo It.1 ILKThe aan loaatoo, Noive',aaer Ill P142,

n. teaart Not. U2(% 1108). 7k. I'Oweflit Cert~e' ainc
Dibthteaf C oceipcucete I 'voo Tcvritct off Scicer l'e'i. (AA DIAN 1): . NIPOITS
e'tetta (t, the' legcccetef fsOjexi a tc tee ice Virua, lt*i Exrirniv',ia NSiiun, Sei'iviifr A iberleIt. A. Plae-roa nd It. W. lWnkcelin -fillsat 111431.

a,. Illvart No. AI. ( 571). Skina 1'roe Pa oi ter-ait M~um- llW. Selit-ll Te'laiitaI Minacim na. 72. A1 (opiccoiriewon of tier
tvace (Gam, 1wy A. l1.'liaff. It. A. Pet'i. :a1n4I It. W:akt.- Rr$hrna nti V'esie l'roring Coojpe cti!, of H7?' M 11

fill. -Ittiv 1915. Int /, Seiaweantler I.-. 11944.
Is. 1 *A14:17 maiff :14lw4-1au1111 '.f4 lianl lI.W.lcae 2) iatieIa Trlt'laiait'a Minie No. N41 i , tesorimecnt of I/ac

pataeecaa tact the Vivifiedt .Ieticac qf .)laealcird Gcm, lay Reliatie- 1Ie'et'r ijcf 1171' CHI, lI' 3t11, ancti
I. ll'naalalaaai,. JIlvew II9, 11141. IITI' VR M.11, Marchl 3. 1111.

if. U'.61434. T'he I'topcraeeae a ot Skie Afire Iieneicc 121. SelIlif.IaI Ta.'lifi:al Mionatle Nov. MI1. RIarere-mcflloa've
frith II. Ily It. It. S. 'Ilaft I~an, 1,1 229. 1114. 4"t'a f MloarOtate ( I'eipte fore Lceaaet ANateaapo lacaaon

r, 1 %.22110) .1 Satc.,eaeiu tl S owe Fenthocem et( lI'eaak Voaodaaoo 't eattceet ~gge 1:1. 11115.
I pean It Soon-a the I.tfeet liver, 11a. It. liferm fi1ial 11.. SaIlit-If Fl"if~a Ill-lit. Nit. 133~. ?'tht I'/aiileceliett Rfec.
I ,iit'eitg',. Fo1 'aaisrt 1. 11111. oaf .llbixtcret Verifier at Icirc tae ioratecrt-, %wo-1.. 9, 19 15.
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Ch eda We$rar Ia~rraforiors, Olftn 140. C'.D. (~Astralia) 14.1.1. Nis. $:3. riot Rarldy I'rogr..'a qf

123. 1IyueeFolitI s-itg.. Mt,. 21). Madenira .an A.. Ins stseoarcll'epnr fono (*after Tropilact 'Ca~clitias

S.4 'eraum Po'rvlin 0'nmlrrea. \Illy 2'A.'1143.vvi'M "f l'- 141. C'.D). (Auioraia) icpoct No.. M. Meliamal innt of 1.ec'.ow

12.Phyphitiaegfrtil $o'iv.nk Ililit Nis. 27. (Haa'lsa n the lfa.m..... Reainship for, Hasn9411.r i 3iisa

remnorel of KJpweiosrlotty~u Pafucnb'i MVNEO vtlor .'egitmist 142. C'.D. (Ant.) Nowe \it. M1. Rznurpaurr #V SubDjevis Ito 3tuo.
I tre'nilw'r 2 1, 1ti M. lao I *pona lapot rofal40, 1.1), I.A ond JlI) toll. finins. 'in'

12-1. Mus~im a m Ike IamncairI rhariar of II. If. The .mttr Tmopicel (.andiinns, IMll utiistel. 11
lI'ndcfi~e Of lfmm...... N.NfiI.. kVt IA.. O 'f lItrUM 143. C'.D. (Aigeei.) None. Ms. 441. ThkJTRr of 1 amlaeirs NRr-
I'tfidn ComNplexesw IloIysliiiI *Intl *.'l.., 140111. No. 3., I"'ueenw Io Muard fenl lcspuer, Jly 2, 194.
Felrninry 22, 1144. A.(ein i,1.ylloa't

Il2). Studies fif If S nadelvity in theI Nams IIEIOIIS
Iterticen Itepcort Not. 311, Mity 22, 11941.IN AN R P rS

127. The Reeortion ofI H wuth Seruam I'rafrinia in IA.. Prjw- of 144.t)W (na)tcprIN.24'.TeSfdc .1eli'I
Ihmatoasr, Phs.io.Icvidtil Sr.etioin lie'ort \it. 461, N...OP.Iiln etr o. 4.ro frdo fsao

vo'mInr It, 1144. Vape..a.. #iA .hAee &in ConfW Hat Weather Contlilionas, I).'.

12)4. J41nicc 4 If Srootiitop in the Quilon Pi , It . vi n'atiur 17, 1142.
iot.oiienia $rc in Reaps. Net. 414. I'eItnanry 5. 1943. O E IE~ I'I

129). .Innoasrd Nibhiagrapohi of Ik.. I'rooralion of Subeh.Inoo w. IRR T R
rh.'cse.h Skin, 1'Iyoloolt.Ieal \isle' Mo. 201. Motre'ls 10. ~'..l~.,, .NJ.?IA11Iheaen4?e~en n

130. Note an an I *neae., (loe of Remoter R..apmmasir to Mifarvl eevg. d ~alrlG.aal.Ie.f.qenlc..1n
f*onfamgsto Pteysaiophoptind "rcitin No.te Nt. 2K, Met., 40, 541-558 (I93M).
Api If, 1143. . 11 Iea1.nI 1., I". P. Kentdaltronll J. W. Orr. CI Teamosour

l3. at I. nI. rgc.a ere. Noe .Ve vlvwo f lit assnamix o 4h IA.. w itsn~ Ia. .Vdeulmban in the. P lonUf Sol&~wreecpni'.'N

Mealaci Comoonanneiliam, I'iyoole.ioottinl Notie Ni.. 30, ".1cm'.... Miechem. J., 83. 71-71A (111311).
July 24. 1144. 147. litenlulum, L. and Wormnil, A~. TA.. Immuea ho(i

P'roperties of I'farlina Treaed writh 0,0V-dirhlonselirfhl

Rimesa Rew-arh Sulfde. (.Vrneleow1 0ue) and D,0'edirblaraietl t.iedfonse.
Ninth em. J., A8 7.1-M) (11031).

* 132. C. K 44, I'nilveniti'y ai Te:.,-,nwe (L. '.aonng) 14K4 Itnint 1). Tho, knVirtious of the Haa. "yl~ tollts l'hyei.
a. Niarhraeiral Rj'priomli eailh Mutardl Ge.t ire- owl Movairanemrael. quirt. J. Iliky. Me.tcamIciiiia Awety,

pered from A'e'incdir Sualphuar. Rfeport Xe. 21. 9% 77-124.
Rvitpcrl N... 14 (t. %' 11). L.. Yo.ug. A-plem~nIx-r 21), 141). linint, !). Climae. Wather, anMi an. Fu:n,vouer 3,
1142. Nis. 2.

Is. NjRiarboiaI Exrp.imnlai orith Jf ueleru Geer tire- ISO. C'lauet., A. Spreaidingi I'aoplowiea of LrrsA "IIadat andl
leerccifrcm Raisc lirti S alpehuer. li1. Thr IwLors Digs- IA.. Fornmaution of Lympsh. J. exp. Meal., Sk 35*.3 -31141
Irihealio. 4i Metalere Go. andc Praoclead. 11.riftlfrm 0937).
It FolloIaellee~ in .4 Pploen So the Skin of th a t.. 1.11. Fe'rri, (11. Rrrch.rhe outf1it itcWh.l1ii* in'!., dIer eeibs
Ite'poirl \te. 9t. (C. 11. 37).K14 J. Pi.teiek, L. veumo, roiaI.emn liporilr Pcepmelrunt foulari r-opoirt it -vactl-
M.. Moio~Icn, antl E. F-foolk, Aininot 2o, 111,3. firfrfol. G. Mrel. milli., 65, 1111133M (1113); azi~raata'aI

133. C.P. Pu1. telve'n'tIII 1f -111ta. ((U. F. wrigt). neg'ee in Motl. Ifnuit- ui. Ge.ahi Kr.., 1141,*Vh( 1!91X) (4uatittl (rise
* floarpuer \e.. 6l (Mnn'h, I5 Jiute 1.5, 1942). .rIn. o~f .aeten-oe 47).

.4I1ehyclea an. Vtraeion by H. for U. I. Wright antl 152- Fri.'., An...' A. anil (.1:.rna'.' J. Writt. (4h..miae War.-
11. II. Itichiquime. farr, 445 pp. Me~iraw 11.11, New Yeork, 1921.

1.14. C'.D. (Awrtto Iteloeirt No.. 441. E.. of Varying He.- is.i. (hlaelciae, L anti It. It. MeaNary. *4e-yairrol Ulmaraee..si-
Mieii.y #aial r. m.,ecraalearr I loon Ihr Xrotivile'iS' nf Hua n Saaify $ee Ihe (ChlbrinnirtI 91h pamia.. Veairainla. .%tel.
81kan to. .1fualrd l st.er, hilly 22, 1144. De'rmal. $3'eh. N. V., 46e 13 Ill (11143 1.

13.5. C'.D. (.swir'tne) Itejwirt N... 4 1. Ei re of Vaering .4 dito. 154 oaibiwielapt, K4 Ri perrmliaon IA.. ampriona'menl of IA..
Up~ of Subeajcecs; Durinej Pylusocir. on th.. Wovniiirsly of treatment, of mooae.1v p Iralin of IA. aokan. Mecl. J.
Huema~n Skin to M1ifedcorwl Valwoin. %by Ill, 111-4. Awe'irtilin. 1142, 1, 6120) 12.

1.111. C.D. (Ang. Iep l. \oe. 12. Axisrianof'a aetafira frm I M'. T. IAe-wistanti It. T. Urtont. Voareale.. livaIionic of IA..Skin
IVcxioeaa, Afpc S. Maly Z11. 111. lit Inajosrf. Parti IL The hilc rialicen q; ai IHisaaiaecI&k

1317. C.D). (Aus.trlia) ltc',eeirl \to. 55. .1 ('litra ,n'sI lljxist of Scatieceir In IaejearcI Skin: ThreIingye ('fleece of
ai Sc rica fif MuIeard orel n 14,,'i~eciarriec ng~ vwr Trooepitai Fcir~cotm.i I 'drra ande ff llhljt 1mi'rs'lec dIby Ifeartsiaer,:
C di'ee ffifieee, th-'l111w'r IS4. Jll I. ande (Jbarrvliaot Viso tge, hr Xer'eeeaa ('eanlrol cef I'rCe-dat

1:14%. C.Dl. (Aewl.) ltoelel. Not. 714. .1 PuerIhsrr 0'oloapcrioat enN.- Skoon Is'ewlifoo. la',rt, 11, 2119 2111 '11121,.
len... 1'Aqambeelloyl'. Nffccta cf MtardJ~' 1'cupiecr in She I 'A . L. F. I~A'-% Won. Scaemcali.iliaj to WI~ar licet, . lt r IN u-eli'

Chtit I offiffeto celfe he 10cc Nel ' e 211, 11 W45. henori MA, 116, 2114 M"12).

V~ 1.). ( Atie'.1 ltepte. Nit. 79. . Sccermi;c Spgit off for .l1.x. 1571. C. K. M:111'l,:1II. Jr.., V.ernole I'iel111 oe 1i llf-ce' WA.
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V'ariaetiamse ins Stsaawaiilify of the SAkim toa IhiehAlavs. &. 0t 1 7112. Coqacrimeae cof f'hleinaaut~laa a ix gr~aaace~t~~aae~ahi I'...litnmintnI. Escli. Therait., A5 2111-301 Avimoof 11,11,. lk, Hunlter .%ilkitwa, Univeivity tif VWecean,,i,
tIS& V. Mm~kln. flynamirat of Inftlanotion. New Vaai*: 9. (MIDti 3211. Preparation anti Trooting of Submiaticeras,%ftimillin Coomitny , 1940. Nerclicing or Thrmgrarhi .1rcata fear IFI ttaieee, 11%1.19. V. Menikin. Tha Niffnificner of biorhrmiral onila ine in-. K. hiulkero, It. IF. I'hMtII1a., C. It. Shinmk, 1. Nteo1IIisr;iieI

Armaenq oaila . Meh-nce, 101, 422 42.1 (11145). 14. Kunci, Merck itend aaenjannv, Febrnry 13, 1114 1.
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4n. 'fW~ va24, Cltig mrtmaiy144..1 j fM Jt'tirl'ko t'ifi poent hill (womoloowels Hlowuon Di)viuloliu),

Felinitory4,oo11,14 201, 114. IV. 1114l 11411
ChrmcalWarareSerivu4 it) IWIMI. Th XI)If(' .11#1uliti r loil,riomy Eslomii
('Aomien H'nfarc,'Lrioulione of Perrmeable. I'eohoviw Pabris a.- . . , . joro, lby
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a.l.,n'1ary 10), 311. g
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13.Conrac ()~nn~fli*Final Ropt. an Antmulerel 13. Contract Ob n~.407. Final hal,. ton Symthrsi* of in.4 *
InI,,ipj4iro qnel IProtg, by lnry (humnan, H. .Waknn, Irmitti AntimalariaI .lormis nai Inlrrmanlinfro, by Ibonwr
It. A. Ifenkew, It. N. (lark, A. KI.Indlnal F. J. Adlkins, Harry P. Selits, Jatinva K. (arnalsoat, A. .".
)4.ntimail, F. A. Martin, It. P. Mamak. Jr., and' J -E. wilcl, Melvfin hha'inislorf, andl lItuwr (lutbskr Vol.
Myca, lowa M4ale 04uihw, Mnrel 31), 10W6 weety of Whonain, V04bnry 28, 1946.

Dliv. MOO-M12 Div. 9.4m10M
14. Contirsct OE.Menr4i0. Final Rept. on .Syntheeea of 16. Contiact OEficrr70. Final ltoeat. on TA. .'ynthtwis of ()

Ifensqadnxdiop Iknewalirro toad V'rix Anfinaularial eNodidake Aaintirial br.. p andl IrIeelrd Coenpesneb,
Jalrmrvitra, boy V. S. htamilton, It. F. ('toha, It. L~. bY It. V. YIPatn, V. C. Nice.,' It. A. Hlownen, 1). M.
Footer, and It. 1). Liow-fmb, Cnimsity of Npbewks, Hirll . I. hward, Jr., W. K. Parham, and L, J. ltacd,
Do~w Irtr 31,.1INS5 Div. SAS10M Ut.. tersity 4f llino, May 31, 1940. D~iv. 94114I 13
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- (~~~~O'TIt A 1 NUMR, (I)TITHM 1701. AM) $UILEV-M OF MWNII M TS

NIJCW-4 (Woi OE~tr-:94) h

ND(!r-7 (Me'le (*Msr-:1)

NJX'reI-19 (A-4e. OEM'.r-7)
MD re-M1 ($64.c (*M'.r417)
NIX IrV41 (AVt OE.M'r tell)
X1X'rr4A (MR'. (PEMtlr-tN1)

* Nrn'Ir-l 044-e ENM'.r-07)

N\tXrc-F* (We. OF.Stor-43l2)
ND"Wre-112 IlivinmitY Of ('hiclIo Studieq andf eiwrinivietal invt'.tigations in emneetien with the- vt-Aicant

Chilatgo, (I. actilm tl ce-tain chemical warfare noteral. as. lunig irritant'.; the- tke-
toeronnatiin 4: the- tioxicity stid Irritant action of all tylun of chemicral
warfairr .Aent'., and, ulum requeset, the, undertaking df furthe-r '.tuillem
andi ..scprinenftal lnve'.tllatlecni of thes pnrjmrratlhm and priniertcmof l
Awhemia '.uhsstanvo' fer military 4r naval appllcatitm.5

Nl~re-:14 ($ .*M'.r-7)
N MiXr- 1.tii Ilarvaril Unvcelty Stteoli &find extitrlmental lnvc'.tigatowse In I411111-411tilt it 1t11. IM-1w"Mra

(anhrelg, 1~o..off IA'wisite and radlioactiveh'.tllur and ar'eniplc tcnmun%; the enethanifem
of the action 4f varict.d.:tnineu' ulni IA-WPI'.ti 21n11 m111nwt gMi;
a ,eearch for a tH'nwrsir've 4keimtamlnant; the, lntermecmventilcu of
IAafr~itte bnWI n'14 togethe1r With the prepearation of new anaeltile of Lo-
kelite; the factem.i affo'ctlng the &f iseld teof cheical warfare agents.; thei
synthelie, stability, awd ecWhanem ftion for non-volatile timic aMN'
and other apent'.; insectiplldn andl Inemec trc-pellents.

NiW're-1.il Rbockeft-ller Ins.titute fer Stimiles aind experimentaffl invc'tlgatkioaIn rionnectitim with hiolgtia
Mickal Reucntrch neothicl~ for flietcemo f jwbst chemical aets.

New a'k, \. 
tNDXrc-ltlO Ilarvarul Unive'rsity Stuic'um andl expwritnc'ntal lnw-ttlgtlan' In coierctlm with the pl-yoslceh.'gl

Catnllritlge, \tn*... rul artion of mottatr-.& . "wa halogen ,.ull,.. and lowiftite byr nwans tof
radliioctivp sutlfur andl anemic; the tilternination oft the conome 44 action
-of chenmilal wairfare agenit, thnrouh the ume of rAioative trace; thom
physiiillgical invchani'.nom involved in the producrtium off injury by flame'
thrower attack.

XNIX rr M) 04-P 01,31-r 139)~

OEM'.ar-412 Rickcfelirr ln-f feteler ttmlim o,. Ian .Xprrimntal inv.'.itigation. in comnowtlm with methIoe f
MO.4liflt'11'earchimmuniviltin againot the actilmof certain war gajc'.

Nevw leirk, X. Y.

OK?,1'.-7 I tnvevity of C'himpgo Stuclic, and eqwerlnwntal inve'.tiaons.w In rownetiom with method., for

off vertami reaentic for tf-At pirlyuee-o; the olevelooenrt of a complete
Xa'. ci tctqor kit; tiue facteme atffetin the field tet of the'nuic.-l %tarfare

.Ol~M'.r-I) ($6..E)I'.r--1J)8a11nt. Nuel neethfol, few Neteti d Sk'.l A #4av.i.o in,.ectileb.".

OIEM'.r -37) U,,iver~itv tof NeAwra.ka tAtegdi ee d experinointul invi".tigntlmn,. in connieclti with ithe pot-wenrtloll
ILincoln. \4',ra'.~ka tof tonic aneenot'; thel pra'peatfio of coertain tovic agenit' and the,

ofnlu.m ci te"apetic intermoeliatf'..
fOhlr-lml lnrvnisl tnllv'ri, $teaolew. aimt w netl lnveialloemw in rim'ia-con with ONc' rang. #f

(n,,l~iele, e.'. cniffnt1',s of( vceicant'. with biologtical ntati1'ritilm: te poly'ifoltogimil
'A cho-ml'try to( the- local and pyo'teenitc atction.'f tol cheinimil witifiere ageiut.

OFM'.r 97 Wilve.it V .4 iieno A'mnllcm awl exl'inecrlntal invm"tipntion.' in cotnoeeliom with IIth ltoctlom
hia uk', III. i4 crrtafin peN'ip.te"t chemicarsl agenit'. 4eecpmcn s4f uantitative

'ncthcuh, .41 analy'.is ofE all typ.... of war an'...: moloristrice ,,.mlie~li ol'
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M'O TtIACT NUMiIFl4, ('OXTIIA-M'R. AND) aH1UlMPUT OF 4PONTII.TS (Enleifillfth

analYA.b the' lmtiwemeit nF dsteti or pqa; the' otls'v.enient lit
etoe'etem printrily so4 the' Alli.. p4i tyliw: mail all salyial iweie'e'.lanw
whieh eeheeulel Is.' v.giell eed 6fehlil Ialiwatwivot.

O)E~sor-117 liwna tit. ('olleg' Stiffliee stel eiu'rinvental inw,.tiptemein rimnertin with ft- preparaten
Anauee, loews f4rin-te'elle 'ms"unfh,4o .4 iii U04. s weequmeef 411 war. ileillng

flaine thniwenti' iwptnlivoteelut, pheeesphorue. anl chreimilin C-wipeis'
a.o or'henmh'el warfeere aplits; eerganlc hernite eleriveitveo awal either fir-
pniwtfali. .eisinjumneiee li affeet. iverm-elo the 411100u111 Iineientee;
faleig' offee'ti flu, t oh u1.1 it.' it e'he'nvieal warfanre ag'nt; th.' prelpeeratiemn
anl P1elu'rti' .4f nom-oviastile tixic age'it' atill thll' lefrithevle . the'ru.
,wtatir aplits anwl intemnw'diatee.

OE?%.lr-IZ1 Waeehinatim tniver'itv fhIudirs an.) ex~verieeital Invmeetitiein r meenertlem with the tcfled .d
$4* amb. ~1leeeetirivente com the eonzymve Sliyeito fl ithskin anl ite' ra'latlen ft pathoi-

leegleal iel uiee th'Pharnae'ilificfal .'ffereto ol4 Aheiiie warfare' Spliets
anil theilr aettate eSm enlyne syStenwe.

ONEll'r-t21) Raee'keller Ineetitute few steaelfr stnl ex~eerinwntal InyettlmttiIn enneetlm with the- imsilation .4f
Ml.Iial Rm-eetre'h tiisue enaytae d ut.'. et 9 vesrtnts and tither ae'pet of vorelcnt-

NI'W Y.itc, X. . ensynen rheinery, and the letveetlgatlon 4A ,rtheelee low the eto'tmn
anwl ientihieatie, .4 war gaie. still faeeeaee afietIng the lieloi) seA' .4

OW~er-134 (He M ermee wret1g.'a9t
OEMSer-1315 M'wthweitten lyniv'reity T7he rormorfici latweri ntaed goe an.) filemtaiinatingf s ae, other

1Yvaneetio, Ill. ehemetr cif thee. dmiemtaml,,atlingg spont, mad the' diowm-v of non-
rearemelve eI'emtsm~nant 1ier na1mre ga; the .e~mrwal fi4 the eveelelual
celw after diestrurtiem if4 madatanl gas h wrathe'tlnig ow 1y diemtamlna-
tine: the *snth'e'bt .4 certain elfinjindtneheere steel Ii) the CII and
(WS: fae-tswm alfertingt tLe riel no- do( chentiral watfare agents. anl fltheX
synthesist ti themrp.'utior lntenudliteiei.

OE PIMerlW TlA e ~4 afm uirstueilite and 'eie'rinee'ntal lnvortgatimee in connoetiem with the' peepeeoratlem"
University .4( not low~. than sfix anl not non-~ than twelve hividniatiownotr se)in

Stallf~mi l'nlveieilty. Calif'. lolltreeatieen eteaelie". the Pregeniratifin IV( nA~ae'l nd ,. t~-ilm~ti
oet.rntatw and agneature tortior apents. ertal synthe'tir lreeelne'tae
irlattedt tei V, awl twueparntims tit einielati' hInert re'pe'llent.

Al.eyiIt tneml. 4Vrii ~ tm aa~'jrnnain.'etiftiisin remnetitin with, ft- 4lot-veili)et
('harlotte"Vile, VS. .4 a test far nustmel: the .eawilmm hleetee pereeltni t e'tilal agteei

an.) certaim, ineergni loim. elye4 fer derteter paint; tie'theeie tfew doterting
exitnotely lorw comeee'nthen .4f cureem nimxilie; leeseking teewnnrl thom
411 V4 loepnwnt Is4 . entpart oheimPl invtrunw'nt few the 4etiom eel carhem
rmnisici.iea rone.'nt ratidin'. tf tI~W ee lee.kw. anw) fatees aleorting tIe.
rail- o it e4rhe'eitieil warfeers age'ntee.v

OFtl'Mr- 144 0 ~wnel Iniv4i..itv Merdleni 2tylir-c'nil exqier'ntaI inve'eAtlgatliriIn eantiec with the eeintlnatlin
('.ehlege., ee~filoo hle'atel.l thieetha'vm with pruete'im anal ethe'rtissue roweesitentee:; tit

Ne'w I ek. N Y. eie-tennina hiw mettaci gee. e'emhines with petine.i anal nueleeeprtelns;
tee atfntolui l lieeewer anl initnzalm etteginet inetani gas, a

ee~l 4the. htiiewhe',n4etrv ter the. eeetille. I e seia 'etlnegv'sret
4 *P..r M11, l'ennee, ivania Staf.te'eel.e 4e~i and exie'intoletal iuelvtiatieieis in comna'eteee with the. lerIiaetiem

S t lte* -eIvge. I'.eetem. eeI'ieortm v lei* ,etheeels invilinx the elireet fleieiriutim 4e cuerbeei.
E))mIor-161 4 14ie. $laid. I eiv.'~it v IFlu eevnthe.ie off evtee few lioe in illoveMslgatiin .4 hiitiiienitieiti, aind the

&tee'earh Feeiat eeml~ freerotgom .4 rtaiin nitreegenmtininng remtniel weerfer. agoit.
O elaeeeg.(hio$

t~l.:~sr-te%2 1*1. $t..t. Univi'itv tieN aroex "im'r!iettel investigtatimin in eeieene'etiei with thel pre)ietiiecn
hles'earrh Feecieculktiem oil flip won rlemm* and n ottefly 'Cr their priwee~rtio-4.

OEtee-1', eliam I eeivermiti tyeie atw ". ogliereital ilevietegatiisepg in~ ropiemein %itl 11.. mylithe0sl
h1lese.eeeiolegteiee. l rn .4 ceerenpemseoi' rfrlteel te aaruhie,. iapee. rheleI. thilvest aiff eitheor
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(X)IIA('T N1MIIERS. CONIllAMT ILS. AND) 14VIUMMAi OF OXNTItAVNr, (nimsintimn) -

('enlmdd.6

natwal vteantsid; the prearatitin oft aminest which tinerat te 1cbsiliow.

lik o~cvtint th rfrtino k toxie Agents.

%iditnwn. tgn. ofatioundle nrlattt tit urawhlo. laerol and tither natural veemts.II
ORMar-214 (Sg 01HMStr-412)
(*,Mmr-TJ2 (W 0H:M..r-a 4)

O1Ms-23 Mlate Viveneity of Iowa tttiolt'se anti eitrinfental hiy tI~tthnv% lit connection with thit prolimrile
lowan City, Iowa of nitrogen trichitaride, incluing a rtuty oaf Itirmssnooltizations; Imeparm.

tiom oft vaious internancllatem fo.- uat in the saonthcsls of xplaatimss. war
guts, anti propilhylactic agntp; the prt~mtkm of various war Viases,
anti, nasm'e particularly. a studly of 1QM0, I IJE), anti their hnataaguss;
csandus a fsinely oft facteana affecting thai fielm nn of cheani1ral warfare

013%fr-237 (0samelI University 1tudies anti extwrlmental investakationot In cont'ion with the preparation
Ithaca, NeAw Vimak tot psdyfluorinatril hydroaeazsons and Wi furai ariltsain upleve thereot

OPMstr-27t fiw e'valuat ion s lubrcanta'.

OrMor.1l Univenitk 'if lllim&b Smuiu awl eciiinental invextitam in ronnectitn with the pirelviratiom
Urlmona, Illinoitoa eti eiatvsa aiie an I tlethanecigiatad twiat nasathan

foutnn pubittaneo oprfitoatly amvd upon; atahblstion And statage ot
mnuitarui pis; the reaction hetwet i mustad gos And deoimtaminating
aprints; perfaratain at a variety ot cemical Agents contaning nitrogen,
sulfur. halogen mid anoenk-; yrittmla do( theraetir ititcrnnediatea; the
InterpretationJ of data on smpthi, Analytical Anil inergaici priableans
including protective agents Andl fabrics.

OEmoor- 1101 Ohio Wate tUniv'rity Studies *ail rxitivlnatital invesitigAltis in connertion with tlu- uleveldsp.
WNWars1 psauwslation awnt at test paper ftor peneisent emriical agets; synthetic imormanie

Vealunalupt, Ohioa imolApims. awl tff- devtlap.nin t pivrrolueu tfar the- anslysisf ot saasenl-

OEMsr404 7i vrvally saf Wisconin The proiaratloin tot a hmnd brmide derivative Audi not Ism than .1 andm
Mailimsm. Wietonisoin not swnr than twelve tier ronvtmimd spiecifically sowe'd ispon hy the *

fcinmtr and the Cusninttee; the pt's'aiatm of va*ri asythetic
esaupunla rqui~" ly heArmd gpwvlei; the pa'pamtm AndtilIN*.

tion for protective And la iatiso; a study at decstatinatitm, awli the
stynthersis tat themraputic lntermAnclatrod.

OHNss-3t2 Uniiversoity sat Mimoasemd 1l; letetitm mnsi analkystis of usanalu
C'isssnatas Missinsuri

r -. -r 313 lbwksqfs'Ih-r fintitute- fror --tt515'sfld exrima inowigti n i tscotio'is with thw artifes elf
Moltslil lti-searrh vesiranto. ian orsatein con~stitue'nts an intlr'11410I lomstiasaytic siiZst.v;

New V. k. N.V y* henAktry tot thp- react lanos ttchenmical warfare aents with stforilas refer-
vurrto hs-ro-etioet iththefuncitmal gresaus chaaraceristic i

living timsurse.
OEMsr-31l9 Univertitv tot Reahester Stit's- and prelitainary inveittigatians in cinmitian with a inaibsil for Lim

ERimelvvtsr New Viark ieteo-tlen oft Coawpotil I12M; niehoolm fisr thit detections ofr Adl-aa
wartanv agetts anti the tleilsnt, of new asosuital tj'etint sulttls
fer uase- tff silita gel awl in popes's anti factors Affecting the- tie-lsi sass tot
chtniial 'sarfuaai agentto.

O1'Ms1r AM ailifoiai Insstitsitt tot 1ttsalive, anti exparimnital inveaisi is tin a "yots'nitifi analysilt el
rsvlaaasslasg, ihinaoirsl warfare agerntsm, andil sth ltp-n osf practital gtill, ttgr

Paal-1 alif. the-ir wree; te faciart affectiolg the firlt im ofe tattemicsd warf-taite.
OFIsr-. 11 iuahas Illikilns Universaly Stuio. anal t'xperitm-ntal invevitigationis in cissn-otitrn with tls- prsiImrationa

Ilishinsism. Masrvlaml eat flsasr..earbaiss ky inthalis, inviolving the dincv i luinatsan tf at tons
ando the- flusarlnallion taf hyelreaarlsons.

OFMors-:11 E. 1. dlltit ste Netmufmn Co*.. $tuiss ans expmsene'nall invtligatiane in cusnectiesn with tip- rotassiling
1Vinasatem 11.satelteisaatimoa critain tyla tat itnmAtuettad faslprim; ivleiisti

OM sor-:17 I 'unim- Resetarsch !*vseaatisin *tWiso awl s'xe-ninvental invv~tigtissas in eenntatmis it ith flit refsasia oof
Lufal eat., Ifulimna nitrogen touroaxls with ssidnfr.
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('ONTIIACI NUMflMflR, ('ON"'-ACTOil8, ANT) StI4JVX'RI OF C'ONTRIACTS (Cernliraucoah

OFVmce-*72 tnivenaity eef l~tine'eiet Mtusim'a and cxWrcnctal inweetigatisnh In cen'ctim with hytdriestrimme
Milec'ccpca. Iliceec. nerd In iuitrathm ettadk'. ete., ths' preapetretim tof iie'rtnc utilities 'eecn.

ppcrendc few owae Ini e'mcec'c'tee with the' eeytithi-ale it 9( taow inlehevgcetex:
a aiteei o( pholtomixiiii'ee; the' portliflatlita 441 vaNi'ftii aitltttivi4 cif
arerylinitrile'. anmi the', peejualihm ial canit~te Ii-et ro-pe'le'ite.

OEMear-174 04ee' ()M ae-715)
OE~tar-375 . . aiel & c mia'Xneeti & Citc. Studies sat e'xpewime'ntai iccvt'tiptiancc In 'ennt't'tiei with selu'eitti fetiwiet'

Willixtiom. WI. Air peeitt'ctm againat c'e'it-iai warfare' am-snts.
OEMcer-377 E. I. dlilt tie' Neciecir & Cos. bAtulic' alid excu-rinwtal investignctimit in e'eencwtieen with tiv- pI-etratiton

Wiieiieeegtacca.~to Dc. e li awli re'iatted campicda; pec'pauiatlem iv IAL, anti Meatede pra..-
teme 111"I acdwrapewutic ae't few war ga.

OREfser-3i4 t'niveiilty oel (hiregee lice psi. 1aratiens eol certain nitraeoptn-cmtaining e'he'cniceti warfare' ngeaitce
('hitagee. J11. aned aectivecieant agantie: thedvtlmooteitlnn ofl diphimaa-mne itei piceeeane;

the.' ;etoitwoutia?. ter ;eeai.'aeltm a,.ei arlit-nic' analage eel pygidjiet'.
OFEcpr-434 Risek'liNir Inatitite fir Wnlaende.e'inet!invMe'ce t vigai n e cmn'tlemwith the- dc-i-bivie

Mo'efircl Ra.,aireh cef an accurate nietheiel fer the' appicatem eiel 't'mh'al warfare' ani thiem.
Xiew Veerk. X. Y. pe'ctic' agrnte tee the' akin: tipe' ticWe' andA tiec' cne'eIan.4in is the' vvicale'aei

ae'tin me t len tani awi n'Iat'cI aij~tts. anti a catiuliv eel fa'tme affe'e'inx the'
Siel um-' cifehe'n*-at warfars' agenie.

OF.Mccr-43 ) EAwtman Ktotiak (Cos. t8tuslis4 ill e-eierilc'tcit lnve'tiptiena in cemcwifmo with the ct've'lfip
R'whcate'r. N. V. m-nt i a"u'e'iaI faeri'e ler prist*'e't againct e'ht'ndieai warfesre apent ec.

OHEfter-4M5 Vniv'mitv eel ('auifearnia Stiblicas antl exise'ritmn'nal invetigatcena in camnnetitem with a catdligraphic
OikeeY, ('aifspc-seia evceltie it a kin ,aertisene.

OE~c-4M1 Vielveemity eel Illiuuiie A atutiy ts( aennt it fiwerine' ciremunie.

OE.Nc.-r-32 Jihnee fcepkit liiv'cncity Si-t tll n e'xjwrilwntal inve'atiatisel in iemne'e'tiem with the' nice'anicem
tliltieecein. Matcrv]cecc eel tortieun eel ve'ie'nctie sen the che-mle'ai ecaneeoittceantit o eeloteec'; a oewily cit

thee hl(nefiveab eel war gaaae'a in the ilejwei pha al tif ltther n'late'ei
physacil ehe'enie'uI preepe'rlic-s: nee'-eurrineentit cf re'adian, cailellltli-P
aced fielhc'r proepe'rti'.e hearing emn the aetiemn anti pwnetrathim eel eh'ceila

OE.Nctr-5141 E.. 1. 411111e1i1t c&a Nceeccce &(Ces. S4t*NeicA anei e'xpe'rimiestal insa'atgetccei Ii 'esmetiean with the' pcaeeoicienc
l~ihceieigtcaue. Dcl c i'n"'I cetifan- ag'cet'e fenw tailcfee ande' ecthe'r uncieatieratei 'an-

loveieulia: ceycthecelt eel c'he'scil warfare' tecid' acill vecele'nct aeruis.
OFMsr-Srl'4 Ne'w Veerk Uncivaeritv Steiic anda e'xperienitaei in e'cAtigntioinc in e'eeuncc'ticeu with tht' jItharcci,~

-New Ya'rk. N. V,. eCeicagy eel gtl811 nalcifli C'eM1pemeia1lot; johanse'lscegi taut!11 ImL1cetcaayp liued
inaraism affeectig till- fice'I". U's' eel eifictei wanrtea ;e-lit.; 61eeiA1.iiiltt c1ce
with turonacc emeinlcet in their nrcegc'etcte tlocIa eel-tia'ver cet c'cceeetieie
At itt. a -aiecvo-v eel the' paeapil~litlee4 anti 0he. foanicictliue ael gIaui feet firthe'r-

j ~~~icegt the. ,eronegre.'ef cnci'iine antlc''eei ccc'ni i eectnmc.
-.3-t41 111111 ati ftiie cl llama (C.1aeigliav. Is"%. Sttita' need atge riteirieal inv'etictiict Ic in taetc with e-veluatleeg the'

2!Weal W144aigctcilc N. 1112c". efiaiev oof fab~ric"Q icecprvgecate'e with e'e'rtain nmteril-A agaiecat vacilcit
I 'tce:446aljehiea. I'.aite eeecccl zlc. nwecavic lroth riouttee t-fec anti ei'cieceeto eel hw,

itilliravoeai nall -ad" c. e-a? qug.

h 5 14 71 V . 1. cibilaisil oe Noeiecere , .* 411e1 cecic- ld eit~iieuttl cve4t iciati'e1 its er m-fineia' wcec ith Icf- 1ic 110ei11ic06
f~tic illee. I ). for vncth~i?iziet ri.ccetccici vtAiei'tt anda cc4ialnt 'a fair uif4et iucP

ti' reticlin' IThe IN-a cii theirr. twn4lteicc filiai icifitic and tee iciake
.110-h -oliey4 elst-e prcuoe-c-a am n Itci teccclaeo tooee lereitic' th oie ececar.

0V'%Ir 55 oton n. Mo- imlmn fa. *114e:11 a .11till v ta-. cillhtec,a.~tiI'- it olf--iol%%flfWr s814

±22i7*%t ~;ahiiie~aee $ecc~cc' eicvc~eqicecci4c-n jce'rccma~lia praeetivc. claethicig ecmacetixi uithirlenet'a;
Ieieiticl I~e~ite.i'eciaea.Ifeu"c. ece~fn eel' insipro'gcaeal fieherica. joeciclrlitsti 11lice4. iilircgn-efltsea let

tecitec. o "I. eta " soollt' illi 'aeilee tisecr. fiter eitiajeag te c.:rtiaeee.
si ent Hie arleff.. ,111 t Itec. ice tlo icc al. tf lceoccgiccie4iet citial ffi c-. if e
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'OTRtACT X11HIP1U4. (ONTRWT011lS, AND) $IiU1fliTS OF~ CONTRUA TS (Cemaiheeeo

of,. fr-Sa E. 1. dllmt de % emounh & C. S~tudices and e~xerin n nvetistsk in cencIo with the sMecs.
Wilin~gton). Dl. taminatism fif painted surfaceus whirh have been v~pmuil to) chiuuekral

warfarp agtentoo: the devselspinent lot new eatta foe.eeseeniewie
inaninmate isilisets which have bieen csantaninasteds with chemical warfare
amgents. including mneans for dlecsmteninating prvitective eltithhe coin-
taining activated carbmon.

OEI~tar-ftl Vniv'rimitiy :f Illino" Studies and e'xperiniental lnvnstigatse in tconesctitn with the develoop-
rrbaorm. IN. nint of nsethn~ tf anal) sims and idetectin tof chemnical warfare aMerits in

water Rim methl, ftor their 'eronal or neutralization; the cosastructioin
and tpeatm on a piot pelant for the purpose oif determilningc the appoli.

caluility sof purlicatitkmritim sander practical inowelitinnes; the develop.
went of mi-thed for the quantitative ds'tenninatiem 4of antivesicants in
fabrics'; the dicmign ovf twit type isf f ie'l kits tow tes' it~eetim andl isenti-
ficatiom osf tomic agents in waterapply; imolaotion 4f praluts is( hyslroolysix
Of tOniC agent and of' prodiuetS 4111tinesi Upon the ashlitism tof decontani.

the synthesis 4f therapeutic internvoiata and a Postsedy sof the metablmilI
oif antirrnalaralos.

OF.Moir-WO 'nilvensity cif Illinok. Studlies and experienstal inventigtionos in connection with the prearl ion
Uritna, llof losmain compoiunds of posmsible use as chemical warfare allents; the

nimitim is( HAL
OPFjMe-4 ('oganserialSolet 100 orI 4p. S'tuadies andl esqwrfinwntl Norvwtpttm In connection withi the &t'vslp

Terre ItW, mIni. mn.nt, tof "ipusimee fir the- prouutiom oif a certin chemnical rompound
v Ikn..wn an "tl and iftpselally the Instal~atitn of a piloit plant fow such

inanufietwi'; the experimoental openn of such pilot plant andi thev
pirvdschticom of at leat 10,1111 pundisof"4 ; &study of( method.. if Is-
prwovinsueh, nianufacturs'. and the develoipment (if inth for the prep-
aration 4of diacstyi and related! enspounuis incleadinogtheir chitwination.

O131r1ow5Mi K. 1. duPsmt de Xrmonume & Cos. Airtsls and .'sqwri ninal invomstiainns in cornecion with pnmec for
Wihningtom. Mel. the proxittin of imprw'gnitm.

OEM*fr-456 E. 1. dultomt die NPemum Cm (o Awliee' and exierivnwntal invmstiptosu in cimntifni with the prepaatikm
Wilmington. DAl. of( raw materiabs few Auinical warfare aget.s, and more puarticularlor a

S'tsudy o f Ni. preparation lof amici trlcewido sisng 1101 so a surce of
chlorine. anlsfip hrection and opration of an Ams~h pilot plant wingt thi

hvfrge celes~' riea;the frnefliciatim f ansenk' #mane a smnrcef .eZ
arinwui ehlowitle; the preparation to( sulphur chlorides withoest tiese. fif
4-im'tctal chloinsim nelae miurtisor to hcik I eldserlite; elwht,bNiliRntioo
of sulphur teloid; stndirx on a nevoulifiied procemss for the preparation cif
Ai, from crude' kAsO andt suelfuar monochloiride; thes rwroioitn ionme"
hy chermical warfare agents.

OENs'r-fi70 1.ess44 and Xorthuep Coe. Stuliss and expe'rimrtal inm titie in cssnnesetiom with the dews'lo-
41111 Ntenton Aviuses' mnt cif a elireetoinelirating carimmonumoie intrument.
l'hilaelelphia. 1l'euna.

OXEWr-47t Arnolid 4). Beckmaiin %ttalim and exips'rigne'tat invrssitiosv in connectioin with the de"Itlop-
Sooth l'a..ena. Calif. nincs f a carboin moexie-indicatingiutenne'nt fowbe i he s etratione"

oif carbn monoxiide in air: develtopment otf indicatingt inetrnimeu for
dosterminingt lowr remrentraticmns o1f noliseqs gaSm in air.

()1.M,-.t1 John- lotphite. Veivevity Stoelie" andi experienental invieetsgations In csmns'ctita with the preparatios"
llssltilses'n.. btrvlansl @of "W" in varees forms Puti thst soapplite' will In- Aaelall row te-At

OEM~ 41111 Wapehingeam Viveuitr .4tsdicus andi .xperimental invetiatoee ir mnetlee. with the extraction
St. .~,ei,' Mi'se~erj f natural prsuleeete'.

()EM'r-70 ('eiiernia retittote tof *Ctadik-c andi f'xerrntai invetigaticin" in eineetionc with the N-% vu'lp-
Techeeology assent 4f a se-trpotmsre arssn rnesneii-inflist ing indtruinent

aIs ',ees1. Caelif. ibing heoiehin.
#)1F%Ilr -7 14 1.4,u41e and l Yaurtlimp I('ernqwny Stntdie" so *'sperimnu'n invw.'tgaticm is. vimneetios with the. doweloep.

I40111 Stoeutogs Avetem ins-ft eel' modl apparastim, lee quantitative de4teroninatiem #of impjrvinotesA
l~leeie'dphis, l'eeama.in "Athingwoa that -tondarlicavion temst' ran IN- tosend. ,tel 1"tearueltnc a
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(XNT"tA(T NIMIIERR1, ('ONTRAVTOIS.4 AN .. lFN 0 ()NRCS(odxr1

itutfirlnt number to( units. tft aselected .atlsnfntory moddel ft .eteune - (w
OR~oar-71A Vulvrp~ity 14 Marylnd Studrva andhillitnof rault InoitiaiomtInabkelmwihIpnvneni

aolthon a re agent". Airthediettorthmn of oreneal.aryu Itmb.. heeh p-

OEMxr-2O mioktRyo fma0 til n experinmental investigationm In conwwctiom with methdidd, fAr

Tmohlem.
OEM..r-742 Merck & Cm. Inc. tttudlex and experrimewntal investlgatiaual cemnertittnwith the devellopment

Rahway. New Je.rwsy tif lintrnow fow the pnolductiamn, (m a pilot plant iscale, tof Iwazill and
derivativiro., or such .ompoiund. a.. are required fdoc the preparatan 4f
iponite..; tow alevolopnent of a prswct-olo ituitable for the large Peale

pcewhalutiom oif chlortmmhk $41, tor such coompoondsina. an- required ftow
the reparaotiton of lnlpregnitris.

OEM~r-711) Merck &Co., Inc. Stud"e' and exprimn.tal invvotigatin in conneetim with the preparation
Rahwayv, \4ew Jenie~v and teisting oif seuirtancrit tot he aied an. neutraolixing or the-rapetic i agents

2~U fo r sard boun..
OEMxmr-753 Califtornia Institute Ittudi and experimental invrottagatinam in ciomnactioin with the determina-

of Trlhnoloogy tifom, by ek'cton diffractitin, 4of the imolecular 'structure oft chemical war-
P~assdena, Calif. fare aents.

OE~~r-11) K . dulhont tip Neniainrot & CO. Studim. and extperimental invo-stigatiton in cnonetiton with the develtop-
Wilnainm. Del. toint fif a pnoto foor the preparation of IIAI, and too equip, Inustall, and

operate a pilot plant which will yield 20 galon. of the finiphrf mate-
rial.

()EMar-7t1 E. 1. duPiont, tle Nemounrs & ('o. A chemical istudy 44f certain Ato Involved in the synthc..ka of a certain
Wilminglton, M-1l. chemical warfare agent; an engneering 'study loonking tomwd UP c~on-

meria gulacl~m anl i at dyoflt~stabillty and xttomp..
OEM..r-771 Kendal Coonpn tual, anm# experimental inwueltigalion. in cisemtlon with the dvelop.

Walpole, Motion. nwelt tof arents Andi method..a fog' binding activated carhim to cloth; a
study tif the prepartit-n 4of fabrids ruate with activated carblot, and
i.earch on th :-valitation 44( the fabrics prodtuced.

()EMur4913 Leiedn antl Northrup Simtuiva anall experimental IneslalnaIn e~nactloin with the aleel-'p.
illiailtlha -tinsa. toent undt roinotructin ti4 an automatically riedimling potA'nlimwl

apparttL. for tht date-rmninatloin olf the amount of Awnieni wrtrfone ip-.ti'
in air at lfow camca'ntrat ion.

OEMor-911 EiAtnian Kiu.)#. Company Studie, and experimen tal lnveittigationew in cionertioi with the pniparation
RwatrN. V. oif :21N) poound.d #of E.D. boy te lead tetraethlv prirewm worked fout by

0E.Motr-MI's Purdue Rasaearrh Fouindation Studies. and experinmental invstigatiun. in connmection with the prearatttion
Luafayaitta', Intl. o4 thifuliglyeoil muixtard.

t*?diar-M Cawrnell Inivan'oitv Studies atod extpetrmntal inventptka in riomartlain will& onicrau-oplcw
Ithaca. New Vaidc itientifiraticm cif chemical warte agents andt their derivative..

t)E?,tsr-POt Procter & GamI&' Cto. Stusli.'. and experimen tal invcetigatmm.. in connerction with the to'mi-woarks
lvalrytlnle. Ohill pritduct iof "W1" anal, orwe particularly, methold (of ilatung and

eonecntrating "W" frtom "Wit" anall the ultimate pm'paratiflm, if
do(~he.. abmout one hundred putound. to4 'W"; lweparatlamo if fine-ly

ihided "W", either Isv grinding or direct precripitatin, which will lote
'suitable- for disqsocs,.lt from munition..:sand engineering 'studit-a ton IPA.t a
lahonfite anal piltot plant Pecale tot rendepr practclinle tht. um-. cif cim-
nwireisallv available eastorr bean promsar for t ho- InoctSr 'itm tof " W ton a
large 'scale.

4 lFMdsr -14.1 Mci~tljd C heniral Ooriny A pltiay 4,f suranic uderivatives of phonephoms.. andl prs'gastratlon #of flvr
lMu.'phat.' l3ipin hundredd pounds. each oo4 alinsethyl anall ii'..iprpyl fursh.pne

Anssist.,;,. Alnilisnan merthyl flonmsac..tate amsi floodsrowthantol; conaloe1t a Ittly 41f atliriatfory
andl Pilot Plant prrredaire. for, the- praparatiin oif rartnin vo4latie' anll swi-
volastile chemical warfare agnts.
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CONTRA.CT NIMIIKRS, CX)NTII.WTOILS. AND) 8UlUlXkTS OF CTONTltACM (Vantlnesn

OEMor-POR Poeic & Cm., lie. Staelk', and expqwrlnsovtal im thie In trinixetlion with the pr~erstiuti
Rnaiway, New Jerwy 44125 tooA0 jiIuD fit . tA0

OEMto-Ar AiIkd (iwtncal & Dye Cl4wp. Am$t-ow asnt! exporISIPIita iIWnveitlllr in eaonetm with thev nltrseatloe
Natltomal Aniline IDilione to( methyl ethyl kettuns and the, pn'pnraltun 4if minin eitl ed14 CWV
-tW VIArk. \ . agnt, ando the teptlng fo the- Iaat tory n'toultfe by Atrn. iut.'ty 1tnt

pll4 plant triale.
OE,?0Ir-gg4 Jim'. H61IcrEft A %xwII Co. tsu1141W1 a1114 eri rietal lnvepit~ai~m in c4o611w4!t14M with~dth lV04lE.

Vwjtmlngtm. Del. Inet fif at methoil, fu ti a a plant uenk't, fur the- lsnptw~n tit if Ili
with aetivatedl iraihm.

OKMuer-119l 00homila, tnliv"Atv Ca4netleat lmnmnforhe "I leal tulefe.
New 1ior*, N. V.

OE~eoer-910 Cam-A-Ishecol fit Applied i-ence Muslime awl ePcPerlIental lnviottilne in aclmertin with the (Itetolli4
(ievelanml. (Phit. 4f eImalwarfaafr. AVIntie In Wfater andi niethulo fur their remeal;

tlporratlem 4, a sonall Witter plant tit iutly thes ffotivtehu (if pripuiecet
pnivedut-ot; d.-Altn of twn ty-p*u at te kito.o far- t ekeetlim andl414nti-
filatian 4,1 taxie agents in water tpply; Imwlatim of priaduerti 4,1 hydnlysaillo
t,1 taAic aornt,. sad tif pruodurt.s ifftained upim the aildtitiorm 4a derintam.
mnat jug agent.

OES~or-0H13 RAI T)evelnpwnet Campany Studies adt eixerilnentall inveoctlfatictfl6 in connuiectian with the levelap
1 tuph Striet noeat 4,11amee faorthe prioclatitm oftilmoretylidiurtic by itve'rtiig the-

Faifl Pmineitri. (alif. vaspirpham oratalytic caldaticom et methyl ethyl kettne tolareyl In thle
prenn it( 4,a eatalyit campriming ruisrimm axidle and reartingc the reiult.
inic tlimcyl with arma in the pevm'nw 4,1 an arid,. andt ciepeelafly (1) the
installatioin of a poinot plant few arsb octuilleo. (2) the ealporienentalloea
tko if mmorlsi piltot plant, ande (3)6 a. tlidy 4m the merthoulle cm ImpwwnK soteh
,ntanufarti'..

(*Mueor-IM K 1. duPmnt tip Xemure & (141. Mttelien and experneental Inttptiita In coinnectionm with the( preparatin
Wilinlngtim, Del. I Of Jlpound.ofif fmlkevhyichemmiin byV an Pro"we prww'.

OKMoer-I)35 )(ayh% Fini~elling Plantoo, Inc. $tuieum and expinital invcetlgtiana In eoneetim with the tievelEop. *
Nemyh-cville', f. I. Int ait of methfut frw praducring, an a plant N-4k0, perniealilat prmtectivol

fabrie ccmtalninX ae'tlvatede carts'm.
OEMuer-92 Lailaa?4aeInvmnitv M4uslim, andl mt.7ei'nnnttal invmistig oina In conetion with the dleet~lm

Aorricultural adl Mferhanis's off chemical warfare agetot In watt-r awd mnethewl few their removal.

lintfon Renag,, IA.
OE~uer-lflt Vnive,-itycoAl aryland 8tuolirof and exp-rimvental inmeitiltuts in tcemertim with the preparationi

(!4lleme P'ark, MfnrraIsnd ulf 1141114fitanlt antitaveu iiftmeodts.
OKMer~ttlai)New NViark Unive'n~tv SItegei.e- and extyurin.mstal inveiiatlani its c~etom o willo roeiltihir "itll

New Yirk, N Y.' intros"etl11far rirnietituents with the. 14ibist 4eeliukla~lig the, chuiffe IIV
Phypkeul orlenuie'-d lreeli'tW 4i1 Paris eimootituetof m riniatl with the
actican 4 cheauiral warfart, Pornts: the iffulmoofitiom andl frmtionatlo 44

()1~r1W .I. ih1ll'4.nt di. Noenwtorm Cs.. IN'rfscrn stilln %morkincromertiouithtil- m'paratim tol in n finely
Wil~i~aggte~i, I)'l. sivitled forns ,sitaloti. fewo thicirpicont mlu n ieromosil nd eindaist tadurwntorl'Y

t4-ots fin ueaaaisiliu iff W~ %eppliil too theo' ('ebetiE few that ,mtrpnc.
()a~er- 1MW . I ilu'.mtetc.Neosaore & u. islist anwl i'xcjrismeital inve~etipsthnvolo issirrntito with fte preparhatios

Wigliglernlo. I10sl. 41f fthossewdithifol hsking turwanl the ilievelptliit off aIm iontu iell awd
gints-if-1 in nthusll whichl Will mmIVP IK'411itilitisi. GeT 4ei1iaroiP'Iit IeI foll
jItant witle. Ther iirk i9e ve' iejt'l too ismoltl5' tiE 'flt- t Ijdnali tol' ri'1ii

fjuimolitiere offth~eltic whiehi. it i4 estinmaltd will I'o 1101) t'. 21

t)E~1er-tH~ Ili'e'll it 53 Aljnnoi-itis S~t tliw% sitol exinitentat inmt io Iat im il most es i i with ti4o-lE''ii i m.
NUi,,,,' api'. ?litn. ,etsililie',eP. at"nd IawNfirulie fit rdn- ; 4tctertsr kit, ..g e o byf I fth

'*:~r 1M) Awri'n, tanaei aiim,~ Artsy atud Navy, and ai :ygww cal obe'ti'elm foor fth it. for fur ctollier ttm.

4A~ 140r!,. N. 41. if w 1to- pe elitinible sin a !togiesstort settl.
(*:Mtr -1121 Arml, & Cm,. low. .1tui'lieear;I .'Xfoo'Iiiiu'itnl ionvf-tiviltjem ill e'.rneec'.'titoii wilb -l, itrtha;--.n s-

R:olvaut. Xew J4-mev o em-vostat ii. e'hestoie'aI untfin' nge.w~..
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OEMssr:l ;3? MonientivChemiifal Cmqimny Ptudins nu exprrinrutat teuwetiptions In cenetun with the Mreartio
14t. lji. Nkmvisr of s43=.

ORMser-12N) VwIAndret Unive'nity *~uie awnti w tal Inviotigatiom in vet emetion with the lneerwssrn
Nsshvilh. Te'nn. ti of ttmic cnenpound with twinek awl euthe', naterias. in emle'r to im-

awd asynthie ft uuatinmtalse and their Ient.neusliat im.

()EM sr-t2R2 M otion PM e'trr'r W nm'~rng ( wp. Prepare working drawing of the. tape. reemk-r. dlevetese-e vmItr ('uutfW 4'. - b
144111 Cultism St 4tet OhEssr9 with the Uea~vtimsity of (ChIftm), foe the tycont of Vapoar

Chi-m~.:. Il. caeurntratisna elf chrnml watr n a in the W14. and priseum' tEN)

UOflt Park. Manyland inventigtion of inw-reiclem and rnxelm'te.
OEMsor-i11M Harvard retIveraity f~tuline and mtpesmentat Inviisttou' In c4imneytise with a ehemica

CanWIpe. Maw.. inwintugatlim of insetikids and repitnte.
OI,,%tsr-l3O7 Ohio Mtate University Ntuetk-s and enwrienental invtotigatiose In vimtttion with a chemiral

Rneareh 10ntndatiom invistione of Ivemectkidm' and repellent.

()lMstr-l.J Aimeel Vkpmm. OCi srwak Wudkie and exepe'riumeal inwetiations in conecilon with thr preparation
Wilmington, TI. of carlm-vivmnw-. rayon varn and the' deielpmmt of seitaN..e ,wIlweb

of incorpraing this yarn Into knit awt w'wcee false', ulahi few am by

()P,%4-4r-I.VM F, 1. etaPiMt CiP ?4emnUrN & Co. ittud'-seati Pqeieperhn'nn lnvmetgp'tioms in conuneetiee with xm gene'ating
Wilmninon, 94e'. and high emwmt cmpmo.suitabte fit um' a. feis in let tIropuluio.

OXMme-l36 K 1. duoNmt de' Nenuurs & Clo. ttaei aes4 experienental invaetiptinn In cemnm'tion with fanmatatiose of
Witmingttim, Drl. DDT Meating to its um am an irectitidn and thrwnt of fatties for

Cntrol of itawtie
OENW~-1383 Rresington Arm Comanvtt, Mr. Ptuis awl etqwdnmna i iste In, cnneatln with dev'loawt of

hrepwt. Om". devins xeqtaWl fot thr diepeseke of nim-yniatilet materialt
OE~ssw-14t14 lVnivrsuity olf l'itnhurgh *ttuelln anwi exprimenta itivcotigatlon In cnnection with the'nfwhmiat

M'tshrl. vm nw rmo.ntaon swtanwo intmwst an penpuwon fork.S
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The pirijeeta liist4'( Ix-low wert, tnausmittild to the Exerutive Sm-eln'ry,
NI)RCf1mm the War or Navy Departmrent. through either the War, Ie-

7 prtinnt LIalnon Offirer for NDRC or the Office of Rewareh and In-
lentions (formerly the Caordinattor of Reinah a&d Developmient),

Navy Departmnent.

&rwee Prtijd

AC- SO The 1)evhPinemnt of a Carbon Monoxie Detertior for Aircraft.
(MM-2 Study of the Th.y of Toiilty.
CWI4-3 '4vnthm'aoi of Organic Anseiticat ('wnpoundis.
C'WS-l &etboxU olf 1Nimamo of Oertan Nom.Armeniat Organic nmpounle.

(~1%'144 Chemical Dtertew, of Pen~oile'nt (iemical Am-nt,.
CWi.- Manufacturing Primea for 11e'wipdte.
CWZ4-13 Catalyst fe 1woentimn of (Cormlkon of Streel Oomtainemn ty Liquid %celeants,
(48I-41 Methodol of Anaymla and DThrtectie of (imesca Agents n Water and Methn&e of Puification aownuc Watg
CWI4-2i limme'etgatioto elf the l'tweuoiirul Efferts frun Radilant Heat &ndl High Tempewtunn* em lunam.

CW-21 The FcrmtlIon of 1FePxihIe Fulm from e,.mwnue Raw stram
CI4S-2 The Deveieepnwnt of Protertive Clothing.
(*W14-2P An Inveoatiptim eof None-Volatilh Toxsic Agents sl Mrana ftortheir Ithe.
CIW14412 Teoxie C'hemnicalse few leemet and Rodent Control.
NA-174. Invcetigatien eof Oaae (enerating and hIh Ene'rgy 0olomind,4.
NL.-I17 lIrearatirn olf Couapou"ee fo Sttudy elf Thin Films, Fjolomiil~ly for L.ubrication onslkns.
NI'-lIm Pnjmltim of Organic (!omptsunes~ Ior Gaoline l$tuie.

L NI.-It1,42A l)Pvlto a Tool Ituitalk' for S4hiplu-snt U"e fuir lDtemning when lnmsreginal Clthing If" Levl lIts It&.
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