
UNCLASSIFIED

400 241AD___

ARMED SERVICUS TECHNICAL INFORMATION AGENCY
ARLINGTON" HALL STATION
ARLINGTON 12, VIRGINIA

0

UNCLASSIFIED



YiriICE: 'fAwi~ ~nnr or other dxr;ng!.,g -;ecI-
ticutdI,.ns or ot~ier data. are used for Ltfly jyrokac
oit!-c In cor;,nection vith a definitel~y r-lated
go-werlneat procon,! nil olcruli~oni, the U. S.
Gcren.ze'.t -..-treby incurs no reepontdbIlity, t~or any
oo~1Ig,1AiVon wh~rtlsoever; wid the fact that the Go~vernx-
met '.y hixve foi- atei, uNmisbcd, or in any viay
wppliced the s~aid drn.vings, specifications,, or other

vlI a I any =.anor licensing the bolder or any
o~hvr perscn or corpornition, or conveying any rights
or pemlsoldon to manuftctu~re, us~e or sell any
patcrAtcd In~vention that 6-ay ia any vay be related

-I tbe-eto.



4c:::2-Contrct, DA-I.9-193-HK)-2316
R 1W~c4ntirnuou-s Fotclao ';xtcr StrI.y -for Fallout Sheltors and Other Izolated Zites"

Z' mc~Robert, B. Gr-evez ai4 ji~io E. Quon

-I- 1 Lujust, 19r62 - 1 Y'*rch, 196~3

Cn o~a.oibmth o~hd of urtrno wi cWnt. e.uron az~ ~tenal

of rvo-.cr to the alteration or ur-no br; purely chez.ricta orias. Vizt,

CS ~z -C '-Areaverch in urivii pi~ificat~ion, has boon oimxl. nt p;-Vudung a the

t~hrougf 0-- u..i~t1on of' techniqwue such an di,3t~illation, freeze-

dinand e.,"roly~ala. -1.ý reThtive advantage of a given process depetds

uppn t*ckaractrlat~ics or the roed, the desired quality of the effluent,

and tbe Pzount of power available. 7ho qualitt required for a potable tater

sup;;Iy differs considerable from that. needed for a supply Intended for other

purpow such as buthing.

The chocdAml eaM physic&l characteristics of urine vary with tho dIaL

or !he IndIvIduAl and tho length of vius elapsed betwagn tY-.-7'.on eaZ

uwiaz.For exaqA,l~ the excoretion of urea runce;S from 4-7 So/dAy for

perrnm oa a low protein diet to 31.5 g4/day for persons on a high :trotcln

dlakL (1)s$ asimota any be prevent In lVrV amounts as a result of the do-moo-

sitt" of urveA. Uhbl* 1. Clees a partial listinC or the conatItwnts of

u*l-e siA their ragpective avrage da!ly quentitle .%c~r,)ted )7 11ormn"?

khs.lt*b lInividuals. kuy ;Ist~og or the constItuents Is noes.swaily In-

conrpete bgatuse of the pres~en of zwna Usaes compowund and the dltffculIes

assoclated wdth AMcromnslysis for Us*". ca~owmd. The two gross canasLtai~tu

$IN.^##~ M-190" Ofw1'."'40 rbo wifs#rllo a4.4*&%Vj~Io *re ow.0' 4 omw
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Tuble 1. Ara.yslo of lorral Hiln Urine

Zcnp•t Eturnta Gra•/ 250 cc.,,

tzres

crm tinino 1.15

ammonia 0.7

"'•I c a 0.7

hli,;rric acid 0.7

acdno acids 0.5

glucose 0.3

aromatic thydroxy acids 0.06

oxalatoo 0.015

sodium chlorido 15.0

";hopbateso (as P205) 2.5

inorganic sulfate. (as S03) 2.0

organic ulfates (as S03) 0.3

neutral sulfur (as 803) 0.3

POtausiua (as X20) 2.5

caldu. (as 05) 0.2

•,,•,• .•. •0)0.2

sdllictte 0.4

irn 0.005



grreati~ th~an cne Cru pqr day are creatinine, potaasiurz, phoophoet~s and

ýU-' fn tes.

T1hc _Inv~stAiition c renitly being con!>ited i~nvolves the altermton of

t~ ~Ar~ccrict~c o1 urin uci~Ig chc2I zo~ni which require no ozerxia

ztour-,e or powzr nnd r~pp; tr udr am-bient conditionso. 'The enti-re process

Loin!, con-Adervd krwcolven ± L ~te-p: urea ;-iov"1 , len exchago, aa,4^-'Aisn,

andi disinfection.

A preliminaryT irivi.:tigation was cade to dotermine the extent~ to Wich

uroo and sodium chý,arlde coul~d be rpmoved from urine, utilizing chwmical and

bio&.emical roactiona and ion exchange.

J't'ictlon or 11roo

Ozid~ation of uren by nitrous acid and calcium hyqpoch o rite, hydxrolygai

or urea tr' vrc.ano, and p.recipitation of urea ea urea nitrate were explored

an ponsiblo izoothedn of ur-z'A alteration prior to dominaralization ty lun

w~Crhange. The srehorio of urea rewvisl were auggoatoLd by available motl-Odi

for the analytical dotarrdnati'on of urea In urine. The oxidation of ursrn

yn~itrous acid giving water, nitrogen, arnd carbon diotxide an and proucta

In, attractive If the urine Is to be iribsequently treaetd 1-j Ion exchange.

Wfxcrrtunat*ly, id trods acid in knoiun only in solu#ion, and msut be prrepal

an naaded bt the reaction of amronln andS Wyroge perwzdea, " It= nitrite

and muluric acid, c,! a.i~zlar scbemes. Ursa concentrations in aqueous

solutilon anW In tu.no wera dterr~ned with the Wolsn Uroometer (3). An

vit? nwV reactions Involv1ng organio cospouwxlu, the oxIdation, ct uree dos

riot ;,roc#4dw qmn~itatively as cuLliked 17 the atolcbionaLric equation.



Ap-.royizately twic the atckchiocetric axMont of nitrouz a~cid was :'Our4 to

t.' necesr..air for the oxcidation of ur-ea In aq;.eaua solution amd in urine.

Fo: 1C&,% re~avnkJ of urea f ..m aqueous solution and from urine at concwn-

triitlornz of 20 g4/1. apprcxi~ately 75 Gm/l. of nitrous acid wve~ reacted.

U:UizL~ng calcium bypocn'dorito, a strcnger oxiiizing arcut, bett~er

rc-Ad~tv were obtained.

3Ca(GCl) 2 +- 2C0(M.d2 )2  Cal + 2,Z 2 4 Z'1 (1);

Ap; .roxim~teiy 120% of the atoichiometric Pemount of calcium krypo~hlorite ýas

~~ind -or ox-z~t -.. room tmparatluc cf uten in aqueotw solutio

S100% reaction of urea from a 20 gVl. solution, approxirately 120 gzWl.

I of calcium typochiorito wero raquired. Tho reaction product, calc~ium

c'-dorldo, must bo precipitated from solution, if ion exchange is used later

az a tramtzent process.

The posnability or preclpltating urea as urem nitrate uWr be diszdsxse

betcauce of ito ralatively high solubility In aqueous solution.

The Wh yailys of ursa by, the ny uroese ic csot rapid wheon the

colution In buffarad at a pH of ý7 a&M tho concentration nf uroo in in the

orlar of mnenitude of 1 - 2 M/1 (4). The dopo~ndwce of hydrolysis of a

WI-,h concentration of urea (130 CVl.) as a function of ureave concea-

trn-tions, under usbiant taz{eratur. and udth tho solution not buffered1 rd,.tb

req.c* to pfl, In sho'-*n balov. A 90 poercmnt hydrolysis of urem in 24,

hours tos oboe.-wed f~ i, uren go concentrations 2: 2 gv/I. Thu presence or

urrAP9 and Mwe 1qdtiulyaln I i~Awirt, LomnissmI~ v!"'tL.o,s*o Ja A peg-hiso vltmv1

*--pon 0 D' Jn ooo*v1i'e Jr~ to tv *W~oyed as a subo@QuPu-nL tresatmet
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Urase Percent Urea
Ceiacentration Hydrolyzed

,..u 72
2.0 92
6.0 88

10.0 90

Introluction:

Tbe utilization of ion exc&ange an a muth:d of treating urine bas

leon axplored to a ve"- `-.nIted extant. •onting (5) wade umm or iou 6j .-

Sreoin in a 3Abfratory analysis of urine. He establisned the total cation

content of urina br remoing all of the cations -dith a sn11 ion exchangs

colum and by doternining the quantity of hydrogen ions in the effluent.

He reported that better than 99 percent ramul uas achieved from contacting

0.7 ",,. of cations vith the exchange resin; he did not consider the capacit*

of the resin. Mc~eal (6) attoapted to develop a metbod of vaste disposal

in aircraft ty aussing urine through a coabinWd anion-catimn andro--r

then by peradttIng the effluent to be picked up by a IrLe wick for uvao-

ration Into a s ra air stream. It -s found that the resins veto exhauste

after the passage of 400 al. of urine. A few additional references have

•n :-ade in t.ho literture to the use of ion exchange as a final puwifioatIon

teoonbqus followlM distIllation or frmt..dryYng.

The I*m exchange resins adopted for tue in this atuoy wmi . oducod ty

the N s *ad Ross Compgjn. Aaborlit. 1N, 4D2, a 4uaternized ohloromtyIated

poWys'yroa, use "soSen as te alnion exchanger. It is a strongly basic

rosin vith a d aistr contwt of 4LD-S a s a o aosth caipacitey of 4.4 sq.

por Croz (dry besis). Asherlilt 1JC 50, a poly (mi~maryu~oad d), we
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n:?!r~ 1. theo cation m~vingor. It 1. a wieekly acildic reelrx with a Molcture

corntfn of 44.-55i1 ar4 a "gýoisted copcicity of 8.0-10.0 =eq. p~er Vm (dr7

Lal) it =a decldcd I- '. for the initial ottrlkef untreated urine L'h~dd

be t-h, !Tue~nt to the reozins.

cyl.0rircal CIýFtcn c.Aturzi., 24 inches ia length with an Incile dInAw.tor

of 4 ','l i:~chca, were uzol to hold tLwo resins. At *,i bottom of each coi,-=r

ý-nc r1J /4 Inct of glzran wool followed 'cV sixz or reven &ofs arblegi arzl

try aotno~r 3/4 !nch Thyer of glins ucol. 7," -ojl-- uas ~ttn added ord

Ocu~e nrrxatl 12 1/2 iczof lui4 ;10 of tbo columfn, 3310 graza (dry

A -i AtitharO 3/4 Inch of glats wool war placed on top of the reain to

prce.nL spldnLttering of tine irdthuont and to diffuse the. Influent over the

entire cvtrfaco of tho rozin. A-be influe~nt was delivered at 10 =1. per

cinuta through a 600 al. sapornrtory fwir~el attne!;od at the top of tho colu=.

IV,* columns were oporated in oarlev with. untreated url"~ being posted

through the c*olikzn contaInIng 11RA 402 (anlon oxchoonger) and with the arfluert

from ate anion .,xchangar balng p~anned throujth IRC CO (cation exclAnaer).

Tib ordor woo adopted to pro~dr an influent to tUw IRC $0, with a bIgh ;a.

The ur-Ift .mc collected from :LU an] adults over a period of aovorsl dayi:

and w-is Ptored at a toz;4rature of 1-4P C. Durize theo rtorag e ~rkWo tMei

were ,v Pigno 01 dog~rncatlon; the color, ddo'r, &:-A ph1 remined amchaaged.

Ibe JlfrluentvL were ganerollyi aollected in 250 ml. tatcbe-i and ~ ~kept

rvfr1ijoratsd uwa41 toorl suzbJectW to analysis.

Aral-yse voro ct-rrfu out to doteraine the average ctaractariatics of

the Influont to the anrion evnwihnggr ori of (he inrlumnt to the cation W_-

voDtyP. Affmzlar toos u ire' opp2ied to a sar'ea or effluentL vap~e. fro&
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cich c!;1u~rx. HYdrogon- Ion concerhtrationj were determneisd vitb a B'rCknan

tetcter. AtsorpLivity =aslirezentns w~are =u±e vi a Klett-3 ,Avrsn :10t~o-

rc octric colorizoter, tIsinl, dt nucher 42 filter (4WI-465 c) - The zero point

cAf the uL~ n s is et with distilled watar, and the nheorptivity meztse-.

:=znts u.ere conv~erted to color units ti ), toqperisori with atuezArd solutl,".s

cfri-n pet=:sium cl oropla tins to and cobaltous chlor~da (7). Total

cdlids were determnoiro by, evncration of the sapeipeu to dryness at

103-1059 C. Stlfato iefl uns analyzed 1b7 precipisi~dofl with bariwi chloride,

followed ý-' i&.-Aion o~e the filter residue at 8000 C. Chloride was do-

ternW.n4 volumetric~al~ udr, silver nitrate and potaiasiwi dichromato,

thrA sodium and potassium ion coneantratIons ware measu~red with a flawe

photomneter. Wzilumun s analyzed b7 a codification of the standlaid par-

=nnasnat~e tost and by the EWU titration method (7). An analysis of wi-

troc ta urlne Is presenxted In Table 2. We~ represents the average ccom4-

vI Lion of the intluent~ to the anion exchange coluco.

lrba first series of obeerrvigtIons use sado by passlag four lita~ra

ct ~trnet#W urine throu~gh the anion azcbaoger. The fir#L 2M~0 al. of

crluo~nt viere colleot~i in 250 cl. saemosp uhile the last 2000 ma.9, afte~r

"a~ r~usin 'eea po;.rO ýn t-tin rescbedo AV'a ODlU*ct.d in VO0 ML. 9624400'.

The prosaribe sat of anklywseus s made on eaeb savrae and the remnita wor-

tebuisted an the basis of cumdatiwe voitia. or effluent ('.hrouaJouL VoJelm;

'ThAv omwlyaIw far #nab 250 al. smzpe usm sscad to apoly to '125 al. of
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'nblo 2. Analysis or Unt.ruited Urine

Test Romlts

pH1 6.6

color 1143 mits

chloride 6.8 m./f1.

culate 2.5 I=./1.

calc'u-- 0.15 gn./1..

gc.•i= 3.7 C=./A..

po•=taauz 3.3 P./A.

uttl solids 37.6 gm.]I.
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tUr-3igbpu: roluze arA for cech 500 ci. sople, to 250 ml. of voltrw.

Fir-o t1 precents the relation of the pH of the efluent to th- thtowugft

volu:,-. T.. Firre point " iice'ntd applies to the second r2plr, collect-d;

Cie fir-t •ra.Ie did not providn a proper rasuurt' of the ffo ene• of

Lhe rean, Sinca a largo portion of the fi.ct 250 my.. consicted of the

mtr.- uhl:i .vh u3ed in preparing the res-.n f:.,- oporation. It =y Io

ohcrvid ~h-'t a zhArp brosk in tbo aZ:cotivvncr: cf the rosin c2,.urr; rct

166) t1. of thrvughput arn that the rosin In .-Irt•'•ly exhausted umse

X(;O ni. of orl-luent I-vaee!!:~ rýi 1 ccto!.

*iguro 2. indicatoo tho relation between the ratio of 11M effluent

chlo.-ae concentration *-o what in the influent and the throughput volume.

A 2=L-.ilar relation for sulfate is preaented an Figure 3. Tho resia appears

to b, exheuated with repoect to chloride reovnl oaoner than with respect to

nuulf-to rezoval and sulfate in still LA4ng rozovwd umtil 4000 ul. of effluent

ovo been collectod. The reoIn's Loroattr capacity for the divalent ion Is to

b cro."ctod. 7he rosulti of the toats fox total volida ahow a fraction of

0,53 of the volids in tho in-fluant raeminng for 5O0 i.j, 0.79 for 1000 zt.,

and 0.97 for 15CO al. Tho valuo of this doter=nation iq loeavned bV the

province of lUrgo amounto of urca,

7.o soat of color testa war* run on the effluent aospleo; one set tap

nadq one day after tn, oolum operation, and the othar, three days after

ojern-rion. ?he results are prsamnt- as FIarM 4. In LM r-.. day testa

a edfinlte turwbditj mon to appear ioi the samples uhle corrosgoval to

1500 :d. or sor. of througkuLt volum. This in part accounts for the relative

taxTi In the first d&r7 ovrve. b. thlird day teats var* ad, to a if tke

tilW1ldy ~p tadeoud tv uPdlmentat~m of wV sx7 teflt4 saw reduation had



0b
00

0

00

CYC
CLa

CL

Ec
.2c

00

00

to

d).

.IuonlJ;3 ;Q Nd



E

a

+ 0

0E-
I cc

-buoulowey0 @0ilq oU0pi



00.IX I
00

A0

-9.
0~

0 C

-00

40

-suflowo ow""s o U0196



0
* -0

0

c IV

I4 V
00

-00

I.I0

o(I)wo -oo 6ovlso



14

takn-• plece, Wtt a defInite cloudirass appeared in the las throe e*apile.

Filtration of thbose ziaz.lc cauzod no signifLicnt change In the abeoarpv.1VV.

T.e turbidity erffctr can exllainei in part y the aloughing-off of

ce•iciu phccpatc 1ts the reln. It in also possible that bacterial actaeon

could •ive occr.i•d; however, the sajle1 were kept rofrigorated except

The occan• nseries of obiervationa -ao radc b" piasbng the cobined

orffuont frcn tho anion aecharger throto the cslwi- cont rining IRC 50. It

via decided tlbat Lvre r-re.s ?..tivo ruaLzu could be obtained by using vly

n nitiaa effluent from the anion excui~nger as feed for the cation ex-

changar. The first 1600 mil. of througbput volume was of rather uniform

corncentration and represented the effluent from an effectively operating

anion coluca. Aa a result, three anion exchange colums verv cet up and

1600 ad. of untreated urine were passal through each oolu•. Th 4750 ul.

of affluent were cobined into one nzple and analyzed. The results of Tbe

anwlysi are presented in Tablo . The total abeence of calcium ion should

be noted. It Is likely that the oalciun ws preapitated out in the anion

sxcýeagvr as calcium phosphates this uas enhanced tr the elated pH at

%ikch th* anion exchanger operatid. Althougb no quantitative analysis vas

W. f.or mgmsiun, it Doo probable that this cation us: also imclpditatad

out an magnalus bydroxide; this in: qualitatively determined fram the permw-

gan•t caloitm anlylis.

Atwt 4750 al. o.* the coabined mnion exchanger effluent were passed

throvgt the cation exchaner. Tatle 4 Indicates the variation of the p8 or

the effluset with thrcuohut volume. I t y be observed that the €olum w".

still operahb after 4100 ml. of effluent bed beae collected. he break Wat



1tao . AnarlyM., f. I'iflucnt to Cation Exchaner

Tost Results

pH 12.6

color 90.0 units

chloride 1.0 Wa./l.

calcium 0.0 gm./1.

sdium 3.7 A"./i.

totlsoim 3.3 A./.
•tou 60l1da 28.. 4 /1.



Tnloe 4.. 4.a-ysi ior •JJ •im, and Potansium of

Effluent from Cation Exchanger

Throughput Sodium Pot.ssaiu

volme" (A)./.) (Pa./A.)

125 3.4 1.0 0.95

625 3.4 0.8 0.7

2125 40. 0.55 0.8

4+123 5.0 0.55 0.8

14625 10.14 0.75 1.8
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o:cUrs at approxJiteoly 4500 al. of thmnugbput. Ths results of the eodium

awx potassiwn analyses are also presented in Table 4. It ean apa.n be seen

that the colum wan operai~ng effectively up to the 4500 a1. point. The

reraining fraction of total solids in the effluent during the period before

exhaustio•n ws on the average approximlely 0.35 that of the inrsoento The

color or tLe effluent was reduced to about 0.5 of that of the influent mi.1.i

a throughput volume of 3000 mL. -. s ~aached. It t=n rose sharply dug to

turbidity.

From thw x£ esul which heve beoo pree-mted it ney be obanveid that the

An)1 d' ".uhngor renoved approximtely 260 moq. of chloride and 80 mq. of

sui taLL beforo tUe resin mao exhausted. This corresponds to 1.03 mgq. per

gram of dry resin. Approriztely 1500 al. of untreated urine wer processed

bWore the resin approached exhaustion, although sa-fate use stil being

removed until the 2500 al. point. This corresponds to four al. of effluent

per cm3 of r6s3n. In addltion, significant quantities of ealcium and mg-

nelium were rzaved, apparently by precipitation; this wV bave influnced

the rapid exhaustion of the anion exchanger t17 formiag a film to block

&ailable exchange sites. Tho oatiot exchanger reawed apprtimate.y

50 0sq. of sodium and 250 mq of potassium before the reuin was exaused.

Wes oorresponus to 2.27 wq. per gram of dry resin. About OW0 al. of

effluent wre ooll.ted before the resin approacbed ezhausto; tWe corre-

*om~s tol1l ml. of effluenit per cm of resin. Ine o..natfro. of both

olumos produoed z ",.vfelnt with a total solids oontent 0.27 of the vlue

for UP, Influmet. ?be total solids resawsl is greater than would be expected

fron the sufatep, hlorlde, sodiv, wad potassium aalysj•s. Ibis = to

attribt to ebma of other Isup, m ue, a retrl, ad the fiterift



18

action of te exchango bedg. The color of the effluent was 40 wits comfared

to 1 143 units for the influunt. Urea ro!ersl was nogligible.

O(IDATIa!J A•D PRCTPI'ETIOh OF UMWA

Based upon the results obtained in the initial studies, it was dterm•*ned

that wno use of calcium hypochlorite appearc i4o *e the most prodidulg seLod

of uros removal. Aq-eus urea solutions were t1.nn iusod f'or fur.her gtidies

on colcium hypochlorite as an c-ddi.Lng agent. Thc concentration of urea

in the solutioui; was nd.|ute' to 24, W1. .vrs'oSPOdng approxu-tely to

1- twvuge reported urea content of urine. H'IH calcium hypochlorite with

an aviiiebl, chlorine contejr.t of 65% was used.

Complete oxidation of urea was achieved with a 125% of the stoichiometric

quantity of calcium bypochlorite. The oxidation reaction uas accompanied byr

precipitation of calcium carbonate. A~proxcimtely 24% of the ialcium content

of calcium typochloito &41dod wan thus removed in the oxidation step.

Precipitation of calcium and chloride ions in solution resulting fron

midation of urea would be nocessry if ion exchargM were to follev. Intro-

duction of' silver and carbonate ions into a solution oontnaidng coleim and

chloride ioan seemed likely to precipitate silver chloride and calcium

carbonate since the 9olubility products of these compo=ods are extrremly

low. Four precipitatiofl metods were .inluateds 1. use of a saturated

solution of #uvjr carbonate in aonium lhydroxide, P.. use o4' --yr silver

cartbnate, 3. use of -ilver carbonate folloved by silver oxide, and 4. uso

of drf silver oxide. Cc4qnete remval of both calcium and chloride ions

ss Wfeated t' oethods I aid 2, using approximately the ctocciou.trio

qmuntity of siver carbonate (tesed on chloride content). The calciun to
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chlorlde content wnzy 0.7 on an equiIlent basis. Analysis ohowed that

nrdl.ion of silver czrbonato teyond the requirawnt for cozplote precipi-

tation of calcium continue_ to precipitate chicride, but introduced unn-

dc.rablo cartonate ions into rolution. It was therefore decided to atterpt

a t. stage ;r:ocipitation (method 3) uning zilver carbonat3 for preciAtation

of anl the calciun ani pirt of the chiorido, bc-11 ' by silver onIde fc.r

rcwrval or tho remaining chlorido. Toe une of nonium Yodr.xide as ai
colvent for the sllver car'onate did not seem .3il the arecipitation

rczction apprecidbly; 0-vr ri1;ur ucltb wveii uced in all further Mrarlents.

v.u,.I.ete reioval of toth calcium and chlorMde ionis was effected by the two

stai:o prec±.. Li.on. Siiver carbjnate additions were in atoichiometrie

qumntit.es based on the calcium con' 'ot and silver vxide, in 130% of the

stolchionetrio quantity bawd on the remaining chloride content. The

colution after complete precipitation -f calcit'ia and chloride was highly

alknline. Thts cor_.: precuwmbly be attributed to bydrolysis of silver oxIde.

In alkaline solution diavolivd narbon dioxide exists as th, carbonate

ion cad in the presence of calcium iors Is likely to preelpitato at calcim

carbonsto. Since silver oxide hs both tho property of ramoring chloride

ions in solutlon as well as incroasine the alkaliniVy of the solution,

&vw.,4aLlon of uren with calcium hypockiorita in the presence of ailver oxido

(method 4) seosed lik',ly to precipitate toth the reaction producto, calcium

and chloride. An a4qu,?*z: aolution of urea uns contactej vith :"AX of the

stoleliosetric quanti.y of calcium hfyochlorite and 130% of the t htiýMoemtric

quntLity of silver oxide bazed on cblorlde content. Coapmete precipitat.10

of both caklium ain chloride Ion was affected. However, only 90% f r vr

roaizors1 tas efretd, huh i tng i intorfre-w .
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Twao rvtbloda for the oxidation of urea with calcium bkypochlo''.te at for

1.o precipitation of the rc-acton products, calcium and chloride ions, seen

f taaible:

Dzidatdoi idth i-r;ochlorite followed br precipitAtion first with sr1ievr

carbonate, thea with silver cxide.(anthAd 3),

!,.Ltaneous oxitaticn ard preoipitation, iudna calcium kjpochUo.!e

and silver oxide. (sc.noo 4).

-hble 5 coq~Ares tho properties of the solutions after tratmeat ty the

above mothods auid prenenta a m•xtrison rcf the c'smmical requreomots. It

--n be "een that the econ-ceos of metbod 4 see more favorable than that

of metod 3, cince uw pricc or silver oxide is app rnLsately balf that of

silver carbonate.

Studios were then initiated using calcium )rpocblorite ard silver

carbonate and/or silver oxide for urea reaoval from urine. The addition of

calaium kbypochlorite to .:lrne caused the foruation of a rather stable foam

phase above tbh solution. This was brougbt about by a combination of gas

.vol' Iton due to chemical roaction with the vrtit*&,.u otf certain snface-

active constituents of urine. 7hree metbods were considered to overcom

this dirfiaults 1. the use of a screw a' a mebanica.l fool broaker,

2. th• addition of a own awmoL of dafoamLng agent to the urine (mwch as

a sallom derivativw,) i,•h could later be adsorbed from the twins, 3. the

use of a prelimnlary adsorption step to remv the su:Taem-a*-we eagent

presmnt in urine. 1he third method seemed mot promiatsg, partieularly if

sox urea removal could be seomplisbed.
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Thbio 5.. i~navayas of Solutions Before andi

Af ter P~recipitationi 7rutmen

P o eryInitial. Final so1ut~ol 7izil 52lutio*
________ ~ Lution YIocth.,d ')

g+2 A 33.2 ---

Chboride, C7:./1. 6.

01-1n.1.- 23.20 18.50

Co- 2, V2.11. -*3.14 9.50

H0C3-, g-./1. -

Uros, P.A1. 24.0' - 2.50

Obefore oxidatLion

Chenical ft.uidrownts

Cbeam.ol ~ODDSt4,tI 01 CoVMsUp I n
gn./1. urea solutio Ci./I. urea eoaut~ion

H~e.U~9 0% we* 4

Caloit hypochlorits 150.9 169.0

&flvvr cartorte 190.0 - -

SlIvior oy~de 82.5 305.8
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;AcUtivatd chaircoal (coconut, 6-14. wath) una used In tm* batch oc~

to ecetsric -ouz-on re~nvia. Aqueous urua soluLiona w.ere pro~ero1 contilinen

urce c--nccnt.-n. Lon- rirying fro= 1.5 to 115 go./i. 50 ml of eacb of thezze

£:1;it~onz wer*) eotacted with 10 r,i. of ac~twivted charcf).6l turd w

unhr~ia detoi-.'incd at 260 C. A plot of log gr:.. -Ar

i-lfrcoal va. 1rg of aqui~ib:1um coneentratior of the uzres. solution .mvo at

ttralgt. Unn, an uould to prodictwi fro= Freundilich's Equation. For a

..rta sol'ition of 25 '-/.,0.0/47 gon. urea/gm. charcoal were rcowed,

~iin~.nga~.oroximately 40% rozomal, for the given charcoal dosage. A

s.uele wrporkle'rt. ma conducted uzing 50 ml, of urine (urea concevtratiorx:

214 40l).~ go. of charcoal yioldod aproxlzatcly 60% urea roan-wal.

Th* oa1corption charactorlatIcs of a 7/8 In I.D., 23 In. deep at~b

chorconi colt=n woro doterminod using wrine as the influent. For the 102 ým.

or cbarcoel, approxcIvtoly 100% uroA romva:L was obtained for tho fIrSt

I'- al. or thrmugfrpuL volume (correctod for the unatr used to prv;*." ~'

colu~n). For the noct 280 ali. of throughput,, the urea removal docr"WcL

idmoat Ilnerly until, at the 400 al. point, 20% uroa uss Wing remowed.

"vb. offluent resainod colorleus until the 430 L1. point aind frou 400-500 ~

oyffrruenL had a Wftla coloration. The use or coiwrns or ireater depth

sAhoud Isprovo co-isldorably "h efficiency of urea r~aovai.

Furtbar sLtadles wIll to oozductrA on the adsorption tbam. 'thepoe.

,jaing oetarc.,al colum.: and datersdinga urva rawval &al the treakpint. for

the calumns. Then,, an optimua armigement will bo uorked out,, cambdlang

p.relsduary adsorlytIon vith oxIdiIUon an pitalp jTrtattoo. It Is daztio;&11,I

thet a wooalderebe cawing In e.weroll cost anid nac own to accocmplIdAd ky
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U;ýon cocuiotoc ort L.. adsorption, oxidation, and precipitation ipbiie of

tho prooezc, fut-tLor Ion -oxchango exppcrlumts will bo corductd. rJino after

tr~atL-Ynt ty calclu trMochl~orite, silver cart.rAfte, activat•. zarbon, etc.

wi11 b •a4zed Uhrowuh columa containing acC, awl t'.ne w.chaLnge reiln.

Variouw coabiratons, of wstk acid, strcng acl., wzac" batn, and strong botg

ronino w1i1 bo ep~loyed using sngle erA mixed bod&.. To effluent vii be

tested~ ror I.P., culfaite Oinaj ctdorido,, codium, potans~uM, silver,, asnA

•.r:• Color and turbility •vin be chocked and total and volatils

rolida ull1 bo doterminod. t sod upon influent and effluent hydrogen ion

concentrationn, upon the reuoval of both anions and. cations, and upon

rosin officioncieo, the optimum ion exchange combination viii be valoctcd.

It in nntLicipnted that a volue of appr-iaizt&l 8 throuhput volume per

unit voluric of comL~ncd reosins can be obtained. This osuitute is based

u,•a the orrlcitnt rosoval of chlorido and calcium In the oxidation and

prooipitation stop.

n, o effluont froa the Ion w.eboang phas of th,2 prooce.. wil. then be

paseod t.brou&ft a terminal bad of activated carbon. ThIs should acao*oa11s
of

the reroval of1 trace v.uatLitio/rwauInIng orpnic natter, Including color

and ta~ate and odor ;riducIng oubtances. The effluent will be tested for

organic, mania, and nitratq nitrogen and for fixed m wALL• " uolidg.

Various bed sizes wi be tested and the optitm value vill be selected.

lb. qunlity of tbe effluent aftr oxidation, precipitation, ion exchange

arA d .orptlon can o expected to be quite blg, but additiomnl tretamrat

in th. forn of fM adJuatswet and terviaal disinfection W be neeemsry.
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A ; Iazldnmry' a-Aayasi will then be conducted to ect~izate the ralation

baotwccn capacity av! cost and size for the entir*s urine comrersion urit.

.ZUze o nalerationv -A11 include the storage volum~e of chaiicals needed in

Lho cAdation, pruclipJ Lallon., azvi diOiW.ectior. ctaps and tho volunj of

rosinr~ nnd a'!f'vated carbon ticesed in the ion1 eyc~Mn9 nod vdsorptfom sta;.s.

Various cormbIrtIicnz vill thv'n b& attempted experhz~ta11y, such via the

redu,-L~on o! the procipita~ion dczaa~e and tiho -Incr~atao of the lon GxcbCWj

bed -.1luw to -no Ir -. u..i, ptimumi arragemeL =.4y mintL. It, io likely 4UiI.t

tho zlzo and cozt~ of the unit will depend largely upon thiA afflhJntt qElity

devirod. Once critorin have bcon estailished, docagss and bed vol~os will

be vnried to achieve that atardard.

Iibe skhpe and size of the fin'.1 unit widll do.pid upon voluze required

for c?~emical contact and cjporation and upon effective contact and detention

tlr.*~ for the Ion exchange and advorption stops. The flow rate and vaocoitVr

distribetion through each of U,. porous kmdi and the effect upon 1v-,1 c:

of packing and Cruain size of tha porous milda will be dotormincA. -be

optimm shapoa &M ovmrll length to ch arctarlstla mar-osnction can be

soleetod on the basis of the abo7e Informa~on.

:laboral-Lmy scale volel of the rine convorsion procoes will to

fa&eicetad a&d cjerstad at tho rate of five "tet~t per day. An afrort will

be co-i 4-. Inelude ell nf 4-ýz corponents In a Coopect unit. hidch would be

operated with eaeu and would raquire minism. Eaintemaee. Mul-ocale

capacitieas can then be obtained by usliag a b~aryo of tb. iobcratory-scole

unita In parellel sal *veral peronwne. and operaton cksmrno rvUsWý can

Owr 'v' mw i"ta from Abg knowi dbatatotrisL~c of Mhe 2stors tor-mau.



=Apdtd Tho e roan*is:1 crite~rion l mr the affectirmoaw of the sattiv atw

viU be tah .quality of tht -r'Theut. In M~jitioa to tha vmwul Pbysicol

akc4 c*omical tests on umter, aiz.lyos ol tmct~ salusl one short to= animal

toxicity stAdien lnvolvIng body eijeIbt Cain Lad Crtan maxnaLtions of bod4'

orpnit a:- leaiono will be corfkc.iW, as5 tips Ptp fvndo a.1low.
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