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DEVELUDPMENT OF LQQHOLOUY ?ﬂ WRG&UCTION, SAMPLING AND &55AY
orF SX&JLATED ATMOSPE”&ﬁs IN CuOS”“ CHAMRERS

Y INTRODUCTION

ng 1858, Stang 3 B QSﬂ%rch Institute Cumﬂleted a project for

uri
Fort th?ick uuder Conuraﬂt No, BA—18~0%$~¢OA~C¥T—123 in which the
iiterature relating to me ropc& u.air,pollutant concenirations was ra-
viewsd and in which axtensive tahu ons were mede of mesgured concen=

trations of pollutants found 1n matrOpolitan atmosz rpheres in connection

with sir pollation mnvestigatiﬁns,; On the basis ‘of those tabulaticns, £
polliutsant sgimulant mixiture was sexecteu which w&s “econsidered rap*eQVMta**'ﬂ
o ¥ zxinmum concoentrationy of com;aﬂ@nta in matropali agn atmogpheres,
and eguiyment for pro&urticn ,sannlinﬁ, and assry of the pro-
mixture in a test cAm,ber wewe 3uggesked,

of the invc:ﬁbga*ian daacribed'in this report wes to
for producing the test atwoaph re in an sxperimontal
ﬁ*?liﬁu and analyz zing it and to estimate the error

of each of the constituents ovsr a Z-hr poricd,
Gl ¢La$&er'waﬁ used in these tests, bvt tachnigues
wETe 71 Pon ziy of sanale-up to a zhamber capacily of I mililon
, 11ters. Eglative hu Ly in o the chamber was maintained at 853, with tho
- exsention iect ¢ts asonductad to confimm the validify of technigue
: : in which the humidity-of the *esf atieaphore was eO% ~The aﬁmssnhars was
stirved during sach test,

-

The exporimental. work was'conductﬁd in 3 parts. In part I, optimuw
uethods were investigziad for producing, sarpling, and analyzing the
irdividual grzes in the test atmosphere described in ref. (%}, and in
Appendisx A of ihis report .. Thé applicability of the ﬂﬁthbﬁé wig based
upon experimental work im this program, & survey of the lite.ature,‘an¢
previous experience. The gampling and analysis metlhodn were evalualed by
tho fellowing eriterin: {2} the method was to e sensitive in the requiszad
concentration range, {(b) intewferencsq from other constituents in the
mixture were to be absgent or determingble, (c) a minimwn amount of test
atmosphere wes to be uycﬁ far aach analysis in order to prevﬂnt gross

o

Wohlers, M. L. and G, B. H211., Literatuve roview of motra u*itan aly
pecllutant concentraticong~-preparation, sampling, and &sssy 0f syntheiic
atmospheres, SRI Project Me. SU-18186. Firal Report, November 30, 183G,

[




raplid methods wers to be used whenever pasyibie, preferebly wst
methoda, so that the monitoring svstem could hs reproduced at othesy
atories, aAnd (L) nethods were to be,aulactmm which could be 9ﬁwzarﬁ‘

victeriological safety cabinets, or in which the sasple sould be zterilized.

dilution of the test atmosphere, (d) the simuiest, most dirvect, ’anﬁ ©
y 4
£

Apprepriate injection, &amyling;ﬂénd snaiytical wsthods were Zooled
for each gas in the tegt aiweﬂphern ing the initial conuvent ticnu given
in Appendix A. Single-~c constitusnt atnogphereq of the LDILU’i'g gaar" wire
monitored over 2-hr perfods: reetaldehy de,fucetiu acid, avetylens, scrolein,
ammonia, benzene, carbon mowaxidr formald?hyd hﬂxanv, hydrogen cygniae
hydrogen fluoride, h l”ﬁf@%‘ﬂ sulfzde nitroge‘ Vzexidé, ozong, sulfur diomide,
end sulfuric acid. S - S

In part II, eimulhtha aimos pherﬂs wera yféh’@e'”with 8
end individusl gases weré monitorei over &whr nériods in oy
the efflciency of & sp@ al zos iﬂ§32L3¢ cthe% w&icn hed &

'i
i
4

1
ey
oS

a
5 built to
deliver mixzitures of gases iﬁto the chanaer, (b} ?o dstérmine th 'a;m?ica*

bility of the sempling and anmlytf cal methods ,wh

on testlag the camglﬁt»
gag Aixture,.and {e) to tert for reactiuwﬁ be .

an' the gaq&z,

“The complete 3lvuidted atraspbeve w#g &mﬁ Ga;in'pﬂrt"lli CA nixcare

of particulates wae L%‘we?ed into the Cusabnr zlong wiih the gases, and
the conecanirations aI w ﬂﬂs and aerosoh wcrv rcwi :red

f tne prwr&mﬂﬁual erroy- as nl
Th&ﬂﬁ wag made on each ppr of %ﬁ@ p“ograw ‘ThE'rT“
of cmnsextra:iﬂﬂ with time was obtained in cech

of ﬁhf hawuir*a?ace cf the regrewsion, and
; “for tn& true slope. In part 17, 3 smmpler of &
P&y icnlar gas wer& obtained over the 2~hwr peried on esch of 2 days
sslected at random, in order to text for day effects.’ The & valuen wore

then combined, digregarding day effects, and a new e
‘ervor wn, oh*alﬂed@ Pert IIT was similar to part I
mentzl design and treatment of dats, xcept-th&t 3

s wero collectad on X separate days The resulis §
core then combined {disrdgarding day ef?@at&‘ in oxde
degree of confidente in the resuliz of the aseay.

B psrts II and ZII

An estimate was mode of the nusber of weasurcman
the mixture that would b2 reauired to determine the p
tyend during the Z2-ar b”zx,u;'a‘Iowid, in gach caxe ¥
variaticn dus to sampling and Lnulysic '

"

Selected experiments were made at & rclative humidity of 40% to
check for grbss,cfiact« of hum ‘ztv on the ccvnleio test st moswlu
Finally, the techntgues wura‘conridoyod 1n reqpact to scaieduuy
chomber size and to the cn‘Lccaiun of ﬁzmnlec in bxctarinlogical safoty
cubinewm‘ ‘
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11 Sw :zu.m" AKD CONCLUSIONS

An sppropriate sampling and analyticsl method was found for eack of
the gases when the aingle canszitumna at mozphMrev ware monitored in
part I. 7The concentvations of ace aldaqyde, acatic acid, carboen uonﬁ%;ae,
¥ ldohyde, hydropen 1]u®?kbu, nitrogen dxowiﬁe, ozone, and sulfur
dioxide decressed Jiunifiuan 3* durﬁng the 2~ hr tost peaiads.

had was develaygd fav p“ p*riﬂg the g'r miwtuve in the chamhe
of ths progrsm, Aldpuyfwm in the mwnture could not be de-
sparately dus ﬁu 1ntérfcrercaf o0f the mixture with the anglviical
“e§ wore determined by ancths? method as “totsl aldshyde.”
1uoride was omitted from the mixture because an excessive goount
injected into the chambey in order to obtain the required initial
Suifuric acid and acetic acid diesppeared immediately from
‘“%ﬁletﬁ nixf TR, éAC? ﬁYChﬁblf yeacted with. the ammonia, forsing
nium zulfate and acetate, Hv&rocmrbona could be identified only when
ch sher relative humidity wes 40», due to the nature of the gnalytical
ue. . Carbon mvnsxidc, nixro dicexide, ozong, and sulfur dioxide
ed significantly during thc' -hr periods, A day effset was prosant
caée of dulzur L»Uﬂﬁﬁ ’ o

ey measure of siv"‘f*cﬂnve wasg ohiained in pPlt 11, in
ere monitored in the mixture of gases snd particulstes,
because each gas was iested on 3 days rather than on 2 day
des, niirogen dimxidv azone, and sulfur dioxide decreased
Ay durding the Z~hr periods. Day eff&c&a wvers pregent in tho
tal aldehydes and h}*rognr cyanide,

The aerosoel concentration was mnnir red during each 2-hr test iu

vart I1I, using a smoke photometer, The total weight of asrosol injeotet
or each test was 1,2 mp. MHalf of thig oguantity consiste? of csrbon hlack
n the sub-micron range. The mean diamster of the othsy materials in the
ixture was 3 p. There was no significant decrease in the number conlon-
vation of ﬁ*?ticlez in the chamsber over the 2-br tesi periceds, indicsting
that a2 large amount of the msterial was in the sub-mlcron range, sud did

: - undev the conditions of stirred setiling Tests ware mude
Cgetiled materiuel on glass glides, but no sign.ficanf araunt
collected bBeocasnse of ine low initiel concentration in ths

5,-; P"M‘"‘

it

“

A single test was made for each constituent in part YIT when the test
mizture was st 40% RH. In each cage the sample was drawn afisr the nizture
hae aged for 15 min., Mo gross effiect of the IDJMP humidily wax obsorved,

 Phe 5% confidénce leval was used in il significance tests thvoughoul
thz progroam.

]




Ithough a coaplete progran wuuld I 1rﬁ0ﬂw9fy to detact signifiant
&ffocta of husaidity, no grosg effects would be exa@ctai nrder thess sxgori-

el conditions. (A significant .effoct of. husidity wez obgerved in the
cage of sulfuric acid in part 1.  Howover, the scid. dz&appﬂareo init*zli;
in the complete mixturs, as previéﬁsly wcnfxvﬁwm'¥~,-3 , S

Time trands wore hnwn to be pr&cent'on;y“n'ﬁh cegos of nitrogen
diexide, ozone, and sulfur dioxide when the resul*g chteined in p gﬁfts 13
and II1 were combined, iguoring day effects. An estimat" wis thon made
of ths number of oh%ervatimns which would be “@quirad inorder $o moaitor
each gas, accenting slops vwrﬂa*inns equal to the variations cbfainef whan

the two parts wers con Jih&ﬁ; hxne obaervatioqh o*‘wach constitueant woul
be reguived.. ’ - T -

The methods of preparing the mixtures and monitoring the constituent
doseribed in this rvpcrt sara ‘yn¢§¢sa1° to goale-up. It isg suggeeiad that

ST
the meterigls, evan GZO!Q, be a*lufud to decay neturslily ‘kaltbaughfcon~
rationg fall off rapidly io an’ ‘undetsctable - lovod. The synthet

F

[
&
v
]
03
5

e

mizturs treated in this mannev would represent 2t least as good aﬁ g“ﬂrmﬁa
condition in n&ture as ' conatant ‘concentyation would;- na@a%*“ *bare are -
wide varisiions in the concentrations of these pollutants in outs ide Btwos-
pheres, znd bavause ths tast ﬁtﬁ&ﬁpﬂ%?a repyre 5uw€@ s Al gh'avmrwgﬁ concen=
tration of these pol 1°<znts.” In addiiiov, *ﬁ meke~up tachniques wer@ used,
the results i3 '*h1m yf.jﬂ t w@uld nﬁz nsr&s%a.¢1V'an,1v‘ '

Finally, suggestlons are give& fur mnnitoriug the constiluents wnder
bactericlogically safe cowditioxs» .




111  EXPERIMENTAL PROCEDURES

A, Degcrivlisn of Tev* Chanber

r fest chambaer whs cans&rurtud b; the Rhm»ﬂ Maanacturing Company ,*

The
1t is shown in Figure 1. Jt had 8 cmpa01t} of 1800 liters, and was znde
of type 302 stainless steel, welded throughout, Ii had & dished hesd and
LHottem with & 18-~in.+disnster mmnhole in the front, mnd 2 Lucite manhole

cover. A1l fiftings, including the mamﬁole, “were flush with the inside

4 cank ., th t@ga atmnﬁgherﬁ 4n tha Lhamber was mti”rﬂj by . 2 fan

. 1, logited’ in the lowsr ™
£ 1 ch:&“rr, Th*re WaAG a clearance ot 6 in, becween the bladss

end the chamber wall The shaft of the fan extendﬁa ‘through a packing

[
4
et
”J‘
:‘1
v
4
P i
53
he3
i
“ﬂ
PR
o
[¢5
:54
-6
¥
e
*3‘
,&E
e
,.'L
ey
6y
b ¥l
R
20
- N

szal iw the kq**on_uf the chasber, and. was driven by. & Eoston ratio motor
faniened to the (1 loor. - Tha” ﬁzafi‘spceé Was. 86 rEm, 4nd the tip apred was
133 ft/sec. A 10G-ofm blower with g msgnetic valve was attrched to the
top centey of the chamber, and‘ﬁmx umﬂd 40 flush out‘ the chamber hﬂtween
tests, A 3~in.-diameter ﬂtaﬁ 1&&@ , 1 pipo. QYL@ﬁﬁ?d fram the lowar part
of the chamber to &bovw the roof "“ihw'bu*%dxn } Fra%ﬁ ‘outaside eir

Fawn out’ of ¢the chamber when ssmpling.
”f&ﬁ meintained in the chamber during
Sin the siy dnlet tube,#% A wet
£ the fransparent . nanhcl* cover
“moist by adding water thrGUfaia
auoppe“ed when’ not in use. A&
_chambsr for cleaning purposes. “fhe
ﬁa ot 1A us e wers coversd with

entered thls tubs to replace
#tive hunldity very ¢lo
a vest by wmeans of a 80 ka
and dry bulb va?ﬂv=*
i wal bulﬁ

s

A determinatlion w.w-m&ac af Lce mix inﬁ efficioncy in the chamber. .
Yoy thasz teosts, glycerise a ””Pgul was prepared with an atomiuur« ype
generator. The geney&t@r,dexivgreﬁ pawaiclca with &1 averagﬂ dizmetar -of
1 uat a rate of 1Q‘nx“mwr0aol/min.A TL,va“roﬂwl was introduced into ‘the
cherber in the ssme panner in which thé tost gases were ‘ntreduced _
(&uwcrihﬂd'in the iﬁllUWLng ﬂ*lon) until the glycerinw cencentration in
the chasber was 0.5 y/liter o 1.2 y/liter. The asrosol was then drawn
through a Sinsiair-Phoenix forvard’ sezttering smoke phaTnx@ter from 5 .
locations in the chamber, znd the miving cluﬁauterisfius undor test con-
ditions were deoterminsd in i*yuw;gﬁ’tb@ ralathﬂ aarﬁs 3 concentration &8t
a particulayr leocation and sk'& razti v{qA-**mP Tha ‘time for complote
mixingy at »n port was takon &z fhc £ “that a rise tn conucntratiog was
completed, and decny had be ﬁUﬁ‘; hovﬁ‘yprtg were teated in random order.

* Rhecm Manufactuving Compnny, &03 C)ﬂﬁ &'g ;»nsoau 4, Caliiorni%

= Gelatlve humidity of fresh Lr 1n thh'ﬁ&n E:hn 3gc0 ‘Tiny Area is usual)y
between 309 and 60%. L T

e
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TABLE 1. |
%EiING EFFICIENCY IN CHAMBER
Glycerine Peftxcieé, AVﬂrabc bxmmvtor 1l ou

FNTMT SUCCEASTVE ASGUHT OF GLYCRRIKE : TIME FOR
oy SAMPLING ADDED TO CRAMBER, &cr o COEDLETE MINING,
i POINTSe Cilitar ‘ sov
1 ] 1.2 ‘ S 4 B% 25

A . 40
i R
2 - 7% bz'_
1 0
2 2 1.2 0 7
2 0
K ¢
H S (A
5 S0 ‘
£ o
3 4 12 G 20
2 + 3%
1 0
2 0
3 0
i 5 0.5 o 20
2 + 8% :
5 0
3 3 1.2 ¢ 20
3 0% :
3 0

Lozrtions of azmplivy points were us follows: No. I wes a2t tha sampling
level (273 vthe zaak height), and 10 in. {res the right well, {scing the

tank. No. 2 wes 2t « gosition 13 tha tank haight, belsw No. 1, sad 1 in.
from the front wall, Ne. 3 waz 1 in. ebove the bottor zenter, balow the

fou, Me, 4 was sbout £ in. dewn from tho tepcenter, No. 5 waz av the

aexe pork as No. 2, but the ssmpling point war 10 in. ironm the opposite wall,

T* Whsre Cy is the avoriga concentration-decsy lize. Imatvument vsyiatjion 1]10%.

The results are given in Tabic I. & maximuam of 25 sec was requirsd for.
complete mixing as measured by this method,

Tests of different methods of cleaning the chamber betweesn runs were
made during part I of the program. The most satlisfactory method was to
fiugh the chamber overnlght by arawina outs*d“ air throuyh it by mesns
of the 150-cim blower,

B. Injection Procedure.

1. Gasg Injection .

Four meothods were used tQ’injecT the test gases into the chanber:
(1) nitrogen dioxlide, ammonia, sulfur dioxide, hydrogen sulfide, carbon
monoxide, ond acstyviene were supplied frow gas cylinders and were swopt
into the chamber in 8 stresm of nitrogen; (2) ozone and hydrogen cyanide
were generzted outgide the chomber, and were swept into it in ‘the nitrogen
stream; (3) formaldehyde, ncetaldehyde, acrolein, benzene, hexane, agetig
aeid, end sulfuric acid were evaporated into the chamber, and {4) hydrogen




ced by bubhli

fluoride was introdu ing alr tﬂrovg & 9m1u?1mﬁ 9? h;dr¢$9w
fluoride BEydrogon f;uoridw wag Cinge *ﬁd an‘y tn pw\t I, ds mat@ﬂ

proviously,

&, Injacticn”of

The eqaiy m@wt uvod to injact myﬁinde“ gasdd aﬂﬁ“gem&*@

ked'x

into tho test chambor ipsnoww in Figu we 9.  The. eﬁuipmﬁnt RS mauﬁf

& cart, and during opersiion woz connectpd”fo the center injsction po
above the aasnhole, shown in Fig e 1. Gase werE ﬂel*ve" 4 From ‘the peri
into ths center of the amher throush ag- ft glasa tubs, ALl stonca“&ﬂ

&
were turnad € s clcsﬂd peaiu on’

afteyr th:

fip*ectiug qgﬂiam was cnanee»mﬁ>

RRTae

to ths Line 1;;.19 'i*er /ﬂ;ﬁ was allﬁa@d ﬁo Lo *hy@dgu tha
exhaust m“nifold Thn‘n*trogen was then. turﬁad on, alia the sol?aaid vaive
wag opensd. | The nitrogﬂn 1low inte the chamber WES adjustad ‘

10 1tarsfmin, a roading of 8 on. ‘the rofamb*nr'sﬂala._ ~“The sy@ﬁp»ga ;staﬁ
vasz eguipped with an autfmm*ic__imervto une solenoi valv ' but the imayr

stylene, 0.55 pﬁm,*'Was:j JECt'm first. Tns szopcork in tga

vns opened to the exhaust manifold, and the cylinder "aiva
40 sec.  The acetylene szLnge was opsned to 1.2 co

ens was tu“xna e‘,, the stopoock wag turned to the sweep mond
the ﬁvringe WRs injsc*nﬁ Anto uh R s stream ente

r. Tuc acafy sne sionuocV wAs than turred to an afx pﬁﬁitl@

sy

o
fold,
inx

The gtc§~0: iﬁft 2 arbo% wonos iﬁﬁ Aine wes oponed io th?

exhaust manifold, during the 30 ﬁcc Flushing wi*h scetylens Lﬁscrﬂ&eﬂ ahove,
3 4

and the carbon monoxide Cglinuv*'n“gdlw valve was opened until the rotureter
reading was 7.5. This indicated a flow of 40 co/min. After completion of
the acetylene injection, the stopeock in the cﬂvban monoxide line'wdf

turned to the sweep manifold for 30 sec, which allowed 20 cc {10 ppml of

the ges to be swept into the fank. . The cylinder valve was cloped at ibe

end of the 30-sec 2

p“?ibd,’énﬁ the stoprock was tursed o t&- off posmition.

Ammonis
menifold,; and the
0.72 mi., After 30~
was turned to ths
the sweep maniiold,

opeosk was onensd to the exhousi

- The syringe wae opsned o

turnud off, #nd the stopopok
‘in the syringe was injestsd into

turned off, \

sweep mani fo0l1d.  The RLS

and the stoprock was

Sulfur dioxide, hydrogen sulfide, and nitrogen dicxide’ware
added in guick succession in the same manney as ‘the ammonia They weors

unliess

¥ Parts per million by voluwe are gix 1 throughout the vepork
cthexrwise noted.
¥% About 0% excess of the required .gas v ‘um?« were notarad in the =

the gag residue resaining in
s Lo the sweep~-gas m

to allow for losses due primarily to
{ine~hore tubing extonding from the stopceocls
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urred on and allowsd ©o flush intc the exhaust menifold during the 30-sec

iushing period for the nmmonls,. The syringea were adjusted to deliver

“he follewing amsunts: sulfur dioxide, 12 cc (5 ppm delivered),* hydrogen
2

suifide, 0.48 ¢o (0.2 ppo q»livg d), and nitrogen dioxide, 2.4 c¢c¢ (1.0 ppm

b, Injection of Feﬂwratpd Guse

sgen cyanide and ozone weve added next. Hydrogen cyanide,
intreduced .in the following mannér. Potassium cyanide,

25 placed in the hydrogen cyanide gonerator shown in Figure 2.
of £0% gulfuric acid was added through the serum stopper of
r, *ﬁﬂ the hydrogen cyanide whivh was produced was swept into
it the n~trogen stream‘;,‘ '

[ 4_:

The power vupply Zor {he7ozdnm'géneratbr was turned on and
adjusted to 84V during the precedi ng operatiouu to ailow about 2 min
warm~up, The stopcock in the oﬁyger line waa cpewsd te the ﬂAhduSt mani-
fold, the oxygen cxlind er valve was ¢racked, and the oxygen flow wa
adjusted o 15.6 ‘on the rotamﬂter {2 liters/min). The stopcock wis t}‘
upenad to the injection manifold, and ges was gllowed to flow from the
ozonizing tube into the chamber for 3 min, 18 sec. It had been deternined
by previous calisration that 2.0 ppm ozone were present at the end of the
injaction poriod undor thﬁse cndi*ion%‘ - The ozonizer was calibrated at
intervals throughout the progrﬁm,'aﬂd the le nwth of time of flow into ihe
chamber wags changed ancordingly,

e, Injection of Evanorated Gases

e

The remainder of fhc gase@ and the sulfuric acid aerosol, were
evaporated into the 1amhsr while the ozgne was being sdded. Acetlce azeid,
benzene, n~hexene, formaldebyde, acetalde h"de, and acrolein were evaporsted
from a 4O"m1/u1uhible, A uea?;ng slement congistin S of #24 nichrome wire
was wound around the crucible, and wag covered with 3 AT heat-resistant
Scoteh electrical tape. The heating ole ament extuﬁdﬁd to 8 105V varisc,

4 copper-constantan th&vmouquvlv exterd d from the bottowm of the crucible
to a microzmmeter, The crucible was fastened or . 20-in. rod. After the
requlyred amonunts of materials had been added, the crucible was insevted
into the chuwber through the lefisride upper port, extending 18 in. inside
the ahameL;v The variac was theﬂ--hvned to 123V until & sudden swing of
the armmeter indicated that the crucible was ; dry. The following amounts of
the liguids were cvaporated from the crucible:r

* Iy practice, the sulfur dioxide was aedded from a 20-cc syriange through
a soripe botile stopper shown in Figure 2, because the mounted syringe
wiag teo small, It had not been anticipated that auch 8 large samount
of the gas wold be necessary,

10




ack solution of 10 g auefib acxu in lﬂﬂﬂ 1zl wat

A 5T Loy wis D
pared, and 0.1 ml wasz sdded to the crucibls, 7This represanted 1 og of
the acld, «hich on eva pvra, on ylelded the ranuiwan ﬂ.w ppm 1n ths chucbher,

ter of riﬁck‘salsticn‘containingA0;740 g“fermaidehyda,

& 11
8.380 g acetaldehyde, and 0'92¢,g‘acrole1h in wkter was prepared. Oao mi
of this sclution was eslso addsd to the crucible, .representing C.7 mg
formaldehyde, 0.38 mg ace tsldshvde and 0,920 mg acrolein.  On evaperstion,
the reguired 0,30 pom of the f\amwldﬂh}de, and 0. 10 ppR ca»u nf ECthtu&hvue
ant, aorol

gin, wevre vapo“axed into the cherber, ‘ S

, were added to ?h ervgible
ed .27 ppm of ﬁ“hk@ﬂ@ and
"g -

-
.

0.17 mg, and n-h@wtne‘” .0 mg
This repressated the requir
=¥ ﬁvapcr“ti 5Ty *ﬂio the ,namb

Sulfuri id haz a not lihg paiﬁt‘af over 300°C, and was
evaporated ianic the chambey in a different mannsr. A giock solution com-
taining 1,85 ml sulfuric aéid/li*er waeg proparcd One~-tanth ml ol this
solution was transferrsd to a &~ n.<ﬂpir&1 of alloy ¥, 1.3 Q/ft, resistanc
wive, The wire extended taﬁa‘6a3¥ ilament trahzformer, which was supplie
by 105Y from & varisc. 1t 'was fasteéned on & 20-in. zod, and after charging
with the acid was fastened in the chamber in the ssm» manner &s the crucibhle,
The wire turned chervy r@d %vﬁ °2) when heated, and the sulfuric acid '
vaporier within 30 sec as a BJff of white smoke. Sulfuric acid has an
extremely low vapor gressure &t rcom temparature, and existe as droplets
spheres, The G.1 ml solution which was evaporsted repre-
in the chamber, or 0.03 ppm by volume (0.14 ppm by weight).

[N ]

The method of‘introduéing hydrogen flucride in part I of the
project wes s follows., Alr was butbled at a rate of 10 liters/min through
a 10% aqueous solution of hydrogen fluoride held at 0°C in an ice bath,
Under these conditions the gas stream entering the chamber contained
66 y/liter (80 pom) of hydrogen flueride.® It was necessary to add hydrogen
fluoride cover a S7-min period before the reguired concentration of
C.0072 ppm was obtaingd in the test chamber,

o

2. Aerosol Injection

The dust ﬁﬂx?urv which was injected along with the gases in part i1l
consisted of 30 chemicals, ground separately ipn 3 Beckman/Spinco Spinmill  #x

-

and ca~rF>n black, An cil aerosol was injected by means of 3 liquid asresol

valibration of the hydrogen fluoride gas stresm was prepared for snother
project by Dr. Moyver D. Thomas of these lahoratories.

#* The grinding was carried out at Spince Division, Beckman Instruments,
Inc,, . 117 California Avenue, Pslo Alto, California, The Splumill was
oprrated under tha supervisicn of Mr. William Outs, Engincer, and
Mr. Whitelnw Wright, Product Line Superviser, borth of Spinco.
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er,® and Fipure 3, st the sans ttmﬂ fhst the dust mixture wss in-
Hzasurenents were talisn of the particle slze distributiony of
wheniczlie, both hofore and after grinding. fizs distributions of tha
+
i

ol
te materiels are given in Teble ¥J. Two hundred pariticles of sack
I were agaau;,d'wiﬁ’ an OﬁtiCﬁl microscops, ALl ths meterials
wore ground 1o & jmedian dinmsier: betyoen 0.4 g and
: waprs then mixod in propaort iong which avo
xn t@l&ut*d a&n an%hwr”n ;. Khe wcigh pereent of
ust mixtarc iz 3ivaq in Table 111, *o@:a“ﬁf
34y 3

coppty snlfate
. The ground s
iR

e

i
i =h mst e*fuﬁﬁ;n*“Qda g fmbes the chumber i sy ari-
Carqu Bl ‘, Ny ahyout helf the Wﬂlaht of mate*ia, Auxa8x¢d‘

SIC was not pr ‘f‘ étcﬁk mixture, A vorking s RAXLUYe wag pr&pb?ad’

for the teste nh tacluded the carbon blsck, The cumulative m*zﬁ‘

woight diz¢rd bv

w perticles in the gtock dust mixiure ave
"% arficles wore messurad,  Fifsy pw‘v?”+
5 O dn diamster, snd 504 of the maes oo
;1&ﬁgjthan 2,8 y in dizmeter, Tho “count doss not in-

L% LT
nresent in pavticie:
ciude pariieloe lese thaw ‘about 0.5 u, the lbw@“’limft ef resciution of
thae microacope, B-ihvgﬂ a”%vwb%r basts and on u weight basie the efisct
57 theas particles in a taﬁ* wculé bo qma’l 1n propovtion te an offect
contributed by the tar§~~yb}56x Cwhink h s mocdien diamoteyr of o. 025

detornined by electyon micr grephv.

The dust to be 1njr"t& mto the chember, 1.1 m mz in ﬁth tvzt weg
ceontrined in oms 13 gelzt ne on psuln v58 . An o é;ﬁ.&nte the Qhamhﬁr
throvgh an upper p by wqad,,offavefu_'?’;,ﬁir pistol, . The cazpsule
fraguonts foll oul vmfv ranidb;, ‘and ihe zs¥ossl was dispsrsed throughout
the chamber in seconds, as describsd in the iﬁl vw;rg-secticn;~=

The totzl time reguirs d to indmc& sll the mzteriels into the chamber
varigd botwsen & and B n;n, ?gﬂ%ﬂﬂ*fr “riawrilg_on th calibration of the
nrene gensrator ' o ‘ : S '

C. Mothods of Asse yiﬁw ﬁgn i wents

1. Y¥sthods of Srmylin@ and Lnaayaia,

All methads of a&mpling and'AnxlyM*nx the g&w&s which wors: te&tkﬁ o0

the program ere dessribed in Appendiz A, tcaethﬂr wvith & brisd &*acu lon
of euch methsd snd 1ts spplicability to other monitoring progest The
hydrocacbons were determined dn parte Y and XI with an ﬂutmmatlc 1ns$vamaat}

2 Cudico, B, DL, and P, L,-ﬁngill. Preoparation of Solid- end Liguid-in-
Al Suspenalong, Ind. Png. Chen., 43, 1331~1035, June, 18&1,
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TARLE I

SIZE DISTRIBUTTONS UF>MATERIALS USEDN IN DUST MIXTURE
PEFORE ANDY AFTER GRINDING IN PECKMAN/SPINCO " SPINKILL

T,

. BLYORE GRINDING - ’ AETER GRINDING
unTerTaL” Faroent of Kusbar Percent of Nusher

gatticles
leae then
1 pdisameter

particlea
less than
1 p diarster

Hadian
diameter, ;i

Hodian
diarmster, U1

Alusinum potas. sulfate g 10.9 ' 23 1.6
' -1 B 68 0.8

Antimony wrinxids

A
[
St

Araonious acid T 1.9 : 13 2.¢
Prsmuth oxide S2 2.5 ) 53 1.0
Cedmium oxide 37 13 80 . 0.6

Calcium carbonate S 6.0 22 1.8
Calciwm fluoride e 3.3 40 1.2
Coloium sulfate 13Q 3.2 86 G.8
Calatnm tungstute B4 2.5 ) ) ) 0.9
Cerbon blauzk 100 ‘ 0,025 . not greund

Chromium oxide lia i.5 80 6.6
Cobait oxide 2 5.5 89 9.6
Copper sulinte 12 50,0 14 19.0
Ferrin oxide 73 9.8 2 0.4

-
fomd
o)
Pas
-
-
(=]
A%

Yoperial Jlay

Lud monoxide _ 4 2.2 71 0.7
Lead sulfote : i3 .5 42 1.1
Lithopore 18 2.2 20 1.¢
Magnesivm sulfate 10 » 3.8 92 0.¢
Mangeness diexide 29 1.6 20 1.7
Merour: - cnloride <] 2.8 . 20 2.0
Molybdic acrd 10 20,0 27 1.5
Mavth Cargline faldepar 2 ' 1.0 38 1.2
Potaceiwae sulfate 21 . 2.1 17 2.1
Sodivm pitrate 15 b s 20 2.0
! Sodium sulfate 13 ' 2.0 18 2.0
Stennous oxide RN . 23.0 &4 0.8
Tatenium exida o2 0.3 9s 0.6
[ Venndium pentcvide ' 3 3.0 (3 0.8
I ZTine wxade o S0 o 1.0 88 8.5
| Zine sullde 30 2.1 1 2.1 |

Costae materianls hand-pround in mortav before machine avinding.
. »

Cumulstive size distiibutions of iudividual materinfa way Bba wbtained by protting the
2 poinra na log of the dismeter ageinet pereentage of particles less than indicsted.
druoatar, weing log probebality paper, A stvaight line cuan than be drswn through $d¢
7 rointn to include 2% te 90% of the sivre dintribution.




TABLE Yi7
CORIPOSITION OF TEST PUST MIXTURE

G pa
HATERIAL  STORE BT ShMPLE w?é%‘m‘s}:égggs
Y2 en m
Aluminum potas. sulfete ~ 6,100 34,60
Antimony trioxide ' 0.258 1.44
Arsenious acid ‘ 0.025 0.14
Bismith oxide 0.036 0.20
Crdivin ryidae : 0.021 0.12
Calcium ce wmats | 8. 500 Z.80
Celejum flusride v O 0.o14 1.20
Colcium sulfete g 20.000 111.60
Cnleivm tangotate : ) ’ 0.159 0.94
Carbon black 600,00
Chramiun oxide 2.007 0.04
Cobalt owide 0.007 0.04
Copper suifate 1,395 7.80
Forvic owida . . 5.140 25.60
Irperiel clay : 14.800 1.80
lead monowids » 1.140 6. 40
fead sulfate G.750 4.20
tithopone 0.143 G.8C
Magnesium sulfate 14.300 80.00
Yinganese dioxide 0.032 0.13
Sercuric chlaride G.1C0 o 0.5
Molybdic acid $3.053 ¢.30
YNorth Caroliva feldnpar 12,5060 70.2%
Potwesium sulfats £.850 38,40
Sedimn attrote 7.070 39,48

Sodiur anlfete 7.200 40,20
Kenonaus oxide 0.057 0.32
Titauniwn oxyds 0.053 6.20
Vanadlam pentoxide 0.057 0.32
Zine oxids 0.8%5 . 5.00
Tine aulfiide 2.128 ' B.7s
Taval Taas 106,000 1157.94
51 wernnal 600D
Toval Weight of Teat Asrosel 1 1217. 84 micrograms

hd . s .
Rut prasest §p stonk wixters, Prasecot in vorhiug mixtura,
.o . . .
Alied to teuk by wewas of liquid servsol Qispevarr,




TARLE ¥V
SI¥E DISTRIBUTION OF PANTICLES TN bUST MEXTURS

CUMULATIVE DISYRIGUTION >CUMUEETKVE DISTREBUTION
EARTICLE DS{AMETER, » OF PARTICLE DIAMETERS, & OF PARTICLE VEIGHY, %
- {wssourad) : ~ {enlevlated®)
teas shan 1, 50 : o 4

lees then 3
i‘.‘.‘:ﬂ?& than 2
less then 2
less thus 3.
laga than !
fezs than

5 ’ ERRC U
93 h B 32
95 : S

L LR SD 6 O

<
D
e

.0 R ‘ 20
0 B 98,8 : 95

* Caleaianed {rom the follos;ag ra!nt‘cﬁaﬁ p of gmoaezray mees dinuctag by weight
with gronpisic mesk ciemetar by counts Jog Ny ™ leg Mg~ €.9078 log* o,, whare
Mz end ¥y ere tbo geomsiric: means’ by coues and by wasghs re:pecixs:ly. and o
iz tha Ruh”&ﬂfJ geonstvic davielion by ceunt oF by meight, i, £ the retio ef
the B4, 1%0 size %o tha 50% siees {Hated,' "_ﬂzter91watxou of “eaversge partiele -
shyw” fzhm than gexraom aha'ynls of ‘moa- mhnf@ru par%zcnlotc anbﬁtnncsx F. Framkiis
Taezituee, 239, 27 (xwit) : R

in~Rimey mﬁd@ifiw*c Infrared Bpe&trnm@t& o Acetsldehyde and
: olaravrapn~ca}3y paru I, but»thare ware

-

; P
when the wethod wos appli \d'to the mixture of gaaes. In
N . : 1

paris and III, total aldebydes as formaldehyge” wore dotermined by

2 tit stric meothod., Aa aut omatic instrument was available for monitoring
nitrogen diomide,® mng 1t was ussd to monitor the atmosphere during ail
tests in paxt II. Howaver, th&'iﬁstrumerﬁ waskdesignad ta'mcnxtur atmon-
pherss with concentrations of which were orders-of-
maynitude less than those obixi H sevam. It was therefors
nogoesary o dilute ihe tont aiw zgoing ipte the dostruzent., 1% waso
aiffionit to nigipn ¥ neian by periods, and wide
flactuations wlops L with p?evioua’expsrxenaf

in monitoring oxides e ruzent . and the meesuromonts
were not valid. A chewical el ﬂﬁg'wax aﬁﬁusquentlv uged to wanlter the
nitrogen dioxide on two extyra test deyse in pert II, and three extre tex?
gays in part 1iI. The wingle vun for the det erningtion of hydrogen

an mutomatic instrument, based. on the sslective
rence of magnesiuvm oximnte hv fin seide don. Y A
ng 1 ¢fw of sample through the bubbler for
x B,  Execept for the ing trumen Al methods
ty ware mode mantelly, wsing standord wet

a .
fluarids was aocnis

uenching ot the f1
wet chomical method
1 by, is described
meationed aboﬁe, aii ey

chemical techniouas,

Bubblers and imw*ngarﬂ were used to collest samples §
niuatign of soatic meitd, totel sldehydes, ammonia, hydrogen oyvanide,
hwdrogen sulfide, nitrogen diox Sa‘. ozone, and sulfur &*xxide. Carbon

1

 Fhomes, WM. DL, J. A, Macleod, Ry €. Robbins, R. . Gocttolwsn, snd
B, W, Bldridgs, Autometic Apparatus for Datevdination of Nitvie Oside
and ¥itrogen Dioxlde in the Atmosphore. Anal, Chem, 28, 1810, Dec., 1B3&,

4 Chatlkin, 8. W., C. B, Glasshrook, and T, D. Parks. Papor prezented ot
L33pd mowt
-

Mopreh, 1935

ing, Ameriean Chomical Scoioty, Los Angeles, Oxlifernia,
“q .‘ . s

.




moncxide was colleetad end road divectly in'an indicating gel. BSulfuris
acid droplets wew@ coliected on a Millipore filter, pad wegre detsrsined
by tivration. Sampling afes‘ranqbd from 0.6 liters/min %o 10 literz/min,
and the time to collect 2 bampin reanged frowlz min Yo 30 iin, depending oo
the sensitivity of the purt&c"]n 'gnaxv+:”a1 procedura, ’

The concentration of par%icu’~to mat arial in ithe chacber wes moniterve
with & Sinclsir-Fhosniy aaruwul st , and Bmoke Photonsier.® Thoe instru-
sad the iurw&rd scattering ol-light at zmall le nd hnd &

&

o witleh was suffi~tent to include the particulsate con

v on thiszs progran:. The serossl concentration of sach te :t'-. : E
tored with this instrument, using a flowrate of 4.% 1ters/mir thraugh

the photomzter, and an Esie”linEMAnguv recorder to recor

CoONCER ?xaﬁic,s. '

2. Corrections far Diluticn in Ch&%har Dus to Scnb ing

In all,ﬁeﬁtﬂ, it jWas nuééss; Ty to correcf the mpasurﬁd Parcaf‘“a 1GHk
af a cavatﬁtu@nt‘fa“ Lhe dilution in the chambny uve to sampling u; )
time thot the par*1ea1ar sample had been collected, In part 11, two gas
waTe determinpd oVar a “ﬂﬁr pericd and 3 s&mpieﬁ wers collected for the
analysis of sach gas. {This exp@“iﬁcntal_design wag used to determine day
‘eete, and is desoribed in the next section of the report. ) In addition
¢ the dijution dus to sampling the two g&é&g, there wae an additional
ilution due o continuvous sampling fﬁ*~nitrogen dioxide wi*h the automatic
apparatus.  The dijutiown during apch test in part II1 wes similev ts that
in part 1Y, except that the v”r*iculata matw”*al was also s&wpleo zon-
tinvously. Derivations of the eq& iong which describe the dilution process,
and an example of the aa‘aula;i ne madc “in Qé:h part of the pfﬂ%?ém BYE
given in Appendix €. : )

..g o
f

a4l ’{J
o
<o
m

2. Expa?im&htal Do on

ar svnluation of
cuncluded when

Part I of the study
anprcpriate gampling sond =
sampling and snalytical me th{d‘ haglbeen teeted.

Fart I, which wags considered o b2 an explovstory stage lerding to
the studles of the nixturs of geses and dust, was dosigned so thet the
variaility due to iaya as well as to experimentsl error could be esfimnisd. ey
Two gases were tested each day, and 3 samples of vach gos wore colilected

o~
gasn

n the 2-hy p&rindv Hzmples of the 2 gsees wore collected alternntely.
Foch component was tﬁﬂtﬁu on two days, €.g., 2 pavticulsar gasn was sampled

+ Phoeonix Frociedon Instrumant Company, 3803-H3 Worth Fifth Sireot,
Fhilsdelnphio 40, Pennsylvania, :
L. Cox, Statistician at Fori Datrick, and Dr, Gerald Liohevaan |

73
siate Professor of Statlsticr at Stanford Universiyvy, designoed the
isticel program for pavte 11 snd YIT of the project
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st timos 1, 3, and § on one day5 and ﬁ*ﬂfinaw‘z,f%, and 8 on another. Tf
daye on whial the gages were sampled were chogen ‘random, in eacth caze,
the ragression illoe snd the QJW Lunfxaanﬂe in “for the true slepe was

aaign@d in*thﬂ ‘some mauner g »art ZL, EYCﬂut thﬁt each
5 , Livr e dayf‘“l. the aarosol concuntration wag wonitores
continuously, The variability of the results’proved to be too great on
11 and 14Y €5 permit distinguishing sny offecis of the serosol
rguea i the mixiure,” and the two partf were combined in order 6
gbtain 2 betéer estimute Of}ﬁﬁé;ﬂxy@?imﬂﬂtﬁi?waUFu.‘Qﬁy sffontis ero 1a~
frequent, and were ignored iﬁ.cowbiﬂinw5the,nh£§rvatian£,r»These fing!

gterminations of the regieﬁéic“ lines, urd'tﬁ'“éc“raﬁycnﬁing 954 con-
fidence intervals for the' iruﬂ u}mpvm, were " obt 163 from 15 chaervations
for cach gas, An E”{xﬂntﬁ was the 4} uada_a? t & ! nhar of chservations
which would be necessary when mciibct*mv ach ﬂas in order o obtzin ra~
sults simllar to those oafaSﬂvd with 15 observations, under these conditicns
at the 95% confidence level, . In order to make this ‘bu imate, & slope
variation was accepted which wsg ‘equal teo Lh@ var ation adtainmd.wx@ the

15 cbssrvations were combined. A desori ption of the sﬁati$ﬁ1c&1 tre?k”“ﬁt

£ the data is given in npperdfx D. R e : :

O:--“‘

Fors
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IV RESULYS Azm piser ss voza

N

A, EKogults of Monitoriug Atﬁcsph@res Cont sining a o{nvle Test Gas

The concontravions of’tesp ghma pheres co Lt&. ing the reguir2d con-
centrations of a single LFEL ga,,'obba;zui n grt I of the pregranm, arc
given in Table V., : R

GCRSSHRYY fn‘add excrq 228 of &xmo i1z, pydrogen fluoride,
da, and

ozone, sulfur dioki sulfuric acid in order to obtain the reguired
initial concentrations in the chamber,” Tests for ace tylene and beniens

plus hexane wore mede st a chambor’ humldtt},_f‘dﬁ in ordsr to ﬁvoid ter . .
interferences in the infraved gpactromﬂ%er . The taosts for Lydrogen -

fluoride were algoe run ai

it :
0% Humi ity, due to 1nte ~ferences of watér vapor .
with the automstic instrument. All. c%hur.tcstﬁ wore made at 85% humid Lty

ce intervals “for the truc slorc
o glven in gable VI, Hid-points
o aignificant time tronds

tic meid, carbon monoxide,
n dioxide, ozons, and sulfur

regresaion lines

e daterained erﬂ theazge deta 2

ad for the caleu
© tﬁ of: reetaldebyde, ace

nyde, hydrogen fivoride, nltroge

w

o
]
ok
b
51
&G
<
%
&
b
“
5
(..

~

B, f:sults of Monltoring Atmospheras Coﬂ*ainlng ihe Minture of Gases

of each gasg were mddh on t o] 9&@&“&?? daye whan.tezzing
the mixture af all the gases, as mentioned previcusly. Twelve days were
1;: '1

&
asterminations. The szlts ara viveﬂ in Tadble ViIi.

\‘t

&
s
w
O

sgression lines, presence of Cdoy effects, and 95% cantidence
or tha trus glopas which wers dotermined Trowm theze dats are
ble VIII, using mid-points of sampling time. . Acotic aeid snd
id wers ahsent, . Thov wsre probably conver ted to wmwoniuvg avetate
rnvwocti'nlyg CAgain, the hyvdrocarbony acet
k

¥l \, nenzene, and
umidity. 311 other tsstn were at 8«% hunidity.
wers prezent only in the tests of Bulfur dioxide. Signifies
were present in the tests of carbon monoxide, nitrogen diow%de,
zone, and sulfur dicxide when thc'ﬁ’tezts obtained on the two days were
ined, tgnoring day effects,

*

C. Bepults of Feonitoring At moaphorﬁw Cwntaining-the Miuwture of Gages and
Particulate Material '

Throe tests of vach gas were wade cun three sepurate days when testiag
thie mixture of gases and particuvlates in part JIX, aud the concentration
of particulatgs'was monitoered continucusly during each test, using the
Sincloir-Phacnix smoke photometor degcribed previcusly,  The contentratioun
of the test gases are given Iin Table IX. Acetyleone, bauzope, snd hWsxanu
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CONCEN

TABLE Y

TRATIONG OBTAxWLD IN TEST CHAMBEQ WHEN T“’YZNG
- ATHOSPHERES ”O”TAINING A °'NGLE GP%

AMOURT INTRODUCED SAMPLIRG »
CAS I¥TO CHAMAER, “Trigg, | CONCENTRATION,
ppe by val nin pes by vol
Acetaldehyde .10 (5,18 Y/iiter) ¢-30 0.086
: . ‘ o - . :25-45 G. 081
oz 50-10 0. 075
CTsies L plo1s
- ,”5109 120 0. 068
Acetic scid 0,40 (1.00 ¥/liter) 0.40
: : P 55 .25
'45—&0 0.10
o -.B0-95 0.10
, . »110-325 9.08
Acetylens 0.55 (0.80 7/ liter)- © 0.2 3,55
. . 97-29 .42
95-97 9.72
126-128 0.60
Acroleirn 6.20 (D.46 ¥/ liter) 050 0,18
. : 35-13 -0.1%
50-70 n.1%
7598 0.15
186-12¢ 0.17
Ammoaia 1.80 (1.08 ¥/liter) 0-10 g.22
o 20-30 0.3
35-45 0.23
£2.92 “6.31
107-117 6.27
Benzene + Huwxans 0,27 (5.85 ¥/ liter) 6-2 Q.55
o . benzere - 83.55 .83
G.28 {(3.09 )01*&nx)v L 19-8t 9. 41
Chexens 1 161-103 .51
S - 176-128 5.4}
Carbon conezlds “10,0 (31.¢ »fliver) iG-S ‘19,0
g o 55-69 §.7
CO118-1%0 %5
©175-180 7.3
Forwaldekydn .30 (0,37 v/liver) . )0 D5 0,32
- 20-25 .28
o 42-47 . 0.2%
©3T.57 0.28
- BQ-8% 0.27
106-105 3.30
129-13¢ .16
Hudrogen cyanide 0,15.(8.12¢ ¥/ licer) G-20 0.14
B C 22-42 v, 14
R LT 2 8.319
T66-8% ¢.12
- 136-13¢0 0.47




CTABLE V {Conc luded)

ABOUNT INTAQCUCED

SAUDY TG

CORCENTRATION,

A8 INTO CHAMAER, Tis,, - "
ppe by vol ain ppa by vel
Hydrogen flcoride 35.3 =g added -5 0.02072
{55 min of injection 5-19 0.6060
‘to-cbrein reguirad i0-15. 0.0035
“initial’ concentra- 15-2¢ 0.0049
tion of 0,007 ppa, 22-27 0.0044
0.6052-?71it¢t§ . 28-33 (. G040
- R 37-42 0.0432
- 43-50 0.0332
55-60 0.006232
6570 0.0023
80-85 $.0023
92-97 0.0012
S 105-110 0.9016
Hydrogen sulfide 0.323 40,22 Y/ liter) 9-30 0.25
30-80 0.19
9G-120 .24
130 140 LA
Nitrogen dioxide 1.60 (1.9] ¥/liter) Q16 1.04
(tested witn auto-’ 5.15 1.02
matic snelyzer) 15-25 0.94
£5-35 G.86
35 .45 0.85
45-55 0.78
55-85 0.(9
65-75 0. 5.
75-85 0.55
85-85% 0.51
95-105 0.48
105-115 0.48
Ozane 2.00 (3.8 ¥ liter) 4% 020
10-15 ¢.12
29.32 0.08
45-5¢0 0.06
b 60- 65 D.05
Sulfur dioxide 5.00 {13.2 Y/liter) g.fl §.?
-18-21 2.4 -
40 42 1.4
66 68 13
117-119 6.5
. ‘ , 135-137 ¢.3
Sulfuric acid 0.41 .{1.65 ¥/liter) 010 0.07
: 10-20 0 08
30-40 0,05
40-5¢ 808
SG-T0 C.06
100-110 0.0¢




CTABLE VI o _
STVHANY OF B2 bUlT% AT 1, SINGLE GAS IN CHARDER

ws | [ [ g [ e
Acetsldehvde 0.10 5 {log ¥ =-1.057 - 0.0008x] -0.00130, -G.00058
Acetic meid 0,40 - B 1ég Yew ~6.458 < 6,0081x [ .-0.0107, 0015 -
Aoetylene 0.5% 4 lleg Y= ~0.30923 + 0.00027= | +0.0D387, ~0,001&3
Aerolein 0,20 5 llog ¥ = -0.82417 # 0.00062= | +0.00203, ~6.60631
Azsmonia 0.30 5 log ¥ = -6.53448 ~ 0.00018s | +0.00244, -0,00258
Bonzene + hexene gogn e 250 lieg ¥ = ~0.186B8 - 0.00129¢ | +0.060476, ~0.00228
Carbon monoxide 19.00 4 y ¥'=. 0.90834 ~ 0,00074x | . ~0.0013$, ~0.00014
Foraw idehyds £.30 7 -0, 463 - 0.0023x | - -0.00337, ~0.06103
Hydrogen cvamide | 0.15 5 o [leg Y= -0.88313 + 0.00056z |  +0.00238, -0.00126
Hydregen §lnoride 0.6072 1 13 tog ¥'= -2,2009° - 0.00571x |  -0.00643, -0.004%9
Hedrogen avlfide .20 g tog Y:?j“0;57939 - 0.00025x¢ |  +0.00101, -0.00151
Mitrogen dioxids 1.60 32 fleg ¥+ 0.042 .- 0.00347¢ | -D.00381, -0,00313
Guome 0. 40 5 log ¥.= -0,7538 = 0.00948= | * -0.61362, -0.00534
Sulfur dioxide 5.00 7 log ¥'= 0,490 - 0,0070x -0. 00832, ~0.00368
Sulfurie scid ©og.al 6 leg ¥ = ~1,1428 < 0,00085z'1 +0.00178, -0.00348

¢ Regreseicn was said to be reweat onl :! the confidence imturval fer the alope did met
S P Y i
isclude gevo. :

LI N

v

qezl geantitiex butk hyﬁrcéa:bﬁﬁ;.‘“; B e R

were added o the mixture, but were not monitored, becsuse teste in

parts I and 11 indicated that the infréMPﬁ'5Wﬂetrcﬁet@r undervont day-to-
day variations, was relatively insensitive in this consentration range,
and reguired » chamber hhﬁ;di y of 40% to renove water interfsrences.

The vegresgion I  ines, prcSC? & of day ﬂffvc¢ , and 93% confidence
intervels for the true Ml&p?? wh zck wore determined from thece dats are
given in Table ¥, using midwpomnts of gampling time. Tha chasber humidity
wns £5% in all ¢ests. Day sffects were present in tests of total aldehvﬂe
and hydrogen cyanide., Ap expected, acetic acid and gulfuric anid dis
appcured. :

Significent time trends were prssent in the tests of total aldehydes,
nitrogen dicxide, ozone asnd sulfur dioxide when the 8 tests obtained on
the 3 days wore comﬁin;ﬁ &ghorin day effecis, '
ts obtain ed'whau moniibfinwifhe relative concentration of

The result
s during the 14 tests in part III are given in Table XI.

particulats

There was no significent chan@e in the particulﬁte conzcentrations
during the Z-hr test periods, under the 5eirred‘nettling conditions in
thege experimenta. As mentioned previously, sbout hsld the weight of the
test dust was submicren carbon blasek, with a number wmedlan dismoter of
G.025 p.  Thros tests were nade to collect matorial on gluases znd sisinleas
steol slides, under conditions of both stirred and wnstirred setiling.

The elides were situated in the lower part of the chamber, and were exsminoed
aftor being in the chamber for 24 hrs, Only sbout 10 particles groateyr

2z




CONCENTRATIONS OBTAINED IN TEST CHAMPER WHEN TESTING

TABLE Vil

ATWOSPHERES CONTAINING THE WIXTURE OF GASES

: ' , N - SR ™
BOUN DICK HBLING erees 5w g s
s T TR T R Bl
ppa by vel ) . min A
Totel aldshydes 6.60 (1,01 5/liter) PRREE: QR S 13 0.09
Lo 10 0-25 .06
10 30-35 p.08
’ g 55-80 -5.03
19 60 RS - 9.05
9 7 166-125 0.03
LAcetic ucid 6.40 (1.00 y/liter) 7 8-15 none
: ‘ 3 25-40 none
7 10-45 pons
3 85-100 none
7 160-115 none
3 “116-.125 noné
Acetylens 0.55 (4.60 v/liter) o 0-2 ¢.55
- R S 5. 37 .93
1 72-74 0.67
-1 97-39 .76
1 119121 0.63
Ammonis 1.50 (1.08 v/liter) -2 Q.10 0.30
2 15.25 0.22
8 35-45 0.27
8 '45-55 .25
8 75-83 0.25
2 - 106-110 0.1
Benzene + haxane 0.55 (1;85 ¥/ 1iter) " ¢-2 0.5%
' ' 1 35-37 0.33
] 72-74 0.44
1 9799 0. 49
1 110-121 0,28
Larbon meoxide 10.0 (1.4 ¥/liter) 4 0-5§ 10.0
) 29-34 5.0
8 58-63 5.0
9 75-80 5.0
4 110115 5.0
9 117-122 3.0




TARLE VIT {Continued)

P

! AMGURT INTAODUCED wewery | SKHPLIKG CRCTNTRAT IR
CAY m;}:; iﬁ;&:ﬁ%}l& oAy ‘ Tiﬁ::, C“;gz by vel |
Yydrogen cyanide 0.15 (0.126 y/liter) 3 0-20 0.1% -
' o "3 2741 6.14
-7 42-62 0.11
3 62-82 .13
7 . 86-106 0.14
SR 121-181° ¢.13-
Hydrogen sulfide .20 (5.29 y/liter) 4 0-30 0.24
- § | 25-53% 0.32
& 35-65 0.2¢
1 60490 0.35
6 . 75-105 0.29
6 T 190-130 0.26
Nitrogen dioxide 1.03 (2,91 v/iicer) 11 0-36 0.8
12 0-10 0.9
11 30-40 6.33
12 §6-70 - £.99
11 160.110 - ¢.0%
12 1315-125 5.07
Orotie 2.00 (3.9 ¥/liter) 2 0-5 2.16
’ 6 13-18 1.02
2 36.3% 0.48
6 82-87 0.02
2 192-107 £.008
§ 123.198 ©.008
Sulfur dioxids 5.0 (13.2 »/lizer) 5 1-3 2.7
5 6-8 1.1
10 6-§ 1.03
10 12-14 015
16 17-19 0.04
5 32.34 9.03
Selfusic aeid 0.41 (1.65 w/¥irs 4 010 none
e 7 ©20.30 none
T §0.70 none
4 70-80 rone
4 95-10% none
i 1 1 115-12 Gene

4
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SUAMARY OF RESULTS, PARf/II. MIXTURE OF GASES IN CHAMBER

CTABRLE VITH

ABOULHT

W - o gy 9%% CONFIDENCE
s expreL | ABUURE FEGRESSIGN LINE pay LORFiRsre
ans paye | HNTRODUCED, LR Y= 4, + bex EFTECT INTERTAL FOR
) ppe 0 i TRUE 3LOPEYS

Totsl aidehyde 8 0.6 Yoy ¥ = =2.0509 -~ 0.00493x | nowe | 40.0057, -0.0i533

. 9 6.6 Jog ¥ = ~1.1511 ;5‘0;601351 none +0.0122, -£.0143
8+ ¢ i log ¥ = ~1.05%4 «~ 0.00472x - +0.00025, ~0 DOR2E
Acetylene 1 0.55 log'Y ='70;1688 f 0T000l8x .- &O‘GO3Q§, -8, GUTTH
Anmosia 1 1.5 | log ¥'= ~0.56618 ~ 0.00136x | none | +0.00291, -§. 80603
T 1.5 log ¥ = ~0.55443 - 6.000642 | none +(.00221, -£.06353

1+7 log ¥ = ~0.54919 - 0.00126x - +0.0004%, -0.9020%
Benzens + Hexune®*® 1 0.55 log ¥ = -0.30765 -~ 0.00126x - +0.00223, -3.00479
Carbon monoxide 3 10.9 log ¥ = 0.96076 - 0.00278x | none +0.00368, ~0.0092¢
8 1.0 log ¥ = Q.81275 - 0.00248x | none +0.G04567, -0.00%03
3+ B ldg Y= 9.51198 - G.002%8x | none -0.0056¢, -2 00036
Hydrogen eyanide 2 .15 log ¥V = «0.81501 - 0.0009%x | none ~.00122. ~0.0307S
& .15 log Y = ~0.59064 + 0.000%7% | none +0 00495, ~0 0030Y
2+6 log ¥ = ~0.85964 - 0.00026x .- +0.00106., ~9.00158

Hydrogen sulfide 3 0.20 log ¥ = ~0.63735 + §.00252 none +0. 00730, -0.00208
5 0.20 log ¥ = -0.63828 + 0,00087 none +0.00517, -0.00383
345 log Y = -0.57800 + 6.00040 +0. 00274, ~0.00194
Nitrogen dJioxide 14 1.0 log ¥ = ~0.045%6 - 0.00972x | none ~0.01492, ~0.00452
16 1.0 1og ¥ = -0.13125 - 0.00Y752 | none +0.0084S, -0.032703
14 + 15 ing ¥ = ~0.07668 - 0.00950x L ~0.01419, -0.00559
Ozene 1 2.6 log ¥ = -0.42038 - 0.02404x | ncae 4001870, ~0.08370
5 2.0 log ¥ = -0.20306 ~ 0.01983x | none -0.03703. -0,00203
1+5 log ¥ = 0.32419 -~ 0.02146x -~ -0.02612. -0.01682

Sulfur dioxids 4 5.0 log ¥ = 0.51929‘;'0,06209: present | -0 05169, -0.03649
g 5.0 log ¥ = 0.89287 - 0.12862x ]present -0, 15882, -0, 09832

i+ log 7 = 0.35165 ~ 0.06711x | .- | -0.10731. <0 02491

3 azwvies of wach of 2 gases collectod

4 conplen bydrocarbona colliacted.

on an experimsnial day, except hydracerboms.

Regression warx snid to be pranent ealv if the confidence intarval for the slope Jdid wat

inglade zera0,

ves

fqual gquantitics of hoth hydrocarbons,

a2
¥




ATROSPHERES

, e CTABLE IX
CONCENTRATIONS CoTAINED IN TEST CHAMBER WHEN TESTING
CONTAINING THE MIXTURE OF GASES AND PARTICULATES

S A S - - g
s | monon | pery [ SURIN | cocmnarion.
ppu by vel : win ppm BY ¥o J
Torsl sldehydes 0.60 (1.0 v/ titer) 8 . 0-23 T 0.1z
: ~ S 5 19135 0.14
9] 1540 016
9 55-80° 0.03
3. 50-85 .12
3 1 35115 0.10
5] 100-125 0.06
k) 100-1%8 0.08 .
5 185130 5.05
heoetic acid 0,40 {1.0 %/ liter} T G-15 ~ mone
R PR 12 0-1% “nons
12 30-45 sons -
-2 50-6% none
7. 60-75 RORE
12 BD-68 nene
3 106-115 none
-1 100115 none
‘ 2 1315-13% nors
Ammonia 1.50 (1.08 Y/liter) 2 p-10 0.32°
: S 5 0-10 0.99
0. 2020 .22
s 95-25 £.26
5 45-33 ¢.98
3 75-8% .25
16. 75-85 .20
57 95~ 165 8 2
10 . 120-139 0.25
Carbon monowide | 10,0 {11.6 »/litar) 8_}, 0-% a0
6 5-10 7.3
13 15-20 10.0
671 30-35 10.0
SR 50-§5% 5.0
8 60-65 7.5
8 160-105% 7.8
6 115-1%0 10.0
13 12€-125 10.0
Hydeegan eyasige | 0,15 (0.126 ¥/liter} i 0-20 6.12
: Co 4 1020 0. 14
8§ A3 6. 10
10 40-60 .10 ‘
4 6080 0.09 %
8 75.85 0.1} i
1o 90-110 0. 09 R
8 110.180 0.13 E
4 120-140 6.10 ;

23

-




TABLE IX (Concluded)

oas Mo Guses. | BT | OETe | concenarion,
ppe by vel ~ win PP® Y Ve
lydrogen sulfide | ©.20 (0.29 »/liter) 1 L 0-30 0.%4
: : o 71 16-40 0.15
3 3080 3.3
""" 1 B BT W I 0.2+
1 D OT0-100 0.50
S% o 160-330 £.24
9 c110-1400 o 029
3§ 115-145° 5.2
301 145175 0.24
Nitrogen diexide | 1.00 (1.§1 Wliter) | 11 0-18 0.4
S . ' 131 p0 0.8
12 20-30 0.3
12 20-40 025
1| se-60 0.2
1z | 5565 S 0.1
11 b 100-110 0.98
13 110-320° 0.09
12 115-125 .05
Ozon 2.00 {3.9 %/ liter) 3 0-8 1.80
o .3 5.10 1.30
1 "36-35 ¢.o0
4 4045 180
9 45-50 ¢.50
1 | 82-87 0.05 -
9 99 95 0. 005
4 $5-108 0.001 (trace)
3 95100 | 0.001 {trace)
Sulfur diexide | 5.00 (13.2 ¥/liter) 6 03 3.3
' L C 14 58 2.0
6 C11-14 2.2
11 13 16 0%
11 1821 o1
1w 20 23 6,09
6 20 23 012
1 7-50 0. 04
T4 360 33 0035
Sulfaric scid 0.41 {1.65 ¥/ liver) T 0-10 none
' 12 0-10 none
12 3545 Bons
a 50-60 nane
7 6070 none
12 80 90 none
-2 106- 110 noue
7 100-110 none
2 115-125 nonm

-




RESULTS, Pat

AT PRSYTLER,

NTRCUICED,
: beg ]

AN $3% CONFILENCE
Gis IHTERYAL ¥OR

TaUE &

[EsS A

Total aldehydes 3 C 0L dog ¥ o= <0, 90548 - +0. G0305, i
5 0.6 dag Yoo, 76551 - ~3. 00584,
b 0.6 log ¥ = ~1. 18886 ~ ~0. 00145,
3 +5+ 8 fog ¥ o= -0.88260 ~ { -0 00433 i
Awmsenie 2 1.5 log ¥ = <0 49755 - +3., 80009, ~S_GG?81£
5 i.3. log ¥z =0, 53972 - +0. 006024, -0 00058
1¢ 1.5 log ¥ = ~§.62176 v 00408 -0 00351
245418 log ¥ = ~0.549418 = 0.0 -0 00379
Carhen zoaoxida & FLLRY log ¥ = ~0.954%G 4 000004 | anone |40 00477, ~&. 80302
8 i0.4 Iog ¥ e GUOUSST « 0 06350x | mame | 40.GOLI4) -0.60275
13 16,9 fog ¥ = 008034 ¢ 0800812 ! mone | +0.01421, ~G.03%}E
£ 8+ 13 fog Y= 082004 & 000008 - 10, 00268, -0,0035¢
4 §.15% log ¥ = =5 87417 ~ 0.00128% 1 snong
3 §.15 fog ¥ou «1 03824 ¢ 5,004 {8 & 10
10 C. 15 fog ¥ o= ~0.91535 - 0.001362 1 8 & i0
L+ 8 400 log ¥ o= ~0033945 « 000041 -
Hydragen anlfide i n.2¢ Tog ¥ = ~0.GD538 ~ 0. 00004x nese |+, 00148, -0 00183
3 0.20 fog ¥ or =D 45646 ~ 0 O0I0x | wune | <0.0DQLT, 0. 0U320
{ 0. 56 g ¥ = 072685 ¢ 0.00E28x | nams | +0,01035, -UL.00845
Py a7 log ¥ = =0, 61135 + 0.00019« - 9. 001%8, L. oo0w
Hitrogen diovide i1 1.0 log ¥ = ~0.03574 =~ 0, 000808 { none | +0.01884, -0.Gi485
12 1.9 log ¥ = -0 GRI0E « D.00T84a | none | 0. 08950, ~0. 10580
; i3 i.¢ bog ¥ ox -3 14904 « 0.00808x | nese | 40.00150, -0.01%30
I -
i 1+ X2 + 13 g ¥ oo <0 38754 < 0.0005%x - ~0.21585, ~0.11%28
1 2.0 bag Vo= ~1, 34572 « 0089362 | none | o0.036), -0 31140
4 2.0 lop U= ~0. 75320 = 0,833402 ] wous | +5. 01750, ~0. 09350
Yy 2.0 log ¥ = ~0.62505 « 0.02%4%x | none | 4001000, 0. 05880
14448 log ¥ o= ~0.79558 - 00,0332 - -0 04528, -0.0718%
Sulfur diuside A 5.¢ log ¥ = ~0.85132 ~ (.07458% | none | +0.07830, -0.20770
i1 5.0 log ¥ = = 0.079085 | wowe | 40,0420 ~D.20410
¥ 5.0 log ¥ = « 0.06811x } acve | +0.00839, -0.14161
€+ 1.+ 34 log ¥ = - §.067313s - -0.0BTe}, =g ongad
3.,
v » N ’
3 goupler of sech of 3 gasas collecte? en aw axpryiveatal Jay.
e

Regreawion wus snid 2o ba pracent only if the confidavea interval for

tnelude zare,

the sloxe did not




CTABLE X{

HATERIAL IN GAS-AE

ATIVE CONDERTRATION OF PARTICULATE SOG
M ;u“ﬁs CHITORED [N PART I OF PEOGRAM
et oag | IMITIAL READING READING
READING® AT 68 BIN AT 12¢ MIN
i 1.0 1.60 1.00
% R 1.61 1.0
3 S 360 0.99 1.69
; 1.09 1.02 1.02
3 Jt.en 0.97 0.98
& 1.00 5,98 $.98
7 100 0,97 0.98
B 1.60 1.03 1.06
9 1,00 1.02 1.04
16 100 0.98 ° 0.57
3] 1,00 1.0 7 1.03
12 W 1.01 2.99
13 1.00 1.09 6.99
14 1.60 0.98 1.02
® ﬁ=r1auﬁ rasorder ggficc»xcn rk"ain»d within 3 zoca efter particulure

“J{;(’?‘l""l in GL.‘ cazes.
notdered en wnity afier subs
cfore iniaction

Baosdinze normalired, with isicial

vesding
raction of background rseding, obtairnsd

Fuitial readimpe wore reproducible to 115,

£ »»J utiong of the microgscope were obtelnsd ¢
e the very small amsount of meterial (1.2
u gre wade in which 100 mg of the mixturs s
£ drped setiling conditions he othey with the fan oif.
The glides were repoved afier 2 hrs, angd we obgerved under the microzcops.
There sbout 10 porticlises poyr sq um, avﬂ the size distrivbution was
2uag the semsz as that given in Table IIT. It ie2 corncluded, thon,

Combining Parvris II

e
*1ment&& ﬁonéitzor?; a
‘ gent during Lua‘

stable suzpsnzicn of particles
14 tssts on pavt 111,

and ¥II

shewn in Tables ViIIl and X

As s the varisbility of the results proved
to be too great in both parts ITand ¥I I to peruit distinguishisg any
sffeots of the serosel on the gases in the mixturs. The résults obtairned
d za wo parts were then combined to ropresent s totel of
eath no stituont, in order to obtain a heiter ecstimate
ror in wmonitering the constituents, lgnoring the infre-

The minimos mnct
caﬂ”‘ti*vﬂ W s
given ia Teble
tﬂﬁ&?h,gdg The wmoeihod of de
sven dn Appeosdis D,
svont & obsarvaviony

test

.
tione

then

that

The yesults are

g of owswrvutinnﬂ which wauld ke roguired undew

ange of aexnerisental
ni:g the mindmum

given Iin Table XIT,

theso
arck gag, eccepting the =lopt vovie-
error which would Lo
n mb@w of cbeervationa
Traptment of Data.™ I was round

culayr gus over & Z-hry povied would e




TALLE KYI ‘
COMBINATION PART 11 (GASES CHLY) ARD PART LYY (GASES + PaRTyCULATES)
15 QQﬁerv sions on Lach Gues

G ,%Lxﬁ?ﬁfbg AZGRUASION LESE . ] :ﬁ' m,fBZﬁCEq‘\”ﬂ

oon SR Y E gy ese C}INTERYAL FON TRUE SICPT
Yotnl aldadyds 6.6 Yog Y v ~1.63%32 ~ 1001%2x G, 0050, -0, 00494
Ao in 1.8 log ¥V = ~0.5h256 ~ §.6D080x 4, 00007, ~0.00i47
Coehbon ponoyide 0.6 log ¥ » —0,91945 - §.00130x +, 08875, -G 00358
liydrogen eyanide 0.°5 log ¥ = ~0.20634 - 0.03037s +0.05548, -0.00136
Hydrogen aulfide 026G log'¥ = -0.38760 - 0.00012x +0, 00026, ~0.05345¢6
Hivrngzen dicwide 1.0 log ¥ = ~0.13075 ~ 000985« 'G.Gi}é:, ~0. 60773
Ctone 3.0 leg ¥ = -0,5%661 ~ 0.026%%x | -56.03300, -€.0200%
| Sulfur disside 5.0 log ¥ = ~0.53500 - G.-%§5357z ~G.DET4T, -0.04987

in a zlops of the &daupt@u varizhility 85% of he

be repsated und@r tmwrc cunditiﬁww.

3 T oach can#?‘fumn% wRE m&ﬁe whon the gos sixturs §ith
prrticulates was &t 40% relative humidity. The semple wors eollectsd
5 ominutes aftor indeotiasg the t&ﬁi mixture,  Tho results are given iu

re were no gross effent ; dity‘mhtw“nkv in theze ts2

IOy 3fl@”ﬁ5 af;hm&idﬁtf A Chrse ghses would be onpoole

: gutsl 8Dﬂﬁitiﬁﬁﬁ, they would not by expoc

Determinetion of thess ofiscts waul
poarh IIX X

I, but at the lowsr huxidiliy,

oot

ey 2 s,
G roGRLYS

TABLE XILX
CTHETS OF GAX AMD BATCTIOULATE ﬁ?k
AT A0T HUMIDETY
35 R afeer )rjkrtxnn,

GAS COH CE.‘.; 1:?:&?! oM,
Tuial aldehvde T 1
Armonisn , 0,38
Curbon monswide 1.0
hyarogen Cyenide ¢. 47
Hydropsn wulfide g.27
Mitroger diovide ¢. 10
Ozono o 1.2¢
Sulfur dioxide 1.00




V  APPLICATION OF RETHODS TO SBCALED-UP CHAMBER SIZE
AND TG COLLECTION OF SAMPLES IN
BACTERIOLOGICAL SAFETY CABINELS

t is fessible to propare the gas-gercsol mixtures in lsrger chanhors
and to monitor the constituents by the samo wethods used on part 11X of
this progranm. hewcvar, duz to diffevent ‘surface~to-volune relstionzhips,
difforent surfasce c¢h vaatﬁristi ¢g, differences in stirsing conditions,
pozzible variastions in the injention methodes to suit futurs studier,
atwosnh i test chaabere ghould be monitored, using an
: ‘gign ﬂimil@rﬂtafﬁhét used on pr.t Y11 of this program teo
ariation of concentration of iaverisls in the chambsr. A

et
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2 oksorvations of esch gss should be obtsined in order to
oparator that the m~uagpgwmc is yeproducible within the 9cuh‘ﬁed
daezovribed shove,

uv

e in all tests to operate under b”PTQrLOlGWIC&ilY [: £33
rlers could he situsted in a bacsteriologicsl safety
fe

soched to the tunk and subrsguently could be transferrsd
to = larger sefety cobiluet csntaiming the anzglytical reazgents

us reguired for the particulsr enelyeis. The line from the

the pure, the pump, snd the waate line, could bhe gag-ateriliczed
neration, Tima e a]d he required to attsin proficiency ia ench
technique whon using szfety-cabinet gloves,

r
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GASESRIS TEST FORRULATION
e 1, Tebls B-LY
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METHODE OF 5&@?&ﬁﬂ% AND A\,LYQIS

TIPS

1. h'f@rnina+1on of Avetaldohivdd mnd Acroleie® 7

. o P ‘: . N v . . e
i Bdpougsion o o S . - BT

Ao s ey

h’s

res

Anztaldenyde srul aé?aiéiﬁﬁ(acyyX;c alu@ yd&, in the test atmoe e
ivzad by & yaim?@grﬁ@hic method 6evalenc£ st Smangurv ¥3r&grc

ware ang :

Ypstituts Yor determination of tb nyl camymdnav in ”Q11Uu¢6 at LEphares
{aY., In thin method, fﬁﬁﬁﬂﬂﬁ’as waz ebsorbed ine morubbor oo *ain*«m
sanicerbaride solution. A?”AwlﬁthJ? and a £1u7é£ﬂ concentrations were then
daitaviined Fuﬂaxa;hnuhichzfv in the form of rod lucible s smicorbarones, the
potuntial at which reduction bééurrad,bainﬁ charac tar¢stic of &h@‘wcutwwnd.

[

i Collection of Hemple

A, Sanpviing Device

Tha ﬁaﬁ L.uﬁ ﬁhraﬂw' E fﬁi Lwﬁ hubbhlar conlnlniny 25 ml of
samlenrhesis Tha uh%,“ * g 1»&*ue K modden Nrif, and waz 20 on

) = 2 ot < - % ] 0 ' ; N
iony snd I3 oom Vigmeter.

= @ T <
2. Sompliing Teshanlgue
42 ] “ ‘ 4% -, '._, . # -3
e toxt alr was sangied 2% a2 rate of 10 lliers/zin Jor 20 min,

11T Anelivitigel Hothed oo o

gy aolution.,
yﬁiur in gruscny  senigorbe
et

and acetic acld,

Port ¥oof prograwm, The wethod war not usaful for the
1o Interferoncey,

Polarograbnhic D?i wrination of Sowmicarbazon
ORI S S of Pure snd Applied Cheomiagtry (Anxly
Lishon, Ssptenmbar LGES
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@auutiﬂnw (1), {11), ans {111) are combined, sguation (IV) results;
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VS ﬁ'2@% of the value 1f amout

The cgtim"tf precivign of this wethod 4
g% or wors of i «75 sehyder (oY ketoass) are O, or lower,
v Ehan ¥ ﬁa,ﬁ ﬂwamter P nmh&

. n chembora
of rferences.
2, Doterminat
I Introduction
soatic solid in thé *nrt ‘ehenb the
seetic arnid in & solution conta and th.p d te rminiag
e golidit sthod hasg

i
y of the solution, ugi:
thed by Miller, Scherbe
original msihod is mzngltive 4o
on the praesant progran '
Cayrhon dalox

Vanoys do il

o
i
~
3
LY
al
W
o
o
3
[y
&
&
£k

Em&akmyr&, amd Pansets {n§: The
scetic acid in ajr, It wes modified
to about 0.1 ppu sestic acid in sir,

terfere whth. thm aualysis, but scid

{1 Collection of Sample

e e

&, ad‘;,;tiﬂ"’ Device

PV CNPPRS/ND: v S RP I S v

L
%3

T test aly wesn sampled tbz@uxh a t»ed buhblor containing 30 ml of
sheorbing solution caﬂtatnlng Ploeishar Wﬂthyivpurpl@ indicatoyr. TYhe budbbler
contained o wmediun fyrié, and wags 20 om long ond 3 o in dismeter,

o o i S i b S a3 8 P A S 44 B B R e G

B oUped dn Perte I, IY, snd JIT of ProgYen .

) MEtiew, Mrauhdiio, BSohard iabWWHVrg&xp anwy Beookmyre, and

Do td v : 4L Dotersination of speiie achd in siv, Asn, Iod, Hyg.
Auane, tmavierly 17, (m) gri-n2d (Jons, 31056).
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ipling Techulgue

pipv was ssmpled gt n rate of 10 liter

/ in until the indicstor
turned pale blue, as described below, In thege tests, the gampling perisd
wog ghout 15 minuvtes.
¥iI

Apparatus

1. Abgorbing Sclution., Ristilled water, 455 ml, wes mixed with

435 m1 glycorol (Bostwen Kodsk Co. cm:s slogue No. 338). Ten ml
Fieigher methyl purpls® were added { éh&‘ﬁmlution, Fin 111y,
2 drops oi Dow Corning Autifoam & BLe aﬁﬁ&!.

2. Stand“rd Scotlic fcid Solution., Clpcoiel acetic acid, ¢.253 mi
was diluted to 1l liter with digtilled water. One mi of this

a

aniviion contained i ng acetic scid,

3. Wicrepl

o

atte, 0.005-ml gradustions.

1. A chamber blank was obtained by drewing 180 liters of clesn
. chamher sir through 30 ml of the asbsorbing solution. This was
the volumg of air w“ich would theerptically be reguired in
thean tegts, The absorbing golution was then titrsted wisth
the stendard acetic scid solution until a colsor chenge fron
groen to purple was obtuained; 0.23 ml of the standard acetic
acld wrs requirod. '

2. A resgent blank wgs obtained by titrating 30 ml of the shsorbing
selution as abowve; 0.28 al of stendaxd acetile seold solution were

glso reguiraed for this titration.

ieg wera then collecied, eliowing tha slr to bubbls

3. Test sanpls
thyough t chor golntion just until » pele blu wae ob-

A
solu;ion was then transferred to.a 100-mi
133 1;pm@ve flask, and wos carefully titrated to the first
stinct purple, using the microbursite,

-

8t

eeid in the smeple waz eguel o the mg of aceile secld rsguired to tit
a¢ ml of fhe absorbing solution {(in these tests. Q.25 mr), minva the m £
acotle peid reguired to titrate the sawple from blue Lo purple, One npiliter
of acetice aceid iz cgual to 408 ppa.

tandsed contained 1 mg of scetic puls, and the my of acwﬁic
ra
?

Floiaher Geensdeald Company, Heqrﬁnxu Frunitlin Ststion, Washingion 4, B.C.
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D, Szasitivity

Under these conditioud, the technique wes senzitive o .05 pro
¢ ;

P P P S

&y
&
[
‘\

¢ acld.

sstions when Bampling from 80,000-Liter Chamber

The method voguires practice in ovder to obtein reproducible end-
points. Due to interferences, the method 18 only useful to determine the

et
&7

in the aimosphore vhen monitoring the completle gaseous miwture.

4
ffect of zulfuric acid aeroscl can be excluded by using a miilipore

3. Detersination of Total Aldehvde as "Formaldehyde'¥

Aldchvdes reszet rapidly ia an agueous #olution of sodium bisulfite to
Yorm ronvolatile zodium formaldehyde~bi=ulfite compovnds, as in the following

oxXan ke

4t
k]

sle of the reaction of foremsldehyde:

HOREO + ;m s =t Ho O

The derivotive can be d"ccqpovc only when the golution is made dis-

caline., This propryty pereids direct estimetion ol smsll amounts
do by destroving oxcess bisulfite with lodinc =%t pH € to 7, llber-
the sulfste combined es sulfoxylate by proper sdjustmzsnt of the pH,
titrating the dissocisted bi%ulf*tm with 2 standard loding scliution.
e method described below, (he pldehyds complex g hydvolyzed {as
cusly ot yoom tempersture by addition of zodiur carboanate and godiunm
te, and the solution is then titrated €0 & ztablie, ztoichiometric
.
\

of F)rmyxd&hyde tn Abr.  Ind. Eng. Chem,, ibd, 377-

was sampled throush an impingey which was 12 con loag end
the juplinger was 0.3 cor from the base

jzod op Parts 1Y apd IIY of progranm,

gman, ¥, H. and Hermon Yzgoda, Coliegiion snd Betimation oY Trace
T8, June 18, 18923,
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"!v

wir was sowplod throngh
st Zsia’s/mxn for 286 »

&, ERengonts and Apparatua

W RN

. Bigrch aolution, 1%
4, Jogdine, 6.1 W

5, Iedine, 0.01 H, Stgnda
g

G058 M sodium thiosu

sn impinger containing 10 mi of 1% sodiun
ln'

tn, 0.005-n1 graduastiona

m
e

;..

dize dsily by titration eg

£. Sodium thiasulfat@, 0.08 W

7, Sodium cerbonats buf

seid, Diluie to 1 14

., Frocesdure

1. Tho sanpls was trans
of 10 mi H,0,
1 L - - %

4. One ml of 1% starch

3., 'r}«m‘ solution was t_i
N todine,

. w PO 2 o
4, RBrxosax jodine was o

L LR ) - ) 8 ~ -
5, The soplution worn bro

6. Twanty-five ml of aso

Y
ot

-
N
p=
<
e
freia
~
=
0
o
0,
~x
e
=

C. Calculationz

e e k9 0 i P b )

Oue i of 0,01 N iodine solut
Y . « (1]
cu MForpaiduhyds .

far golution. Disseles 80 gy of sodium
spnte dn about 500 mi water, Add 20 ml glselal acetic

ter,

ferred to & Z80-m) flesk with & washings

"olv tion was add ’:‘1(3_

A¢P&d to o doark blue end-point with

aatroyed by sdding 3 or 2 drops of 0.058 R

ueht back to n faint blue sand-point with

diwe carbonnte Luffor solution was gdded,

aiﬂ?ﬂ to o faint blue end-point which

foen Ig equivalent to 0,18 ng of Idﬁ}vﬂﬁ
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o

PV oanalytical Method

A. Reageata aud Apparatus

1. HNeassgler’s Bolutien

Neesier's solution was obtained from a selentific supply hougze
for this program,¥ it cen he prepsred in the l&bo“" rj sceording to the
veclips glven ia ref. )

[

P

2. Model 40% E Lumetron colerimeter with 25-mi cell, 440-mp

B, Proczdurse

TThe test solution was transferred from the impactor to the 25-wl
Lumetron cell, and 2.5 ml kegﬁler s solution were added, The solution was
mixed, angd than read in the colorimeter, using p 449 p filter, A preovi-
oucly prepared calibrastion curve was uxrd to obtmlin the concentration of
ammonie in ppm in the test semple, The calibration ﬂuwv@ wan obtsined by

#

iding known LOﬁgumtratmong of ammoniun sulfste to .1 K asulfuric acid,

-~

1218 1334

transterring 25-m1 aliquots to the 25-ml call, treating with Neszler's
solution ag described abov n§ end obtaining a curve of concantration ol
gnmonis vs. the log of tvansmittance. & stock solution of smsonium sul-
frte containing 7.0% ¥ swmonia per ml was diluted to obtalyn known
concentrations of awmonia appliicable to this progrom,

>4
rye
e
o

Undar the sampling snd analyztug condltions dogcoribed above,
method is zensitive to about G.03 pew (0,08 3 /litF“ ammaalne) .

ions when Sampling from 50,000-Liter Chamb

IV Suggest b3 B

The sbove technigue ahould be satisfactory for determininy the
coepcentration of ammonia in chambers of 50,080-1litoy capacity.

Graun-Knecht-Haimann, Inc, 1400-16th St,, San Francisco, Califorata.

(a) F. B. Goldman and M. G. Jecobe. Chemlcrl Methods in Industrial Bygtenc.

(Y

Interscience Publishors, Inc., N.Y. 1853, page 81,
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of Carbon ¥onoxide¥®

etical, noningtrumentael method for detection of cerbon
availeble on this program was the modifiled Shapherd
techniqgue was developed by the National Bursau of
slove & granular, yellow indicating gel thet turna grosgn
enca of carbon DOTWH id~ Ths indicating gel is prepared from

T

vy vhe addition of palladium and molybdenuw galis and

S*azwv;ﬁﬂ

¥

mant ¢eseribsd by Shepherd (b}, A guerd gel is used to

ubatances, periticularly water vapor, from the gas 1o be
18 ﬁraw“ through the indicator, The concentration of

nen ermined directly by matching the color of ths

"Sr?

chart or set of gtandard indicsting tubes.

nt and Schinkel {(e) have discussed the use of the MBS carbvon
t&w to estimeite carbon monoxide in mine gauss., The inter-

& Jor changesz produced by various tast concexn rc*iohr of hydrogen,
paraffin hvdrocarbone, and ethviene arge described, The indicating gel is
not senzgitive te hydrogen or methans. The sensitivity to psraffin hydro
carbong increnses wii ﬁhe number of carbon stomz in the hydrocarbon mole-
2ule pive o derk zone at the point of initisl gee contact
with 1. The gonsitivity to ethviens lg vory grsat; {races
of cthy] . blue coler in the indicsting gol. The wmethod wos
teeted for 1nterf€*e see by the initisl concentration of hoxans used orn this
nrogran, 0,28 pmm.  There waz no interferance under these text conditionsz,
Interforence by ethylane wes not o problem necguss zthylene was not o
componant of the gaseous test mixturs,

A modlfic ion of the method denaribed above was fen

ted on this progren
but was oot ¢ ted to conpletion bacsuse the above method proved satiziace
tory. This ssrcond mathod was hhvelavsﬂ by the DBurcey of Minszg, and consisted
esgentdl nily of bringing » measuvad volume of piy sample in contast with an
acld s0 ‘icn cortaining pzlladinm chloride, phogphomolybhdic neld, and nce~
tona, yhéenum biuz wes produced by tho reduction of the phosphonviyhdic
acic by cmmnon monoxide, and the concrntration of carbon monoxide could be

€t

e

* Uged dn Parts I, IY, and III of the program.

H -

(8} Bhegherd, Hertln, Schuford Schummewnn, abd Msrthads V. Kilday. Dster-
a coybon aonoxlide in mir poliution studise, Ansdl, Chem, 27,

srtin, Rapid determination of zmall smounte
3 ri

o
(o4
Q
-
2

Preliminary Report on the MBS
55 A
T R § 2 S I
PN wry . x . or LYY 5 - ™
() W, and B, Schinkel. Indizator smpoulas for carbon

A tholy ugs fore tha datection of carbon monoexide in wing
Hokpuf, BY, §83-883, 18531, (1In German),

gesva., G

49




IT S T E e ]
11 Lolliection of Samnloe
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idde detector made by the Hine Sefety Anplisnces Qompany®
2 congists of a sguzesn @mﬁalb for draving test gir
dicator tubes, wnd & cecior-malehing goals te detsrmine

2 of %
rically ﬁh@ concentration % gnrbog ﬁuﬁoni‘m in tho sly semuied,

W
A N - 2t $ ~
through cne of szaJ

colorins

et
'E V“Q

Indicotor tubes for this instrument, containing & ysllow gilica gel,
3¢ with o sllica-molybdate compound and catalyssd by mozns of
: .f&t@, wars siso ohiained from Mine Zefety Anpliances Co.
-47134), ’

z lowoyr liwit of r@uroﬂzﬂ Fument ig 10 ppe carbon
ch amhampany the izstru-
b ey, it vas found
iy eontalning & ﬁ&ﬁ woride producsd the
bulbhfullis of test air. ﬂaxﬁ“iﬁiﬁg 310 pEn Carnon
s of gonglitivity was £2.58 pren undsyr thess tesy
ivity waz conpidored to he gufliciently high for

PR
Lroptio

(24 k3

i
ng
5 ol *f
13

G

er mompies covld bo collectad whan 3¢nitar1n¢ the
GO-311ter chamber., Under ther &, ths pro-
4 543 f

Shenhs
with &n

Slrestl

f\i+€71"‘ \~b e

W01 gpﬁ WaE ¥ thig

¥ the techrigue ¢t in the
insd in Seotion I, &bfV$, may be used.

ro direct thow Shopherd's matnod, However, if the

don of carbon monoxide in the test aly 1s 10 ppe, en it

wrr, the sbhove metho ing the Hine 8xfety Appliancss

&85

et

g8 on tals By

instruseny, should he ﬁ&tia?mp oY,

per, and W, H. Schrenk. lorimetyic Deteraing-

fong of cerbon monoxide by use ox & pollsdiusm-

;hmia gold-sootons roggant. Bono of Investigationz
Binsz., Novesbor, 1834,

£ Y
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wty Avplisnces Coupany. %vaﬁnno‘, Thoans & Eaade Streote,




&, Detey ar Formalachyde®

chasber was determgined by wegsuring the
3 h heating with chromotropic acid in the pre
strong sulfuric acid (a), Fermaldehyde and chromotropic ascid ropcs
noza undetermined way to form g comples which 1z gteble up to abon G

)

<

&
e
=
¢l
i)
w]
iy
o et
e on
v“
il
e

i

This coh istic poraits ssparation Zrom volatile interforing compounds
that eveporate below 200°C. Thiaz chnrmcteristic also pormitz congentraticn
¢f the sample by evaporafion without losg of {ormaldehyds, Taerefors, if
the amount of formaldehvde in the orliginal sawmpie is too gmall for dircect

2400
rgading,; & vouarntrhtiwn step ney e sdded, This step woer not ussd on the
agent jrogrom, but iz described below., It ghould be included if the
coucentration of formaldehvde £slls Below 0.1 ¥ per mi of zsmple.

i1 follection of Sample

A fritted hubbler wag used 1o obtain
ai

20 om long, 3 cm in diamcter, @nﬁ con iy f?it‘

)~<1
r‘f

cuide wop transferred to the bubbler,
hrough this golution ot g rate of

1. Chromotropic anidg, 1,8«dinydroxynaphthalens-2,8«-dinnltonic
acld, Bsstman Kodak {Pwiﬁig}, 31.0% squeovs eolution. Ton
midliliters of the solution wore proparad, fxltsred; and

stored in & brown bHottles. Whan thisg solution darkens 18

s’}}

~

should be dicoavdad end ¢ freszh aunnly pregered,  The di-
e -

sodime salt, Fastman Kodak (P-230) wae uassd on this pro-

grom,®¥ The solution was propsared fresh dally

# Tegted in Part I of the program. Intarf
acetaldehvde preosent dn Barts I7 end YIX

~

(a) Mechoneld, ¥, E., Jr.
. Hyg. Aszoc, @. 15 (§), 217-219, 13954,

¥ 4 Sedihydroxy~2,7-naphthaloay disvifonie acid {digodlum sslt)
Catulog He. P-23G, Distillation Products Indugtrier, Div, of Sastman
Hfoduk Co., Rochaster 2, WN.Y.




3. Forunldehyde stendard solution "A" cortninisg 1.00 g foruzl-
dehyde por liter of 0.1 8 sodium hydroxids,  Solution kezps
two wosks,

4. Pormzldehyde stendsrd solution "5" comtsining 10.0 5g formel-
d@hyde per Iitor, Bilute 10,0 Bl of Forsaldshyds Stoandsrd
Sclution A" to ons liter with distilled water., This solution
egntaing 10.0 Wzﬁfﬂ@“ﬁﬂh of fﬂh»%iﬁ%wydv wer ml, It should

pregorod hmatl giore ysg,
“.  lupetron, Hodel 403 FE, with 25-m1 cell and au0~q4'filtar,

B8, Precsdars

e R o 0 B gt A

A 10.0-m% aliquot of the 3aﬁp1e waz traneferred from the bubbler tooa
30« Ebrisuwncysr flask, 0.25 nl of REG% chromotropls woid rosgent wes
addcd and the sclution was mixed. - Fifisan wl contentrsted gulfuric act

ted with caution, eni thoroughly mixed. The sulfuric scid wae adde

z gocn ag possible Lfar'the chromotropic acid had been mixed in the scln
ion, as the chromotropic acid spalt detoriorates repidly. The zolutiocn ws
cooled to room tomperatures, at w?}ch tima color developmnnt wez complofs,
5.8

The solution w then tr si€rrud to the colorimeiey cgll, and the contans
tration of f@rmald@hyde wzs resd directly Irom g eslibration chart. The
catibration vh:rt wag prepared concurrentiy by froatisg s blenk {38 wl 0.1 X
sodl 3 i 35 lutions conteining 19 y, ¢ y, end 36 5

1
he same masnner ag the unkrown., The oz
cg tramsmittance vs. ¥ farz;iduhyéeﬁ

G, Caleoulations

from the calibration chart indicated the number of b
’r- 0]

e 84 ldlters of test alr, xo /54 of this valus saunlis tho

mrldeh dﬂ/ll sr; L.227 v formaldehyde is soul

INGEE o

[P T ¥
The eeading
&
.

fnrmaléﬁb de

3
<
=
Q
»ﬁ
L
et
3
z

e
ho
o
<
-~
taed g

ori’mlneh vilae

Lo

.B;. Sensltivity

6 g R A ,...m...ﬁ..

Under the sanpling conditions wzed in this progres, ths methed is
genslitive to 0.9%1 opn fowm alaﬂhyde.,&r Lo shoot iﬁ% oaf thr inlelal cangen-
traticn of 0.3 ppn in ths test chanby It the grount of Yorweldehyde s

& galution csn ho

legs than abont §.03 pom, 0,25 wl of thw chromotroplie antid
. o

T b

sddad to a sulisble sliguot of the tw?‘ aclution, and the mixiurs epnoen-
trated Ly evapevation. i Ls inen diloted to 1000 wl with 0.3 H sodien

hydroxide, followed by the procedure desceribad above.,

vy stions when Semplivg Trom 50, 000-Litoy Chomber

The method se describod abova fg divostly appliceble to scaled-up
tont chanbors,
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i vollee

tlon of

drawn Trom the chomber into the infreved opoctromsive,

111 Apslivticnl Mathod.

L. ?r&rﬁr 13

Beaples for determination of bydrocarbons wers snnly
roscopy, wsing & Porkin-Elmer Modoel 12-€ Spectromet
T

speet gr with g
absorption cell, The cell was Tirst evacurted, and then £illed with roos
alr to furpnish o bookground reference, The cell was evacusted agelin and
filled with uncontaminated air from the chambar, l.e., alr which did pot
contain test pollutants,  This sewuﬂﬂ baoks round wn* obteined in owdsr io
b fe gr alr and the ra&m’air; and to furnish any agerescary
Ite subsepuent test samples, Afu&r the hvdrocarbons had

dic samnles ware talksn ffam the tenk by firzt evonusiting
531 st then blosdisg the required ancunt of sawsple futo
& ly%ihyie tuh@,vuntil atwospharic progsure wod
nd ong-hzl? 1i of ailr were reguired, 5%
3 air prior tn eagi tunk mampls o comper { -
k)

tial tests of the method, it was found thet hewane and
b@ ragolved avnaf&iﬁly ‘Howevar, the concsuntration of
enzane could be obtaipved in the 18,23 - 17. ?G yegion of ths

-

o

T srbitrary unlte which dnclude the 3.42 uicron O-8
abzorntion ban“, on thisz 1 stra,eﬁt, which is the r?gia: in which Cg4
nydroosrnons absorb, Tne infraved spectrometer has z low sensitivity for
matnnane, ethylene, ynd ctylens st &Z% 3.4%1~micron bend., Councentrations

o v

aiﬂﬂa by obssrving the pear st the 13.7-micron
o band, which waz inoludad in the ?06% =8 ,25 yregion of tha scan
thig instrumsnt. The lnstrument settings used in these tests are given

"3

< S |
pESPONZE, | oPEED, SLIT SAIM, TRET SILSL,  RITION OF
ogpamiy o B . e o o4 008 LD ACAN
COMPORENT {srh:..rar‘{ {rin per dres BILTH, f,s»rbmmry ":"’Lf:l. { ;::“t“ .
units) revolution) {ma} usits) 8 Lepsics ervivoar
- domnity unite) ¥nita)
o -
Hexane snd Penzene 2 4 0,40 . 15-72 log /N = 9. 21 ] ¥8.25.37.80
4 4 2.0 20-8 log 1/M = 0.30 l T.25- 675

Woter vapor intevferes with the test, and mey damage the instrument
1f tho humidity ic higher than shout 60%. It is thersfore customa ry to
Tastzn & Lube 554 D)i(rtt' into tie sample line entering ihe spectromoter
cell to absord moliture, Carbon abgzorpiion is winimizesd 1f the Drissite

5 heated to zbout 60°C (f).  Howaver, the concentration range teztad on

15 g0 low that g Brierite coluan may have interfered sig-
. and fests wers made wlthout the Dedevite column by maintalning
amber sir ot about 40% N,
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C, Bensiticlty

PSP wassimm

method 18 only senl-guant v heon saalvzing for hydrocarbons
exporirsntal condiftions wvsed on this program, eud no caslibration
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(0.0072 7/1 t@r) fn this pro rraw, wnd the
liters) would bo roquired Cor m gingle anslys:
inucus enalyzer for hyiroges fluoride wam uinad

in &j of hydvogen Tluorics in the regont proprism
{a the selective guenching of the flucrescencs of
ma finnride iun, avd ig 5ensit£v9 to ahout 440, GOﬁu P
3 sntration yvangs, ‘However, the indtrusent may be eon-
git tiong ae wiﬁ@'vaV1atamna in tﬁmpﬂy@tufm and humidity,
68 ay of the materinis in the test atmcsphave uwaed is the
Bros r this resson, 1t iz gupgentsd that the dirsct tiirz-

gion mothod bs s fnr»moritcriﬂg hyidropen i&uwriﬁs in chonbere with ¢
mpscity of &0,00 liters or groaster, although rﬂlafively lcng gempling
nerieds wﬂl b2 reguired, end it will be impossible to obt&in ﬁn*ormmtiwﬁ

o1 viviztions invth fluoridc NOﬂcantratiar B
¥y Ceriegtion of Sample
A, Sempling Device !
A hubﬁlai way uged iu'cdlleét air‘éﬁﬁplé@Q ?It~waa 3% cm iong and
2. Baampling Technigue

dintilled water waz pl in two bubblers.  Samples

 pt te of 1 ¢fw for 1 by, bout 1700 liters of te&t air

sugh erch of the bubblers. The two 180-ml semples were
trzted ag da cribved balow. : . L.

{3
_&
C “?,

. ot
e thod

-

o s el
S oana

f.o @ Bureties, S-eml capseity. Subdivialons, 1/150 ml.

,  Fluaks, titration, wids-mouth, 5?Q«w’ gaxaeﬁ S

. Thorium xztrat 0.1 R, Dissolve 33‘?Qu g of hydrated
hord ! ‘w{ WO, 4 B0} in water and make up o
VthLﬁ aanceﬂtrqtinn for .01 N
S, Sodium fluorids aclution, I ag ¥ per wl, Doy C.P., godiw
fluoride at 105%C to a,cnnat&nt waight., Cool in @ dosicca:or
iter,

‘Dissolve 2.210 g in distilled water and make up to 1.1

Cnolkin, 8. W,, . B, Glagsbreok, and T. D, Ferks. Paper pregented
at 12330 mesting Awericon Chemical Society, Llos Angeles, Californis

&

A

s
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Judies fluoride solution, G.uwid my ¥ poey mi. Oilute 20 mi
™ - 5 7 .
ef solution {4) to % liter, :

&. Sediuva alizarin sulfanate, suusous, 0.05%,

7. on, 9.05 Normal, Dissolve 2 g of
Ler of disiiiled watpr.
. Rormal .

ve 2.0 g ot sofium bydroxide in 20
. .xnlv: .50 gof wonochloroacetic gaf
Viod water. Slowly add the godium hydroxide
ig, to the wornoshioroacstic seid

for five ';i&y:v

B,
wdiwe thoe approxime t rv oy Gl h “hé tﬁ ﬁityﬁtc ﬂu}ntion ot
follows . somples of ﬁt&ﬁd&rd sodium £lu SRR :
titrating flaske, using concentistions n? % 5 to 2‘
400-m1 volumes with dissi 14 2w T'r'fram *h@ 2!
coilecting impianger. el

ACd 1,00 mi of 0.0 5y aliasrln red iqdi»n*
coler by adding .05 ¥ sodiun %yd raxdde golution’ dro

hydrochloris seld u”apﬁ;'w tifil.&hﬂ win& colmr'xﬂi

with §,01
Pronare p walny nlzz hy titratnnr 203 8 ﬁf.tﬁu
with ©.1% to 0,38 wi of tborium nitrate solutisn rﬁt £
other vasgents. Compars-all the. subes quent sampiez with thin Blark o 8uhe
tract the volus E thordim vitrate used on the Biank Trom The w0 i wmas
on «ach standaxd, gtrunt g’ tab}e to rmlzte. ‘c;quaﬂtkﬁy'of f1uoet
tshen to ths veoiuns Gf ih&ridﬁ n;*r tr L£$d B

diatilléﬁ]wata?
eebdition - of the

Wi

:tagéar&a'“hau}ﬁ B ﬁubgacteﬁ ,vféhe samﬁ pro codur
sad checked sgalnat similar Cun c}%x %ﬂ’iitr ta& 04"“ct1?a

Tyan
tion flazk,
soluticons in 3T, {
thorium ui tzuu lttinn, Aitrgt*,ino ﬁn»p?e to: he color produced in
titration blank. Titretd thn blank end 3hbtrmc*,*ha ™) Gm thorius nltrate
golution used by the Y;ank Tvém the ml uaed by the smmpEa T Detormine the
micrograms of fiuoring foundxia,shg'ﬁamals 3¢ 3ng thﬁ tnbiw which welsic

tre
loric woid, and Befior
h&udﬁ? iwstion of thi

fﬁe z fmpiﬁ&@*' intbuthﬁ Jﬂﬁmrl i
%vér 2 d@. hV§roa vl

g k2

A
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&, Fitivity

: Ctor 4.8 &y flucrine. As
.fh& tegt chamb sir, shous 24
ned s imz’:lg umﬁs}r the test

shaorbar for hydwvogen fiuoride; and
143 % e

»_Jr nfﬁ wk“

10, Determinstion of Evdrogen

r<accs'vith caduiun snits toe vi
axﬁau? of thfiﬁﬁ.ia geternin
4 by back-titration with so

us nu,v for ¢ (avﬁruinf?.am of low concentoo-
nizcal eatmium chloride ehscybey sclutions, IF
thm codmiun sulflde procipitate ig sopsvated by

ference. - The filter peper [Wnatman $40) is theon
Bohiocvie sedd solutlon mentionad Selow, and

noe of tris 1 3&1¢«mrv'thﬁt when titrating «
es of cadmive sulfide such as woere cbislaned
interfered with the $itrstion, van MO

\nd by onitkﬁng this step.
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An lmpinger war used to ¢
aydrogen sulfide, It wsg fbuvwf worwl g
tritted slug or diasc.  The Yupin W 3%& 3
noxzis of the lnplnger waz 0.3 ow from the

enjoride

N LY
um TACl, - 0,1/3 UgO} WETS
alr was mawpl & at g S 4 Alters

T&Lm ol 4

Anziytical Method

4. PRezpunis sand Apparatus

1. Hydecchloric
ey 5 - o - »
. Cadmimwm chlorids, 10% (2401, - zs»z_,f? :xﬁq};

;15

i, Potaxsiue
socurate

iodate, stand
ﬁilxtiun ol “the

determination of
cotleet

rmowide . o

The

&

Py ﬁ?

5. Bodium thiosulfate, 0,01 n tzgolve about § g of
godium thiosulfats pentshydeate in 2 liters of Lreshly
Bolled and cooléd dietilled water. Stors in a clean Byra:
bottisa. To standardize this solution, pipptta 25 ml. of the
$.01 pormsl pis nmavd'iﬁfate ¢b“whiﬂn inte a 300-m1 o
Ehrienmeyor flasik, Add 200 =l of water and 20 ml- of hydros
chloric acld, Allow to stand one minuis and thﬂ titreate
with the thiosuliate golution. Ag 'the snde-point 1s ape
proached, add 10 nl of 0. 2% starch solution snd tiirate
cargfunlly until the solution iz colorless. The thiosulfate
golution ghould be reztandardiasd svery twe woeks..

T Bodius thinsulfete, 0,008 nor ﬁal Prepare before une by
susuraiy dilutlmn of 0,01 nox emal ﬁTéﬁﬁwfﬁ thiornylfate.

G0 @tarch solution., Add n cooled goueour suspension of 2 og
of golpble . staveh to one Titer of bolling water, cooled o
room feap2raturs, and store i s elean bottle,

oy g

tag, L0 wl.
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i. Em%ty B £ eon imﬁgct,m iwtc ﬁaw”ml,_giaﬁﬁfﬁiﬁpgﬁr%d
Ehrlenye :'1 sk, : - B BRI
%, 8 m) ;hydsﬁqﬁleric‘aaiﬁ.
. s4d *q*ayaAu ,iaﬁ&tﬁ") Qu “ij@l, %ii&tﬂﬁy until an
_ﬁz?QS is Jncaﬂv@u a8 indicated by yallcw color, In tesic
14 progysm the yriinw appeared 1n #1)1 cagee after
: the 2iret drop of pgtqqﬁiar¥lodaV~_amé one wl of
SR Gdaﬁe‘Wﬁﬁyadﬁmd: :
4. -Htopp gﬂutc?ﬂ} axm ﬁl aks.
G, Ada 10 zl a?"h BblL ion,
odium thiaaulfutc, 0 0@& mormml.
1R

Tag xl zodium ﬁhio;mlzaba, 0,005 pormal, is eqagvalmvt B A3 % poqa ¥
; {4 -of h”ﬂrfgun Suifiu& pnr litey of taww gﬁﬂ ig
"V31umé'0f h,ﬁrogen Eulfi ‘ :

ftial ftelate ntrﬁrio ¢l §.29 microgyrang

zre-testod in this program. Usder the

fahGVP The %mtbm wis sensitive &
g .25 o‘pgm,.i a.,_iiu>a

s
AN

E@,QGQmLitérpﬁhaﬂ&@r‘ i

s tusts ﬂ&yﬂnﬁﬂ 01 the amount of 2iT
*yli : ‘dovice bo B eplad up by a
it erg of air per min be gempisd for 30 min.

‘y, i.-y, 3£ should ba about i%%‘arﬂ
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11, Detorwinesion of Total ﬁxzdnq of Hitromen®

I Diacussion

YR T Ao SN ARt

Daas
&
N

he ﬁh@naldi 1fvn4c g'id ﬂw,h@ﬁ af Beat 'i:Esrgér,'and Qghwé'% .
P timin mry tenta 1o ﬁ”i”?minﬁ tha total oxldes of nitrogen

ger, and Schrenk wus

Igfigulfonic me j r‘*‘*aif:hfz‘d.m""‘ Beatty, 2
gisted esgentisily of eb
4 +

&
oY ths wvmﬂeaw '93; Ir
Yrogww orides in &n nodd phion o form ﬁ‘trog% az&
owed by onidation of the nitrous mecig with hydrogen
Aution %a&,?nwa,n“ntzazi?ad and evapnreted to dry@@@a,

Ccontaing 'th»‘u&ides of nitrogen as ml?al nltr
Qta"& ?iQs : [ '

uged in &
sorption
nitrie soids

55 fnr arf&“mxni g ﬂﬁt?% oxide an“ nit~
‘-4i&l shgorbers are uzed for The shﬂﬁ g
ion of 9, ﬁ% suifanilic neid and 30 ppo

Mdgth; i inﬁ in ¢5% sootic cAm,vEGEIQweﬁ
uh' 3 mﬁﬁ&wr,ﬁ the trﬁwcn dioxide asgﬁf

Eb plus %??Tia 0*36 atter the unitzic
Lﬁgﬁﬂaiﬁ, Standard erroy of tho
ea&wh“”ir cGWﬂﬂn?“"tinbg ol niu¢«5sn

(5 described bwlnm.;'”hiﬁ .
tical technique had besn de-
rimetric method of ‘
‘1 it wee s moro
anla sc"d t@eh:,qu9$

‘“*h)ﬁ Y

¥ Feaied in Part I, but nat*us&d,bgc&z,@ it ia more oomplax than (he
Saltzman, nothod whiv 01& W
{a Be Lo, v ‘Berg vv' and 8 oH “-,rsn CDetormination of tha

sL of Ni:“&ﬂen wv fhn &qanoldiwulfnnxc‘m»tu method, U8, Rur.
Mines Heport of Inv&ﬁtﬁwaflunm ®.1, 3?57, February, 1843,

—
o
S
3
v
sod
v

o,
ied
3
-
P
%]
»

; E..Cmimrimetric d&terwimﬁtion of nitrvogen dloxide v the
stmoopheve.  Anal. Chow, 3¢, 1P48-58 (1854),
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or garies of papsrs should be
pﬂ in z'e runga of feiriy high
~wdr;on p&g bl

., Procedure

T N

} vodfum h %r@x de was tr&n@ v“r@d to & 250-al

< 4
The bubbler a5 rinsed twice with 25 ml of watw.,

‘amd th@ washings were tyansfe °rcd to the bﬁ? S

2. One wml of 3% b ﬁrégﬂn5pgr0”id@ #as sdded to the beaker,
wad the ut iﬂ’fi'd to a pH of sbout 1, using
iH

3. The soiution waé’ue 2ted to bxizing, and 1 ﬁ sodium hydrowide
Wig add@d to a pﬂ of 8 or hdgﬁer. ‘ : L

on

. About 5 m1 vs?c* wns add @dg/aﬁd the sa
A«J.X'ﬂ;fu ; v o

7. The solution was filrersd into the”iﬁméfr“n é&il;'ﬁnd the
transmittancs wes ined, quﬁg“a 41 v«aﬁrfi
coneentration of onides
from 2 calibrati FORR
standerd potessi aolu
potaasiun sltrat zd to
zodium hydroxide, snd saore subd
soribod sbove. [The caliprotio
G0 ¥ £ 10 7 pitrogen dioxidz.

£, A blsnk, consinting of 80 =l of W;ljﬁ godion by%»ariaﬁe Cog
run throuzh sll the 31teps with emch sst of &whﬂatdr and
WnEACOWES . ' " SLE

£, Celculztions

‘zivbient to G 53 ppm by wolume.,

o~ ., i ’ L ok e
Ore ¥ nitrogen dioxids i

The inditial conesniration of. itra@a di'wide’in thé’c“*mtﬂr_wa&
Tumn (1,72 y/1tter), o smoximom copeentyation of nitrogen
3 Csanple - colldoted w&»';.?ﬁ'x 5C, or 88 ¥, The analytics:d
wethod bag senzitdvity vhder theése test conditions of £10% over the vonge
105 ¥ ta 10 y nitrogen diowide, ) k




estiong when Bampling from 50,000-Liter Chasi

The method is directly soplicabis to 1argur hambors,
nigher sensitivity could be obc1 ned if the zizo ef ths bubbl
ubled, and 100 ml of absorber were vaed, In this cane, the
ugh the bubbler could be inereased to 20 liters/minuts, a

,.
Lo
N

W/

£

o

et
o
]
@]

samples could be obitained as above. In addition, it would be le
o use thig larger sysiem @ﬂﬁ shorten the sampling pmriod to ﬁ win. In
this caoue, the 3amu¥ing period would e out in half, but ths Livity
would remein unchanged ‘

12, Determination of ”it rogen Dioxids*

¢ me thod

£

ttrogen dioxide was datermined by thz colorimatri

Saltmaan {a). Im this method the Y itzctad in = xrxtte*

I stion in gulfaniliic scid s g & coupling age
e r

¥ absor]
acetic seid as a foaming agent. directly ?ﬁ# ia a}
cific for nitrogen dicxide in the copceniration ronge of materials
in this progran. The mgthod has 2 %ﬁﬂ@iiivitj in the parts per hu€
o .

usad in thase teszts contsined z madium i 1%, and wog

em in diameior,

Teenty-five, mi of Ty
;’
s

S&ltzmam rea’vr: were transforred to $heo bLubble:
ent gampled at s rate o 8 1i n

cr 10 win.

on: & g of sulfanilic geid wore discolved

1 of boiling water containing 140 w2 of
tic acid and 20 mg of Ke{i-nophthyl)~ethvicne-
ori ’

® Paed in Pards I, II, and III f Program,

{a) Saltgman, B, B, Coloriz tric M1 creéﬁtnrhina
in the Atwosphoere. Ansl. Chem. 26, (18), 1%

tion of Kiftrogen
48-1956 (19 m)

6
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Z. Lumetron, Svuv‘ 402 E, with $00ew: f4ltey ang 25-m] cell.

B. Frocedurs

[ RS ATV

olution was transaferved fo & 100-ml flask and stopuered.
wers allowed for full coler developnent and the solution
wig then transferred to the Lumatron cell,  The concentration wag doter-
pinzd from s previously prepared calihra*icn curve. A blank of the
ghsorbing solution wos usﬁd throughout ‘ '
The crlibration curvejwar cbiained by add*ns known concentrations of
Lwn nitrite to th ¢ absorbing solution and plotiing the log of the trans-
: ve concentration ef the sodiuva nitrite. The nitrogen dioxide
iz 9.72; fher@fore, 2.03 uy/mi 0f sodium niivrite was
T uitrogen d;oxiue k;.&” pg/l‘tor of nitrogﬂn dioxide).

e

T e
wd .

.

13, Ds' anianion of Ozon

tain a buifered solution of potadﬁzum iodide, and then measuring the
amount of 1 3

iodine libarated {&, ). The reaction proceeds 23 follows:
O, + 2 KI + Hﬂﬂeum~u¢;m 2 OHOH + I, N Y

-i*rogon ox3dze,
only to a very 1liw i%sé
¥ the leck of hydrogey
ed for the determi atipn
o i «b ewafjon &f ficiﬁncy of orone in the potassium
olution is very high under thess test corditione, but if eir is

samplad too rppidly, releassd ioding may distill out of the soliution, and
low vsiven Inr ozone may b obhtained,

Avu impipos

d to cellect the samples. Ths lnpd ngqv wos 12 om
L orzl

.4
h
ozzle G.3 ocm from the baze.

ITI of program,

5 Bnme, el A E. K“mp, ﬁcc@lerated orone WLat&er teazt for
ind. & Eng. vhtmu, Anal. Bd. 12, 788-74 (1945). ‘

{b; Sluvaerbaut, 5. 2. G. N@al, . K, Marten, and F. A, Paneth, Noasuremont

e

2
Loeal Conosnt tinnfx: Atmospheric Ozcne. J. Chem. Sco., 1644, 1.




¥ Sompling Technique

e

Twantyefive’ mj*i*lixarﬁ oY the buffe 1#@ su}uaiuﬁ of potessiuz jodide
ldoecrtbod below) wore added to the muh @r,g air from the chamber vas
sgupied vhrough the bubbler st a rote of m'litera/mim for 8 min,

&, PReagents and Anparatus.

1. Bufferod ?ofaﬁéﬁﬁm Ioﬁjds. é&& qGG wi, of ﬁ 625 H igondive
hydrogen phosphe 1te to 600 m~",ﬁ &»m o gﬂtﬁybium diby&rﬁg~u
phesphate. ﬁa Sa?vr 2% g nf gofﬁé ium 1ﬁdiﬁ id this "

»sulution.
2. ”%sﬂel 402 ﬁfLumf rop Coior*mvt&v wit h 25en 3 BEGem

- P

. "f—l
ﬂ

¢ Procadure

PRRRESY RPN

‘

Tha teat an

miution irom the im &ﬂior %am trahw*er?vﬂ tc the;
cell, and the concenir

ration of ozone waz resd frow n préviously

calipyaticon curve of pom 6 '&tﬂu #m. liog trﬁﬁﬁ%abﬁiﬂﬂo A \o 420 £
used. The calibration " aa_ﬂrwgrr&d aq'f 1 lows, '

&ﬁcentratian of ozan& in £ Lozt chanbey wag U

The iniid &
or ¢.38 y/lit Forty kltuﬂs of;*ey* a.*;,cont&idin 2 mpnimy L
oZONE, Wersg nd thro udh th@ tama:buhbler.; Firom the Qﬁuﬂ710ﬂ gi 3
I, shove, thisz smount of 03&%9 would liherate 23,1 y icdine. A Bteok

solution was mads up which Cunﬁi&uPﬁ 0f 3.32 mg todine par Iiter

fered potassium lodide prepaveﬁ 85 above. w&nﬂvmfiwe miliilite
solution contsin 83.1 microgra ns of Xa, . and “the i?iﬁ%'*twvdfﬁ re»,"
thiz golution repres ;mt d 09 pww ceons in the %a&t shanher. f:?na

wos diltuted to obtala ot pﬂink iur ihv e&ii?“ﬁwiaﬁ“ﬂnvv

C.,‘ L;wu‘?‘ii i ii‘.’}/

AR Gher e G NP A et . ok et TN £

Y _ ditions des rrib»ﬁ ab@v& the
nethoad s ﬁ@n:i“iv@ to aoout 30 02 »yﬂ ( vflit&x) OZONE ., ’
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14, Determination of Sulfur Doxide

! Digensalon

Sulfur dioxide was thﬁrmand_bv the method of Paulus, Ployd, ang
dyerz (&}, In this test, sulfur dioxide is shsorbed in an impingsr con-
trining a solution of andiuﬁ hydroxide and glycerine, ” Thiz solution isg
used to inhibit oxidation »Q-sulfﬁfe A ‘basic Tuchsin-formaldchyds color
eongent im then edded, and the amount of gulfur diowide ils deterpined ‘
colorimetsricrlily, The vepy uéuribil y of th» method in the concentyation
vange required on thiz proie Q* 13 i p e ' v
i3 Calizetion of Sample

A. Sempling Davice

_ The air was smopled through en impinger -hich was 18 om long and

. . B N - R o . S | Co e S N
3 fin wide, SR : B ' ST i

hniqum»

?wentvai»a‘ml 6% the ab oiﬁg ao;utiun we"@ trangferred to the
mpinger.  Air frur the :nm: gy wes sanpied & t.a yate of 5 iters/min for

L

1. Apsorbieg solution:  scdium hydroxmide, 0,08 H, containing
g &fiyﬂ%’? 1 o

Z., Unlor _fﬁa&f 501ut;0n No. 1: Sheke s mixtare of
ﬂiﬁ'm' 44 ml -concentrated gulfuric acid, and 1€ ml

n 3% molu*;mn of . hﬁ gic fuchzin in etbyl alcohol. Add

zhe ml wmu@r‘ané,u‘g of Forite 4 activated carbon, Shoke
snd refrigerate overnight, Filter to romove carbon. I{
thisz u-u»iaﬂ ‘i “nxrigeratfﬁ it will remmnin stable for
gavaral nthw, R - R ‘

3. Color Tﬂagﬂnt gtock saln*ion Yo, 2: Dilute 5 ml of 46%
formaldehyde to lﬁﬁ;ml ith water, ‘

¥ YUsad in Pavts I, XY, snd 11X of program,

fur
\‘1‘)» a \.\ .

(a) Paulos, M. J., E. P, Floyd, and b. X, fyers. Detarmination-of sul
dioxide in atmogphers gamples. Ind. Hyg. Assoc. §. 15(4), 297-230




L. Workimyg eolor rsagent: Add 1 opart of stock polution Koo 2z
perts stoer splution Ho. %, Mix, cheke, end alics
1o stend 30 win before usivg. 1 :

5,  Lumetron, Model 402 F, with u&@nmx filter snd Z0-mi cell.

e test golutlon was transferred from,th iwpfﬁ P b0 & iﬁﬁwm
T1lask and stoppered. Working color rﬁnﬁent, Eau ml, wae added, and ihe
<
&

selution wag allowed to stend 10 minutzs for Yull eoloer developren
The solution was then transferrsd to the 25-ml Luseiron cell, and
copzentretion of sulfvr diowide wan detsmined from s prtvia ly r
calibeption curve, A blank consisting of 25 ml of the absoxbent 315
way troeted the sams s the sesple, and was csrrisd ﬁ}vough ch

Tho eslibretion curva wag obidined by preparing known dil utions of
sulfur dioxids in nitrogen in 8 ﬁgniinuuus'ﬁ%tsam gaa-handiing systen, snd
ﬂ?law%hﬁ the stresm of diluted éuifu“ dionide to fidw through 25 nl of the

ing solution in the impector for & Tized period of time. The solu-
then treated with working color Vva“n,raa degaribed above, ens
tronemittence wag ﬁatarmlnmﬁ»im-tme”nwh onrve wag then prg-
parad of the trevemiiiance againgt the niereErans %ﬂlfur cr«uw in the
ints on the calibration curve GEre ¢allmwﬁ. '

3-« 5'2 Fa
4

somple.,  The nod

6.2 61

27 .0 40

37 .6 3%

54,0 L2320

§1.0 12
o,

vy
PR

2.60 ¥y sulfur dicwmide per lifter of test gas (& sguivelent o 1.¢
sulfur dioxida. ' :

0, S»"n12£vi+'

e o Ay e A e AR

The inttizl conceatration of sulfur dlowide in ths tﬂﬁ?
1.0 prm, or 2.64 v/liter. The tetsl flow of test alr throug
wae 10 liters, glving o wmaxdmem of 26,4 v in the phaorbey xﬁ}ﬁﬁiﬂﬁq
5;sux‘~vitv gf thia method over the o BB Yt 2,870 f'Sﬁ &16%;




v

sons when Sampling Efcm 54, Oﬁﬁwbicaw Chavbﬂ

nethod ae degoribed ﬁmave is diracflv &mpl*cable to testg ﬁn
chanbary of 84,000«1iter ca pn‘itv ‘ : ‘

15, Determination of Sulfuric Acid¥

ot

evtvnuﬂly @ow va pdﬁ"?reBSure a8t roox temmerature,
’ A t*trimafric”maihmd de-
Resasrch Institu v ma% u@ed for the determination of
ol in the %@9t chamba : The dropliets rﬂsl@ﬁﬁe& ﬁﬁﬁ“ti"
;”.3ﬂrr Lig l*n? ,r § Th@ illfer w 8 th@n warhwﬁ inta n flask,

Suifuric ac

and exists as d:
"

i1 Collection of uaap

(s ] . Ly N
A, Sampling device

.’,,. ;

A Millioors filte
% b

- CType AA, white, n‘aiﬁ, WREH cannecfe& 1v tha
chanbe» on s

x 73]
o the gsempling probe usead in Lhﬁ other

B. Sanpling Technigme

ot
£
[#]
=
he)
b
3
by 1 .,
[
#
&
7]
';‘z‘
[
B
%
berd

The tezt atb 3 through the f£ilter at a rete of
10 1iters puyr min for A0 min. o
I Aszlytical Method

&, Heagents and Ap?ara%mz -

1. Sodium hyd"om_ﬁ

@, 0,01 K. Dissolve 0.5 g eofiium
hydroxide In 1 i1t ’

:r podled digtilled water,

2,  Sodium hydroxide standard, 0.001 ¥, Dllute 10 ®1 sofium
hydrexide, 0.01 N, to 1002 ml in & velumstric flask, using
freshly hoiled, distilled water. fif;mt with staﬁéavé
sulfuric acid, ' o =

3. Nethyl purple indicstor solution, ®%¥

¥ Vsed in Part

=

I, I, and IYI of program,
i ilipors Pllter Qorporation, Watertown Td, Maseg,

REE Mo thylepurple Indlontor, Flelsher Chomical CGo., Benjunin Fraskizo
Stution, Waushington 4, B.C.




4. Millipore filter h
Filtaeresn,
S, Microburette
B. Procedure

W lﬁ»mi “O?Ti@

o¥ the 0.0001
naeutealineg
~atraliize

neente

Cre 11l
hydronide,
and one dArop wiil pf
to the caleulated co

N 8 et
ant Wil

ation o

J &N
The nwaot ig sensitive to
conditions,

by

é

fiiter wa

o s of boiled,
with (.301 H godivm hvdroxids,
: drop of the indicator was used,

wy o
K0

¥ sodium nydroxid
4,8
7 y'

Ty

&

KE,

8 washed int
digtillied water,

white,

pladn,

SRR e

to a LO0-m1 Ehrl&ﬁm@?ér

atout 10 v sulfuric

acid

o : 3 N . . 5 ¥y Z . Y g
Y ticns when Hampling from 50,000-~Liter Chumber
The method should be divectly applicable to tegt cf
volumo,
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in general, dilytion due to sampling will be intermittent ratler than
continuous over long time intervals

(314 2

Buring times of no sampling: D = 0

?éDs \
R
Uy
Eq. {5) becomes Cp = (4 - Dd apd gince when By = 0 @ = 0 we as:
ERTIR (7) ; , -
Ce
in o L : : -
k = *f"*;f' , R

C, &% defined in Eq. (5)

v
i
fad
ke

b
i

-
Q
vy
o]
P
w
5
pe
ol
s
=
X

ent ig, of course, true only wheﬂ ihere 18 & Snﬁg
%est chamnber

I7 mony gsgss are present in the game cHAMHar we may ezxpect resctians
a5 follows: '

V)B + (Vc)C ., .zﬁ{VL:JL + {\3%;)?!‘? + (VH}?‘@ + o

represent the number of molecules of resctant A, ¥,
., the number of molecules of proﬁuct L, ¥, eic.

n such & mixture during piriocds of
tal reaction, ‘

i3

whoye €8 = fonc. o gas A, O » goue: of gas B, atc,

As might be expectad,  {C%, C¥, ...) is au eXCLuLingly complicate
fusction which makos an exaoet soly ?;aa of Bq. (2) quite unlikely.

As rescltion produets increased in conc&atratie , Eq. {8) would have
glo

to be replaced by sn even more cosiplicated expre Lo




T Y ot ges v ]
I Example

of Corvections Used in Phese I of the Projoct

Two ppn

of gas A were injected iato o 2000~1iter chawmbe

er at L.

Chemical analysis of the ges was obtained by ssunling the ¢ha

through 8 scerubber for
alr was drawn

20 win at 10 liters/min.

As le,
Ty

FERM

an examp the
T va

int ehambor at tin.go-

ger fod,

ana1y"*g indicated ~hqt thers was 1.0 ppa of

hawber siz
An equal volume of
into the chamber during the ssmpling '

txesh

L. Correct the peasursd gas congen ti for the approxiunia
amount lost due to seampling over the &0-min interval.

etermine the aporoxi
decay (k).

mate value of coefflicisnt of gan

3, Fredict wvhat cone. of gaz & night be szpscted in the
chanbher st the end of a Z-houy gaw.mj
A. Asgsuming comﬁin uous gag ssupling
h. Azsuming no gos samplin g
1, oAl
& ~ e,
’ Conz \w"”"m
e W - -—Q{i‘;/ A2 - Mm“n«m‘_‘m
b} LY. {3] r}v = (‘l & ) 300 e e mmm‘::“ﬁ;mmvmiwa%
- : s in simle pasmle
Dy = dilution due to zsampling R f’”h?‘ o l
: #1 g 53 L83 §
Co = @ ppm R | < 51 ¢ 5y
; . . H
o= 10 liters/sin ty { Yy by i
: H
¥ o= 2000 liters 5. i ; . - & ol
4 FLE T 30 40 50 &0
e A e e = A1 7 - > -
£ =ty + T, 7 be 50 min Tise, min
Hote: the value $.72 is correct sinces the measured wvalue of 1 ppx g the
2L IER Y v ey 7 A) T .
BYLTIEE bat ’:Cﬁn Lian min zned ‘bv{ min
Thusz,
7 o, ™ ” 5 - o % — . " -
B, o= {2)(3 - e"%:E8} = (2}{0,221) 0,447 ppn
o~y = rv-unc"‘. +
ConZ vy ©Erey. T s
LONT ., = 1.0 ppw at t = B min
MRS
Cong . = 1.0 + 0.442 = 1.442
E5rr. V
Z,
. 1. %
Ry Bl (70w e X e R
X < - £ < & el A\
L - Ed's Y




. el 4l PR e & o &2 e e e i -y
wnare Cp = ( 2 O maasured & L oppm o0

. -
)

B = o« :T{ I §.8 + 0,008
o)

I'4 \
ko= (wm~§ (~0.89) + {0.0D5)

3. EBolution

B T T e s

&, Hy Eg. (4] Dy = Co (1 - ekt

iy
[o8
i
Cannt
2
S
T'P:'i
§ [y
o
o
¥
e i
o
o
o
=
)
i
~
™
St
)
oy
(44}
O™
#
b
[#%]
i
e
i

oot
in

b. * 0,442 ppm rvef. solution {1}

_— .
Yilig (1,3)(0.4423

et MR AN G.e8%7
\xg ’/’fwg‘\.ﬁ
Dan”
- o~ . e
Bv o (‘} oy - B, o T g e
A F s . & # G 't ey u: "
T N a S Cﬁr
£ - k) {1 o« { s £
w-}(?{:‘ ®min - {2.{),‘ hat '\iat:»}' - 19:‘%4:(5‘} + 0:3»"7
Ciug mipn = C.043 ppm of gas A with both deeay and sampling dilutisg
£ 01253 ts . . < -
1he teni sysitem for 320 min. .
e - ¥ Y 4
B, IIZ D, =0, By, (&) is:
o = - I3
e s v !
g C{; L 2

111 Exumpls of Carvections Applied in Phaze 11

cted inte the 2000-liter tank st ty, is-

nd 1.5 ppm of gas B, Three samples of gas 4 and
' & singleviﬁﬁnmin period. Fach

A wan obtained by senpling the chaxber sir vhrough

80




w15 obktained by sampling tn;uugm a2 serudber for § min at & liters/min,
Swmaples Yor the analysis of gas & were oollected st the following intersva 35.
; 1e YEO~70 wine Ygo-ion min Samples for the analysis of gas B ware
voliscted st the followisg intervals: Cap-35 min: ,vygmbﬁ wint ti“ﬁwxﬁ@

aAn equal volume of Lrosh eir was drawn into the chamber during the sanp

Q
o1
-
[}
i
b e
g
jart
Faid
e
2

v due to smupling these 2 gases, there wes ua
i ue to continuous saumpliag for NG, st 0,280 1iter s/min
e 180-min period,

s an example, the analysis indicated that thers wesm 1.0 ppm of gog A
aU L0-20 min, &nd 1.04 gpm of gae B a2t tyig5.120 mine YT was then necegsary
abte

- ha & o4
o obtein an approximate corrvesction for Ailutiaq due to gempling. The
corrections f0¢*u«~ I T -
/4. - " | . .
ar = e 4 B "'""‘f,""z {.o{; = 105 ‘pbm {G? i
¢ A" v/ a
s I'd say A 4
‘. § 1 S i 7
Ty = fgege = 10 min av. valus
8] = Qa4 Q‘I’ﬁ:&"’ = 310,28
Qb = 1025
2t Y
“ﬁf = 0,065 e 7+ = 0.%6
. %
3 = {1.8Y{0,05) = 0.07 pom
YElq R RAL R LY
cong. = COHC, P B, = 1,07 ppm {es?
COTY .y 5 Heesd. g 30

ii. {gaz B} Total gas sampled in 120-min psriod
LR P & )

whHRre
ny = number of times gas A was sampl;a*&n 120 min
ap = nusher of timag‘ﬁﬁﬁyﬂ was sampled in 120 min
) tg = timz to draw ege samplg'cf gas A .

tg = E
TR » n
Qtooe = (307(20)(3) + (0.25)(220) + (8)(5)(3)
= 800 4+ 30 + 120 = 750 liters
L11s~120 for gre B was zué avevaged since very little would be
gained In accuracy for such ¢ small correstion,




Qly e 730
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ot

%
i

1
<
b
-3
o

Dy = Cg (1~ 0.68) = (1.5)(0.31) = 0.48

cone, = 1,04 0,46 = S ppm
Carr.iga0 : 0,46 1.5 ppm

Note: The correction for the concentration of NO, at any time £ wouid be
made in the same manner as the corvections for gas B were mads
in 1i, sbove, I

IV Example of Corrections Ampl*ed in Phase IXI-

The same mixture of g&Su% waa iqjhcred into the tank at {,; 2z was
used in Phase 15, and 2 gases were gampled intermittently over each
120-min nperiod tuvothcr with continuous sampling for N0, = in Phaszc IX,
However, an serosol was added to the chamber ai tp, and the concentration
of the &}”O&UL wias monitored cantlnuously over the 120-min period, using
g forward scattering photemwter ' The sampling rste through the ph@ﬁﬁ*eter
wig 4.2 iixer,MLn. BRI R T

congider the same aaﬁpling procedure &s was described in the
section as zn example of the treatment of snalytical resuits
on Pusse 11X, &mﬂhring that the aerosol was added at 5. it is
then necessary o cu\reu* the gae concentratiau@ for this additions?
dilution due Lo continuous aameina through the photometer, and to correct

)

{ie photometer readx i for 111 di ution-due to sanpling.

[
-t
i

2

Total gas sampled in time t iy given by:

£

2

4
i

(Gata) ng + 0? B) ng + ... + (Qity) ny + Quo, t + Qb
whure ¥ repragents the sampling rate through the photometer,

Asguma tan S ame: &xutrtm ntax qrrmxgément'&g in Phase 13I.

e

(o e, e ey o

¢ !:‘ } !\f::gg thf{l:_t,‘ Q_pf ,Qtot e" Qtot/y ( —e tot/‘l” ?)‘“A,B = e (1 - a—_%?a'“;fi
W0y 500 00 g5 42 34450 0.93 0.07 .10 PR

351 200 40 1 B.TysaT]avs.r] 0.8 018 0.27 pEm

sol 9o §0 7 15 olzsel et 0.74 L0086 0.39 pon

201 490 86 |0 isacl 836 0.6¢ 034 0.5) ppo

SOy 500 80 | eyostarai 98G.51 0.6) C .39 0.58 P
01 606 20 {30 1504 1o 0.53 0.47 .70 PR

a2




Thug, {hve

L B

rag oy parilculate concentration a&i sowme time m i
wa 1

found by addin correeponding Dy to the measured value at thet tinc:
5 Y . -
i.e,, {cong. }p = (eone. mees. ) + (Dgly :

g, = L., in the sbove calculations singe Csﬁ =:Cgﬁ = 1.5 prm
i . . : 3 ; .

o = dilution of gasz A dus to all sawpling.

5 e, - . oy N 4 e E
55 = dilution of gas & duw to all ssmpling.
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Appendix O

STATISI "LCAL TREATHENT OF DATA

The data were freated statistically in oxrger to discorn time tic

cenfidence intervels for tho true slopes of the lines describing the
of ths giz pollutants, an% day sfiects on the pregram, end to estim
number of ssaples of esch gas which would be required to monitor siwm

-

teat atwcaphores by thess aamrling and annlysis methods in larger ckh )1
Tests on part § were preliminary, and were mede to sveluste sampling end
anslytical methods which were to be used when monitoring the gas mixtur
22 presence of day soffects wag wot determined in part ¥, but time tzon
intervals wsra ohtéinﬁn in order to indicate the effect

nese of the metboda in 9f%UQph”?ﬂ ‘cox aiuing o uinglé test gas.

i

Ceyald J. iiebewmmw, ﬂs“OCjPif ?rofeasvr of Statistics at &
, aad Dr. Edwin Cox, Statiztician at Fort Detrick, sugpesztod
al désign of parts YT and ILY which 1s described in the ten: of
rt. This cdesign was used in order to obtsin en optimum numl
g of ¢h "gaz under: thegse wxpv*im ntal conditions, withlic
coat ach&duwas_of tha 7 ;J%rt.- e to the length of time re
to ooliect samples v muny nf six quﬁmvﬁiiﬂ 12 ooulid be obtlalned gver &
p s :;'and this number wgs used in ﬁsskgnang'the

u,m

Zahr pericod in wmog
exparimpents,

Part II was considored to be an’@xplnrv*ovy phase, in which the gas
injection methods wore tested, and in which the sampling and gnalytical
methods developed in part I were chechked oy interfersnces from the ofhor
gases in tho complets gas mixtur¢5 Two components were run cach day, and
three zamples of each componsnt were collected over the 2-hr petiod.
Samples of the two gases were collented slternately., In erder to esiimate
the variability duz o days as w2ll sg to experimental error, ewnch compo-
nent war tested on two days, f,g., a particular gss wae samplad at {ines
1, 3, and § on one day, and at times 2, 4, and € on the othsr., The Jdovs
on whilch the g35eﬁ W e gampled‘wgre chossn at randowm.

Part IIL wae deosign *cﬁ like part I, excopt thnt each gas in the g
peresol mixture was tosted on three deys, Nine observsitons of each g
waye therefore obtgined, permditing n betier measure of experismonts}l ervrvor,
The particulats meierial was wmonitored continuously during each Z-hr ¢
poriod,

of the pariiculatces on L gas mixiure was o0
paris 1D and LI1 wore combined, fgnoaricg tho
Whv regrosaion Mnes and oxperizental error
Y
X

ahmay ‘iﬂnh of cach gege wore then delermiaed.

a7




A summary of che statis tica* trca;mﬁnt 1s g*ven b@]ow, using the
notation of Bowker and ui“ﬁCTMan a). IS :

- <

i. Szgtistical Tréatment oi ?art I ingl%‘GaS in Cﬁembﬁr

The value by, the slope of tuc r»gression lihé relgt;ng the coneen-
tration of & particular gas at e pﬂrticular time‘ was obtained by the
formula o ' 2 '

- waz obteined by

-~
o
.

y:"’ bg + bln

e gignificance of ;9@ ggi on line was the n awtermine by first
cgtimatipg the residual wveriance a oann th@ rﬁwr,ﬁ@ion iine, uging,the

13

X‘ (ni x)(y 4‘?U

B R =)
A LB .5 A O T
'(\n i 2‘} ""'jif}‘: ¥ 1‘\_"' ( ) " n » ’ (4}
Y (x - %)?
S 55 4
rd then obiaining s valus, t, Trom 'he formula
t = - . {J;‘

1

}”’ (g - %)F
£33

£ y/ X '"‘

deternine the confidence intervel of ths o
following fn,mzln ta rsprvssnt the infervsl

&)

which includes the e glope at tne ﬁnv contidaey lavels
— N

Y T ey N v N 3 .
(o Huwﬂ\r, Alnert B mna Goradld J. Lisberaan Haadbhook of Industrist

tatisiics, Prentice-Hull, Inc,, Engloweod CRiffs, 1835,

#ad

Sor s evagt *

[

peT——re

Py

T e



s

WE; noe By

trus slopo = by

i‘ D

. oty . . B

ARk
I=3

2. Statistical Treatment of Part 17 (A1l Gaeew in Chuuwiber)

and Part 111

3.

{411 Gasss and ﬁnﬁtiﬂul t28 dn Thambor)

The rosreqsieu iirnes and th@_éigﬁificance‘pf the regrogs*on 1 new
wore determined in each trnflconsistiﬁg of three obgervations on & par-
tieular day, u3ing Pg ic:.3 1 through §. Sl :

The next step was ic deteramine whether or not the regression coel=
ziclents for & partlcular gas obtained on 2 davs in part II &i¢isred fro
one annther by # nsgn:f&cav% qmaunt A’valgayfor_t was cbtasucd from the
;orﬂulau DU e o Sl LT

where n o= 3, tho r‘ef‘sbﬁeﬁvatiana on sach gay. In this test, tic
regregsion o im ere significantly different at the 5% level if
€ 2> 4,303, & signifis ni ﬁiﬁfwrﬁnce would indlieste the prasence of o doy
effcct. e : '

qustion {7) wag uvssd in 3 aimilar' auner to determine day effecfm
in @mart YII, by taking the 3 ﬁayr,in all o mbiﬂatxﬁng of 2 d&}v. o

co fie#&u*s abt@ln cﬁ’ﬁi*fﬁreﬁt days wers nol

&h» data we“s combined to

a equations {1} end (2},
ram\ﬁqfion Lins ranlﬁ then be obtained from

eguations o= 2= 4 depreea of frecdom, and ¢ > 8,77C
ia part R "8 = ¥ degroes vf-ff?ﬁﬁﬁm, and t > 2.385 in
part L[1I, 47 a velstionship 0ffﬁim@j§nﬁ concentration was present at the
5% sigaificence level ¥ LAl R ST

s70p was to deterwing the confidemce interval of the e
aLLna, uu:wg “the fﬁl\nwing formula fe reprezant the lntorval
the truo v‘omo at th* 5% wonf*ovnee level for pa ri ii

ipfrequently, and WEPQ it‘uvﬁ in oreer Lo obivnte
Fidencs intertalg at highsy

ion lines wnd co

8o




w2y on -4 f5E o S e
trus slope = b % e LK VLY N —
2 ) } 2 ‘ },\\(J - ) z:\ué - i)
i8)
and tho following fo lea“or Dart Il1~
tQ/Z; n-6 [s?, 4+ gd 4 st
trus slopa = b % 's .g,y:x z;u riq

b | ) o | . s\ ¢ -
Yoixy = %)* (uy - ©)% B(q; ~ §)°

The data from parts II and ILT for esch gas were then cozmbined, and
formulse (i) through (8) were used to detsrmine the regvmanin% 1liner sud
co T depece intervals, where n - 2 = idp, e o e

Finally, the confidence limits for the true slopws which were Oh-
tained when the parts wers ¢«mhiﬁeﬂ were consideéred to bs acmeytable
glope varistionz when manitoving the geaes in future tests under thess
experimental conditions. “An esstimnte wos th@n mndc of the number of losts
reguired in order to fell within this vv;xa?lon 25% of the time that (he
tests would be regeated, u ing»th@ following forhula: S ‘

d,?ﬂA'“ o fci L . L {19)
- L n - 1o g . -
Syrx "i!/zf ,
. H ™ m bl B
i‘,fl 2:: ‘(Xa A)
.1«1 :

where /of ie *be ar"e“t4ble vari?%?on ir the slope. Figure 13.29 of
ref, {a) is then entered with d and n in order to obtain an estimate of
the number of cbservatxsns rcqui red 8o that & slope will be obtained
which fells within /c, at’ th& ap canfiﬁence 1év&1. 3

p atxons were B ade w*th an Elect roda*a 208
an fnr& Research Institute.  The keypunched progranm
s Vafh m&tical Sciences Department.




STANFORD
RESE L F‘?_G‘ 4 MEnLO Pary, CALITORMIA
INSTITUTE

R

REGIONAL OFFICES AND LASORATORIES

’ioumz e CALIFORNIA w%wmoms
L R20 Mission Sureet
. South Bacsdena, Unliforniz

. Som%wcn CrriCE
3424 Torth Crmruz Avcnu;
y i’na‘rmr.. Arizons

?‘.a,c‘mc Nomryirwest OFrice
471 £, W, Gl Avenue
"omav‘d Uz..g'

VJAS!-HNGT(‘:N Oracs
71 14th Steeet ML W,
Washmwmn >, ',

Furorsan OFFICT ,
© Pelikanstrasee 37
" Zurich, Switzerland

Hawas OFFICE
195 South King Street
Monebie, T. H. '

New Yorg Qrics
A0 Fast 42nd Strext
New ‘rnr\ 17, Wew York




. e s e e i i e et et e —
T .
P L el N A RS g S AR P T oot R ,..,‘wn-«r:. g
B T 0 & sy ;r) oy
.. 5 Z . 4
P 1 Bt f%es b »13 LG

wnep vt
by an

i .

L g K

A IR PRI AOMM 12 INESATED (IITO AZVIA SATALOSRED DOOUMERTS

= '
Sy

P AR

i N St Y T AL A, EEA

CLAT BRI,
Vuntaesirizn i , ,é.’-tﬂw*x
.
‘ . . . e
‘ |
e e
......m,.-—;...ﬁs i - 1

R -

MES, O VETH BUTTOCR

P

AT, e

VRGN WOItE RBOURUEETY

2 T T

H

S e s

o s L AN AR s




