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- m.- The development of portable equipment for the production of pure water

-- from f-eih pond, sea vater, or other sources is i.-portant for military
.requirienifs i 3-l d- situations. Ilso, it is necessary for =anv civilian
activities bhenever pure uater is not available. The criteria for purity
-are influenced by the intended use of the Later. Lake uater which could be
'considered pure for sw =- i"no =nay not be suitable for drinking, and u.nici-
,pal vater found pure for drinking is not considered pure for pharnaceutical
-preparations or for clinical use. The American Chenical Society, the
Aerican Society for Testing Materials, and the College of American Path-
ologists have specified various paraneters for the purity of uater.
How6eer, each of these agencies has proposed different standards (1),
which apply for different purposes, and therefore, do not represent a uni-
form guide.

According to the criteria of the United States Pharmacopeia (USP) (2),

sterile Vater for injection is a clear, colorless, odorless liquid; it is

sterile without addition of antimicrobial agent or other substances, is
pyrogen-free, and has a total solids content of 2 to 4 -g percent. In theS~usual, urban envirorment, sterile urter for injection is readily available;

Sowever, in field situations or in areas re=ote from supply sources, the
C-3 procurement of purified water could ,resent logistic difficulties. The

SProbles associated with transportation, storage, and supply of large
S• quantities of pure sterile water can be overcomme by its production in situ

by using any available source of water which is purified by a sin-ole ine" -
SIT" 'pensive process. Purified. injectable water may be needed in military

:field situations as a diluent for pharmaceutical fornulations, for pre-
,paration of sterile saline solutions, for reconstitution of lyophized hemo-
:g.obin for fluid therapy (3-5), for .;olubilization of preservatives to be

| • added to human blood for prolongatioa of its shelf life (6), for prepara-
,tion of solutions for the rejuvenati in of outdated red blood cells (7) or
for other purposes.
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-; The data presented here represent the results of the evaluation of a
S:. . portable, co-pact, single unit apparatus used for the purification of sea

water, pond water, and human urine, and the production of purified water
that appears to satisfy the criteria for UISP grade water for injection

-except for slightly higher content of total solids. Human urine was nsed
in these studies to evaluate the potential of the purification process in

Z,!e.° OF ,extreme situations, such as a desert environment, where urine might be the
,onty available source of water.

- - .--. PURIFIUKTION OF W_-ER BY A PORTABLE APPA_6TUS

Three different soufces of-water w-ere used for purification. Sea water
-was collected from the Marina al Fort BIker, California in the San Francisco
Bay Area. Pond vater was taken from the lagoon in the front of the Palace
-of Fine Arts in San Francisco. Pooled h-man urine vas collected during a

S24-hr pe-r1i-zom several -- l-ab-oraiy workers. Thne apparatus used for
"ii-•fi•-oi onf water fro= the three different sources is manufactured

- - by Allied Uater Corporation, San Francisco, California. This portable
SuvetiaterT System, Model 200, enclosed in a fiberglass case, measures
45.7 x 78.7 cm, has a weight of 62 kg, and an output of 757 liters of water
per day. The system is equipped with a water pu=p which, in the set-up
'used for these experiments, pmp-s the source water through three serial
filters made of pure bleached cotton, cellulose, and activated carbon, then
'through a reverse osmosis purifier consisting of an acetate micropore
"filter, foliowed by a filter of activated carbon, a source of ultraviolet
"light, and finally, through an outlet provided ith a sampling device. A
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-a i-1- flowdiagram_ of the water Purification Process isshou .nin_Figure..J__n
some experiments, a millipore Twin-90 sterile 0.22 P filter vas connected

t. to the outlet syste Prior to collection of Purified water to reve
bacterial contamination.

The acetate micronore filter incorporated in the reverse osmosis purl-.
"-? :fier lasts for two years or longer if properly maintained. It is continu-

Sl -- b !ously rinsed by wAter pump.ed into the apparatus, tnus preventing the
":acct•n--lation of particulate matter on the filter. The three serial filters

-. -> placed before the reverse osmosis purifier and the activated carbon filter
- *:.. which fellows remain effectiVe--ff-aDerio-of tine dependent on the i-

p. - urities Present in the e%--r-e- sorce usea. iurification of sea water in a
continuous operation requires tep-1-2-6 -- or regeneration after one week
for the first-in-line filter and after t_ weeks for the other filters in

:r~.:-- " order to obtain purified water of consistent hih auality. The apparatus

__ is portuble, anoa can ne useu ai ere water 1'ise--ed as long as a water
supply-ofT- esource is ava'_iale.-it caz be rodified to use different
Power sources such as a co-_bustion engine or even manpower.
-1-

RESULTS

The ion content of the water sa_--mles fro= sea -ater, fresh pond Water,
and human urine before and after purification are shoua in Table 1. The

10SODMEM 3~EM KO IsiER rIMER ?2AMFCATI0

USEAJ ?W~D 1U1~E

3e-ofre Af ter Before A:er Before After

Sa (=Sdi)" 0.0 I.023.05 18.39 19.54 1.15 I13.52 2.30

K (Mcdl)"" 0.0 39-10 0.73 2.35 0-3- 174.00 1.!7

I C. (.OeliY 0.2 2*2.$0 0-31 2.65 0-05 8.3a 0-303

M4 (.Cldl) 0.59 4.-O 0-.2 1.12 0.00 4.52 0-35

Ci (aIdl i 0.0 1.130°11 13.26 9-03 0.00 5.67 1.06

?P (cIdl)* 0.0 0.0 0.0 0.95 0.20 105.20 0.30

S •-%aloes of 0-0 represeat levels below t•e 11i-.is of detectioz., -. ch in =jgldl are:
1.1 for Sa. 0.05 for X, 0.9 for Ci azd 0.05 for Ca. w. azd

Ssm -data Iz Table x 10
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-. analysis of a sartle of USP water is also included in this Table for corn-
------- :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 system,
More than 98Z of Na and more than 99% of C1 are removed. Na, K, and P,

-ihich are present in elevated anonmts in human urine, are also reduced by
S -tg¢ t.pt 'the purification procedure to 1 to 2% of the initial value. All other ions

Z •l:e of_ indicated in the Table are reduced considerably independently of the source
S atper n~r= :of water used. The detection limits of the metbods used are indicated in

Table I.

S_- -_ Table ii shou-s the metal Con7ten•W-n t-e vater sa=-les before and after
Z -- - purification. In soe saples e-efa-confent before purification was

-below the limit of sensitivity or the assay (Table II). Hou-ever, in those

TABUE I!
M:ITAL OYT BEN6ý MO AFT UA=1&T PUJIFlCAT1O~

USIP SEA 11=- L?. ME

Before After Before After Before After

ca (pMi) <0.06 <0.06 <0.06 <0.06 <0.06 0.71 <0.06

Fe (PM) <0.11 0.33 <0.11 <QO- <0.11 0o.4 <o.11

ma (PPM) <0.05 0.07 <0.06 <0.06 <0.06 <0.06 <0.06I Za (pa) 0.02t 0.059 0.02 0.-03 0;u.i1 0.526 0.066

•III=I
Iinstv--es, -here significant Paunts were present, removal wMs achieved by
"the --rification procedure, excent for zinc in the urine sa•ple u-here a
decrease of 87.5% was observed.

Conductivity, electrical resistance, osmolality, and pH of the water
.saples before and after purification are show-n in Table II. With a con-
nsiderable decrease of ion content, as observed in Table I, a corresponding

Secrease in electrical conductance and parallel increase in electrical
resistance was obtained, as expected. The decrease in os-rolalitv after
purification also reflects the removal of os otic naterial fro= the water
of different sources. The 4ifference observed in the pH of pond water
before and after purification nay indic-tte loss of CO)- dissolved in fresh
Spond water andlor removal of other alkaline material.

. In Table IV, the spectropihoto=etric absorbance between 220 and 650 un
- is indicative of the presence of organic or pigmented material with light



stcu 7r
.- S el~- S S--- z --r .

",:M-e -_ f eu-

~2 r~: .. D DEEWY A ZEGŽ-!A
ýZtn_ here

TAM.- III
WO1OC7IMIT!. =-MChIAL 2MSLJLVt-. 0SMALMLI~ AND PH

0MO AJLVT=21A! Pt2IFICAT ION
-n r: rt -- 4

-aetype US? S!A PY URIS!-

3efore After Sefore After Weo ore ltte",ater here " -rlr: hr 'ry (t.hos) 2.8 37.00D 750 lW)O 29 11,000 200 1

E lectrical Reslsta~ce
(O''' s.o") 4.00.0D 39 1.-!. 1.003 37.000 95 5.200

-a,,.= - "L -k 01.a& ( ) 1 925 15 is 3 426 33

OR 7.45 7.- 7.60 9.2 6.30 6.45 6.2r

"TAME• 1V

A3S013.A.T!. FILDM3SCE!. TOTAL FE-I,±.,A OL
MAIM3=FlVf AM' A7Fl &-Tfl U ?MPUIFFICA7I

UWSEA ?= EM

Before After Before After Before Afzer

A5SCr',z-=e (220-630=) 0.0 0.0 0.0 2o_-2.-S= 0.0 230= 0.0

Fluorescece (Iu 301,465) 0.0 16.5 O.n >i00 0.0 )100 0.0

,,Total :rotelz (dl) - -.- 0.15 0.0

Total Matter (Z/d,) 0.003 4.05 0.034 0.1; 0.007 3.02 0.20

*Lt=t =ts ata 34-- ex~&cia~tei& Y-3-,S=e. =.=

Szbsorbing characteristics in the ultraviolet -r visible region. Pond %ater
"shr.-ed absorbance in the 220 to 280 nm region and uring at 280 nm before
purification. After purification, the light absorbing material a removed

- .since no absorbance was observed. Significant fluorescence as mteasured in
1 sea imter, and to a greater extent, in pond uater and urine before purifi-
-cation- However, this fluorescence was noL present in samples of purified

i i "Vater. No significant amounts of protein could be detected in the sea or
!pond water; the protein content determined in the urine sample was ab•ent
after the process of purification. The residue remaining after evaporation
'of 50 ml of water from the three different sources before and after Durifi-
!cation is shown quantitatively in Table IV and is illustrated in Figure 2
'(for sea water), Figure 3 (for pond water), and Figure 4 (for human urine)-

S ; XP ' Figure 5 depicts the results of the gas chromatographic analysis of
samples of sea water and urine before and after purification and of a

Z. 1
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Fig. 5- Gas cl--ý=toggraphic a=!iYSis of sea "later aa h=az uri=e
bpfore and after purification. A patter- of s le of S? uater
is also ilhustratej. T-he -diz=ate f_~Icates the frequc=cy? sigmals

of rte chrozatogmphic detector aiv the abcissa the reteatioi tI.e

c-1the -.as products-

apie of USP water. Sea water or urine, prior to purification, shous
SIIQt~ens; Indicative of the presence of several i-purities, but after puri-

-ication the pattern is similar -o that obtained with USP --mter. Purified

:water obtained f-roem the three different sources appears as a clear, color-
less, odorless liquid.

All the data obtained in Tables I to IV and Figures 2 to 5 are
essentially the same with or without addition of the TUin-90, 0.22 v milli-

pore filter prior to collection of the purified samples. The addition of

- this sterile filter, hovever, has a remarkable effect on the bacteriological

'-M
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-ite f itbo- Twin-90 With -i.1d-90

:!=per here I Sea water 1.1* i ~0-0
V .... -S-5 x lc . ** 3_1 x 103- 0.0

Batteria lde~t~fIcd:

- rs::iine
*Elebsi.LeUA Pme=o=ae. Baterobacter atzlc1era-s. Serrati~a liccefzcie~s

**E=terobacterzz aeL1-a~s a~d Serratia l!ci-cfatie~s

***?rtecs

Bac5.llcs. Bschceichia colt. ?sPs~ruXoa seoda~s f1coresca~s. ?rote=s

=Irabalis. Emterobacter azt1cmera=s
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-__r all-
-: assays. The results of these tests are shown inTable V. Water obtained

" -: from the three different s-ources is contaminated by different bacteria with
very heavy contamination observed in pond water and urine. Purification
without addition of the sterile filter shows little or no effect on the

- --... elimination of bacterfal contamziraiUon from sea or pond water, although
bacteria present in hux~n %=ine are considerably reduced. However, the
-addition of the sterile filter prior to collection of water assures absence
of bacterial contamination in the purified uater.

S -__ Table VI shows the results of the detection of pyrogenic bacterial
endotoxin in samples of water-•ef6re TnA after purification. The limit of

* -* sensitivity of the test si ndi-ted--tt-a OE he positive control, re-
* [ presented by Escherichia coli •Od6-oxin-- this limit is reached at a con-

centration of 0.05 ng/ml. Based on earlier assays, a pyrogenic response
-- " i-as obtained in rabbits at a concentration of 0.5 ng/ml. Prior to Durifi-S --. cationater T-o • th-r-e----ifffenr sources gave a pos-MEive reaction

w.hich is present -a-s-o3 mnurtfie a-•tef--s~b-l~es obtained without addition
of a sterile filter. However, all the water samples collected after
filtration through the sterile filter show a negative reactien, indicating
removal of pyrogenic bacterial endotoxin. A negative reaction was observed
also in the USP control water sample.

SCONCLUSIONS

The data obtained in our studies demonstrate that the purification
system used satisfies all criteria for USP grade injectable water, except
one: the limits of total solids. However, the purified water is non-
-pyrogenic, clear, colorless, odorless, and it is sterilized without
addition of antimicrobial agents or other substances. The ion, metal con-
tent, and organic material present in human urine, pond water, and sea
water are reduced considerably or completely removed by a single passage
'through the eystem. .Although the total solids in the purified water exceed
'the limit of 2 to 4 mg% established for USP water, sodium and chlorine ions
represent 967 and 614 of the total solids present in water purified from
Ssea water and urine, respectively. However, these ions are generally added
(900 ng sodium chloride per 100 -l) in order to make isotonic wrater for

I i�njection. The results indicate also that o•ganic substances, with spec-
itrophoto-etric absorption in the ultraviolet and visible regions, fluo-
rescent co.-mpounds and protein material present in the uater source are

D removed by the purification process. It is i-portant to emphasize that
this purification system, as presently available, will not manufacture
water completely sterile and free of pyrogenic bacterial endotoxins, but
requires the addition of a small porosity, sterile, in-line filter to pro-

I $duce water without bacterial contamination.

It appears that the reverse osmosis process is efficient in the pro-
. -: duction of purified water and it has been utilized for the preparation of

--- p .-. --. - - - -- -
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- drinking ýater in a desalinization Dro ject (8). The system evaluated in
these studies represents a multipurpose water purification process which
could be useful in many non-military ap.IZ-ations such as disaster sites
where sources of water are contaminated, at construction sites, off-shore

- l : drilling platforms, on commercial and pleasure boats, and o.her activities
-. -t. :where pure water is needed but not available.
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ý-ABS"MWCT

In a normal urban environment, sterile water for injection is readily*
-available; however, in field situations or in areas remote from supply
Asources, the procurement of purified water could present logistic diffi-
iculties. A 60 kg, compact. self-contained, portable water purification
'apparatus, adapted with a sterile micropore filter, has been evaluated fori
!purification of sea water, pond vater, or human urine. The process is
,based on the reverse osmosis procedure and can use various power sources.
-The results indicate that polluted water can be purified by a single
,passage through the system, as demonstrated by considerable reduction of
Cious (>I percent), and complete elimination of metal content and organic
lmatter present in the source of water. The water obtained is clear, 1

;colorless, odorless, non-pyrogenic, is made sterile without addition of I
:antimicrobial agents or other substances, and appears to satisfy the cri-
iteria for USP grade water for injection except for the limits on total
slids. The residual solids are sodium and chloride ions which are co--on,

;constituents of parenteral solutions. This purification process can be I
,used anywhere water is needed as long as a water supply fra-n some source -

a vailable. It represents a multipurpose water purification system which
5 capable of meeting the medical needs of the military in its various

4' Ifields of operation, and could also be very useful in many non-medical
-situations.'
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