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> C:) Cna porsible pethod of urine puwiifics®fon that reouiros no external

. - |
} !_'<£ q)u::e of powver is the alterstion of urine by purely chewical mesns, Moot

s :,/‘z_) of the resuarch in uring pizification has beon aimal 2t producing & 2otahle
whor througt the uliaaruation of techniques guch as distillation, freeze-
drying, and electirolyais., .nu relative advantage of a given process deperds
upon the charactoristics of the foed, the desired quality of the effluent,
and the szount of powsr aveilable. The quality required for a potable :mter
sup;ly differg considerable from thut needed for a supply intended for other
purynses such as tathing.

The chemical and physical characteristics of urine vary wvith tho diet
of tha individual and the length of time elapsed botween ¢x-.»iion azd

annlyelis, for example, the excretion of urea ranges from 4.7 ge/day for

percons o3 a4 low protein dist to 31,5 gm/day for persons on a high nrotein

diet (1) asmmoaia pay be present io larpgs amounto as & result of the decompo-

sition of urea, Table 1. givos & partial listing of the constitusnts of

urise and thedr regpeclive average daily quantitles ezersted by norpz)

benthy individuels., Any ilsting of ithe constituents is necesessily in-
conplete bosonuse of the prosence of many trace coxpounds and the difficulties
associated with microanslyeis for these cotjounds., The lwo gross constiitusuls

are siean el oo A imy o0V emldm Vher mmtarlote yhink sme avcvales] fn anoemnta




Table 1. Analysie of Koruml Kuzxen Urine

Zeagtitusnts Gramg/1250 cC.,
urea 30
craatinine 1.15
ammonia 0.7
urie 410 0.7
kippuric acid 0.7
acdno acids 0.5
glucosge 0.3
aromatic hydroxy acids 0.06
oxalates 0.015
sodius chloride 15,0
phosphates (as P20s) 2.5
inorganic sulfates (as $03) 2.0
organic sulfates (as 803) 0.3
neutral sulfur (as §0,) .3
potassius (as K30) 2.5
calsiun (as an) 0.2
£ag.or ' (29 Yg0) 0.2
2ilicates 0.4
iron 0.005



grealter then cne grus per dey are crealinine, potaasium, phogphetles ard
suwiletee,

Tne investigation ¢ .reatly being corlv~ted involves the alterstion of
tre characteristics of urine ucing chemdcal means which require no exterral
gourze of powar and rpply urder azmbient conditions. ‘The entirs process
teirn:; considercd involves tour cteps: urea rizovd | fon excharge, adunr.iism,

ard disinfection.

a preliminary invectigation wng cade to dotermine the extent to which
ures and sodium chioride could be removed from urine, utilizing chomical and
biochemical reactions and ion exchange.

lirmacting of llrea

Cxidation of uren by nitrous acid and calcium hypochlorite, hydrolyais

of urea by vurcaso, ond precipitation of uren as urea nitrate wero explored
a9 possitle motheds of uriro alteoration prior to dexineralization by ifunm
ozchange. The gchoras of urea rewovel were sugpestod bty availatle methois
for the analytical dotermdnation of urea in urine. The oxidation of urea
ty nitrous acid giving water, nitrogen, and carbon dioxide as end products
1n attractive if the urine is to be cubsequently treated by fon exchangs.
Unfortunately, nitrous acid is known only in eolution, and must be prepared
as naeded ty the reaction of amronia arnd Lydrogen pervmide, - "‘um nitrite
ard sulfuric scid, c~ gsizilar gchemes. Urea concentrations in agueous
solution asd 1o w ino were deterrined with the Hcloan Ureomoter (3). As
with Dany reactions involving orgunio compounds, the axidatict ¢f urca clces
ol sroceed quantitativaly as cullived ty the stolchiomsiric equation.



Aprroxizately twice the stcichlozetric amount of nitrour scid wee Jourd to
bte necegsary for the axidation of urea in agueous solutics and in urine.
For 1C0% recoval of urea { .2 agueous solution and from urine at concen-
trations of 20 go/l. eppreximately 75 gr/l. of nitrous acid were reacted.

U:ilizing celeium hypocnlorite, a strenger oxidizing agent, betrer
recults were obtained.

3 ca{oCl)y + 200(MH,) = = 3CaCly + 2005 4 2 + 4EQ (1)
Approximately 1203 of the stoichiometric exount of calcium nyposhlorite ums
needed for the oxidatis.. 2% yoon tesporature <f uren im squeous solution.
Tor 100% reaction of urea from a 20 gny/l. solution, approxirately 120 gn/l.
of calcium hypochlorite were required. The roaction product, calcium
chloride, must be procipitated from solution, if ion exchange is used later
ac a treatzent process.

The possibility of precipitating urea as urea nitrate way te dismisssd
tecause of its relatively bigh solubility in aqueous solution.

The nydrolysic of ures by the encyno urcase it rost rapid when tho
golution 19 buffered at & gl of 7 and tho concentration nf urea is in the
order of engnitude of 1 - 2 g&/l (4). The dopendence of hydrolysis of a
hizh concentration of urea (20 ga/l.) as & function of ureage concen-
tration, umder uablent tesperature and with the solution nmot tuffered with
respcct to pil, is ghoun below. A 90 percent hydrolysis of urem in 24

bours vas obgerved fuv uretse concentrations 2 2 go/l. 1Tho pressnce of

ur-age and the lydiolyaia jruinel amsrnim eorlonnto fa A porlonas dloed -

wrenlmgo 4P S0 anvlnnge Jr 1o te employed as a subsejuent troataent

procens,



Urecage Percent Urea
Ccucentration Hydrolyzed
g2 /1.

Y 72

2.0 92

6.0 88

10.0 99
lon fxchange

Introduction:

The utilization of ion exchange as a mathzd of treating urine has
teon explored to a ve “imitea extont. PBonting (5) rade use of ion exdharze
resine in a labtoratory analysis of urine. He estahlisaed the to%lal cation
cuntent of urina by remoring all of the cations with a small ion exchange
coluc: and by determining the quantity of hydrogen icns in the effluent.

He raported that better than G5 percent romoval wms achieved from contacting
0.7 sq. of cations with the exchange resin; he did not consider the capacity
of the resin. HMcHeal (6) attompted to develop a mothod of vaste disposal

in aircraft ty pussing urine through a combined &njon-catisn exchangar end
then by permitting the effluent tv be picked up bty a lorge wick for evapor-
ration into a varm air stream. It was found that the resins vero exhauvsted
after the passago of 400 ul. of urine., A few additional referencesc have

teots oande 1n the litersture to the use of ion exchange as a final purification
teohnique followvding distillation or frec ;z’o-drying.

The ion exchaago resins sdopted for uge in this study wery | -oduced ty
the i hm end Hass Company. Anberlite IM: 402, a gquaternized chloromethylated
polys’ yrone, was chosen as the snion exchangsr. 1t is a strongly tasic
resic vith a nolsture conteat of L0-50% amd a suggested capacity of 4.4 meq.
por graw (dry btesis). Azberlite IRC 30, s poly (nethacrymlic acid), was



cheonn an the cation exchanger. It 43 2 veakly acidic recin with a mofsture
conient of LL-557 ard a sugrested copacity of 8.0-10.0 meq. ver grez (dry
tasis). It wms decided L L for the initial stuilfes untreated urine chould
te the ianfluvent to the recins.

Cylimdrical plrea eslurns, 24 inches i3 length with an incgide dinswier
of ° /8 inches, were used to hold the resins., At *he bottom of each cvlr.m
wns rlnced /4 inct of glrss wool followed oy six or ceven glasr zerbles arod
ty erotnar 3/4 fnch laoyer of glass wcol, The ro3in was then added and
occuried arproxicately 12 1/2 2s:ches of 1-.-;.3:..*; of tho colum, 330 grams (dry
trei<}, anotiior 3/4 Inch of glass wool was placed on top of the rezin o
provanl splattering of tho influont and to diffuse the influent over the
entirg gurfaco of the recin, The ianfluent was delivered at 10 =1, per
zinute through a 600 zl., sopnrutory funrel attacked at the top of the columm.

Two colusno vero operated in seriec with untreated urire being pasced
through the coluzn containing 1 402 (anion oxchanger) and with the effluent
froe the anlon exchangor being passed througk IRC 50 (eation exchanawr).
This ordsr was sdopted to provide an influent %o the IRC 50 with a high pif.
The urino wag collected from sik znle adults over & poriod of s¢veral days
and was rlored at a lesperature of 1-4° C. During the siorage poriuis there
were 10 9igng ol degradations ‘he color, odor, axd pli rexained unchanged.
The .TTluents were generslly collected in 250 ml. tatches and w.-2 kept
refrigzerated wntil bLe'rg subjected to amalysis,

Analyses vore esrried cul to deteraine the average characteristics of
the influent to the anlon exchanger srd of Lhe infiuent to the cation av~

clngsr, fAimilar losle were spplled 1o & gorles of effluent sanples from



cach esluzn. Hydrogen fon concentrations were determined with a Brckman
1 meter.  Atoorptivily zessurements were mede with a Klett~-Summarson ;ioto-
clectric colorizetor, using a nucber 42 filter (400-465 mJ. The zero point
of the iasirument was set with distilied wat.r, and the absorptivity meuxsure-
Tents were converted to color units bty corparisoun with stindard solutions
ometeining petzzsiunm chloroplatinate aml cobnltous chloride (7). Totsl
£clids wore deterninol by evapcration of the samples to dryness at
103-105° C. Sulfato icn was analyzed ty precipitatlon with barium chleride,
followed *v iz..ci0n oF the filter rasidue at 800° C. Chloride was de~
termined volumetrictisy using silver nitrate and potassium dichromate,
and gsodium and potassium ion concsntrations were meacured vith & fisme
photometer. fCnlciunm was analyzoed by a modification of the standaid peor-
eangonate tost and by the EDTA titration mothod (7). An analysis of un-
troated urine is presentod in Table 2. Thlo roprecents the average coxpo-
vition of tho influent to tho anion axchange colwmn,

Eroerizentsl Pomulte:

The Tirst series of obgervations wes made ty passing four lite:rs
¢ untreated urine through the anion axchanger. 7The first 2000 ml. of
¢"fluent woro coliscted in 250 =l, sexples, vhile the last 2000 nl,., after
the reslo uretk poin! %22 Lcoon reached, vire collected in 500 mu, samples.
The prescribed sob of analyses wes made nn cach samxple and the resulte were
{astulated on the tesis of curulative volumw of effluent (lhroughoul volure).

The anmlyels For each 250 ul, sanple wag agouned Lo apply to 123 ml. of



Table 2. Analysis of Uniruvited Urine

Test Results

ol 6.6

color 1143 units
chloride 6.8 gn./1.
culfate 2.5 go. /1.
calofuz 0.15 gun./1.
scdiun 3.7 g=./2.
potassiuz 3.3 g=./1.
total solids 37.6 g=./1.



throughput voluze and for each 500 ml. sczple, to 250 ml. of voluus,
Figure 1. précents the relstion of the pH of the eflluent to the throughput
voluse. The [irgt point ° dicated applics to the gecornd rample collectad;
tho firgt sumple did pot provide a proper measurn of the «ffocilveneas of
the ragin, sinen a large portion of the firgt 250 m'.. consicted of the
water whish wno used in preparing the resin 2. oparation. It sey be
otserved =hat a sharp broik in the eflectivences of the resin cz2rurs ot
1650 21, of throughput and thob the rosin ie +!rtuilly exhausted wuen
A0C =1, of effiuent bava tean collestel,

Figure 2, indicantos tho relation batween the ratio of the efflucaot
chloriue conceniration to hat in the influent and the throughput voluze,
A gizilar relation for sulfate is presonted as Fipure 3. Tho resla appears
t0 bo exhausted with respect to chloride rezovnl ssoner than with respect to
sulfnte recoval and sulfate is still toing romoved until 40CO . cf effluent
kave been collected. The resin's proater capacity for the divalent ion is to
te erpacted, The resultzs of the tests for total golids show a fraction of
0.53 of the solids in the irlluent rezeining for 500 nmi,, 0,79 for 1000 ml.,
and 0,97 for 1500 ml. Tho valuo of this dotermination is lecsened by the
pressnce of large agounts of urce,

7w gels of color tosts wore run on the effluent sasples; cne sel was
gads one day sfler tns coluzn operation, and the other, three days after
operation. The results aro presenied as Figure 4. In tha fl--~ day tests
a dofintte turbidity .opan Lo sppear i1 the samples vhich corrospomnded o
1500 21, or more of throughjput volwwm, This in part accounls for the relstive
pay i 1p ‘ke first dey curve. The third day tests wvere rade to ges if the
totiidity wa veduced bty sedizentation Lo any extents some reductlion had
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taks~n plece, btut a definite cloudiness nppeered in the 1ast throe -amples.
riltration of thage asamples caused no significant change in the absorptivity.
The turbidity effectc cen . . explained in part by the sloughing-off of
cslciun phosphate by the resin. 1t 1s also possible that bacterial action
could have gccarnsd; howvever, the sarjles vere kept rofrigorated except
during snalycie.,

The scccrd geries of obaervations wago madc by pissing the cosziined
effiuent frets tho anlon excharger throuh the ciluem coataining I&C 50. It
vag docidod that wore r~presentalive ruguily could be obtainod ty usiag only
tle initanl efflusnt from tho anion exchinger as feed for the cation ex~
changor. The first 1600 ml, of throughput volume vas of rather uriform
consentration and represented the efflucnt from an effectively operating
andinn colurm. s = result, three anion exchange coluzns were tet up and
1600 ml. of untroated urine were passol through each oolum. The 4750 ml.
of offluent vere combined into one sasple and anslyzoed. The rscults of the
apalysis are presented in Tehie 3, The total abgence of celcium ion should
te roted. 1t is likely that the calcium ws precipitated out in the anion
axchanger as calcium phosphete; this wvas enhanced ty the elewatod pH at
wvhiich the anion exchanger operated. Although po quantitative acalysis was
s for mgnesiun, 1t seoms protable that this cation was also precipdtated
out as magnegiun hydroxide; this vas qualitatively deterzined from the permes-
garate caleciun analysis.

Aboul L7%0 ml. 0. the conbined anion exchanger effluent vere passed
through the cation exchanger., Talle 4 indicates the variation of the pH off
the effluent with throughput volume., 1t may be olserved Umt the column waco
otill operatile after 4100 zl. of coffluent had btesn collectsd. The btremk point



Tetde 3.

15

Analysie of Influcat to Cation Exchanger
_ Tost Results

pi 12,6

color 90.0 units
chloride 1.0 gu./1.
sulfate 0.5 gn./1.
calcium 0.0 gn./1.
sodiua 3.7 ga. /1.
potassium 3.3 g/,
total solido 28.4 gn./1,
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Tatle 4. Aralysis for pli, Siiun, ard Potessium of
Effluent from Cation Exchanger

Volume (o) g (/i) (@A
125 3.4 | 1.0 0.95
625 3.4 0.8 0.7
2125 4.0 0.55 0.8
1125 4.0 0.5% 0.8

LH25 10.4 0.75% 1.8
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oceurs at approximitely 4500 ml. of throughput. The results of the sodium
ax! potassiud analyses are also prosented in Tatle 4. It can aga’n be seen
that the coluz=n was opera‘‘=g effectively up to the 4500 nl. point. The
recaining fraction of total solids in the effluent during the period before
exhaustion wvag on the average approximately 0.35 that of tae infilcent. The
color of the effluent was reduced to altcut 0.5 of that of the influent miii
a throughgut volume of 3000 ml, was roached, It then rose sharply dus to
turbidity.

Frop the 1esulis which hve been preeented it zay be obwerved that the
aninp eicoungor removed approximately 260 moq. of chloride and 80 meq. of
sulfsle teforo the resin wvas exhausted. This correspoxds to 1.03 meq. per
gran of dry resin. Approrimately 1500 ml. of untreated urine were processed
bstore the resin approached exhaustion, although stifate was still being
rezoved until the 2500 ml. point. This corresponds to four ml. of effluent
por ca’ of resin. 1In addition, significant quantitics of calcium and mag-
nesium vere rexcved, apparently hy precipitation; this mmy have influenced
the rapid exhaugstion of the anion axchanger by formiog o film to block
truilable exchange sites. The catior exchanger removed sppraxisately
500 meq. of sodium and 250 moq of potassium before the resin was exhansted.
This corresponds to0 2.27 seq. per gras of dry resin. About 4500 ml. of
«ffluent were collected before the resin approached exhaustion; this corre-
spords to 11 51, of effluent per ca’ of resin. The oorhinatio« of both
columns produced g «ffluent vith a total solids content 0.27 of the value
for the influsnt. 7The total solids removal 1is greater than would be expected
fron the sulfate, chloride, sodive, and potassiun spalyses. This may be
attributed to exchange of other iots, some urea resoval, and the filtering



18

action of the exchange beds., The color of the effluent was 40 units compared

to 1743 units for the influent. Ursa removal was negligitle.

DATION AND PRE { U

2ased upon the recults obtained in the initial studies, it was doeterzined
that wne uso of calcium hypochlorite appearcd to he the z0st promising me’lod
of urol removol. .\queous urca solulions were tiwn vusod for furlher ctidies
on calcium hypochlorlite as an ciidizing agent. Thc concentration of urea
in the solutious was adjusted %2 24 gm/l. iresponding approxametely to
the cvuiuge reported urea content of urine. HTH calcium hypochlorite with
an avaiinbla chlorine conternt of 65% was used,

Complete oxidation of urea wns achieved vith a 1251 of the stoichiozetric
quaniity of calcium hypochlorite. The oxidation reaction was accozmpanied by
procipitation of calcium cartonate., Approximately 24% of the calcium content
of calcium hypochlorito wlded was thus removed ia the oxidation step.

Precipitation of calcium and chloride fons in solution resulting from
oxidation of urea would be nocessary if lon exchinge weres to folleow. Intro-
duction of silver and carbonate ions into a solution containing calcium and
chloride fons seemod likely to precipitate silver chloride and calcium
cartomte since the solubility products of these compounds are extremxly
low., Four precipitation wethods were ovaluated: 1, use of a saturated
solution of silvur carbonate in amonium hydrexide, 2. use of “¢y silver
cartonate, 3. uze ¢ silver carbomate followed by silver oxide, anmd 4. uso
of dry silver oxide. Cuzplete removal of both calcium and chloride iops
vag o¢ffected bty methods 1 and 2, using approximataly the sioichiometrio
quantity of silver cartomate (tesed on chloride content)., The calcium to
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chloride content wnn 0.7 on an equivrlent basis. Amlysis showed that
oddition of silver cartonate beyond toe requirement for complote procipi-
tation of calcium continue’ to precipitate chleride, but introduced un~
desirable cartonate ions into solution. It was therefore decided to sttempt
a t.o stage proecipitation (zethod 3) using cilver carbonatz for precipitetion
of nll the calciuz and part of the chioride, Icllocw~ by silver oxide ifor
reroval of tho remaining chloride. Tne uce of somorium hydroxide as a
colvent for the gsilver carbonate did not seem 5 ail the precipitation
reaction sppreciably; -v gilver saits weiv uced in all further erperinents.
Cutiiete rezoval of btoth calcium and chloride ions was effected by the two
ptare nrecipitalion. Silver carbtunate additions were in stoichiometric
quantities taged on the calcium cor’ ~ut arnd silver oxide, in 130% of the
stolchiometric quantity tased on the romaining cliloride content. 1The
golution after complete precipitation (f caleivy end chloride vas highly
alkaline., This corll presunably be attributed to hydrolysis of silver oxide.
In alkaline solution dissolved narton dioxide exists as ths carbonate
ion and in the praesonce of cnlcium iory 19 Jikely to precipitate 2e colcium
cartonate. 8Since silver oxide has toth tho property of removing chloride
ions in soluticn as well as incicasing the alkalinity of the solution,
ovidation of uren with calcium hypochlorite in iho presence of silver oxidae
(zothod 4) seomed 1iknly to precipitate toth the reaction products, calcius
ard chloride. An ajueovs solution of urea was contacted with 1“5 of the
stoichiopetric quantiiy of calcium hypochlorite and 130% of the stoichdometric
quantity of silver oxido based on chiloride content. Complete precipitation
of both calciun and chloride fons wns effectoad, However, only S0{ «f urea

reroval wns effocled, indienting gome intorference,



Tuo rethods for the oxidatiosn of uree with calcium hypochlorite mnd for
tho precipitation of the roactlon products, calcium end chloride ions, seen

feasible:

Gxidation with hysochlorite followed Yy precipitation first with stlver
carbonats, thes with silver cxide.(msthod 3),

Simultaneous oxidaticn ard precipitaiion, using calcium hypochlo::te

and silver oxide. (mc*noa 4).

Table 5 compares ths properties of the solutions after trestment ty the
sbove mothods and presents a compariscn nf the cosmical requircments. It
~=n be neea that the econcmiocs of method 4 eeem more favorsble than that
of metnod 3, cince wwe pricc of silver axide is spproxiiately balf that of
gilver carbonate.

Studies were thon initieted using caleium hypochlorite and silver
carborate and/or silver oxide for urea removal from urine., The sddition of
calsius hypochlorite to urins caused the formation of a rather atable foam
phase above the solution. This was brought about by a cosbimation of gas
evol_tion dus to chemical reaction with the existensu ¢f cortain surface-
active congstituents of urine, Three methods wers considered to ovescomo
this difficultys 1. the use of & screen \\» & mechanioal form brosker,

2, the addition of a smll amount of defoaming agent to the urine (ouch as
a silicone dorivativs) which could later be adsorbed from the urine, 3. the
use of a prelizinary adsorption step to resove the sufece-es*ive agents
preseat in urine. 7he third method seemed most promising, particularly if
some ursa reaowval could be sccomplished,



Table 5. énalysas of Solutions Before and

Aifter Precipitation Treatzment

Propoerty initial Final Solutlon Finsl 3Soluticn
o igiution Heihnd 2 kotlnd /

A 7.5+ 12.2 12.4

ca*?, geu/1. 33.2 — —

(hloride, ¢./1. 66.6 —— .

Alkalinity as CHC03

Gi, m./1. - 23,20 18.50
00572, ga./1. — 3.14 9.50
ng., @o/lo W a——— —————
UPM, gnclll 24'0‘ ——— 2.50

*before oxidation

Chemicel fejuirecents

Chenlonl Conguzy tion Consuaption
gs./1. urea polutiocn ¢n./1. urea golution
Hethod 3 Hethod 4
Caloitn hypochlorite 150.9 169.0
Silver cartomate 180.90 -——

$1lver oxide 82.5 20s.8

v VPRI



ATCOIPTICH STDIES

ietivated chercoal (coconul, 6-14 mech) was used in two tatch exporisosis
o determine uren rezoval. agueous urea solutions were pripersd contzining
ureg cencentrations varyiag from 1.5 to 115 gm. /1. 50 ml of ench of these
asiutions wer: contacted with 10 pa, of activated charcoel wd .0 edssrptinog
‘zothers wag detorrdned at 26° ©. ) plot of log pun. urss recoved/pm.
charesal vo. leg of equillibrium concentratior of the uree solution zsvo o
:trofght 1ine, as would be predicted from Freundlich's Equation. Fur a
zrea golution of 25 ~./1,, 0.047 gm. urea/gm. charcoal were rezoved,
«adicating aporoximately (07 rosoval, for the given charcoal dosage. 3
single erporizert vao conducted using 50 ml, of urine (ures concertrativn:
24 5:.1.). 40 gma. of charcoul yiolded approxizetaly €07 ures romoval.

The adsorption characterictics of a 7/8 in I.D., 23 in. deep activalte!
charcoal column were doterzinoed using 'wine as the influent. For the 102 =m.
of charcoal, approxientely 100% ures removal wng obtained ror the first
710 =i, of throughjut volume (correctod for the wvator used to propare the
coluzn), For the noxt 280 ml, of throughput, the urea razoval decreasged
slmost 1incarly until, at the 400 ml. point, 208 urca was being romoved.
the effluent reznined colorless until the 430 al. point and froty L00-500 xl.
‘+o offjuent had a faint coloraiion. The use of coluang of greater depth
should igprove cousideradly tie efficiency of urea removal.

Further studies wvill bo conducted on the adgorprion pheox "~ the process,
ugliog charcxal column: ard detormining uroa removal and the btreekpoint for
the oolums. Then, an oplimsx srrasgenent ‘vi.ll be worked out, combining
trelintamry adeorption vith oxidation and precipitation, 1t is asticlipsts)

thal a oonsiderable saving In overall ceal and mpace oan to acecuplished by
rvtmg o gaeiiminmry sdecrplion plep,
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Uson conpletion of t.. adgorption, oxidation, and precipilation phice of
tho process, further ion exchango experiments will be corducted. rine aftor
treatnent by calcium hypochlorite, gilver cartorate, activatel carbon, ete.
will bte panged through columnz containing acic aml :1sze wctange resins.
Verious combirations of wank acid, streng aclé, weas bass, end strong btass
rosing wvill bu ezployed using single and mixed bedu. The efflucont will be
Ltosted for pH, culfuate vhosrhaty, chloride, codium, potassium, siiver, and
soonsaiun,  Color and turbldity will be checked and total and volatils
golids w11l bteo doterminad. Eusod upon influent and efflucnt hydrogen ion
concentirations, upon the removal of btoth anions and cations, and upon
resin officioncies, the optizmum ion exchange combination will be selected.
It 18 nnticipnated that a value of apprixizately 8 thrcughput volumes per
unit voluze of comlined resins cen Le obtained. This cstimate is based
upon the efficient rozoval of chlorido und celciuam in the oxidation and
pracips tation step.

o offluont fros the ion ovchange phage of the process will then be
pasged throuch a tarminal bed of activated csrben. This should accoxplish
the roroval of truce e.mnuuog/nfminlng organic matter, including calor
and taste and odor preducing substances. The effluent wvill be tested for
organiz, ammonia, and nitrate nitrogen and for fixed cm: wolsi.’~ golids.
tarious bed sigzes viil be tosted and tho optimm value will bte selecied,
The qtnlity of the effluent after oxidation, precipitation, ion exchenge
ar adsorption can be expocted to te quito bigh, tut sdditicmal troatment
in the form of pH odjusineat snd termioal disinfection may Le necessery.
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A prolicdnary anslysis will then be conducted to estimate the relation
tucen capaclty an? cost and cize for the entire urine convergion unit.
Cize conaldorations will include the gtorage volure of chemicals nceded in

tho cxidniion, pruecipitation, arnd dieginfectior ctops and the volws of
resine ard an*tvated carbon needed in the 1on erchangs and edsorgtion stepa.
Varicug corbinaticzz vill then be attenpted experimentally, such ns the
redustion of the procipitation dcsage and tho incronce of the fom eaxcherngo
ted wzluze *n~ se0 1 g uptimun arrangezent nay oxist., It is likely ttai
tho olzo ard cozt of the unit will depend largely upon thn effluont quality
desired. Once critoria have btcon estanlished, dosagss and bed voluxzes will
te varied to achiove thut stardard.

Tne stape and cize of the finl unit will depend upon voliuze reguired
for chemical contact nnd coparation and upon effective contact end detention
ties for the fon oxchango and adscorpilon steps. 1The flow rate ard velocity
distritetion through each of the ;orous wedia and the offoct upsn heat Yozs
of packing and grain size of the porous medin will be dovormined, The
optinun ghape anml oversll length to characteristic cross-section can bte
selezted on the btasis of the above inforzation,

5 laboiatsry scale podel of tho urine conversion process will te
fahricated and cporated at the rate of five quarts per day. An offort will
to gade 4o {oclude 211 of ths components in a cowpasrt unit vhich would be
opsrated with ease und wuld require minintn mmintonance. FPull-scale
capacities csn then te obtained bty using a tatlery of the labcralory-scele
units in porsllel anf overall performnnce and operation characterfslics can
then to medicted from thy known characterisiico of the latoratory-scsle
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pedel. The esgential crilerion for the effectiveasss of the eotire umit

will be tiw puality of the ~ffluent. In adiition to tho vsuml physicel

acd chomical tests on swater, anrlysos of troce motuls and short torx animel

toxie

ity stulies involving body weizht gain end props examimaticas of boly

organn (or lesions wiil be corricoted, ns tims o fundpe allew,
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