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e . The developzent of portable eguipzent for the production of pure water
—> fron fresh pond, sea water, or other sources is i=portant fo- military
Tequire=enrs in field situations. Also, it is necessary for =any civilian
activities wvhenever pure water is not available. The criteria for purity
-are influenced by the intended use of the water. Lake water which could be
‘considered pure for swimzing may not be suitable for drinking, and —unici-
pal water found pure for drinking is not considered pure for pharzaceutical
preparations or for clinical use. The A=erican Chenical Society, the
American Society for Testing Materials, and the College of f=erican Path-
‘ologists have specified various paraceters for the purity of water.
However, each of these agencies has proposed different standards (1),

which apply for different purposes, and thereifore, dc nmot represent a uni-
forn guide.

.
>
’

. According to the criteria of the United States Pharmacopeia (USP) (2),
sterile water for iniection is a clear, colorless. odorless iiguid; it is
sterile without addition of antinicrobizl agent or other substances, is
byrogen—-free, and has a total solids content of 2 to 4 —g percent. In the
usuzl urban environment, sterile water for injection is readily available;
however, in field situations or im areas remote fro= supply sources, the
procure=eat of purified water could sresent logistic difficuities. The
Problezs associated with transportation, storage, and supply of large
iquantities of pure sterile water cam be overcoze by its production im situ
by using any available source of water whick is purified by 2 si=ple inex-
‘pensive process. Purified., injectabdle water may be needed ia military
field situations as a diluent for pharnaceutical formmiations, for pre- :
paration of sterile saline soiutions. for recoastitution of lyophized hemo-
.globin for fluid therapy (3-3), for .:olubilization of preservatives to be
-added to human blood for prolongatio: of its shelf life (6), for prepara-
tion of solutions for the rejuvenati of outdated red blood cells (7) or
for other purposes.
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E sllvs —> The data presented here represent the results of the evaluatica of 3
2 4 . portable, co=pact, s:.n°1° “unit apparatus used for the purn:u:ation of sea

- water, pond water, and human urine, and the production of purified water
that appears to satisfy the criteria for GSP grade water for injection
‘except for slightly higher conteat of total solids. Human urine was "sed
in these studies to evaluate the potential of the purification process in
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sxtlie of extrme situations, such as a desert environ=ent, where urine night be tha
szper ':-,zf,;; »om,y availadle source of water.
Ll =5 PGRIFICATION OF WATER BY A PORTABLE APPARATL TUS
:. ~=c- Three different sources of water were used for purification. Sea water

was collected from the Marina at Fort Baker, Califormia in the San Francisco
Bay Area. Pond water was taken from the lagoon in the front of the Palace
= -of Fine Arts in San Francisco. Poolad hu—an urine was collected dering a
— 24-hr period irom several c—ale laboratory workers. 1ne apparatus used for
the purification of water froz the three different sources is manufactured
by Allied ¥ater Corporation, San Francisco, California. This portable
SweetWater ¥ System, Yodel 208, enclosed in a fiderglass case, —easures
45.7 x 78.7 ¢, has a waicht of 62 kg, 2nd an output of 7357 liters of water
per day. The systen is equipped with a water pu=p wnich, in the set-up
‘used for these experiments, pumps the source water through three serial
filters made of pure dleachked cotton, ceilulose, and activated carbon, then
‘through a reverse osmosis purifier consisting of an acetate nicropore
‘filter, foliowed by a filter of activated carben, a souvrce of ulitraviolat
‘light, and finally, through an outlet provided with a sampling device. A
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Start nele
for zid
zes —# flow diagram of the water purification process is shown in Figure 1. In . _
“foer Ui some expericments, a nmillipore Twin-90 sterile 0.22 p filter was connected
irst ‘to the outlet system prior to collection of purified water to remove
‘bacterial contasination.
_3,;-;;39 § The acetate micropore filter incorporated in the reverse osmosis puri- |
’iZle af :fier lasts for two years or longer if properly =maintained. It is continu-
szpar hs;:"ﬁously rinsed by water pu=ped 1into Lhe apparatus, thuc preveating the !
i ‘accurmulation of particulate matter oa the filter. The three serial filters
.t -~ —» Dlaced before the reverse oswmosis purifier and the activated carbon filter .
22,3:,-:., which fellows remain effectiVe IOr & périod of time depeondent on the im-
:;:. <-2... purities present in the water source useéd. rurirication of sea water in a
o " .continuous operation requires Yeplacezenf or regeneration after ome waek
for the first-in-iine filter and after two weeks for the other filters in
irsz -in. OTder to obtain purified water of consistent high gquality. The apparatus

—» Ads portzble; Zmd €an be Used auymiere water is needed as long as a water

‘supply of s038 source 1s availablé. It can be modified to use different
power sources such a2s a co=bustion engine or even manpower.

) RESULT

The ion content of the water sa—pies fron sea water, fresh pond water,
and busan urine before and after purification are shown in Table I. The

]! 1
I0X CONTEXT® BTFORE D 2FIZR RATER TTRIFICATION

()

NS P R A M fo g S8 B e & B AEe §s o4 S0 G B Lo~ ees:

us? s=:a 200D e
Sefora Afzer Sefore fter Sefore Aftes {

Sa (ag/al)’ 0.0 1.023.05  15.39 19.5% 1.15  15S.52 230

3 Gagla)’ 0.9 39.10 0.73 2.35 Q.35 175.00 1.17 ‘

ca (xgfa)’ 0.2 22.50 0.31 2.65 0.95 8.3 0.3 |

¥ (mgfa1)’ 0.53 14,70 0.25 1.12 0.00 5.52 0.35

a (faj’ 0.0 1,730.11 13.25 9.0s 0.0 5.67 1.06

? (aglai)’ 0.0 0.0 0.0 0.95 0.20 105.20 0.39

*7alves of 0.0 represeat levels delow the linizs of derection, vhich in =gpf/dl are:
1.1 for Xa, 0.03 for %, 0.9 for €1 and 0.05 for Ca, Mg, and 2.
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— analysis of a _sample of USP water is also included in this Table for com—_:

parison. Sea water with a high Na and Cl content, as expected, is purified
.to the extent that, with a single passage through the purification syste=z,
;jpore than 98%7 of Xa and more than 997 of Cl are rezoved. Na, K, and P,
Ehlch are present in elevated amoumts in human urine, are alsc reduced by
the purification procedure to 1 to 2% of the initial value. All other ions
,1ndlcated in the Table are reduced considerably independently of the source
of water used. The detection linits of the methods used are indicated in
Table I.

) Table I1 shows the =etal content in the vater samples before and after
purification. 1In some Sa=plés the c—etfal content before purification was
‘below the linmit of sensitivity 01 tae assay (Table II). However, in those

b METAL CONTENT 3?.?6&51:%::‘;’?3 WATER PORIFICATION
i oS SEA 205D RIS
. Sefore After Sefore Afcer Sefore After N
3 Ca (prm) <0.06 <0.06 <0.05 <0.05 <0.96 0.71 <0Q.05
! Fe (ppm) <0.11  0.33 <0.11 <9.11 <0.11 0.3% <0.11
% ¥ (ppz) <0.05 0.07 <0.65 <0.05 <0.9% <0.0% <0.05
Za (pp=) 0.02%  0.059 0.02 0.0%3 <5.0i1 0.526 0.056

dnst~v ~es where sigaificant amounts were present, removal was achieved by
the ;.rification procedure, except for zinc in the urine sa—ple where a
decrease of 87.5% was observed.

Conductivity, electrical resistance, osmwlality, and pH of the water
sa:nles before and after purification are shown in Table III. With a con-
s1deraole decrease of ion coantent, as observed in Tz2ble I, a corresponding
dectease in electrical conductance and parallel increase in electrical
Yesistance was obtained, as expected. The decrease ian osmolality after
purification also reflects the reroval of osootic material from the water
of different sources. The difference observed in the pH of pond water
before and after purification nay indic:te loss of C0,; dissolved in fresh
pond water and/or removal of other alkaline material.

in Table IV, the spectrophotoz=erric absorbance berween 220 and 650 m
is indicative of the presence of organic or pig=ented material with light

¥
TR
Sovtd ol e da

il




TR TCF VI GXTFo MTRRiA K57, AT b 1043 = {cin # Bert 2o 2

VALY

SCCALEL VN

TR T,

:absorbing characteristics in the ultraviolet or visible region. Pendé water
ishowed absorbance in the 220 to 280 n= recion and uring at 280 m before
purification. After purification, the light absorbing material was removed
‘since no a2bsorbance was observed. Significanr fluorescence was measured in
isea water, and to a greater extent, in pond water and urine before purifi-
zcation- However, this fluorescence was wct present in sa=zples of purified
water. No significant zmounts of protein could be detected ia the sea or
pond water; the protein coatent deternined in the urine sample was atsent
after the process of purification. The residue rexmaining after evaporation
©of 50 ml of water fron the three different sources bafore and after purifi-
leation is shown gquantitatively in Table IV and is illusrrated in Figure 2

f(for sea water), Figure 3 (for pond water), and Figure 4 (for human urine).

: Figure 5 depicts the results of the gas chrozategraphic analysis of
szriples of sea water and urine before znd after purification a2nd of a
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TAILE 111
CONICCTIVITY, ZIECTRICAL RESISTANCE, OSMILALITY, AXD 3B
BTTORE AXD AFT=R RATEZ PLRITICATION
M i
os? s=A P00 TRINE :
2efore After Sefore After Before Afzer :
) Coxdzczivizy (imws) 2.8 37,090 750 1,009 29 1) 930 200 i
Ziectrical Resistance {
(oh=s) 599,000 39 1,209 1,000 37,029 95 5,20
Osmolality (aOs=z/l3) 1 925 15 18 3 225 33
P2 7.55 7.20 7.60 9.2 6.30 6.45 £.25 -
. TARE I¥
’ ASSOREANCE, FLUDOITSCENCE, T07AL PROIZIN, AYD TUTAL
: MATTER 2TTVZE AN AFIER RATZR PRRIFICATION
i
: oS =31 Po00 e
; Sefore Afzer Zefore Afzer Sefore Afzer
: Atscrlasce (220-530om) 0.0 Q.0 0.0 225-2580—= 0.0 230 0.0
*  Floorescesce (Iu 3%0/$65) 0.0 16.5 0.0 >100 0.0 >100 0.0
i
i Total Protetn (g/d1) - — -— —_ —_ 0.15 0.0
1]
i Toral Matter (g/dl) 0.093 £.05 0.03% 917 0.007 3.02 0.20
T
! *Izzensity maits at 349== excitation axd 165 exission.
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i Fig. 5. Gas chicmatographic aniirsis of sea water and hz=man urine
: tefore and zfter purification. A patterz of sa=sle of TS? water
; is also filustrated. Tke codinate {=dicates the frequency signals .
: of the chromatographic detector and the abcissa the reteation tive
. ¢{ the 2as products.

¥

isample of USP water. Sea water cor urine, prior to purification, shows
;::terns indicative of the presence of several impurities, but after puri-
‘fication the psttern is sinilar o that obtained with USP water. Purified
water obtained frem the three different sources appears as a clear, color-
1ess, oderless liquid.

! A1l the data obtained in Tables I to IV and Figures 2 to 5 are )
‘essentially the sane with or without addition of the Twin-99, 0.22 p nilli-
pore filter prier to collection of the purified samples. The addition of

this sterile filter, however, has = remarkable effect on the tacteriological
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. BACTERIAL ANALYSIS. COLONY FORMING ENITS PER L.

-

Sefore Purification After Prrification

With Twin-9C

3
o
g
re
A
;

Sea Yarer 1.1% 0.0

Tood Vater 5.5 x 10325e 3.1 x i03ass 0.0

) 3
3.0 x 10° 1.27 2.9

Zaczeria Identificd:

e s e s wae

1 leksialla pot fae, Iaterodbacter acslemerans, Serratia liccefaciens -
.
stzacerobacter atzlomerans and Serratia liczefaciems
*A2Drotecs .
: &
. "Sacilles, Sscherichia coli, Psexd aeruzizosa, Psevdocwaas floorescass, Protecs
- =irabalis, Taterobacter aszicceraxs
: {’seadm:as
§ - = -
; .
. Tass 31 H :
. SETILRI0S ©F IYROCEEIC MOIRIAL DOOEIN ITOIE A
i AFTER UTI PORIFICATION H
H
. Fezctla ‘ .
H Sxolicate  Teszls § .
.
sosizive o2l 2.8 =gpf=1 -+ - osizdve .
: (€. o911 esicizxia) Q.3 - - esizive
t 9.1 - * Posizive
H 2.63 H = Po3lzive .
¢ o.as - - oegative '
) €.012% - - Segazive
0.005 - - oezazive
. ¢
. Cezzral (35T saser) - - Sepazive t
i Sea vater (tefere) : H sosizive .
1 N
£2eT, wITDIaT Twin-A0) = H .
. I2eT. with Tvi=-F3) - - .
* a2 wazer (Sefsve) - - §
s
e, withex Twla-9d) H = Fos1z8ire {
t (af2es, wizh Twi-Q) - - segazive :
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DEVENUTO & ZEGNA

s —>assays. The results of these tests_are shovn in Table V. Water obtained _

fron the three different ssurces is contzzinated by different bacteria with
very heavy contaminzation cbserved in pond water and urine. Purification
without addition cof the sterile filter shows little or no effect on the
elimination of bacter:al centaninaiion from sea or pond water, although
bacteria present in huran urine are comsiderably reduced. However, the
:addition of the_sterile filter prior to collection of water assures absence

'of bacterial contanination in the purified water.

Table VI shows the results of the detection of pyrogenic dacterial
endotoxin in samples of water before and after purification. The limit of
sensitivity of the test is indicated by data of the positive control, re-
presented by Escherichia coli endotoxinj this limit is reached at =z con-
centration of 0.05 ng/ml. Based on earlier assavs, a pyrogenic response
was obtained in rabbits at a2 concentration of 0.5 ng/ml. £

Prior to purifi-
cation, water i-ox the three diiferent sources gave a positive reaction
Thich is presént also in purified water samples obtained without addition
of a sterile filter. HEowever, all the water samples collacted after
filrtration through the sterile filter show 2 negative reaction, indicating
removal of pyrogenic bacterial eandotoxin. A negative reaction was observed
also in the USP control water saople.

COXCLUSTIONS
]
! The data obtained in our studies dercnstrate that the purificatien

'systen used satisfies 21l criteria for USP grade injectable water, except
one: the linits of total solids. However, the purified water is non—
Ppyrogenic, clear, coloriess, odorless, and it is sterilized without
addition of antinicrobial agents or other substances. The ion, metal con-
tent, and organic material present in human urine, pond water, and ses
water are reduced considerably or coopletely removed by a single passags
‘through the systen. Although the total solids in the purified water exceed
‘the limit of 2 to 4 =gZ established for USP water, sodiun and chlorine ions
Tepresent 96% and 64X of the total solids cresent in water purified from
'sea water and urine, respectively. However, these ions are generally added
(900 =g scdium chioride par 10C =l1) in order to nake isotonic water for .
injection. The results indicate also that o.ganic substances, with spec—
itrophotozetric absorption in the ultraviolet and visitle regions, fluo-
Tescent co=pounds and protein material present in the water source are
Temoved by the purification process. It is izportant to emphasize that
this purification systen, as presently available, will not =anufacture
water cozpletely sterile and free of pvrogenic bacterial endotoxins, buz
requires the addition of a sm2ll porosity, sterile, in-line filter o pro-
duce water without bacterial contanmination.

It appears that the reverse osmosis process is efficieat in the pro-
duction of purified water znd it has been utilized for the preparation of
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TR

—> drinking water in a desalinization project (8)._ The systen evaluated in _
these studies represents 2 multipurpose water purification process which
could be useful in maay non-oilitary ap,il-ations such as disaster sites
vhere sources of water are contaminated, at construction sites, off-shore
drilling platforms, on commercial and pleasure boats, and o.her activities

¥Pv where pure water is needed but not available. :
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i ABSTRACT:
V

In a normal urban environnent. sterile water for injection is readily

sources, the procurement of purified water could present logistic diffi-
§culties. A 60 kg, compact, self-contained, portable water purification i
‘apparatus, adapted with a sterile nicropore filter, has been evaluated for
;purification of sea water, pond water, or human urine. The process is
ﬁased on the reverse osmosis procedure and can use various power sources. !
The results indicate that polluted water can be purified by a single
massage through the systena, as demonstrated by considerable reduction of
'jons (>1 percent), aud complete elinination of metal content and orgamic
tter present in the source of water. The water obtained is clear, ]
%olorless, odorless, non-pyrogenic, is nade sterile without addition of '
antinicrobial agents or other substances, and appears to satisfy the cri-
iteria for USP grade water for injection except for the limits oa total
soplids. The residual solids are sodium and chloride ions which are common
constituents of parenteral solutions. This purification process can be
used anywhere water is needed as long as a water supply fra» some source
is available. It represents a nultipurpose water purification systen which
is capable of meeting the medical needs of the military in its various j
fields of operation, and could also be very useful In many non-medical

situvations.
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