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FOREWARD

This report summarize

NS

s the results of the work performed

by CHEMTRIC Incorporated under Contract NAS 9-12792 for a

Preliminary Flight Prototype Potable Water Bactericide System.
This program was sponsored by and performed for the Crew Sys-
tems Division of the NASA Johnson Spacecraft Center. Mr. A.F.

Behrend (EC39) was the des

ignated Technical Monitor.

The work reported herein was started in March 1972 and
completed in June 1973. Chief prcgram personnel were Walter

J. Jasionowski (Project En
ject Chemist) under the di
gram Manager). Other pers
butions to this program ar

gineer) and Edward T.Allen (Pro-
rection of Robert A. Bambenek (Pro-
onnel that made substantial contri-
e: Phillip P. Nuccio (Design

Supervisor), Timothy G. Studt (Design Engineer) and Andrew L.

Murman (Technician). Mr.

Charles Verostko of the NASA Johnson

Spacecraft Center provided assistance by co-ordinating and

supervising the analysis o

f over 1000 individual water samples.
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ABSTRACT

The development, design, and testing of a Preliminary Flight
Prototype Potable Water Bactericide System are described. Pre-
liminary development tests were performed to resolve problems ex-
perienced under Contract NAS 9-12104 which affected water quality
and silver ion dosing. After satisfactory completion of the pre-
liminary development vork, two simulated mission tests, each of 7
days duration, were performed with an upgraded breadboard system
to demonstrate improved performance and to show that biochemical
performance is not affecced by random vibrations which simulate
launch conditions.

A Preliminary Flixht Prototype system was designed and fabri- -
cated to treat worst case FCW simulant. The system is an assemtly
of upgraded canisters composed of (1) a biological filter, (2) an
activated charcoal and ion exchange resin canister, (3) a silver
chloride canister, (4) a deionizer, (5) a silver bromi'e canister
with a partial bypass, and (6) mock-up ins trumentation and circuit-
ry. A 7-dav baseline simulated missicn test was performed with
the system; the performance was satisfactory and the Rroduct
water was within all specifications for potability. fter random
vibrations, an 18-day simulated mission test was also performed
which included bacteria injection during the first 10 days; the
product water quality was within potability specifications for
the first 13 days. The system exhibited bactericidal activity
against 109 Pseudomonas aeruginosa and/or Type IIIa, and reduced
Bacillus subtilis by up fto 5 orders of magniiude in 24 hours at
ambient temperatures with a 1 rpm silver ion dose.

Five extended sirulated mission tests were performed with
modified PFP systems to determine the effects of FCW constituents
and their concentration on the number of components required to
produce acceptable water. A Pratt § Whitney FCW treating system
composed of (1) an in-depth 1-micron particilate filter, (2) a
AzC1 column and (3) a deionizer with a partial bypass, exhibited
27.5 to 32.9% dynamic abscrption capacity before piH breakthrough.
A Ceneral Electric ¥CW treating system, composed of (1) a biolog-
ical filter, (2) an ion exchange column, (3) a AgCl column, and
(4) a deionizer with a partial bypass exhibited 21.6 to 25.2% dy-
namic absorption capacity before pH breakthrough. From the tests
it is concluded that (a) the bactericidal/bacteriostatic efficacy
of these systems is the same as the PFP, (b) in-depth filters do
not effectively exclude bacteria and p.rticulates and (c) thne.ion
exchange resins did 1ot sorb the organics (equal nart mixture of
toluena, propyl acetate, sodium lauryl sulzfate, isobutyl me thyl
ketone and xylenol) adequately to meet potability specifications
for odor and taste.

Four efficacy tests were performed with a AgBr canister dos-
ing anticipated fuel cell water. Tests show that a 8.05 ppm
silver ion dose was bactericidial against 3 41x 10° (521X
104/m1 Pseudomorias aeruginosa and/or Type I1la in 15 minutes or

less.
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. an elevated temperature.

SECTION 1

RP— ‘ viain

INTRODUCTION § SUMMARY

1.1 Background

The Space Shuttle Orbiter is to use hydrogen-oxygen fuel
cells to generate electric power, and water for consumption and

personal hygiene.

In general, fuel cell water is relatively

pure because it is synthesized from hydrogen and oxygen and has

undergone a phase change from an alkaline electrolyte.

However,

the experience gained from Project Gemini and Project Apollo in-

dicates that fuel cell water

can contain (1) trace contaminants

which affect it's taste, odor, and potability ard, (2) microbial

contaminants.'.
board a spacecraft is easily

In addition, even presterilized water stored on-

contaminated via the crew use points

unless the water contains a residual bactericide or is stored at

should be provided with a wa

Consequently, the Space Shuttle Orbiter

ter treatment system which assures

the availability of fuel cell water which is sterile, potable and

acceptable to the crew.

The Gemini fuel cell wa
because it had a low pH, poo
more, limitations prevented
ment system.

ter was not consumed by the crew
r taste and poor color. Further-
the development of a suitable treat-

Instead, the crew consumed potable water stored in

bladder-type tanks which were also used to accumulate the fuel

cell water.

Corrosion, poor taste and free gas problems have been en-

countered with the Apollo fu
which is added to assure ste
addition, chlorine must be a
sion because the chlorine re
the construction materials.
whenever the crew failed to

el cell water.*® The chlorine,
rility, accelerates corrosion. In
dded once every day during the mis-
acts with trace contaminants and

A "chlorine'" taste has been noted
follow precise dosing procedures;

in addition, a "nickel" taste, whic

h is attributed to acceler-

ated corrosion of stainless steel in the wate

r heater, has been

present.

The Apollo Lunar Modu
water dosed with iodine.
tried, but abandoned when
accumulated on the sublima
It was also discovered tha

" Samonski,F. H. and Tu
Report - Command and
System", NASA TN D-67

Re Gillen, R. J., Brady,
Experience Repurt - L
Subsys tem"

le crews have all consumed stored
Initially, sodium hypochlorite was

it was found that chlorine hydrate

tors which also use the stored water . . ®®
t iodine diffuses through the sili-

cker, E. M., "Apollo Experience
Service Module Environmental Control
18, March 1972.

J.C. and Collier, F.; "Apollo
unar Modulé Environmental Control

NASA TN D-6724, March 1972
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cone-rubber bladders in the tanks and reacts with the anodized
aluminum tank wall. Fortunately, the jodine depletinn and cor-

rosion rates are slow, so that in-flight maintenance and fail-

ures can be avoided by not exposing the tanks to iodine until
just before the vehicle is launched.

All of the water management problems encounterced by Project
Gemini and Project Apollo indicate that a more durable system
should be provided for future spacecraft - and especially for
the reusable Space Shuttle. Also, a residual bactericide, which
can be passively added to the fuel cell water as thc water is
produced, should be used instead of chlorine or iodine. In ad-
dition, the water quality should be improved to avoid any nox-
ious tastes and/or odors which can be introduced by the fuel cell
materials - expecially when the fuel cells are operated at any
off-design conditions.

CHEMTRIC had evaluated the use of silver ions for steriliz-
ing water distilled from urine, treated flush water and concen-
trated wash water.*,*®* 1In all cases, condensate passed through
a column containing silver chloride particles was found to be
sterile for months - even though the condensate contained some
organic contaminants and was exposed to the laboratory atmo-
sphere. In addition, no corrosion problems were observed in
stainless steel hardware which had been exposed to silver-sat-
urated water for up to four years. Thus, silver ions were se-
lected as the residual bactericide to be evaluated for use in
the Space Shuttle Water Treatment System. ’

Under Contract NAS 9-12104 CHEMTRIC designed and fabri-
cated a breadboard model to evaluate the use of silver ions in
the Space Shuttle; Figures 1 and 2 illustrate the system. AS
shown in these figures, the system includes (1) a biological
filter for removing particulates, (2) an activated carbon fil-
ter for adsorbing organic contaminants, (3) a canister of silver
chloride particles for dosing the water to be stored with silver
ions (1ppm), (4) water storage and material immersion tanks, (8) ;
a deionizer for removing silver ions and inorgahic contaminants, ,
and (6) a canister of silver bromide particles for dosing the

product water with a smaller quantity of silver ions (0.05 ppm).

® Nuccio. P.P., et al., "Refurbishment and Testing of the
Integrated Waste Management System', AMGLO Report 3080,
Chicago, Illinois, October 1969. '

#*  Bambenek, R.A., et al., "Upgrading and Extended Testing
of the MS. Integrated Water and Waste Hardware", CHEMIRIC
Report 3084, Rosemont, Iilinois, May 1972.
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Support equipment included (1) holding tanks for simulated fuel
cell water and product water, (2) a feed pump, and (3) miscel-
laneous.items such as valves, gages and septums.

Five simulated mission tests were performed with this hard-
ware to demonstrate that silver ions are capable of (1) killing .
3 x 109 Pseudomonas aeruginosa and/or Type II7a bacteria in per-
jods as short as fifteen minutes and (2) reducing the concentra-
tion of Bacillus subtilis, a spore-forming bacteria, by five or-
ders of magnitude (10% to 10-1§ in 24 hours. This work showed
that silver ions are extremely effective in maintaining potable
water in a sterile condition.

Technical problems,which affected waver quality and silver
ion dosing, were experienced with the breadboard system developed
under Contract NAS 9-12104. The deionizer was not able to pro-
duce water with the desired pH, and the activated charcoal fil-
ter was unable to adsorb the organic specie (ethylene glycol)
from the simulated fuel cell water. Also, the presence of chlo-
ride ions in the simulated fuel cell water, suppressed the solu-
bility of AgCl by at least one order of magnitude.® Furthermore,
the AgBr column did not produce the desired silver ion concentra-
tion (0.05 ppm maximum for potability). With this knowledge and
information NASA JSC contracted CHEMTRIC to perform the work sum-
marized by . this report.

1.2 Objectives

The detail objectives of this program are delineated by the
Task Description defined in Sertion 3.2 of the Statement of Work
for Contract NAS 9-12792; they are described as follows.

Par 3.2.1 Deionizer Optimization and Activated Charcoal Improve-
ment

The product water produced by the breadboard system de-
veloped under Contract NAS 9-12104 did not possess
neither the specified pH (6.0 - 8.0 at 77°F) nor the
silver ion concentrations (0.05 ppm maximum) required
for potability.

(a) Determine the type, quantity and.arrangement of
ion-exchange rcsin required in the deionizer to
obtain an effluent which has the specified pH and
silver ion concentration.

L Hurley, T. L., and Bambenek, R. A. "Potable Water Bacteri-
cide Agent Development', NASA CR-115595, July 1972.
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(b) Using the deionizer and presterilization pro-
cedure developed under Contract NAS 9-12104,
perform a scries of tests with known silver-
dosed "worst case' simulated fuel cell water
and various ion exchange resin combinations to
optimize the deionizer.

(c) Test the deionizer with the optimum resin com-
bination repeatedly to verify performance with
respect to pH and silver ion concentration.

(d) Investigate inclusion of ion exchange resins
in the activated charcoal filter to remove any
chlorides to minimize the '"common ion'" effect.

f Par 3.2.2 Breadboard Canister Shock/Vibration Testing

— - W,

Subject the breadboard system canisters to shock

i b .and vibration tests which simulate the Space Shuttle

: i launch environment to verify canister biochemical and
hydraulic performances. These canisters (i.e., the

, activated charcoal, silver chloride, silver bromide

! and ion exchange beds) are to be "freshly loaded" and
subjected to the following simulated Shuttle launch
conditions.

(a) Launch "G" Load (G in any direction): 3

(b) Liftoff/Boost Random Vibration Levels: 2.5 min-
utes in each of 3 mutually perpendicular planes.

20 to 80 cps 3 dB/oct increase
80 to 180 cps 0.06 g2/cps
180 to 200 cps 12 dB/oct increase
200 to 400 cps 0.1 g~/cps
400 to 450 cps -12 dB/oct decrease
450 to 2000 cps 0.06_g2/cps

Fabricate a test fixture(s) to permit simul-
taneous exposure of all canisters to the shock
and vibration environments.

Par 3.2.3 Breadboard System Performance Testing

(a) Perform a baseline test before subjecting the

(b) After shock and vibration testing, subject the
l breadboard system canisters to a 7-day simulated
mission test using "worst case" simulated fuel
cell water and evaluate thcir biochemical and
’1' hydraulic performances.

x canisters to the simulated launch environments.

8
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Par 3.2.4 DPreliminary Flight Prototype Design

Prepare a design of a preliminary flight prototype
water bactericide system, after completing the
breadboard system performance tests. The design

is to be based upon (1) the results of Contract

NAS 9-12104, (2) the results of the breadboard
system performance tests,and (3) the results of the
shock and vibration tests. The design is to inter-
face with the Space Shuttle, emphasize simplicity,
and incorporate the flight characteristics of low
weight, low pressure drop, maintainability, and
compactness.

-

Par 3.2.5 Preliminary Flight Prototype Fabrication

Fabricate a preliminary flight prototype of the
potable water pactericide system. All materials
used in the construction are to be compatible with
tl.e working fluid (simulated fuel cell water) and
the Space Shuttle environment.

Par 3.2.6 Simulated Shuttle Mission Testing

Test the preliminary flight prototype system to
verify performance and design requirements.

(a) Perform a baseline test.

(b) Subject the system to the simulated Shuttle
launch environment specified in paragraph 3.2.2Z.

(¢) Perform mission testing after shock and
vibration tests with "worst case' simulated fuel .
cell water and biological contaminants.

The two candidate fuel cells (Pratt § Whitney and-General
Electric) produce a fuel cell water which differs from 'worst
case'" fuel cell water simulant. Following the completion of
"worst case" fuel cell water tests, Extended Tests were performed
with modified Preliminary Flight Prototype systems composed of a
minimum number of components, treating various grades of Pratt §&
Whitney and General Electric fuel cell water simulant. The
objectives of these tests were to simplify the system (i.e., reduce
the number of components) and to determine their useful life.
With Amendment/Modification No. 1S, Paragraph 3.2.-6 was amended
by adding the following:

‘ "Following completion of these 'worst case fuel cell water'

l system tests the preliminary flight prototype system
components shall be tested with various grades of simulated
fuel cell water to define the minimum bactericide system

1-7
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requirements for processing tcleaner' fuel cell water. the
useful life and dynamic performance of cach component shall
be determinred. A minimum of six simulated mission tests
shall be performed using three different compositions of
simulated fuel cell water (with and without chlorides), and
bacteria shall be injected daily. Sufficient water sampling
and analyses shall be performed to verify product water
potability and to determine when system useful life is
exceeded".

Accomplishments

The work performed under Contract NAS 6-12792 yielded the

following results and conclusions which are described in further
detail on the pages listed in parentheses.

1.3.1 Preliminary Wcusis

Experiments conducted with ion exchange resin mixtures show
that a mixed resin bed composed of 200 ml Amberlite IR-120,
150 ml Amberlite IRA-402 and 100 ml Amberlite IR-45,
produces an effluent which has the specified pH (6.0 - 8.0).
It is concluded that the addition of the strong base anion
exchange resin Amberlite IRA-402 prevented breakthrough of
acids (primarily HF) which are not satisfactorily absorbed

by the weak base anion exchange resin Anberlite IR-45
(pp 2-1 to 2-4).

Tests with ion exchange resins included in the activated
charcoal canister showed that the silver ion concentration
in the stored water increased to greater than 1 ppm from
0.08 - 0.10 ppm. Removal of chlorides reduce the ''common-

ion" effect on the solubility of AgCl (p 2-4).

Extraction tests on various nonmetallics used in the
construction of fuel cells indicated that solid-liquid
extraction was not a practical method of obtaining or
preparing organics for 'worst case' fuel cell water
simulant. Five organics, namely, (1) toluene, (2) propyl
acetate, (3) sodium lauryl sulfate, (4) isobutyl methyl
ketone, and (5) xylenol, were identified as probable
extractables from the nonmetallics; these compounds were
selected for use in 'worst case" fuel cell water simulant
(pp 2-4 to 2-6).

Adsorption isotherm tests were performed with the five
aforementioned organics and preselected activatcd charcoals.
Test rosults showed that a mixed bed of charcoals, composed
of 2 parts by weight Union Carbide's Columbia and 3 parts
by weight Westvaco''s Nuchar, has a capacity of 350 mg of
COD per gram of charcoal at equilibrium for a 100 ppm
mixturce (equivalent COD of 140 ppm) of the five organics

(pp 2-6 to 2-11).
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1.3.2 Zreudboard Tests

Two scven 3 hour) Breadboard SMI's were perlormed
with upgraded cunister contents. The results of the tests
demonstruted improved ;cvform\ .ce over that expericaced
under Contract NAS 9-12104. The product water quality was
exceilent; the pil rgnwﬂd between 7.0 and 7.1, the specific
resistance was alwoys greater than 150 000 ohm cm, and 95%
ov more of the orgunics weve removed. The silver ion
content of the product was, as cxpected, above 0.05 ppm,
ranging between 0.07 and 0.10 ppm. The inclusion of ion
exchangc resins in the ACE did remove the chlorides (common
ion) srom the FCW simulant, and increased the solubility of
AgCl by one order of magnitude; the net effcct was an
incrzuse in silver ion dose 1n the stored water frou
g;g-v\LMutely 0.1 ppm to approximately 1.0 ppm. It was
concluded that partial bypassing of deionized water through
the silver bromide column would be required to maintain the
dose of silver ions in the product water below 0.05 ppm

(pp 4-1 to 4-11).

Zandom vibration tests simulating launch environment showed
no e¢ifects on chemical performance (pp 4-3 to 4-11).

Random vibration and hvdraulic testing showed that AgBr
fincs werc produced either as a result of packing the
canister or attrition during vibration. It was concluded
thut a cartridge concept should be utilized to fucilitate
pack.ing and hdbhln” of the silver halide columns, and to
climinate prcnaraulon as the mechanism for AgBr fines
production (pp 4-3 to 4-8).

1.3.3 PFP Design § Fabrication

A Prcliminary Flight Prototype bystem was designed and
fabricated to treat ”worst case" fuel cell water simulant.
The system is an assembly of upgraded brcadboard canisters,

elded together. The system includes (1‘ a biological
:LAtCT f’) an activated charcoal and ion exchange canister,
(3) a silver chloride canister, (4) a deionizer, (S) a
silver bromide canister and (6) mock-up instrumentation and
circuitry for a pH meter, a silver ion meter and a system
Gelta-pressure transducer (pp 5-1 to §-12).

A new biological filter was designed and fabricated. It
contains a silter cartridge, a chec< valve, a bypass relief
vaive, and a AgCl column (pp 5-3 to 5-5).

A sTlver Lloride cartridge was designed and fabricated to
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: . Loy renaratlon . or “he ArCl-rLiuss beoad
Asn\-k.& oW PaC] ATATLONL Lau Wubu.&uu A wiaC I\ObA o+ UudD Cunu
. . ~
/

R

Fradiras T4

et




-

PP UR N S o e hna s o S SR Ed . e

D. A silver breomide cartridge wio Jesigned ana fabricated to
Jucilitate prepacation and washing of the Agbr-ilass bead
bed, to bypass some of the water passing through the
canister and to obtain a silver dose of approximately 0.05
ppm in the product water (pp 5-7 and 5-8).

oot
B

 baseline SMT was performed with tae Preliminary
rototype system. The nerforince of the PFP systenm
was satisfactory und according to nyedictions; the product
water quality was excellent and within all specifications
for potability. (pp 6-1 to 6-6).

B. A0.02 - 0.03 ppm silver ion dose and 21 hecurs of contact
time exhibits bactericidal activity against 104 Pseudomonas
aeruginosa and/or Type IIla bacteria (pp 6-3 and 6-6).

C. “andom vibration testing of the PFP hardware showed no
significant detrinmental effects (p 6-3).

D. Random vibration and hydraulic testing of the PFP hardware
showed no wash-out of AgBr fines (pp 6-3, 6-8 and 6-6).

E. An eighteen day SMT was performed with the PFP system which
included injection of bacteria at possible points of entry
during the first ten days. The performance of the system
was satisfactory; the product water quality was excellent
and within all potability specifications for the first 13
days. On days 14 to 18, the product water pH was below
6.0. The silver ion content of the stored water was
approximately 1 ppm; this silver ion dose was bactericidal
against 3 £ 1 x 109 (i.e., § = 1 X 104/m1) Psecudomonas
acrucinosa and/or Type IIla, and reduced Bacillus subtilis
spores by three orders of magnitude in 21 hours (pp 6-8 to 6-17).

1.3.5 Tests without Chlorides in the Simulant

Three tests were performed with a modified PFP system
processing simulated Pratt & Whitney fuel cell water. The
components used in these tests are: (1) a one-micron particulate
filter, (2) a silver chloride column, and (3) a deionizer with a
npartial bypass (pp 7-1 to 7-18).

A. A seven day SNT was performed with "worst case' Pratt §
Whzney type fuel cell water simulant containing 100 ppm
organics. The product water »H was within snocifications
during the Jirst four days; approximately 3I.0% of the
“leoretical Lon exchanje capacity was expenuea vefore pi
5orakthrousi.  Anproximaiel:r 804 of the 03 ,anics were

N
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thercafter. The silver ion concentration was approximately
1.1 ppm in the storcd water and upproximately 0.05 ppm 1n
the product water (pp 7-5 to 7-9).

B. An cight day SMT was performed with mmid casc' Pratt §
Whitney type fuel cell water simulant containing 50 ppm
organics. The product water pil was within specifications
during the first six days; approximately 32.9% of the
theoretical ion exchange capacity was expended before pH
S reakthrough. Approximately 70 - 80 ¢ of tiie organics
were removed during the first three days and virtually none
thereafter. The silver 1on concentrations werc approxiiately
1 ppm in the stored water and 0.04 - 0.0S5 ppm in the product
water (pp 7-9 to 7-15).

c. An eleven day SMT was performed with "low case" Pratt &
whitney type fuel ceil wateY simulant containing 10 ppm
organics. The product water pd was within specifications
curing the first ten days. Approximately 27.5% of the
theoretical ion exchange capacity was expended before pH
breakthrough. No discernable amount of organics weTe
removed. The silver ion concentrations were approximately
1 ppm in the stored water and 0.05 ppm in the product

water (pp 7-14 and 7-16 to 7-22).

D. An in-depth, one-micron filter does not exclude bacteria
and particulates effectively (pp 7-5,7-8,7-9,7-12,7-15 and 7-21).

E. A 1 ppm silver ion dos¢ was bactericidal against 3 = 1 x
1010°(i.e., 3 * 1 x 105/ml) Pseudomonas aeruginosa and/or
Type IIIa in 4 hours oY less (pp 7-8, 7-15, and 7-21).

F. A 1 ppm silver ion dose at ambient temperatures reduced
Bacillus subtilis counts by up to 5 orders of magnitude in
74 hours (pp 7-8, 7-15 and 7-21).

G. A 0.050 ppm residual silver ion dose was morc efficacious
2t elevated teuperatures, 330 - 3360K (135 - 145°F) than
at lower temperatures, 279 - 2829K (42 - 489F). When
breakthrough or contamination of Bacillus subtilis occurred,
their counts at the hot water outlet were Tower than at the

cold water outlet (pp 7-8, 7-15 and 7-21).

1.3.6 Tests with Chlorides in the Simulant

Two tests wore performed with a modified PFP system
processing General Ilc. sic type fuel cell water simulant. The
components of this syste.w ave: (1) a biological uilter, (2) an

silver chloride coluwn, and (4) a
yaass (pp 7-18 @i 7-23 to 7-42).
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A. An cight duay SMT was performed with "worst case" General
Electric type fuel cell water simulant containing 100 ppm |

nrganics. The product water pll was within specifications
during the first seven days; approximately 25.2% of the ‘
theorcotical ion cxchange capacity was cxpernded before pli
broakthrouch. Approximately 00% of thec owrgpunics were
removed during the first five days and “hescwlter virtually
none. Thne silver ion concenirations weie . gproximately 1

5 ppin in the stored wLuly _nd wopnroximately 0.05 ppm in the ‘
f PTOGLCE Wawd (00 7-iu 20 7-32).

~

‘ B. A twenty day SMT was serformed with "low case' General
Electric typc fuei ccll water simulant containing 10 ppm
organics. The product water pl was within specifications
i . 1.+inn the first eighteen days; approximately 2z1.6" of the
¢ ; . SRARIUE SLosacity Was expliinione vl pil
| o Drcaninive, -+ . -+ sount of oxganics were
romoved. Iae Siiver cuaceairntions were approximately 1
Sou o in the stored water and approximately 0.05 ppm in the
product water during the first 13 days; thereaiter the
silver ion concertration decreased daily as the absorptive ‘
capacity of the ion exchange corumn upstream of the AgCl |
canister diminished from 0.9 pprn.on day 14 to 0.16 ppm on
day 20 in the stored wateT, and from 0.05 ppm on day 14 to
0.024 ppm on day 20 in the product water (pp 7-32 to 7-42).

C. The biological filter excluded bacteria and particulates
effectively (pp 7-31 and 7-40 to 7-42) . (

D. The bactericidal/bacteriostatic effects of a 1.0 and 0.05
ppm silver ion dose were similar to results ;reviously
experienced during the PFP Tests and the Extended lests
without chlorides in the simulant (pp 7-31 and 7-40 to 7-42)«

1.3.7 AgBr Efficacy Tests

Four tests were performed with a modified PFP system
nrocessing anticipated fuel cell water simulant. A AgBr column
with a partial bypass was the only component employed (pp 7-43 to 7-51).

A. Two tests were performed with anticipated fuel cell water
simulant containing 10 ppm organics. A 0.05 ppm silver ion
dose was bactericidal against 3 t+ 1 X 109 (i.e., 5 ¢t 1X
104/m1) Pscudomonas aeruginosa and/or Type IIIa in 15
minutes or less (pp 7-46 to 7-48).

i &

B. Two tests were performed with anticipated fuel cell water
sinulant containing 100 ppm organics. A 0.05 npm siiver
] 100 dume .. actericidsl wgaianst 3z 1 x 209 (i.¢., 5 t 1
X 10" /wk, L _eeny opevuinosaoanc/ow Type 7I1Ia in i35

i
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1.3.7 Odor and Taste Tests

A. Anticipated fuel cell water simulant with 10 ppm organics
(2 ppm each of toluenc, propyl acctate, sodium lauryl
sulfate, isobutyl methyl ketone, and xylenol) has an Qdor
No. 8 and a Taste No. 10 (p 7-50). '

B. Product waters from the xtended test with "low case"
General Electric type Ffue. cell water simulant containing
10 ppm organics (i.e., Extended Test No. 5) had the
following odors and tastes (p 7-50).

Test Odorx " Taste
Day No. No.
1 5 3
20 i2 .-

C. It is concluded that none of the product waters obtained
during the Extended Tests (with and without chlorides)
%%tisg%ed the potability criteria for Odor (No. 3)and Taste

NO. &) o

1.4 Recommendations

This report shows that a 0.050 ppm silver ion dose, passively
added to fuel cell watexr simulant was bactericidal against the two
tyBes of bacteria previously found in Apollo water systems; 3 & 1l x
109 or § + 1 x 104/ml Pseudomonas aeruginosa and/or Type Illa
cells were killed in fifteen (15) minutes Or less. All of the
components used in the Preliminary Fiight Prototype (PFP) system
designed to treat "worst case" fuel cell water simulant proved
to be reliable, have sufficiently low resistance tO flow and
have the desirsd useful life. However, the components used in
the modified PFP systems to treat various grades of Pratt &
Whitney and General Electric fuel. cell water simulant had two
shortcomings; namely, (1) the in-depth one micron particulate
filter did not exclude bacteria and particulates effectively,
and (2) the ion exchange resins did not remove the organics
adequately to satisfy the potability specifications for odor and
taste.

It was demonstrated that only a filter and silver bromide
column were required to treat "anticipated" fuel cell water
(i.c., the new baseline fuel cell water composition for the
Space Shuttle;. However, even if the fuel cell water complies
with the chemical limits for potability, it may h: - objectionable
odor and taste. The experimental data collected auw tue Teyuircements
indicate that as a minimum the Space Shui: o water treiatment system
shoule inscaude (1) a vlological Jister, (&, an activated charcoal
bed unu (37 a silver bromiuc DCG.
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It is recomrended that NASA continuc the development of a
system utilizing silver ions as the bactericide. The next
logical step in the development is to design, fabricate and
ovaluate an advanced prototype silver ion water bactericide
system. The advanced prototype must incorporate the flight
characteristics of minimum weight, low pressure drop, main-
tainability and compactness. The advanced prototype system
should bc exposed to cimulated Shuttle launch environments to
demonstrate hardware integrity and maturity, and following
vibration exposure the advanced prototype system should be life
tested under simulated Shuttle 7-day mission conditions.
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PRELIMINARY TESTING

Preliminary testing was performed to resolve the problems
which arose under Contract NAS 9-12104. These problems includ-
ed low product water pH, high TOC measurements, and low Ag™ con-
centration in the stored water.

2.1 Ion Exchange Resins Investigations

Ion exchange resins were investigated to rectify the low
pH problem encountered under Contract NAS 9-12104. An indus-
trial survey, literature study and development tests werc pcer-
formed. The problem was satisfactorily resolved by providing
strong base anion exchange capacity (Amberlite IRA-402) to pre-
vent the breakthrough of acids (primarily HF) which were not
satisfactorily absorbed by Amberlite IR-45 (a weak base anion
exchange resin).

The industrial survey and literature study indicated that a
mixed bed configuration would always produce a higher quality ef-
fluent; this information eliminated separate bed (conventional or
reverse) configurations from further consideration. The survey
also indicated that in addition to the various strong base anion
exchangers, an intermediate base anionic resin (Rohm & Hass Com-
pany's Amberlite IRA-47 or BioRad Laboratory's BioRex §) was
available, which had service temperature capabilities up to 366°K
(200°F) and was compatible with the sterilization_techniques.

A series of development tests were performed with the bread-
board system using 'worst case" fuel cell water; the goal was to
achieve a pH27. The results of these tests are summarized in
Table 1. The tabulated information shows that increasing the ra-
tio of weak base anion to cation exchanger (Test 2) did not in-
crease the pH over 7, and the use of 4he intermediate base anion
exchanger did not improve the pH over the baseline (Test 1). The
results of theseé tests also indicated that weak and intermediate
base anion exchangers do not have the capability to absorb the
acidity; therefore, it was concluded that a strong base anion
exchanger would have to be employed.

Strong base anion exchangers were used in Tests 4, 5 and 6.
The tabulated data shows improvements in pH and adsorption capa-
bility. Test bed 4, a commercially available mixture of a strong
acid cation exchange resin (Amberlite IR-120) and a strong base
anion exchange resin (Amberlite IRA-400) in a one to one equiva-
lent ratio, increased the pH over the baseline, but the goal of
a pH >7 was not achieved. Test 5 shows that increasing the
amount o, strong base anion to cation exchanger was beneficial.
Test § csu.ts also indicate that the strong base anion exchanger
(Amberiite IRA-402) loses some of its capacity as a result of the
sterilization cycle (24 hours at 34494). Test ped 6,_a mixture
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Table 1

DEIONIZER DEVELOPMENT TESTS

Test 1

Bed:
Sterilization:

Mixed, 240 ml Amberlite IR-120 § 210 ml A
3559K (180°F) water bath for 18 hrs wit
min deionized water flushing.

mberlite IR-45
h 50 ml/

Ag*
Conc.

(p[zlll)

" «<0.010

<0.010
<0.010

Specific Total Total
Resistance Acidity Solids
Day pH (megaohm-cm) (ppm) (ppm)
1 6.0 0.82 --- 3
2 6.1 0.86 2.0 2
3 5.7 0.74 1.6 2
Test 2
Bed: Mixed, 165 ml Amberlite IR-120 & 285 ml ! .berlite IR-45

Sterlization:

3550K (180°F) water bat

ml/min deionized water flushing.

Specific Total
Resistance Acidity
Day pH (megaohm-cm) (ppm)
1 6.3 0.94 3.0
2 6.1 1.4 1.6
3 6.3 1.28 1.6
Test 3
Bed:

Sterlization:

Total
Solids

3
4
3

ml/min deionized water flushing.

Specific
Resistance
Day * pH_ (megaohom-cm)
1 5.1 0.24
2 4.7 0.09
3 4.05 0.02

Total
Acidity
(ppm)
4.0

14.2
16.0

Total
Solids

(ppm)
4

11
2

h for 18 hours with 50

Ag*
Conc.

(ppm)

<0.010
<0.010
<0.010

Mixeh, 260 ml Amberlite IR-120 & 190 ml Amberlite IRA-47
3440K (160°F) water bath for 24 hours with 50

Ag®
Conc.

<0.010
<0.010
<0.010




Table 1 (Concluded)
Test 4

Bed: 450 ml Amberlite MB-1 (mixture of Amberlite IR-120 §
Amberlite IRA-400) -
Sterilization: 3449K (160°F) water bath for 24 hours with
50 ml/min deionized water flushing

Specific Total Total Ag?t
Resistance Acidity Solids Conc.
Day pH (megaohm=cm) (ppm) (ppm) (ppm)
1 6.6 1.26 1.0 2 <0.010
2 6.4 0.98 1.2 9 <0.010
3 6.6 0.88 1.4 7 <0.010
Test S

Bed: Mixed, 120 ml Amberlite IR-120 & 320 ml Amberlite IRA-402
Sterilization: 3449K (160°F) water bath for 24 hours with
40 ml/min deionized water flushing.

Specific Total Total Ag*

Resistance Acidity Solids Conc.

Day pH (megaohm-cm) (ppm) | (ppm) (ppm)
1 7.6 1.1 1.0 10 <0.010
2 7.6 0.98 1.0 12 <0.010
3 7.5 0.80 1.0 1 <0.010
4 7.4 0.44 1.0 6 <0.010
5 7.3 0.16 1.8 8 <0.010
6 4.8 0.01 12.0 5 <0.010
7 4.1 0.01 18.0 9 <0.010

Test 6

Bed: . Mixed, 200 ml Amberlite IR-120, 150 m1 Amberlite IRA-402
and 100 ml Amberlite IR-45.
Sterilization: 3449K (1609F) water bath for 24 hours with
40 ml/min deionized water flushing.

Specific Total Total Ag*
Resistance Acidity Solids Conc.
Day pH_ (megaohm-cm) (ppm) (ppm) (ppm)
1 7.8 1.3 1.0 1 <0.010
2 7.6 1.1 1.0 1 <0.010
3 7.5 1.1 1.0 4 <0.010
4 7.5 1.0 1.0 2 <0.010
5 7.5 0.78 1.6 2 <0.010
6 6.2 0.10 4.2 9 <0.010
7 6.0 0.07 5.6 3 <0.010
8 6.0 0.03 8.8 4 <0.010
9 5.3 0.01 8.8 7 <0.010

2-3
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of weak and strong base anion exchangers, cvidenced more acid
absorption capability and pH control than test bed 5 which con-
tains only strong base anion exchangers. The maximun rccommend-
cd operating temperature for the strong basc anion cxchange res-
ins is 3339K (1409F). The tabulated information also shows that
the silver ion concentration from the deionizer is below the
desired value (0.05 ppm maximum); the strong acid cation ex-
changer (Amberlite IR-120) is satisfactorily absorbing Ag+.

A deionizer with the composition of test bed 6 was employed
in the design of the Preliminary Flight Prototype System because
it performed the best and had satisfactorily withstood the ster-
jlization cycle. It was also decided to place approximately 985
cubic centimeters (60 cubic inches) of this resin mixture in the
activated charcoal column to pick up chlorides in the simulant.
Removal of the chlerides reduced the common-ion effect on the
solubility of the silver chloride. As a result the silver ion
concentration in the stored water increased to greater than 1 ppm.

2.2 Activated Charcoal Investigations

Under contract NAS 9-12104 the organic constituent (ethylene
glycol) used in the FCW simulant was not readily adsorbed. 1In-
quiries to various suppliers of activated carbon indicated that
Jow molecular weight, soluble organic matter is not very adsorb-
able. Subsequently General Electric (developer of a fuel cell)
informed NASA JSC that ethylene glycol would not be an organic
contaminant of fuel cell water. If ethylene glycol was present,
the fuel cell would not be in a normal operating condition.

NASA JSC performed extraction tests on various nonmetallics
used in the construction of the fuel cell, and concluded that
three materials are the primary contributors of the organic con-
taminants. The nonmetallics were identified as (1) 3M's AF-42
Scotch Brand Weldbond Film, (2) General Electric's RTV-630, and
(3) Union Carbide's Polysulfone.

Extraction and decantation tests were performed-at ambient
and elevated temperatures over a seven day period by CHEMTRIC.
The results of these tests are presented in Table 2. The tabu-
lated information shows that the amount of organics extracted
each day diminishes with time. The data shows that (1) 3M's AF-
42 adhesive film contributes the most organics per unit area, (2)
GE's RTV-630 silicone rubber eludes one-third the amount of or-
ganic per unit area, and (3) Union Carbide's Polysulfone is the
lowest source of organics per unit area. In the fuel cell, only
355 square centimeters (55 square inches) of AF-42 adhesive film
arce exposed to fuel cell water, whereas, 14,450 square centimeters
(2240 square inches) of RTV-630 and 542,000 square centimeters
(8400 square inches) of Polysulfone are exposcd to fuel cell
water. Calculations indicate that to obtain 100 ppm of total or-
ganics in the FCW simulant (63 liters/day) for the future bread-
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" Table 2 NONMETALLIC EXTRACTION TESTS
Quantity OWMg COD/c:m2 /day
Day AF-42 RTV-630 Polysulfone
1 249 5 . 20
2 28 5 20
3 14 5 - 20
4 6 5 20
5 2 5 20
6 2 5 20
7 2 5 20
Average 47 5 20
| Elevated Temperature
Quantity of Organic Extracted «g COD/c:m2 /day
Day AF-421 RTV-630 2 Polysulfone 3
1 360 5 20
2 , 110 48 20
3 70 | 121 | 20
4 28 5 20
5 14 5 20 |
P
6 2 5 20
7 2 5 20
Average 84 28 20
1 “levated to 3449K (160C°F) for a 1 hour period daily

2 Elevated to 366°K (200°F) for a 1 hour period daily '
3 Elevated to maximum of 372°K (2109F) for a 1 hour period !
days 3 -~ 7. ‘
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board and PFP simulated mission tests (35 days) would require the
preparation, processing and extraction of over 92.9 squarc meters
(1000 square feet) of adhesive film, RTV-630 silicone rubber film,
and/or polysulfone sheet material. This approach to obtain rep-
resentative organic contaminants was deemed not practical.

The organics extracted from 3M's AF-42 adhesive film and GE's
RTV-630 were subjected to activated charcoal adsorption tests.
Figures 3 and 4 present the adsorption isotherms of two different
activated charcoals. The data shows that Westvaco's Nuchar brand
of activated charcoal has more adsorptive capacity for the ex-
tractables from both the AF-42 adhesive film and RTV-630 silicone
rubber than Witco's 718 brand of activated charcoal.

Since solid-1iquid extraction was not a practical approach
to gencerate 100 ppm of organics and because NASA JSC desired 100
ppm organics at. all times in ne "worst case' FCW simulant, an in-
dustrial survey and literatuic siudy was performed to determine
the probable extractables from Nylon, Teflon, RTV-630 silicone
rubber, Polysulfone, and epoXy adhesive films. Five organics
were identified as probable extractables from the aforementioned
nonmetallics. They ars as follows: (1) toluene, (2) propyl ace-
tate, (3) sodium lauryl sulfate, (4) isobutyl methyl ketone, and
(5) xylenol.

Adsorption isotherm tests were performed with the five pre-
viously mentioned organics at 100 ppm concentration and with two
different types of activated charcoal. Figures 5 a2nd 6 present
the adsorption isotherms for Westvaco's Nuchar activated charcoal
and Union Carbide's Columbia activated charcoal. The plots show
that Union Carbide's Columbia brand of activated charcoal has
more adsorptive capacity for toluene and propyl acetate, whereas,
Westvaco's Nuchar brand of activated charcoal has more adsorptive
capacity for sodium lauryl sulfate, isobutyl methyl ketone and
xylenol.

An adsorption isotherm test was performed with the five or-
ganics (toluene, propyl acetate, scdium lauryl sulfate, isobutyl

Y

. methyl ketone, and xylenol) each at 20 ppm concentration and with

a mixed bed of activated charcoals composed of 2 parts by weight
Union Carbide's Columbia and 3 parts by weight Westvaco's Nuchar
to determine minimum activated carbon requirements. Figure 7 pre-
sents the adsorption isotherm. The plot shows that the mixture

of activated charcoals has a capacity of 350 mg of COD per gram
of charcoal or 35.0% at equilibrium.

2-6
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2.3 Conclusions

The Preliminary Testing proved very productive. The three
problem areas of contract NAS 9-12104 were resolved. The pro-

duct water pH was found to be within the
jevel for at least seven days. The low ¢
ions in the stored water was rectified.
placed upstrcam of the silver chloride co
bility of the silver to increase by .an or
nally, more representative organic consti
water were defined and a proper mixture o

‘was found to remove at least 95% of these
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SECTION 3

TEST PROCEDURES_§ METHODS

3.1 Test Routine

3.1.1 Water Management

The daily test routine was dictated in part by the
need to accomplish sampling and simulant preparation within an
8-hour day (single shift). The specific simulant influent flow
rates, i.e., 3.95 liters/hr and 1.98 liters/hr (8.7 1lb/hr and
4,35 1b/hr) ,were used for the time durations specified below.

An SMT was initiated at mid-day. The initial simulant in-
put rate was set at 4 liters/hr (approximately equal to.8.7 1b/
hr) and maintained for four hours. At this time, the rate was
reduced to 2 liters/hr (approximately equal to 4.35 1b/hr) and
maintained for sixteen hours. During the 16-hour period, the
system was unattended except for brief status checks. At the
beginning of the 21st hour, the simulant input rate was increased
to 4 liters/hr. Product water draw-off and simulant/product
water flow .regimen were followed on each day of each SMT.

The simulant and product water flow rates were verified by
graduated reservoirs and elapsed time measurements. Instanta-
neous read-out of the product water flow rate was provided by a
calibrated flow meter.

System pressure was controlled by the pressurant gas regu-
lator. An operating pressure of 231,000 Newtons per square meter
(33.5 psig) was necessary for a water delivery rate of 22.7 liter/
gr 350 1b/hr) with 207,000 Newtons per square meter (30 psi)

ead.

The bactericide system was challenged by injecting known
quantities of viable bacteria into the system at selected loca-
tions. Bacteria were injected once each day at a single loca-
tion.

3.1.2 Water Sampling

An important objective of the test program was the
evaluation of individual component performance as well as over-
all system performance. To accomplish both evaluvations, sam-
pling and subsequent analysis of water at intermediate stages
in the system had to be performed in addition to final product
water sampling analysis. Such activity was conducted uniformly
in each SMT to insure a common basis of comparison.
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2.1.2.1 Intermcdiate Sampling and Analyscs

This effort was primarily to assess the
silver dose level achieved by the AgCl column and to assess the
performance of the activated charcoal filter.

Samples were taken twice each day (4 hours and 21 hours
after start-up) from the septum downstream of the storage tank.
The metering pump was stopped for sampling so that only tank
contents were sampled. All samples were taken aseptically. Two
separate 500 ml samples weTre taken at each time, thereby provid-
ing individual samples for chemical and bacteriologic analysis.
Five milliliters of 1/10 normal sodium thiosulfate were added
to the 500 ml biological sample immediately after sampling to

arrest the bactericidal action of silver ions.

3.1.2.2 Final Product Water Analyses

Sampling of the final product water was
performed at the end of each test day when the product water was
being drained from the system. Grab samples were taken in the
first, second,and third hours of hot and cold water draw-off
for in-house analyses, primarily biological. Chemical analyses
were performed on the accumulated product water each day.

The first 500 ml of product water drained was taken from
the hot water outlet valve. Half of the sample was used for
biological analyses while the remainder was used for silver
analyses and key performance characteristic/determination.

The first 500 ml of product water drained from the cold
water outlet valve was sampled. Again, half of the sample was
used for biolcgical analyses while the rest was used for chemi-
cal analyses.

The second hour grab samples from each outlet valve were
used exclusively for biological analyses (plate counts). All
grab samples were taken in sterile bottles directly from the
hot and cold outlet valve.

Samples of product water were taken directly from the res-
ervoir after all of the product water had been drained off.
The analyses were performed on the product water each day. In
addition, numerous samples were shipped to NASA JSC for conm-
plete analysis on selected days.
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2.2 Simulant Definition

Duplication of the particulate load could not be achieved
without significant departure from the stated contaminant con-
tent. To duplicate the particle load, more than 1000 ppm of
various sized particles would have to be added. CHEMTRIC approx-
imated the particulate contamination requirements by the following:

1. Increased the silica content from 20 ppm to 100. A 250 mesh,
silica powder provides particles in the 50 to 100 micron
range.

2. Relied on the added bacteria (10,000, 1 to 2 micron particles
per 100 ml) to simulate particles at the low end of the par-
ticle size spectrum.

3. The specified alkalinity (greater than 30 ppm calcium car-
bonate) and the specified pH range were incompatible without
the presence of alkaline buffers such as carbonates and
phosphates; such anions were not included in the worst case
constituent tabulation. The problem was further compounded
by the fact that many of the metals form (1) highly insoluble
carbonate and/or phosphate salts, and (2) highly insoluble
hydroxides in solutions with alkaline pH values. The prob-
lem was really a question of elimination of either the metal-
lic elements or the alkalinity requirement. CHEMTRIC recom-
mended that .the metallic elements be retained. The pH of
the FCW simulant was adjusted by the addition of a standard-
ized alkaline solution (sodium hydroxide) to the specified
pH range.

4. Five organics previously identified as probable extractables
from the non-metallic construction materials of the fuel
cell (toluene; propyl acetate, sodium lauryl sulfate, iso-
butyl methyl ketone, and xylenol) were used in equal concen-
trations (20 ppm each) to provide the 100 ppm organic load.

Except for the deviations noted above, all of the constitu-
ents specified were included in the FCW simulant. The constitu-

ents along with their respective concentrations are listed in
Table 3.

3.3 Chemical Analyses § Methods

This analytical effort was carried out in-house and at NASA
JSC. Standard methodology was employed in all analyses.

7
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{ Table 3 WORST CASE FCW SIMULANT COMPOSITION . “
l Cationic Species Concentration (ppm) i
i Cadmium 0.01
[ Copper 1.00
: Iron 0.30
: Lead 0.05 ' ,
? Magnesium 0.17 '
: Mercury . 0.005 '
Nickel 0.05
Platinum 0.05 5
. Potassium 0.54 g
; Sodium 3.30 ‘
i i Titanium 0.20
: i Zinc ' 5.00
a i‘ Anionic Species
i Chloride 8.1 6 :
e Chromate 0.1 (Cr'° = .05) i
Fiuoride 1.6 '
Nitrate 0.04
Selenite 0.08 (Se = .05) ;
Sulfate 6.5
Particulate |
Silica (50 - 100 m) 100
Bacteria (1 - 10 &) 100,000/1iter
Other : )
Total Solids 250
Total Organics 100
pH (pH units) 6.0 - 8.0 ;
J/
i
{
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‘he analytical methods employed at NASA JSC are described
in deoisl in Document No. CSD-A-7206 (Procedure Manual for Water
Analysis). \he proccdures contained in the above manual arc

buscd on the procedures contained in the Standard Mcthods™ text

or on supcrior imstrumental methods (e.g., atomic absorption).

.o chemical analyscs were performed in-house using the
foliowing metheo ology.

(1) Specific Resistance

(a) Method - Standard Methods text, pages 323 - 327
(") Instrument - YSI Model #31, Conductivity Bridge
() Accuracy - £ 1% in range of 2 ohms to 2 megaohms
(2) o
(a) Method - Standard Methods text, pages 276 - 281
(b) Instrument - Corning Model 7 pH meter
(c) Accuracy - % 0.05 pH (relative)
(3) Turbidity

(a) Method - Nephelometric as per instrument manu-
facturer's manual

(») Instrument - Hach Chemical Co., Model No. 2100 A
laboratory turbidimeter

(c) Accuracy - * 2% of full scale

(4) Total Solids

(a) Method - Gravimetric as per Standard Methods text, 7
pages 535 - 541

(b) Instrument - None
(¢) Accuracy - * 5%

* S~an ‘ard Methods for the Examination of Water and Waste
Nowe., L3cn &d., AJuA, AWWA, WPCF, Washington, D.C. (1971)




(5, Chlorice : i

(4) ethod - Titrimetric, mercuric nitrate method as per
Standurd Methods text, pages 95 - 99 :

.., Instrument - Nonc

(¢) Accuracy - % 4 ppm

(6) Silver

(a) Method - Atomic absorption

(b) Instrument - Perkin-Elmer Model 103, Atomic Absorp-
tion Spectrophotometer '

(¢) Accuracy - = 0.2%
(7)  COoD
(a) Method - Standard Methods text, pages 495 - 499 1

(b) Iastrument - None
(¢) Accuracy - £ 2 ppm
(8) " Acidity
(a) Mcthod - Standard Methods text, pages 50 - 52
(b) Instrument - None
: (¢) Accuracy - £ 1 ppm

(9) Alkealinity

(a) Method - Standc-d Methods text, pages 52 - 56
(b) Iastrument - None

(¢) .sccuracy - + 1 ppm

3.4 DBacteriologic Analyses § Methods

« The methodology for culturing the test bacteria, prepar-
| ing hacteria challenge doses, and analyzing water are present-

od i, .. following discussions. Standard techniques were em-
‘ ployca. i

] 3-6
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The test bacteria were chtained as follows:

(1) .ype Illa from the National Center for Disease Control, )
Atlanta, Ga. . 5

(2) Pscudomonas aeruginosa from the American Type Culture Col-
Tection - type #14502

(3) Bacillus subtilis from the American Type Culture Collec- )
tion - type #6633. !

3.4.1 Culturing and Dose Preparacion

The above cultures were transferred to appropriate
media upon receipt. Sub-cultures of the initial transfers were
made wnd after incubation, were refrigerated for future use.

The flavobacterium species and the Pseudomonas species
were cultured on APT agar; the same¢ medium was used in the
analyses of water samples. The bacillus species were cultured
on AK agar #2; as with the other bacteria species, the cultur-
ing medium was also used in the analyses of water processed in
the SMT and dosed with the bacillus species. Periodic checks of
culture purity werc made by gram stain, spore stain and streak
plate preparation. :

sy N

The same general procedure was followed in preparing the
. challenge doses of cach of the three test bacteria. However,
j the bacillus species did require heat trecatment to kill off
: vegetative cells and consequently some special treatment was
required.

R

A correlation between viable cell count and suspension -
turbidity was established for each test species. This correlation ;
was used subsequently to aid in determining the cell count in [
the test dose prior to injection into the system. The detailed
procedures were as follows:

(1) Inocculate a kolle flask containing 200 ml of the solid
nutrient medium and incubate at 3099K (96.8C°F) for 48
hours (120 hours for B. subtilis).

(2) Harvest the culture by teasing the agar surface with a wire
loop in the presence of 25 ml sterile, phosphate buffered
saline (PBS).

s 4




(3) ‘ruensfer the suspension to 4 sterile, cappecd flask contain-
ing 25 m) PBS and a quantity of glass beads. The flask

3

was agituted vigorously for 15 minutcs.

(4) The above suspcnsion was then decanted into a sterile,
capped, centrifuge tube which in turn was centrifuged.
The supernatant liquid was decanted off and the cells
resuspended in 50 ml PBS and centrifuged again. The
cells were then resuspended in 25 ml PBS.

(5) The final cell suspension was then submitted to sc¢rial,
decade dilution using 10 ml aliquots. Plate counts (Mem-
brune Filter technique) and turbidity readings were made
on cuch of the dilutions. The correlation established be-
tween cell count and turbidity values were used in prepara-
tion of the challenge doses.

The correlation established above permitted estimation of
the cell count in subsequently prepared suspensions without in- -
curring the delay (24 - 48 hours) inherent in plate counts.
Subsequent suspensions were prepared by the above procedures
up to step 4. An aliquot of the suspension was then subjected
to selected dilutions; the turbidity of these dilutions was
determined. From the turbidity, the cell count of the suspension
was read from the correlation curve for that species.

Once the cell count of the final suspension was known, the
challenge dose could be fixed accurately each time. The minimum
challenge dose was 106 viable cell and/or spores.

The bacillus species was treated in an identical manner as
above up to step 4. However, 8 kolle flasks of this species
were uscd and the final suspension resulting from step 4 was
combined in a sterile flask. This combined suspension was im-
mersed in a 3430K (158°F) water bath for 30 minutes after heat
treatment; the combined suspension was submitted to plate counts
(MF tech:ique). The serial dilutions used in the plate counts ,
werc submitted to turbidity measurements for reference purposes. y
The combined suspension served as the stock for all B. subtilis
doscs.

An aliquot of all challenge doses was submitted to plate
count procedures on the day of injection to verify the esti-
mated dcse.

32.4.2 Quantitative Analysis

The assay method used for water analysis and
wlysis o <hne cell suspensions was the membrane filter tech-
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nique. The nutrient media used for culturing the test bacteria
was also uscd in the assay. Sodium thiosulfate (1.0 ml of 0.1

N solution per 100 ml of water) was added to cach sample as soon
as possiblc after sampling to arrest the bactericidal action of
silver. .

The membranc filter method of assay is a standard procedure
and need not be described at length. The salient features of
the subject application are as follows:

(1) Five hundrcd ml of samples were filtered.

(2) The filter disc was woshed with three 100 ml aliquots of
0.001 N sodium thiosulfate, followed by washing with three
100 ml aliquots of APT broth. Filter discs used in cell
suspension assays were washed with APT broth only.

(3) Standard filter disc holders were used (Millipore catalog
#XX11-047-00).

(4) Standard filter discs (47 mm diameter)were used; the pore
size was 0.22 microns.

(5) The filter discs were placed (rolled) onto the surface of
the appropriate agar medium; the petri dishes were sealed
with plastic tape and incubated in a humidified incubator.

(6) The above plates were inspected for growth after 24 and 48
hours of incubation.

All water samples were assayed on the day that they were
acquired.

3.5 NASA JSC Lab Silver Analyses

Samples of stored water and product water were analyzed for
silver content by the JSC Labs. The results of these analyses
are presented in Appendix B and compared with the determinations
performed by CHEMTRIC. The objective of conducting duplicate
analyses was to corroborate the CHEMTRIC analyses and to establish
a confidence level in the performance of the components and system
under developmentc. The silver analyses by CHEMTRIC were performed
on the day the samples were collected; whereas, the silver analys-
es persoimed by the JSC Labs were performed several weeks after
completion of a test.

3-9
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In general the results were comparable. However, tWO
types of anomalies weTe observed. In the more prevalent type
of anomaly, the EC3 Lab silver determinations were less than
CLHEMTRIC'S determination. The Ellington DD6 Lab silver anal-
yses confirmed the differences. Shelf tests indicated that
recycled polypropylene plastic sampling bottles were deplet-
ing the silver concentration. The recycled piastic bottles
occasionally contained biologically contaminated water, and the
water to be discarded was dosed with ijodine before discarding
" Tdown the drain. It was concluded that iodine was absorbed
by the polypropylene plastic and subsequently reacted with the
silver ions during shipment and reduced the silver ion concen-
tration. This problem was eliminated by immediately transfer-
ring water samples to new plastic bottles if samples were Coi-
lected in recycled bottles and eventually discarding all of
the old recycled polypropylene bottles.

In the lesser type of anomaly the EC3 Lab silver determina-
tions wers greater than CHEMIRIC's determinations. It appears
that contaminants were being extracted from some of the poly-
ethiylene plastic shipping bottles and were interferring with
the analysis, since analytical corroboration was achieved on
duplicatc samples shipped in another polyethylene bottle. How-
ever, a more detailed investigation of this anomaly was not
conducted because the source of contaminants was attributed to

some polyethylene bottles of random quality.

3-10
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SECTION 4

BREADBOARD TESTS

Two scven-day (168 hour) simulated mission tests wcrc per-
formed with the upgraded canister designs (contents) and pro-
cessing schemes. The objective of thesc tests was to demon-
strate improved system performance and that no performance de-
sradation would occur because of the random vibrating testing.

4.1 Test Apparatus

Figure 8 shows the arrangement of canisters and ancillary
components in the broadboard tests. The components that define
the processing system, in the order of their use arc as follows:
(1) biological filter, (2) activated charcoal and ion exchange
filter, (3) silver chloride column, (4) deionizer, and (5)
silver bromide column. The hardware (canisters) and ancillary
components were the same as developed under Contracts NAS 9-
12104. The activated charcoal filter and the deionizer con-
tents were upgraded; the other components remained unchanged.

The breadboard canisters were packed and prepared in ac-
cordance with <the information developed during the preliminary
investigations of ion exchange resins and activated charcoals.
The activated charcoal canister was packed with 1970 cm3 (120
in3) of mixed activated charcoals and 885 cm3 (54 in3) of mixed
jon exchange resins. The mixed activated charcoal bed was com-
posed of 1180 cm? (71.8 in3) of Westvaco Nuchar WV-G and 790 cm3
(48.2 in3) of Union Carbide Columbia LCJ. The ion exchange bed
was composed of a mixture of 394 cm3 (24.1 in3) of Amberlite IR-
120, 295 cm3 (18.0 in3) of Amberlite IRA-402, and 196 cm3 (11.9
in3) of Amberlite IR-45.

The deionizer was packed with 450 cm3 (27.4 in3) of mixed
ion exchange resins. The deionizer bed was comgosed of 200 cm3
(12.2 in3) of Amberlite IR-120, 150 cm3 (9.1 in3) of Amberlite
1RA-402, and emd (6.1 in?®) of Amberlite IR-45.

Pall Trinity Micro Corporaticn's housing P/N MCS 1001G16
and filter cartridge P/N MCY 1001UR was the biological filter
used in the Breadboard Tests. The silver chloride and the
cilver bromide canisters were each packed with 218 em3 (13.3 in3)
of a mixture of their respective silver halide and glass beads,
in a ratio of 1 part silver salt to 1.25 parts of glass beads.

The deionizer canister and the canitter containing the

activated charcoals and ion exchange resins were sterilized at
3440K (1600F) for 24 hours prior to use.
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4.2 BDrecadboard Test No. 1 - Results § Discussion

A seven-day simulated mission test was performed during

“the period June 20 to June 26, 1972. The objective was to dem-

onstrate improved systcem performance.

Table 4 lists the daily water quality «haracteristics of
the first breadboard test while processing "worst case' fuel
cell water simulant. Tabulated key characteristics indicate
the performance of the upgraded breadboard potable water bac-
tericide system was satisfactory and according to predictions.
The product water quality was excellent. The pH ranged between
7.0 and 7.1, the specific resistance was always greater than
150,000 ohm-cm, and 97% or more of the organics were removed.
The silver ion content of the product water, as expected, was
above 0.05 ppm, ranging between 0.07 and 0.10 ppm. The in-
clusion of ion exchange resins in the ACF did remove the chlo-.
rides from the FCW simulant and increased the solubility of Ag
Cl. The net effect of performing ion exchange upstream of the
AgCl column was an increase in the silver ion dose by an order
of magnitude over that observed at ambient temperatures under
contract NAS 9-12104.

4.3 Random Vibration Testing

Fixtures to hold the breadboard canisterc during the vi-
bration tests were fabricated. The canisters were assembled

together with brackets to a mounting plate so that all canisters
were exposed to vibration simultaneously.

The assembly was then subjected to the random vibrations

specified in Section 1.2 at the Inland Testing Laboratories, Inc.,

Morton Grove, Illinois. The vibration tests were witnessed by
cognizant CHEMTRIC personnel and the NASA JSC Technical Monitor.

4.2.1 External Examination

Visual examination of the canisters after the vi-
bration tests revealed no evidence of any physical damage. A
report, Test Report No. 1392-1, prepared by the Inland Testing
Laboratories is included in the Appendix C of this report.

4.3.2 TFlow Resistance of Canisters - Hydraulic Examination

The operating pressure drop characteristics of the
individual canisters were determined three times; namely, pre-
vibration, post-vibration, and post second breadboard test.
Figurcs 9 and 10 present the results of the three tests.




Table

WATER QUALITY CHARACTERISTICS

4 BREADBOARD TEST No.1

Spec. Tur- Acidi- Alka-
Test Day Resis. bidit COD Ci™ ty linity TS Ag+
& Sample pH (Kohm-cm) (JTU' ppm) (ppm)  (ppm)  (ppm) (ppm) (ppm) Count
Day No.1 :
Sinulant 4.4 24.0 15.2 140 8.2 15.0 0.0 23.1 <0.01 - - -
Stored 4th* 7.1 185.0 0.06 10 <1.0 <1.0 4.0 2.7 0.95 - - -
Stored 21st* 7.1 250.0 0.50 10 <1.0 <1.0 3.5 6.3 0.90 Sterile
Deionizer 7.1 1000.0 - - <5 - - - - - - - - <0.01 -~ - -
Product 7.1 870.0 0.05 <5 <1.0 <1.0 2.5 4.3 ¢.10 Steriie
Day No.2
Simulant 6.6 21.0 14.0 140 8.2 2.6 6.0 15.5 <0.01 - - -
Stored 4th* 7.1 250.0 0.02 10 <1.0 <1.0 2.0 4.9 0.90 - - -
Stored 21st* 7.1 320.0 0.01 10 <1.0 <1.0 2.0 2.9 1.00. Sterilc
Deionizer 7.1 910.0 - - <5 - - - - - - - - <0.01 - - -
Product 7.1 770.0 0.02 <5 «<1.0 <1.0 3.0 0.4 0.10 Sterile
Day No.3
Simulant 6.6 22.5 15.0 150 8.2 2.0 6.0 21.4 <0.01 - - -
Stored 4th* 7.1 320.0 0.03 10 <1.0 <1.0 <1.0 3.6 1.00 - - -
Stored 21st* 7.1 335.0 0.02 10 <1.0 <1.0 <1.0 5.1 0.85 Sterile
Deionizer 7.1 1300.0 - - <5 - - - - - - - - <0.01 - - -
Product 7.1 750.0 0.03 <5 «<1.0 <1.0 <1.0 0.3 0.10 Sterile
Day No.4
Simulant 6.6 22.5 15.5 140 8.2 1.6 6.0 14.6 <0.01 - - -
Stored 4th* 7.1 330.0 0.03 10 «<1.0 <1.0 <i.0 2.8 1.08 - - -
Stored 21st* 7.1 340.0 0.02 10 <1.0 <1.0 <1.0 3.4 1.30 Sterile
Deionizer 7.1 1280.0 - - <5 - - - - - - - - <0.01 - - -
Product 7.1 870.0 0.02 <5 «<1.0 <1.0 <1.0 0.3 0.10 Sterile
Dashes indicate no analyses performed
* Denotes Hour
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Table-d Concluded

Tur-
bidity
(Kohm-cm) (JTU's) (ppm)

Spec.
Test Day Resis.
& Sample  pH
Day Ne.:_
Simulantc 6.6 22.2
Stored 4th* 6.9 330.0
Stored 21st* 6.9 340.0
Deionizer 7.1 1170.0
Product 7.1 630.0
Day No.6
Simulant 6.5 22.0
Stored 4th* 6.9 310.0
Stored 21st* 7.0 370.0
Deionizer 7.1 650.0
Product 7.1 600.0
Day No.7
Simulant 6.5 21.5
Stored 4th* 6.7 350.0
Stored 21st* 6.8 310.0
Deionizer 7.0 800.0
Product 7.0 160.0

CoD

140
10
10
<5
<5

140
10
10
<5
<5

140
30
30
10
10

Dashes indicate no analyses performed

* Denotes Hour

C1l”

(ppm)

1= 0o
Q1 OO MN

1 OON

1 OON

Acidi- Alka-
ty linity .%S
(ppm) (ppm) (ppm)
2.4 6.5 14.8
<1.0 <1.0 2.2
<1.0 <1.0 1.4
<1.0 <1.0 0.2
2.0 4.0 15.6
<1.0 <1.0 3.1
<1.0 <1.0 3.6
<1. <1.0 0.9
2.0 6.0 15.8
<1.0 2.0 0.8
<1.0 2.5 1.1
<1.0 <1.0 0.2

PUR I e

<0.01
0.96
1.02
<0.01
0.07

<0.01
0.96

<0.01
0.07

Sterile

Sterile

Sterile

Sterile

Sterile

Sterile
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The previbration data was collected on the refurbished
canisters to establish a baseline for the subsequent tests.
Pressure drop measurements taken after vibration show no change
from the basecline for the ACF, AgCl and IX columns; however,
silver bromidec fines were observed being washed-out of the AgBr
column. After the measurements wcre completed, the AgBr column
was flushed with deionized water at the product water flow rate
of 22.7 liters/hr (50 1b/hr) for 30 minutes. After 30 minutes,
influent and effluent turbidity measurements indicated AgBr
fines were no longer flushing out.

Following the seven-day performance test, the third set of
operating pressure drop characteristics was collected. No changes
from the earlier tests were observed in the ACF, AgCl, or IX
columns. The flow resistance of the AgBr column remained as in
the post-vibration test, slightly decreased in comparison to the
baseline. This decrease was probably a result of flow through
parts of the column wheTre the fines were washed-out.

Visual inspection of the AgBr canister after the seven-day
test and third set of pressure drop measurements indicated the
AgBr fines had penetrated the Pyrex wool. The filter was still
located in the as-packed original position and had not shifted
during vibration. The apparent production of the fines was ei-
ther a result of packing the canister oY of vibrating the canister.
More extensive flushing after packing the silver bromide column
was indicated for the subsequent PFP testing.

4.4 Breadboard Test No. 2 - Results § Discussion

The second seven-day (168 hour) simulated mission test was
performed during the period July 12 to July 18, 1972. The can-
isters were refurbished with the same composition as used in
Breadboard Test No. 1. The objective of the test was to demon-
strate that the potable water bactericide system suffered no
degradation due to the random vibration testing.

Table § lists the daily water quality characteristics of
the second breadboard test when processing "worst case' fuel
cell water simulant. The tabulated characteristics indicate
that the seven-day performance of the canisters after being
subjected to simulated 1aunch vibration was satisfactory. The
product water was of excellent quality, similar to that pro-
duced in the baseline (first) breadboard test. The pH range
was 6.9 to 7.1, the specific resistance was always greater than
500,000 ohm-cm and, as in the baseline test, at least 97% of
the organics were removed.




Table 5 BREADBOARD TEST No.2 WATER QUALITY CHARACTERISTICS
T Spec.  Tur- ' _ Acidi- Alka-
~ Test Day Resis. bidity cop C1 .ty linity 7S Ag+
§ Sample pH (Kohm-cm) (JTU s) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) Count
Day No.1
Simulant 6.6 22.5 14.5 140 8.1 3.0 7.0 14.3 <0.01 - - -
m Stored 4th* 7.0 270.0 0.06 10 <1.0 <1.0 <1.0 4.9 0.90 - or - !
Stored 21st* 7.1 275.0 0.06 <5 <1.0 <1.0 <1.0 1.5 0.84 Sterile
Deionizer 7.1 1020.0 - - <5 - - - - - - - - <0.01 - - - #
Product 7.1 830.0 0.02 <5 <1.0 <1.0 <1.0 0.5 0.084 Sterile
. g; Day No.2
{ Simulant 6.6 22.0 1..0 140 8.1 2.0 6.0 10.8 <0.01 - - - é
¥ Stored 4th* 6.9 390.0 0.04 10 <1.0 <1.0 <1.0 1.0 1.08 - - -
! ® Stored 21st* 7.1 390.0 0.04 10 <1.0 <1.0 <1.0 0.9 0.90 Sterile
; © Deionizer 7.1 1060.0 - - <5 - - - - - - - - <0.01 - - -
I Product 7.1 840.0 0.03 <5 <1.0 <1.0 <1. 1.0 0.086 Sterile r
i Day No.3 i :
| Simulant 6.5 22.0 15.5 140 8.1 1.4 8.0 12.5 <0.01 - - -
N Stored 4th* 6.9 385.0 0.03 20 <1.0 <1.0 <1.0 1.3 1.10C - - -
I | | Stored 21st* 7.0 400.0 0.03 10 <1.0 <1.0 <1.0 1.2 1.16 Sterile
g Deionizer 7.1 1060.0 - - 5 - - - - - - - - <0.01 - - -
ey | Product 7.1 840.0 0.02 5 <1.0 <1. <1.0 0.8 0.090 Sterile
B Day No.4
o - Simulant 6.6 22.5 16.0 140 8.1 1.4 7.0 17.7 <0.01 - - -
¥ Stored 4th* 6.9 390.0 0.05 20 <1.0 <1.0 <1.0 1.5 1.08 - - -
: Stored 21st* 6.9 400.0 0.04 10 <1.0 <1.0 <1.0 1.0 1.04 Sterile
Deionizer 7.0 1100.0 - - 5 - - - - - - - - <0.01 - - -
Product 7.0 860.0 0.03 5 <1.0 <1.0 <1.0 0.6 0.082 Sterile

- Dashed indicate no analyses performed
- * Denotes Hours




Table 5 Concluded
Spec.  Tur- _ Acidi- Alka-
Test Day Resis. bidity COD Cl ty linity TS Ag+
I § Sample pH (Kohm-cm) (JTU's) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) Count
Day No.S
Simulant 6.5 22.0 15.0 140 8.1 1.4 7.0 13.4 <0.01 - - -
Stored 4th* 6.8 370.0 0.06 20 <1.0 <1.0 <1.0 1.4 1.04 - - -
m Stored 21st* 6.8 380.0 0.06 10 «1.0 <1.0 <1.9 1.3 1.08 Sterile
Deionizer 7.0 950.0 - - 5 - - - - - - - -~ <0.01 - - -
Product 7.0 780.0 0.04 5 <1.0 <1.0 <1.0 0.6 0.090 Sterile
| Day No.6 : -
: gi Simulant 6.6 22.0 14.5 140 8.1 1.4 8.0 18.9 <0.01 - - -
; . Stored 4th* 6.8 340.0 0.05 20 <1.0 1.0 <1.0 1.6 1.04 - - -
| Stored 21st* 6.9 350.0 0.06 10 «1.0 1.0 <1.0 1.8 1.06 Sterile
B Deionizer 7.0 930.0 - - 5 - - - - - - - - <0.01 - - -
% + Product 7.0 720.0 0.03 5 <1.0 <1.0 <1.0 0.4 0.08 Sterile
=]
- =1 ° Dpay No.7 ’
) Simulant 6.5 22.5 16.5 140 8.1 1.0 10.0 14.9 <0.01 - - -
g Stored 4th* 6.6 300.0 0.06 20 <1.0 1.0 1.0 1.4 1.04 - - -
| Stored 21st* 6.6 310.0 0.04 10 1.0 1.0 <1.0 1.4 1.02 Sterile
K Deionizer 6.9 710.0 - - 5 - - - - - - - - <0.01 - - -
) Product 6.9 520.0 .02 5 <1.0 <1.0 <1.0 0.5 0.08 Sterile
- Dashes indicate no analyses )
i * Denotes Hour
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As in the first breadboard test, the silver bromide column
dosed the deionizer effluent with silver ions ranging in concen-
tration between 0.08 and 0.10 ppm. The Breadboard Potable Water
Bactericide System exhibited no chemical degradation due to the
random vibration testing.

Daily sterility determinations were performed on stored
water and product water by innoculating thioglycolate broth; the
tubes were incubated at 3089K (959F) and inspected at 24 and 48
hours for turbidity. The stored water and the first 500 ml of
product water drawn-off at the outlets after 21 hours of dormancy
(no draw-off in the interim) were determined to be sterile.

4.5 Conclusions

The two breadboard tests conclusively showed that the Bread-
board Potable Water Bactericide System is capable of producing
potable watcr for at least seven days. The system (1) exhibited
no degradation due to vibration testing, (2) maintained sterility
throughout the system during the seven operating days, and (3)
demonstrated that the former chemical problems had been satis-
factorily resolved, except for silver ion dose in the product
water.

The silver ion dose was in accord with published literature
values® on the solubility of silver bromide - i.e., 0.08 to 0.1
ppm at ambient temperatures. It is concluded that a fraction of
the deionizer effluent must bypass the AgBr Column to obtain a
silver ion dose £ 0.05 ppm in the product water.

® Solubilities, Vol 1. 4th Ed., American Chemical Society,
Washington, D. C. (1958).
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SECTION 5

PRELIMINARY FLIGHT PROTOTYPE DESIGN

A preliminary flight prototype water bactericide systcm
was to be designed, fabricated and tested under Contract NAS
9-12792. The design was to be based upon (1) the results of
Contract NAS 9-12104, (2) the results of the breadboard system
shock and vibration tests and (3) the results of the breadboard
system performance tests.

Four breadboard canister housings (the activated charcoal
filter, the silver chloride column, the deionizer, and the
silver bromide column) developed under Contract NAS 9-12104*
were utilized "as is'" in the Preliminary Flight Prorotype design.
The system, except for the biological filter, is an assembly of
upgraded and tested breadboard canisters. The components that
define the treating system in the order of their use are as
follows: (1) biological filter, (2) activated charcoal and icn
exchange resin canister,(3) silver chloride canister, (4)
deionizer, and (5) silver bromide canister.

5.1 Design Considerations

The design practices employed were cognizant of reliability,
quality assurance,and safety.

S5.1.1 Reliability

\

Although a reliability study was not performed,
related CHEMTRIC efforts on the development of the water and
waste management system for a modular Space Station®** provided
direction in the design effort. The failure modes of the
canisters are (1) external leakage, (2) channeling, and (3)
clogging. The probability for external leakage is reduced
through the use of welded connections and a single removable
seal of the "O" ring variety. Corrosion induced leakage is
minimized through material selection, elimination of crevices,
heat treatment and passivation. The media compression spring
retards bed shifting which can promote channeling; the media
restraint also reduces the probability of particle disintegration
which if unchecked could lead to off-quality water and clogging
of the outlet media retainer.

The combination of perforated metal discs, screens and
Pyrex wool as media retainers provides a ''depth' type filtration
capability; this arrangement is less prone to clogging than a
"membrane filter" type retainer. In the case of the biological
filter,a bypass relief valve provides an alternate hydraulic path
for the fuel cell water should the "membrane filter" clog.

* Hurley, T. L. and Bambenek, R. A. , ibid
R Subcontract 3S-863762-KO with the Hamilton Standard Division
of the United Aircraft Company, under Contract NAS 9-10273.
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5.1.2 Quality Assurance

The performance of the PFP potable water bactericide
system is rclated to chemophysical processes and the materials
composing the various contacting beds affect the quality of the
product water. Preparation, packing, and sterilization of these
matericls was conducted in accordance to developed procedures
(CHEMTRIC Assembly Procedures 3100) .

The cartridge design concept for the silver haiide columns
(AgCl and AgBr) minimizes the breakthrough of silver halide
fines during launch environments. The silver halide fines
produced during the packing are rzadily washed-out in the
preparation procedures.

The design emphasizes control of corrosion. The canisters,
brackets and tubing were fabricated from 316 stainless steel.
Weiding was employed to join components;. butt welding was used
in lieu of lap-type unions. The assembly was heat treated and
annealed to minimize the potential for intergranular corrosion,
and then passivated. Subsequent cleaning and decontamination
procedures were performed, without the use of abrasives, to
preserve the integrity of the passivated surfaces.

5.1.3 Safety

A safety hazards analysis was not conducted but
sarfety goals were considered in the design. In regard to the
canisters, the only mechanical safety hazard identifiable at
this time is the spring loaded end cap. Once the "V" band
clamp is removed, the media compression spring can propel the
end cap outward. However, sterility requirements dictate no
inflight maintenance, especially at the component repair level.
The design of the flight system should provide positive means
to prevent canister disassembly.

The performance of the system will be monitored by pH,
silver ion concentration and pressure differential. The pH
sensor will determine the hydrogen ion concentration and indirect-
ly indicate absorption capacity breakthrough. The silver ion
sensor will determine the silver ion concentration, and the
quantity will indicate potability and its relative bactericidal/
bacteriostatic effectiveness or toxicity. The delta pressure
sensor will determine any changes in flow resistance - i.e.,

clogging or channeling.

A check valve was incorporated into the biological filter
to prevent back flow of AgCl dosed water to the fuel cell and to
protect the filter cartridge from excessive back pressures.

y;

o




5.2 Biological Filter

Pall Trinity Micro Corporation's housing P/N MCS 1001G16
and filter cartridge P/N MCY1001lUR were used in the Breadboard g
Tests (Section 4) and under Contract NAS 9-12104. The housing
and cartridge had adequate ''dirt capacity" as evidenced by the
test results. The design, however, would not withstand the shock
and vibration during launch because the cartridge is supported
within the housing in a cantilevered fashion.

Figure 11 illustrates the biological filter that was
developed under this program. This component contains a filter
cartridge, a check valve, a bypass relief valve, and a AgCl
: column. The filter cartridge is Pall Trinity Micro Corporation's
! : Part No. AB1AR8A. The cartridge is 25.4 cm (10.0 inches) long
; and has an outside diameter (0oD) of 7.02 cm (2.76 inches). It
; - has a pleated membrane-type filter area of 0.4645 square meters
(5.0 square feet). The filtering element is rated for absolute

t L. retention of all particles 0.20 microns and larger. The fabri-

% cated filter media is two sheets of material made of a propri-. ,
. etary blend of inert inorganic fibers and an inert organic binder : "
&m‘ ; with supporting and protecting cellulose sheets, melt-sealed to ;

polypropylene end caps which are in turn melt-sealzd to a
perforated polypropylene protective sleeve.

The filter cartridge is spring loaded for stability during ;
vibration. The selected spring provides 2.33 Newtons of force . |
per centimeter (1.33 pounds per inch) of length, from 17.4 cm i
(6.85 inches) (free length) to 6.27 mm (0.247 inch) (solid
length). The target compressive load, 35.6 Newtons (8 1b) is
applied when the spring is compressed to 2.16 cm (0.85 inch). '
] The spring is fabricated from 2.159 mm (0.085, inch) type 18-8
1 ' staénless steel wire. Other characteristics of this spring are
as follows: -

[

Mean Coil Diameter
Number of Active Coils
Total Number of Coils

6.45 cm (2.54 in)
3-1/2 g
5-1/2 o

The check valve is incorporated into the design between the
AgCl column and the filter cartridge; the cracking pressure of
the check valve is 0 to 13,800 Newtons per square meter differ-
ential (0 to 2 psid). The .check valve prevents backflow of AgCl
dosed water towards the fuel cell and protects the filter
cartridge from excessive back pressures.

The bypass relief valve incorporated into the design in
case of filter cartridge blockage has a cracking pressure of
103,000 Newtons.per square meter differential (15 psid). Silver
dosing of the water is accomplished in either normal or the by-
pass configuration. As in the other columns, the AgCl contents
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in the biological filter are spring loaded. The sclected spring i .
provides 16.1 Newtons of force per centimeter of length (9.2 1bs

of force per inch of length) from 3.07 cm (1.21 inches) (free

length) to 4.32 mm (0.17 inches); the target compressive load,

26.7 Newtons (6 1bs) is applied when the spring is compressed to

1.42 cm (0.56 inches). The spring is fabricated from 1.22 mm

(0.048 inch) type 18-8 stainless steel wire. Other character-

istics of this spring are as follows:

1.45 cm (0.57 in)
3-1/2
5-1/2

Mean Coil Diameter
Number of Active Coils
Total Number of Coils

5.3 Activated Charcoal and Ion Exchange Resin Canister

Figure 12 illustrates the design of the activated charcoal
and ion exchange resin canister. This canister contains beds of
activated charcoal and ion exchange resins. The activated char-
coals are used to adsorb the organic contaminants. The ion
exchange resins are used to absorb the chlorides, and subsequent-
1y minimize the ''common ion effect" and thereby increase the
solubility of AgCl. _The activgted charcoal bed is composed of
a mixture of 1063 cm3 (64.8 in”) of Westvaco's Nuchar WV-G and
708 cm3 (43.2 in3) of Union Carbide's Columbia LCJ. The ion
exchange bed is composed_of a mixture of 482 cm3 (29.3 in3)
Amberllte IR-120, 359 cm3 (21.9 in3) of Amberlite IRA-402, and
239 cm3 (14.6 in3) of Amberlite IR-45.

5.4 Silvexr Chloride Canister

Figure 13 illustrates the design of the silver chloride
canister. The cartridge concept was developed to facilitate i
preparation and washing of the AgCl bed. As indicated by Figure
13 all of the influent passes through the cartridge. The
cartridge contains 312 grams (dry) of the AgCl-glass bead mixture.
The diameter of the AgCl contents is 3.49 cm (1.374 inches) and
the effective length is 13.97 cm (5.50 inches).

5.5 Deionizer

Figure 14 illustrates the design of the deionizer. Mechan-
ically, this component remains the same as developed under
contract NAS 9-12104. The contents of the deionizer were up-
graded and established during the Preliminary Testing (Section
2) and during the Breadboard Tests (Section 4). The deionizer
contains a mixed bed of ion exchange resins composed of 200 cm
(12.1 in3) of Amberlite IR-120, 150 em3 (9.1 in3) of Amberlite
IRA-402, and 100 cm3 (6.1 in3) of Amberlite IR-45. The effec-
tive diameter of the bed is 4.2 cm (1.652 inches) and the effec-
tive length is 32.5 cm (12.8 inches).
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5.6 Silver Bromide Canister

Figure 15 illustrates the design of the silver bromide
canister. This component was upgraded by the inclusion of &
bypass cartridge. The cartridge concept was developed to (1).
facilitate preparation and washing of the AgBr and (2) by-
pass some wateT passing through the canistcr to obtain a silver
dose of approximatcly 0.050 ppm in the product water. As
indicated by Figure 15, the cartridge design allows up tO 50%
bypass of deionizer effluent flow. To achieve this bypass, the
AgBr conterts in the canister was decreased to approximately
45% of that employed in the Breadboard Testing and under
Contract NAS 9-12104. The AgBr cartridge contains 148 grams
(dry) of AgBr=glass bead mixture. The diameter of the AgBr
contents is 2.75 cm (1.084 inches) and the effective length is

13.8 cm (5.44 inches).
5.7 The Preliminary Flight Prototype Assembly

Figure 16 shows the Preliminary Flight Prototype that was .
developed under this program. As shown in the photograph, the
system is an assembly of canisters. The prototype system
includes mock-ups representing three instruments: (1) a pH
meter and its signal conditioning circuitry, (2) a silver ion
meter and its signal conditioner, and (3) a system delta-pressure
transducer and its signal conditioneT. The characteristics of
Beckman's Apollo pH meter (i.e., size, weight and center of
gravity) were utilized for the mock-ups representing both the pH
and silver ion meter and their signal conditioners. Similarily,
the characteristics of the Statham delta-pressure transducer
were employed for the system delta-pressure transduceT mock-up .

The Preliminary Flight Prototype utilizes the stressed-
m.mber principle for the system packaging concept. Four sheet
mctal channels join all canisters and components near, but not
on their nodal points. Each canister supports its own vibration
stresses as well as its own pressure loading, but its loading

from other components is minmimal.

All metal-to-metal joining was accomplished by heli-arc
welding. After welding, the entire assembly was heat treated to
a fully stress-relieved condition to maximize corrosion resis-
tance. After heat treatment the assembly was passivated.

5.8 Interface Requirements

The interface requirements for the Preliminary Flight
Prototype are as follows:
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.
A MechnaLeal
1. eight (pecked and wew) - 20,60 ko (46 1)
2. Dimensions - 6i.3 cm (24-1/8 ia) X 28,9 om

(11-3/w in) x 17.8 < (7 in,
. lour rfustencers - To Ic Dacermined

B. lectrical
1. Deltu Pressure Transducer - To Be Determincd
2. pl Sensor - To bo Deterinined
5. ‘st Sensor - To Be Determined

C. Thermal
. Minimwa Temperature 2779K (40°F)
2. Muximum Temperature 303°K (869F)

D. llydraulic
1. Tour flexible metal hosc comiectors
(Swagelock P/N 600-GFIl (3/3 8) - 316 S8)
2. TFour Quick-Connects with doubie end shut-off
(Swagelock P/N 600-QC-6 DESO - 316 SS)

e Preliminaxry Flight Protolype unitc is to be installed
in.o the potublc water systen downstream of the fuel cclls.
The inlet portion oi the PFP? (di.c., the biological filter, the
activated charcoal and ion exhange resin canister, and the silver
chioride canister) is to be installed upstream of the potable
water storage tanks; whereas, the outlet portion of the PFP
(i.e., the deionizer and the silver bromide canister) is to be
installed downstream of thc potable water storage tanks and just
upstream of the heater and chiller at the draw off station.

A heat exchanger may be required to cool the fucl cell
water. The influent fuel cell water should be at a temperature,
294 - 2979K (70 - 759F). If the influent fuel cell water is at
the fuel cells exit temperature, 339 - 3530K (150 - 1759F) the
product water will be dosed with 0.34 to 0.68 ppm of silver ion
and no~ be within the silver ion concentration required for
potabiliity (0.05 ppm maximunm) .

Miiste ince of a flicht system is required on two levels:
(1) on the ground, to permit refurbishment of the system for
the next flight and (2) in the vehicle, to provide reliable and
safe nydraulic and mechanical connections. Flexible metal hoses
and Quick-Connects with double end shut off were sclected to
make the connectioas and to minimize turn-around time., Utili-
~ation o7 Quick-Connccts also permits in-flight maintance to
inecreuse reliability or to exteud mission capability with spare

e
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PDRELIMINARY FLICHY DROYOTYYPE THSTS

6.1 DPIP Test o, 1

i &

A scven-day simulated niss’ o test wuas performed with the
l Preliminary Flight Procotype Sysuen during the period November
27 to December 3, 1972. The objective of the test wus to
establish a performuance basclinc.

>

] By
| B I 6.1.1 Prp Column Prenirations

. After passivation the PFP zsscmbly was washed, rimsed,
and prepared in accordunce with procedures previously developed
and uscd in the two breadbourd tests. The newly designed
biologicaul filter canister contains Pall Trinity Micro Corpora-
tion's Ultipor AB Filter Cartridge, Model ABLIARSA which has
filter media with a 0.20 micron absolute particle retention,
plus 1.5 grams (dry) of AgCl-glass bead mixturc.

[erSvey
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=
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The activated charcoal canister was packed with a mixed bed

of activated charcoals (1063 cm? of Westvaco's Nuchar WV-G and 1
708 cmd of Union Carbidg's Columbia LCJ) plus a mixed bed of ion
excihange resins (482 cmd of Amberlite IR-120, 359 cm3 of Amberlite
IRA-402, and 239 cm® of Amberlite {R-45). The newly designed
cartricge for the AgCl canister was packed with 312 grams (dxry)
of AgCl-glass bead mixture. The deionizcer was packed with a
: mixed bed of lon exchange resins (200 cm3 of Amberlite IR-120,
— 150 ecm3 of Amberlite IRA-402, end 100 cm3 of Amberlite IR-45).

: The newly designed by-pass cartridge for the Agbr canister was

: packed with 148 grams (dry) of AgBr-glass bead mixture.

>

, The packed PFP assembly was cterilized at 344 - 3479K (160
: _ - 1650F) for 24 hours with 35 ml/min deionized water flushing.
The sterilization cycle was performed in a deionized water bath.

6.1.2 Test Set-Up and Procedure

Figure 17 shows the arrangement of components uscd
in the PFP test. The components that define the water trcating
system in the order of their use ave as follows: (1) biological
filter, (2) activated charcoal filter, (3) silver chloride col-
* umn, (4) deionizer, aad (5) silver bromide column.

The DPFP system processed 'worst case" fuel cell water at
sbiert temperatures, 294 - 979K (70 - 750F). Pscudomonas
serucinosa and Type Illa bacteria were injected through the
sontums at the wrter heater and chiller outlets. Half of the
. w-0if water vpesscd througa the heater maintaining the water at
350 - 3369K (135 - 1450F) and tie o%her hulf of the aruw-ouil

~assed through ..o caililer saintaining the water at 279 -
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6.1.3 Tes. a2sults § Discussion

Table 6 lists the daily water quality characteristics
of the PFP when processing ''worst case' fuel cecll water simulant.
The tabulated "key" characteristics indicate that the systcm
performed satisfactorily and according to predictions. The water
quality was excellent and within all specifications. The silver
ion dose was below 0.05 ppm (6.018-0.C3 ppm Ag+) and the bypass
was operating. The silver ion concentration was lower than
originally caiibrated (ca 0.047 ppm Ag+); it appears that one
of the O-ring plugs moved during subsequent handling and had
changed the bypass flow.

Table 7 lists the daily doses of bacteria injected and plate
counts on sarples of hot and cold watex at the outlet valves.
The tabulated data show that 0.018-0.03 ppm Ag* dose provided
bactericidal activity against the infusion of 10% Pseucomonas
aeruginosa and/or Type IIIa at both the hot and cold water out-
lets.

6.2 Vibration Testing

The PFP unit, packed and sterilized, was secured to a
vibration test fixture. The assembly was then subjected to the
~andom vibration, specified in Section 1.2, at the Inland Test-
ing Laboratorics, Inc., Morton Grove, Illinois; see the Appen-
dix C ITL Test Report No. 3412-2.

6.2.1 External Examination and Test

A cursory visual examination at Inland Testing Lab-
oratories revealed no evidence of physical damage after vibra-
tion. Detailed inspection and tests by CHEMTRIC after vibration,
however, revealed that the 3.13 mm (1/8 inch) OD tubing used to
connect the mocked-up delta P transducer had cracked. Since
this was on a mock-up and did not affect the sterility of the
system, the crack was silver soldered and the SMT initiated. No
other evidence of physical damage was apparent.

6.2.2 Flow Resistance of Packed PFP Assembly - Hydraulic
Testing

The operating pressure drop characteristics of the
PFP units inlet and outlet sides were determined three times;
namely, previbration, postvibration, and post SMT. Figures 18
and 19 present the results of the three tests.

ny

The previbration data was collected on the refurbished unit
+0 estublish & vaseline for subsequent corsarisons. PYressure

érop measurements after vibration show a decrease in ilow resis-
tunce on tne inlet side of the PFP (see Figure 18). No fines were

6-3
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Table 6 PFP TEST No.1 WATER QUALITY CHARACTERISTICS

L. Test Spec. Tur- Acidi- Alka-
Day Sample Resis. bidity COD cl- ty linity TS Ag+
] No.  Water pH (Kohm-cm) (JTU's) (prm) (ppm) (Epm) (ppm) _ (ppm) {ppn)
-
m 1 Simulant 7.5 22%0 15.0 140 8.1 <1.0 16.0 122 <0.01
j Stored 4th* 7.3 320.0 0.07 20 <1.0 <1.0 <1.0 6 0.96
| Stored 21st* 7.3 390.0 0.05 10 <1.0 <1.0 <1.0 7 1.18
| Product 7.3 810.0 0.03 <5 <1.0 <1.0 1.0 4 0.024
g: 2 Simulant 6.4 23.5 14.5 140 8.1 2.0 6.0 111 <0.01
: Stored 4th* 7.5 285.0 0.04 20 <1.0 1.0 2.0 8 1.20
o f Stored 21st* 7.4 305.0 0.07 10 <1.0 <1.0 <1.0 14 1.20
. o Product 7.3 780.0 0.04 <5 <1.0 1.0 1.0 3 0.020
. I '
o 3 Simulant 6.3 24.0 14.5 140 8.1 2.0 6.0 85 <0.01
| -1 Stored 4th* 7.4  290.0 0.10 20 <1.0 1.0 <1.0 6  1.08
Stored 21st* 7.4 310.0 0.08 10 <1.0 <1.0 <1.0 5 1.16
} Product 7.3 710.0 0.04 <5 <1.¢6 1.0 <1.0 2 0.024
j _
! 4 Simulant 6.4 24.0 14.0 140 8.1 2.0 8.0 80 <0.01
] Bl Stored 4th* 7.4 270.0 0.11 20 <1.0 <1.0 <1.0 5 1.20
| Stored 21st* 7.4 300.0 0.14 10 <1.0 <1.0 <1.0 9 1.04
; Product 7.3 680.0 0.05 <5 <1.0 1.0 <1.0 1 0.030
i
L 5 Simulant 6.4 24.5 14.5 140 8.1 2.0 4.0 68 <0.01
: Stored 4th* 7.5 210.0 0.08 20 <1.0 1.0 <1.0 3 1.20
| Stored 21st* 7.4 300.0 0.05 10 <1.0 <1.0 <1.0 4 1.16
. Product 7.2 580.0 0.04 <5 <1.0 1.5 <1.0 6 0.026
0

ﬁ * Denotes Hour




Table 6 Concluded

Test
Day Sample
I No. ‘ater
6 inmulant
torcd 4th*
tored 21st?*
m ’roduct
7 Simulant
Stored 4th#*
Stored 21st?®
g: Product
(@)
v * Denotes Hour
_4
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Spec. Tur- _ Acidi-
Resis. b1d1ty CoD C1 ty.
(Kohm-cm) (JTU's) (ppm) (ppm) (ppm)
24.5 14.0 140 8.1 2.0
240.0 0.14 20 1.0 1.5
310.0 0.10 10 <1.0 <1.0
530.0 0.07 <5 <1.0 1.5
25.0 14.5 140 8.1 3.0
210.0 0.11 20 <1.0 1.5
300.0 0.08 10 <1.0 <1.0
410.0 0.07 5 <1.0 1.5

T B e o

Alka-
linity Ag+
LEP__)___(EP_)_ (ppm)
6.0 114 <0.01
1.0 29 1.22
<1.0 18 1.18
<1.0 5 0.022
4.0 109 <0.01
<1.0 11 1.18
<1.0 7 1.14
1.0 4 0.018
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Table 7 SUMMARY OF BACTERIOLOGIC ANALYSES FOR PFP TEST No.1l

‘Dosages

Sample Points

Test Il.ot Water
Day: Outlet
1 102
P. acruginosa
2 103
P. aeruginosa
3 10°
P. aeruginosa
4 0

5 102 Type;IIIa

6  10° Type 1lila

7 104 Type 11la

* 0.V.

= Qutlet Valve

Cold Water

Outlet
102
P. aeruginosa
103
P. aeruginosa
104
P. aeruginosa
0
2
10° Type 1lla
3.
107 Type 1lla
4
10" Type I1lla

Stored Water

Sterile
Sterile
Sterile
Sterile
|
Sterile

Sterile

Sterile

e e

Hot O.V.#* Cold 0.V.
Hr. Count Hr. Count
22 <1/200ml 23 <1/200ml
23 <1/200ml 24 <1/200ml
22 <1/200ml 23 <1/200ml
23 <1/200ml 24 <1/200ml
22 <1/200ml 23 <1/200ml
23 <1/200m1 24 <1/200m1
22 <1/200ml 23 <1/200ml
23 <1/200ml 24 <1/200ml
22 <1/200ml 23 <1/200ml
23 <1/200ml 24 <1/200ml
22 <1/200ml 253 <1/200ml
23 <1/200ml 24 <1/200ml
22 <1/200ml 23 <1/200ml1
23 <1/200ml o4 <1/200ml
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obscerved in the cffluent during the postvibration hydraulic
tests. It is surmised that thc random vibrations dislodged AgCl
fines within the AgCl column in the biological filter canister
and this decrcased the flow resistance. It appears that these
fines were filtered-out in the Pyrex wools or the beds of acti-
vated charcoals and ion exchange resins within the activated char-
coal/ion exchange resin canister, but their presence in this can-
ister did not significantly affect pressure drop because the
cross sectional area for flow is twelve (12) times larger in the
activated charcoal/ion exchange canister than in the AgCl column
within the biological filter canister.

Foilowing the 18-day SMT, the third set of operating pres-
sure drop data was collected. Figure 18 shows an increase in
flow Tesistance on the inlet side of the PFP. The increase was
expected and was a result of the accumulation of particulates on
the biological filter during the 18-day test period. '

Pressure drop measurements on the outlet side of the PFP,
Figure 19, show no significant changes in hydraulic character-
istics after vibration and after 18 test days.

6.3 PFP Test No. 2

An eighteen-day simulated mission test was performed with
the Preliminary Flight Prototype System during the period Decem-
ber 11, 1972 to January 5, 1973. The objectives of the test were
to determine useful life of the system and to demonstrate that
the system suffered no biochemical degradation duz to random vi-
bration testing.

6.3.1 Refurbishment of the PFP

After completion of PFP Test No. 1, the PFP canis-
ters were unloaded and the system was cleaned by washing in di-
lute Alconox, multiple deionized water rinsings, and air drying.
The canisters were then repacked with similar ingredients and

procedures as those used in PFP Test No. 1.

A new biological filter was installed. The activated char-
coal canister was again packed with a mixed bed of activaged
charcoals, (1063 cmd of Westvaco's Nuchar WV-G and 708 cm® of
Union Carbides Columbia LCJ) plus a mixed bed of ion exchange
resins (482 cmd of Amberlite IR-120, 359 cm3 of Amberlite IRA-
402, and 239 cm3 of Amberlite IR-45). Both silver halide car-
tridges were repacked with '"fresh' silver salts. The deignizer
was packed with a mixed bed of ion exchang resins (200 c..2 of
Amborlite IR-120, 150 cmd of Amberlite IRA-402 and 100 cm3 of

Amberlite IR-45).
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Tase packed assembly was then sterilized in a 344 - 347°%K
(160 - 1659F) water bath for 24 hours with 35 ml/min deionized
watcer flushing.

6.3.2 Test Set-Up and Procedure

This test was performed with the same cquipment used
in PFP Test No. 1 (see Figure 17). The system processed ''worst
case" fuel cell water at ambient temperatures. Pseudomonas
acruginosa, Type IIla and Bacillus subtilis were injected into
tnree possible points of entry; (1) simulant, (2) storage tanks
and (3) charcoal inlet. All simulant and product water flow
rates were the same as those used in the first PFP test. Sam-
pling procedures, technique and time also remained the same.

6.3.3._Test Results § Discussions

Table 8 lists the daily water quality characteris-
tics of the PFP when processing 'worst case" fuel cell water sim-
ulant. The tabulated '"key" characteristics indicate that the
system performed satisfactorily. The water quality was excel-
lent and within all potability specifications for 13 days. On
day 14 the pH dropped below the 6.0 requirement. At least 95%
of the organics were removed during the first 13 days 4nd 90%
were still being removed after 18 days. &S in the first PFP
test, the silver bromide bypass cartridge dosed the deionizer ef-
fluent with silver ions below the 0.05 ppm level.

& -
The PFP Bactericide System exhibited no chémical degrada-
tion due to the random vibration testing. Tabulated analyses of
this test indicate no significant change to that observed in the

first PFP test.

Table 9 lists the daily doses of bacteria injected and the
plate counts on various sample points. On test days 1, 4 and 7
when the simulant was contaminated, the biological filter exclud-
ed the bacteria from the system. On test days 2, 3, 5 and 6,
when Pseudomonas aeruginosa and Type IIia bacteria were intro-
duced into the system downstream of the binlogical filter, the
tabulated results indicated that both the stored and product
water were sterile (i.e., <1/200 ml). The ‘silver ion dose (ca.

1 ppm) was bactericidal against the infusion of 3 ¢+ 1 x 109
Pseuuomonas aeruginosa and/or Type I1Ia ir. 4 hours or 1less.

On the basis of test day 8, the results jndicate a three log
reduction of Bacillus subtilis in 24 hours; i.e., firom 3 % 1 X
105 per 63 liters or 10U://ml to 1/100 ml or 10°4/ml. Jc is evi-
dent the Racillus subtilis injected into the activated charcoal
bed on test day 9 were Tiltvered-ou: by the charcoal or the ion
exchange bed or AgCl-glass bead bel downstream and were subse-
quently killed off because no bactaria were detected in the




Table 8 PFP TEST No.2 WATER QUALITY CHARACTERISTICS

Spec. Tur- _ Acidi- Alka-
Day Sample Resis. ity COoD C1 ty linity TS Ag+
No. Water pH (Kohm-cm) (JTU 5) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
1 Simulant 7.3 24.9 14.5 140 8.1 2.0 8.0 70 <0.010
Stored 4th* 7.2 370.0 0.34 20 <1.0 «1.0 <1.0 1 1.16
Stored 21st* 7.2 370.0 0.10 5 <1.0 <i.0 <1.0 1 1.20
Product 7.1 760.0 0.11 <5 <1.0 <1.0 <1.0 1 0.042
2 Simulant 6.9 25.0 14.0 140 8.1 2.0 8.0 81 <0.010
Stored 4th? 7.1 350.0 0.36 10 <1.0 <1.0 <1.0 26 1.24
Stored 21st* 7.1 360.0 0.10 5 <1.0 <i.0 <1.0 1 1.22
o Product 7.1 740.0 0.06 <5 <1.0 <1.0 <1.0 1 0.040
= 3 Simulant 7.2 24.5 13.5 140 8.1 2.0 6.0 40 <0.010
Stored 4th* 7.2 350.0 0.14 10 <1.0 <1.0 <1.0 1 1.18
Stored 21st* 7.1 350.0 0.07 5 <1.0 <1.0 <1.0 1 1.18
Product 7.1 720.0 0.06 <5 <1.0 <1.0 <1.0 1 0.040
4 Simulant 7.3 24.0 14.0 140 é.l 2.0 8.0 57 <0.010
Stored 4th* 6.9 330.0 0.14 4 <1.0 <1.0 <1.0 14 1.20
Stored 21st* 7.0 340.0 0.04 5 <1.0 <1.0 <1.0 1 1.16
Product 7.1 650.0 0.04 <5 <1.0 1.0 <1.0 1 0.042
< Simulant 6.8 24.5 "13.5 140 8.1 3.0 5.0 45 <0.010
Stored 4th* 6.9 340.0 0.14 5 <1.0 <1.0 «<1.0 1 1.10
Stored 21st* 6.9 340.0 0.05 5 <1.0 <1.0 <1.0 1 1.16
Product 7.0 560.0 0.04 <5 <1.0 1.0 <1.0 1 0.044
* Denotes Hour
e RS e = =




Table 8 Continued
. Test Spec. Tur- : _ Acidi- Alka-
I Day Sample Resis. bidity COD Cl linity TS Ag+
No. Water pH  (Kohm-cm) (JTU' s) (ppm) (ppm) (EQ )  (ppm) (ppm) (ppm)
6 Simulant 7.1 25.0 14.5 140 8.1 2.0 8.0 69 <0.010
Stored 4th* 6.8 320.0 0.09 5 <1.0 <1.0 <1.0 5 1.16
: Stored 21st* 6.8 330.0 0.09 5 1.0 <1.0 <1.0 4 1.24
m Product 7.0  480.0 0.04 <5 <1.0 1.5 1.0 3 0.040
7 Simvlant 7.2 24.0 14.5 140 8.1 2.0 8.0 55 <0.010
Stored 4th* 6.8 320.0 0.08 10 <1.0 <1.0 <1.0 9 1.20
Stored 21st* 6.8 290.0 0.18 5 <1.0 1.0 <1.0 7 1.22
E; Product 7.0 380.0 0.03 5 <1.0 1.5 <1.90 9 c.040
o 8 Simulant 7.3 24.0 14.0 140 8.1 2.0 8.0 53 <0.010
| A Stored 4th#* 6.8 290.0 0.41 10 1.5 1.0 <1.0 1 1.10
: () Stored 21st* 6.8 270.0 0.17 5 1.0 1.5 1.0 1 1.16
; — Product 7.0 330.0 0.09 5 <1.0 1.5 1.0 1 0.042
; 9 Simulant 7.3 24.0 15.0 140 8.1 2.0 8.0 46 <«<0.010
£ Stored 4th?* 6.8 190.0 0.39 20 2.0 2.5 <1.0 44 1.06
! Stored 21st* 6.9 160.0 0.14 10 1.5 2.0 1.0 1 1.06
j ]] Product 7.0 210.0 0.07 10 <1.0 3.0 1.5 1 0.044
; 10 Simulant 7.3 24.0 14.5 140 8.1 2.0 8.0 100 <0.010
o Stored 4th* 6.5 11G.0 0.45 20 2.0 2.0 <1.0 30 1.08
& Stored 21st* 6.€ 120.0 0.16 20 1.5 2.0 1.0 7 1.02
o= Product 6.9 140.0 0.06 20 <1.0 3.0 1.5 5 0.044
|
'{ * Denotes Hour
0
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| Table 8 Continued
Test Spec. Tur- _ Acidi- Alka-
: Day Sample Resis. bidity CcoD Cl ty linity TS Ag+ |
:[ No. Water pH (Kohm-cm) (JTU's) (ppm) (ppm) m m m) (ppm) |
11 Simulant 6.9 24.5 14.0 140 8.1 2.0 6.0 58 <0.010
Stored 4th* 6.6 110.0 0.35 10 2.0 2.0 1.0 2 1.06
Stored 21st* 6.9 150.0 0.10 10 1.0 3.0 1.5 1 1.04
. Product 6.9 150.0 0.10 10 1.0 3.0 1.5 1 0.040 | |
|
12 Simulant 6.8 25.5 14.5 140 8.1 2.0 6.0 69 <0.010 |
! Stored 4th* 6.6 110.0 0.38 10 2.5 2.0 1.0 30 1.04
| , Stored 21st* 6.4 130.0 0.16 10 1.5 2.0 1.0 33 0.98-
! Ez Product 6.6 120.0 0.10 10 1.0 3.0 1.5 26 0.038
3 13 Simulant 6.8 24.5 14.5 140 8.1 2.0 6.0 81 <0.010
| < . Stored 4:h* 5.6 140.0 0.37 10 1.0 6.0 <1.0 28 0.86
» = Stored 21st* 5.6 160.0 0.14 10 1.0 6.0 <1.0 22 0.85
- Product 6.1  185.0 0.10 10 <1.0 3.0 <1.0 18 0.040
14 Simulant 6.8 24.5 15.0 140 8.1 3.0 6.0 - 64 <0.010
i Stored 4th* 5.7 115.0 G¢.26 20 1.5 6.0 <1.0 24 0.83
§ Stored 21st* 5.6 115.0 0.12 15 . 1.5 6.0 <1.0 21 0.84
} ]U Product 5.8 240.0 0.09 15 1.0 3.0 <1.0 14 0.040
15 Simulant 6.9 24.0 14.5 140 8.1 2.0 8.0 68 <0.010
Stored 4th* 5.7 74.0 0.11 20 1.5 7.0 <1.0 26 0.74
Stored 21st* 5.4 74.0 0.08 15 1.5 7.0 <1.0 26 0.76
-— Product 5.6 240.0 0.04 15 1.0 3.5 <1.0 17 0.042
[
* Denotes Hour ‘\
] n’ 1‘
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Table 8 Concluded
Test Spec. Tur- _ Acidi- Alka-
: Day Sample Resis. bidity. COD Cc1 ty linity TS Ag+
]i No. Water pH (Kohm-cm) (JTU's) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
16 Simulant 6.6 24.5 15.0 140 8.1 2.0 7.9 84 <(.010
Stored 4th* 5.1 72.0 0.17 20 1.5 7.0 <1.0 16 0.68
, Stored 21st* 4.5 29.0 0.08 15 2.0 9.0 <1.0 12 . 0.65
m Product 5.4 230.0 0.05 15 1.0 3.5 <1.0 1 0.042
17 Simulant 6.5 25.0 14.0 140 8.1 2.0 6.0 51 <0.010
‘Stored 4th* 4.1 21.0 0.28 20 2.0 12.0 <1.0 10 0.46
Stored 21st* 3.9 18.5 0.26 15 2.0 14.0 <1.0 12 0.42
E: : Product 5.2 160.0 0.14 15 1.0 4.0 <1.0 4 0.038
o 18 Simulant 6.5 25.0 14.5 140 8.1 2.0 6.0 72 <0.010
' Stored 4th* 3.8 - 15.0 0.18 20 2.5 16.0 <1.0 10 0.28
- Stored 21st* 3.8 14.0 0.15 15 2.5 16.0 <1.0 11 0.26
-{ Product 4.9 120.0 0.07 15 1.5 7.0 <1.0 2 0.034
* Denotes Hour
I




Table 9 SUMMARY OF BACTERIOLOGIC ANALYSES FOR PFP TEST No.2
Dose(1) : Sample Points * |
Test 1Injection Number §
Day Point Specie Simulant(2) Stored Water Hot 0.V.(3) _ Cold O.V. &
Hr Count Hr Count Hr Count
1 Simulant 311x109 3:1x104/m1 4 <1/200m1 22 <1/200ml 23 <1/200ml &
P.a. \ 21 <1/200ml1 23 <1/200ml 24 <1/200m1_ é
2 Storage 3t1x109 <1/200ml 4 <1/200m1 22 <1/200ml1 23 <1/200ml
Tanks P.a. 21 <1/200m1 23 <1/200ml 24 <1/200ml
3 Charcoal 321x109 | <1/200m1 4 <i/200m1 22 <1/200ml 23 <1/200ml
Inlet P.a. 21 <1/200m1 23 <1/200ml 24 <1/200ml
4 Simulant 3t1x109 3i1x104/m1 4. <1/200mi 22 <1/200ml 23 <1/200ml
- ' I1la 21 <1/200m1 23 <1/200ml 24 <1/200ml
S Storage 3:1x109 7/100ml 4 <1/200m1 22 <1/200m1 23 <1/200ml
Tanks Iila 21 <1/200m1 23 <1/200ml 24 <1/200ml
€ Charcoal 31‘1)(109 3/100ml 4 <1/200m1 22 <1/200ml 23 <1/200ml
Inlet IIl1a 21 <1/200m1 23 <1/200ml 24 <1/200m1
7 Simulant 3i1x105 311x105/m1 4 <1/200ml1 23 <1/200ml1 23 <i/200ml
B.s. 21 <1/200ml 23 <1/200m1 24 <1/200ml
8 Storage 3+1x10° | <1/200ml 4 6/100m1 22 2/100m1 23  4/100ml
Tanks B.s. 21 2/100m1 23 <1/200ml 24 1/100ml
9 Charcoal 311x105 <1/200ml 4 <1/200m1 22 3/100m1 23 2/100ml
Inlet B.s. 21 <1/200m1 23 <1/200ml1 24 12/100ml

(1) A1l doses injected during start up, ist hour.
(2)All simulant samplcs taken during 24th hour.

(3) Outlet Valve
\ | l B
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Table 9 Concluded

(1) All Doses injected during s

(2) All simulant samples taken during 24th hour.

(3) Outlet Valve

AN

tart up, 1lst hour.

T i rtocalssatn T, X~ - LA o A A R

Dose (1) Sample Points
Test Injection Number §& , -
Day Point Species Simulant(2) Stored Water Hot 0.V. (3) Cold O.V.
: Hr Count Hr Count Hr Count
10 Simulant 3:1x105 3t1x104/m1 4 <1/200ml1 22 <1/200ml1 23 4/100ml
B.s. 21 <1/200ml1 23 1/200ml1 24 16/106ml
11 None Sterile 4 Sterile 22 Sterile 23 Sterile
. 21 Sterile 23 Sterile 24 Sterile
12 None ' Sterile 4 Sterile 22 Sterile 23 Sterile
21 Sterile 23 Sterile 24 Sterile
13 None Sterile 4 Sterile 22 Sterile 23 Sterile
21 Sterile 23 Sterile }4 Sterile
14  None Sterile 4  Sterile 22 Sterile 23 Sterile
. 21 Sterile 23 Sterile 24 Sterile
15 None Sterile 4 Sterile 22 Sterile 23 Sterile
21 Sterile 23 Sterile 24 Sterile
16  None Sterile 4 Sterile 22 Sterile 23 Sterile
21 Sterile 23 Sterile 24 Sterile
17 None Sterile 4  Sterile 22 Sterile 23 Sterile
21 Sterile 23 Sterile 24 Sterile
18  None Sterile 4  Sterile 22 Sterile 23 Sterile
21 Sterile 23 Sterile 24 Sterile
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stored water on days 9 to 18 inclusive. On test day 10 the
Bacillus subtilis injected into the simulant were excluded by
the biological filter.

Bacteria present in the system on test days 8,9,and 10 were
Bacillus subtilis from the injection on day 8 into the storage
tanks. Three days were required for the system to "cleanse' it-
self of Bacillus subtilis with the combination of dilution, flush-
ing,and a 0.050 ppm silver ion dose.

On days 11 - 18, no injections were made but sterility de-
terminations were performed on all samples by innoculation of
thioglycolate broth. The tubes were incubated at 308°K (95°F)
and inspected at 24 and 48 hours for turbidity. All samples
were determined tc be sterile indicating that the system "cleaned"
itself on day 11,

On days 10, 1l,and 12, a special sample was taken directly
at the heater outlet connection. This water -had been in the
heater at 336°K (145°F) for 22 hours. The count was found to
be<1/200 ml.

The bacteriological data in Table 9 indicates that the
meorst case" fuel cell simulant with 100 ppm organics (20 ppm
each of toluene, propyl acetate, sodium lauryl sulfate, isobutyl
methyl ketone, and xylenol) had no deleterious effects on
Pseudomonas aeruginosa and /or Type IIIa. Samples withdrawn
FTrom the simulant tank 24 hours after bacteria injection were
found to bs within the range anticipated after dilution (i.e.,
3+ 1 x 109 cell/94 liters or 3 t 1 x 104/ml).

It appears that the 'worst case" fuel cell simulant with
the 100 ppm of organics was a growth media for the Bacillus
subtilis. Samples withdrawn 24 hours from the simulant tank
on test daxs 7 and 10 were found to contain 3 * 1 X 105/ml and
3 + 1 x 104/ml, respectively. The samples by dilution should
have only contained 3 # 1 X 105 spore/94 liters or 3 * 1 spores/

ml. The aerocbic conditions in the simulant tank apparently germi-

nated some of the spores to the vegzetative form and proliferation
occurred. ,

6-17
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SECTION 7

EXTENDED TESTING

The Breadboard Tests and the Preliminary Flight Prototype
Tests reported in Sections 4 and 6 respectively were performed
with a system designed to process "worst case' fuel cell water
simulant as aefined in Section 3. To perform this function the
system included (1) a biological filter, (2) a canister of
activated charcoals and ion exchange resins, (3) a silver
chloride column, (4) a deionizer, and (5) a silver brumide column.

Fuel cell water constituents govern the design of the water
treating system. The particulates, organics, dissolved solids
and chlorides affect the number of components in the design.
Recently, new information has been collected on fuel cell water
from two candidate fuel cells (Pratt & Whitney and General
Electric). This new data indicates that all of the components
listed above which are required to convert "worst case" fuel
cell water, may not be required to treat "real" fuel cell water.

Contract NAS 9-12792 was amended by adding the following to
paragraph 3.2.6 of the Statement of Work.

"Eollowing completion of the 'worst case fuel cell water'
system tests, the preliminary flight prototype system
components shall be tested with various grades of simulated
fuel cell water to define the minimum bactericide system
requirements for processing tcleaner' fuel cell water.

The useful life and dynamic performance of each component
shall be determined. A minimum of six simulated mission
tests shall be performed using three different compositions
of simulated fuel cell water (with and without chlorides),
and bacteria shall be injected daily. Sufficient water

.sampling and analyses shall be performed to verify product -
water potability and to determine when system useful life
is exceeded."

7.1 Extended Tests without Chlorides in the Simulant

Three simulated mission tests weTre performed with a
modified PFP system processing Pratt § Whitney type fucl cell
water simulant (i.e., without chlorides). The objectives were
to determine the performance and the operational life of the
modified PFP system while treating different concentrations of
the Pratt § Whitney type fuel cell water simulant.

7.1.1 Pratt § Whitney FCW Simulant Definition

Thé constituents along with their respective
concentrations for "worst case' Pratt & Whitney type fuel cell
watér simulant are listed in Table 10. The two other conceéntra-
tions were mads by dilution. The 'mid casé" concentrfation

7-1
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Table 10 PRATT § WHITNEY WORST CASE FCW SIMULANT COMPOSITION

Cationic Species Concentration (ppm)
Cadmium 0.01
Copper 1.00
Iron 0.30
Lead 0.05
Magnesium 0.17
Manganese - 0.05
Mercury 0.005
Nickel 0.05
Potassium 0.54
Sodium 3.30
Titanium 0.20
Zinc 5.00

Anionic Species

Chromate 0.1 (Cr*é = .05)
Fluoride 1.6
Nitrate 0.04
Selenite 0.08 (Se = .05)
Sulfrte 14.6
Particulate
Silica (50 - 100 m) 100
Bacteria (1 - 10 am) 100,000/1iter

Other

Total Organics
pH (pH units)

7-2
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employed was two-thirds "worst case'" ionic species and par-
ticilates with 50 ppm organics. The '"low case' concentration
employed was one-third "worst case'" ionic species and par-
ticulates with 10 ppm organics. '

The pH of the fuel cell water simulant was adjusted by the
addition of a standard alkaline solution (sodium hydroxide) to
the specified pH.

7.1.2 Test Set-Up and Procedure

Figure 20 shows the arrangement of components used
in these tests. The components that define this water treating
system in the order of their use are as follows: (1) a par-
ticulate filter, (2) a silver chloride column,and (3) a de-
ionizer with a partial bypass. A particulate filter was used
in lieu of a biological filter because there were no beds of
charcoal or ion exchange resins to protect from biological
contaminants before the AgCl column. Since there were no
chlorides in the simulant to suppress the solubility of AgCl,no
ion exchange resins were utilized upstream of the AgCl.
Activated charcoals were purposely omitted to determine the
effects of various concentrations of organics in the FCW simulant
on the performance of the modified PFP system. The AgBr column
was obviated by incorporating a partial bypass in the deionizer
to retain a residual silver ion dose of approximately 0.05 ppm
in the product water. i

A one micron particulate in-depth filter (Service
Filtration Company Housing No. ABSLU6 and their filter
Cartridge No. VIA6U) was installed into the test equipment up-
stream of the PFP package. The PFP's. biological filter canister,
activated charcoal/ion exchange canister, and silver bromide
canister remained empty. The silver chloride canister and the
deionizer were the same as described in Section 5, except, that
a partial bypass was incorporated into the deionizer. The
internal bypass in the deionizer was a 38.5 cm (15-1/8 inch)
length of silastic medical grade tubing with a 2.16 mm (0.085
inch) OD and a bore of 1.015 mm (0.040 inch), positioned in
between the Pyrex wools.

The modified PFP system processed three concentrations
("worst case', '"mid case' and "low case') Pratt § Whitney type
fuel cell water simulant to exhaustion; i.e., until the product
water went out of pH potability specifications. Pseudomcnas
aeruginosa, Type IIIa,and Bacillus subtilis were injected into
two possible points of entry, namely, the simulant and the
storage tanks, during the first six test days in respective
order. On the seventh test day no injection was made; day 7 was

. used to eévaluate the effeéct of longer retention time on the

Bacillus subtilis spores. Sincé the tests were performed until
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exhaustion of the system, the scquence was rcpeated on those
days succeeding day 7. All simulant and product water flow
rates were the same as those used in the previous testing.
The modified PFP system was refurbished and resterilized for
the "mid case'" and "low case' tests.

7.1.3 Extended Test No. 1 - Results § Discussion

In Extended Test No. 1, the system processed "worst
case" Pratt § Whitney type fuel cell water at ambient tempera-
tures, 294 - 2979K (70 - 759F), during the period February 19
to February 26, 1973. Table 11 lists the daily water quality
characteristics. The tabulated results indicate that the ion
exchange resins absorbed 60% of the organics during the first
three days and virtually none thereafter. The product water
pH fell below potabilivty specification on Test Day No. 5. The
silver ion concentrations were approximately 1.1 ppm in the
stored water and approximately 0.05 ppm in the product” water.

Table 12 lists the daily doses of bacteria injected and
the plate counts performed on various samples. The in-depth
one micron particulate filter cannot effectively exclude
bacteria. On test days 1, 2, 3, and 4 when Pseudomonas acru-
ginosa and Type Illa bacteria were introduced into simulant
and storage tanks, the tabulated results indicate that both
the stored and product water were sterile (i.e., <1 cell/200

"ml). The silver ion dose fSa. 1 ppm) was bactericidal against

the infusion of 3 # 1 x 10
IIIa in 4 hours or less.

Pseudomon s aeruginosa and/or Type

On test day No. 5, when the simulant was contaminated,
Bacillus subtilis breakthrough occurred. It is clearly evident
that the in-depth one micron filter can not exclude bacteria.
It is also apparent that some of the Bacillus subtilis were
retained by the particulate filter, but the degree of exclusion
is unknown. Assuming that one-half of the Bacillus subtilis
passed through the particulate filter, the data for test day
5 indicates a five log reduction of Bacillus subtilis in 24
hours at ambient temperatures wit% % 1 ppm silver ion dose -
i.e., from 1.5 # 1 x 10%/ml or 10%+4/ml to 17/100 ml or 10-0.8/
ml. The maximum count obtained (the 24th hour sample) was used
to determine the reduction rate; during test day 5 the aerovic
conditions caused proliferation of the Bacillus subtilis. On
the basis of test day 6, when bacteria were injected 1nto the

storage tank, the data indicates a 2.4 log reduction of Bacillus
subtilis in 21 hours at_ambient temperatgrss with a 1 ppm silver

Ton dose - i.e., 3 * 105/63 liters or 10V*'/ml to 2/100 ml or

10-1.7/ml.
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Table 11 Concluded
Test Spec. Tur- _ Acidi-  Alka- 3
T Day Sample Resis. bidity COoD C1 ty linity S P
-t No.  bater pll  (Kohu-cm) (JITU's) (ppm) (ppm) (ppr)  (ppr) . (prr) (p7°)
6 Sinulant 8.2 20.0 13.5 140 <1.0 <1.0 1Z.0 98 <0.010
Stored 2th* §.2 19.5 0.85 110 <1.0 <1.0 8.0 51 1.16
Stored 21st* 8.1 19.5 0.85 110 <1.0 <i.0 §.0 53 1.318
Product 4.4 20.0 0.30 100 1.0 12.5 <j.0 25 {'.052
7 Sipilant §.2 206.0 13.5 140 <1.0 <}.0 12.0 6“\ X0.000
Stored 4ih® 8.1 19.5 0.60 ico <1.0 <1.0 7.0 43 \J ARS
Stored 21st®  §.17 A6.5 0.60 1G0 <1.0 <1.0 7.0 44 ] N
rroduct 3.2 18.0 0.40 100 1.0 14.5 <1.0C 22 0.0 &
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Table 15 EXTENDED TESYT No.3 WATER QUALTTY CHARACTERTSTICS

teat Spcc. Tur- _ - Acidi- Alka- | .
pay Sevple Resis. bidity con 1 ty Jinaty TS At
No.  Fator pIl  (kolwi-cm)  (JTU'S) (pp) () (epm) (pprd) o (pp) (pid)
1 Sitnlint 8.3 34.0 2.8 10 <1.0 <1.0 9.0 58 <Q.01¢
Stored 4th* 8.2 36.0 0.21 10 <1.0 <1.0 6.0 10 0.92
Stored 21st® 8.2 36.0 0.24 10 <1.0 <1.0 6.0 20 0.6
Product 7.5 240.0 <G.10 10 <1.0 <1.0 <1.0 8 0.052
2 Sirulant 8.1 38.0 1.4 10 <1.0 <1.0 8.0 17 <0.01G
Stored 4th® 8.0 44.0 0.34 15 <1.0 <1.0 6.0 10 G.07
Stored 21st® 8.0 44 .0 0.28 15 <3.0  <1.0 6.0 j0 0.0,
- Yroduct 7.4 280.0 <0.10 10 <1.0 1.0 <1.0 7 0.0:7
e 5 Situlant 8.2 34.0 3.8 10 <10 <1.0  30.0 15 <0.0J°
Stored 4th™ 5.1 37.0 0.76 10 <1.0  <1.0 7.0 12 0.6
Stured 21st™ 8.1 36.5 0.68 15 <i.0  <1.0 7.0 13 6.06
Product 7.4 280.0 <0.10 10 <1.0 1.0 1.0 10 0.030
4 Sinulant 8.3 40.0 2.1 10 1.0  <1.0 §.0 30 <0.01¢C
Stored 4tk 8.2 42.0 0.24 10 Z1.0 <1.0 €.0 26 0.62
Stored 21st®  §.2 42.0 0.18 10 <1.0 <1.0 6.0 26 G.C
Proluct 7.2 270.0  <0.10 15 <1.0 1.2 1.0 i 0.6:¢
5 Sirnlant 8.1 40.0 3.7 10 1.0  <1.0 £.0 53 <000
Stored 2% 8.0 44.0 0.19 10 <1.0 <1.0 6.0 2 0.0
Storcd 21st® 8.0 24.0 0.14 10 <i.C  <1.0 6.0 2 0.02
Poc "ot 7.2 255.0 <0.310 10 <1.0 1.2 1.0 3 0.0°°
Solonol s Hoor
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no disceTnible chanue 1a DIeSsuUre GTON GlTOSS LY 05 Lo KOs
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aitions.

Tuble 16 Sists the dwilv Coses ol bocveria indc :

Lo LS 2 LISTUS TAC WLi.Y Loses Ox gLCoCTIO 1nlc (RS
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table indicutes that thie biologicul results obtaincd
Setened Test NO. 3 were similar Co thc TOSU.TS 0O LXTCHGLw TOSIS
No's 1 and 2. They arce &S £01i0Ws:

AL A 1 ppm osilver Zon dose was buctoriciual Lesinst tho dndusion
0f 3 % 1 x 10Y {i.e., 3 & I x 10%/m1) 2SouaOn0onns G0TLin0vd
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3. AR in-denth one micron particulate filter cannot ciigctively
excliude vacteria.

D. A 0.0350 ppm silver 1on wdse was more erficacious at c ovated
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at the hot wate:r outlet valve werc lowe
water outlet valve.
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Product
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Stored 4th™
Stored 21sti®

Product

I'>notes Hour

Spcc.

Tur-

Resis. bidity con
(Xohm-cm)  (J1U's) (pm:)

7.8 10.0 140
311.0 0.11 120
310.0 0.12 120
350.0 <0.10 80
7.8 10.0 140
100.0 0.11 140
110.0 0.13 140
110.0 <0.10 100
7.8 10.4 140
46.0 0.21 140
40.0 0.18 140
66.0 <0.10 140
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_Sample Points

Mot 0.V.(3)
Hr

Count

<1/2060323
<1/:00m1

<1/200ml
<1/20601.)

<1/200w]
<1/200m1

<1/200::1
<1/206i1

<1/200m1
<1/200mu1

10/200::7
31/10012

<1/2001n:1
<1/20011

<1/200n3

Cold 0.V.

23
24
23
24

253
74

23
24

Coun i

<1/200: 1]
<1/2001:1

N} /2 (G011l
<1/200:.1

<1/2001.:1
<1/2001:2

<1/2001
<1/200 1

<71/200:1

4710011
].,/] 0Gml

1/]0831%
2/100m:1"%

<1/200:.1

"0
Table 10 SUMMARY OF BACTERIOLOGIC ANALYS:S FOR EXTEXDED TEST No.4
. Dose(})
1 Jeot Injection Numbcr §
bay _ Point Specie Simul ant(2) Stored Water
Hr  Count
] Sirulont 321x100 | 321x10°/m1 4 <1/200m1
P.a. 21 Z1/200m1
! rE
2 Storage 3+1x10 <1/200::1 4 <1/200ml
P.a. 21 <1/200m1
.. 9 5
<: 3 Simulant 321x10 321x10° /ml 4 <1/200ml
= I11la 21 <1/200ml1
) 4 Storage 3i1x]09 <1/200m1 4 <1/200ml1
o I11a 21 <1/200m1
-7 4 4
| 5 Simulant 3x1x10 33#1x10 /ml 4 <1/200m1
B.s 21 <1/200m1
4 ..
6 Storage 3x1x10 2/100m1 " 4 <1/200ml
T B.s 21 2/100m1l
7 None 00 0m----- <1/200ml 4 <1/200ml
21 <1/200m1
— 8 Sinmulant 311x109 311x105/m] 4 <1/200ml
P.a. 21 <1/200ml

A1l dosecs injected during start-up,(lst hour).

Outlet valve.

()

(1)
(2) A11 sinulant samplcs taken during 24th hour.
(3)

* Bacillus Ssubtilie

<1/200m)

2/100::2%

=N
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Jacieria in the sysiem on test duys 7 and § were Lac i iins *
simtilis from thic injection.on duy 6. The deionizer becanie con- |

Cimina.ce on day 6 & i vie bacteria present in the cold water
vilve were Bacillus subtilis that were diluted and [lushed out.
“he 0.050 ppm silver lon dosc was more cfficicious at cluvated |
temperatures, 332 - 3369K (135 -1459F); the Bacillus subtilis

counts at the hot wuter outlet valve were always lower than at

the cold water outlet valve. ‘

! The bacteriological data in Table 19 indicates that the
Ceneral Electric "worst case' fuel cell water simulant with 100

: ppm organics (20 ppm cach of tolucne, propyl acetate, sodium

‘ lauryl sulfate, isobutyl methyl ketonc, and xylenol) had no del-

_cterious cffects on Pscudomonas acruginosa and/or Type IIIa bac-
tcria. Samples withdrawn from the simulant tank 24 hours after

v bacteria injections were found to be within the range antici-

) - pated (i.e., 3 £ 1 X 109/94 liters or 3 £ 1 X 104/m1).

REaas

— BT

f It appears that the Genera. Electric 'worst case'" fuel ccll
. water simulant with 100 ppm organics was a growth media for the
Bacillus subtilis. The sample withdrawn from the simulant tank ;
on test day 5 was found to contain 3 £ 1 X 104/ml. The sample
should have only contained 3 £ 1 x 104/94 liters or 3 % 1/10ml.
The aerobic conditions in the simulant tank apparently germin- |
ated some of the spores to the vegetative form and then prolif-
eration occurred.

- v 7.2.4 Extended Test No. 5 - Results and Discussion

‘n Extended Test No. 5, the system processcd ''low
case" General Electric type fuel cell water simulant at ambicnt
temperatures, 294 - 2979K (70 - 750F), during the period April
30 to May 20, 1973. Table 20 lists the daily water qualivy
characteristics. The tabulated results as indicated by the COD
analyses show no discernible absorption of the organics by the
jon exchange resins. The product water fell below potability
specifications on test day 19.

The silver ion concentration was approximately 1 ppm in the
stored water during the first 13 test days. Thercafter, the silver
ion concentration decreased daily as the absorptive capacity of
the ion exchange resin bed upstrcam of the AgCl canister dimin-
ished. The chloride content began to break through on test day
14 as a result of the loss in ion exchange resin capacity and the
presence of chloride ions above 1 ppm suppressed the solubility
of AgCl. Conscauently, the silver ion content of the stored
water began to decrcase on test day 14 from 0.9 ppm (when the
chloride ion content was 1.4 ppm) to 0.16 ppm on test day 20 (when
‘ the chloride ion content was 4.0 ppm).
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Table 20 EXTENDED TEST No. 5 WATER QUALIWY CHARACTWUISTIUS ‘
i
€L Test Spec. Tur- . Acigi- AMka- 1
Day Sample Resis. bidity con C1 ty linity TS Ag+
No.  kater pH _ (Kohm-cm) (JTU’S) (ppm) (ppm) (pir) (pp:® * (vpR) {opr)
1 Simulant 3.9 17.6 2.3 10 4.0 24.0 <1.0 23 <0.010
m Stored 4th* 7.6 370.0 0.14 15 <1.0 <1.0 1.0 6 1.18
Stored 21st* 7.6 370.0 <0.10 15 <1.0 <1.0 1.0 8 1.18
Product 7.8 420.0 <0.10 10 <1.0 <1.0 <1.0 4 0.060
. 2 Simulant 3.9 17.6 1.6 10 4.0 24.0 1.0 21 »0.010
N Stored 4th® 7.4 360.0 0.11 10 <1.0 1.0 <1.C 2 1.16 '
Stored 21st* 7.4 360.0 <0.10 15 <1.0 <1.0 1.0 ¢ 1.3¢8 :
- Product 7.6 610.0 <0.10 15 <1.0 <1.0 <1.0 8 0.355 i .
w3 Simulant 3.9 17.6 2.4 10 4.0 24.0 <«1.0 13 «<0.010
-] Stored 4th® 7.3 360.0 0.11 10 <1.0 <1.0 1.0 2 1.16 i
Stored 21st* 7.3 360.0 <0.10 10 1.0 <1.) <1.0 1 1.16 :
Product 7.6 600.0 <0.10 10 <1.0 <1.0 <1.0 1 0.055
4 Simulant 4.0 17.7 1.4 10 4.0 24.0 <1.0 30 «<0.010
1) Stored 4th* 7.3 340.0 <0.10 10 <1.0 <1.0 <1.0 13 1.18
‘ Stored 21s. * 7.3 340.0 <0.10 10 <1.0 <1.0 <1.0 1 1.20
g Product 7.6 600.0 <0.10 15 <1.0 <1.0 <1.0 6 €.055
g 5 Simulant 4.1 18.0 1.8 10 4.0 24.0 <1.0 51 <0.010
e Stored 4th# 7.1 360.0 0.19 10 <1.0 <1.0 «1.0 22 1.10
o Stored 21st* 7.1 370.0 0.18 10 <1.0 <1.n <=1.0 20 1.10
: Product 7.6 610.0 0.11 10 <1.0 <t.J) <1.0 6 0.055
‘¥
: * Donotes Hour _ E
. 0 T
: i
»
*




e St s Ao it i A s AR

T

SS0°0
't
rL°T

010°0>

950°0

9T° 1

vi°t

010" 0>

70
0L0°0>

3
L
>

Y
19

Qrﬁrﬁm
vV Yy

AV AR V4

[
i = =

!
v

N

oo o OOoOo O o000
== =

ocoOoo
— e e
Vv Y

0°T

01>
0°t>
0°v¢

0" [>
0°I>
0" 1>
0°.¢

0°I>
0°I>
0°1>
0¥

0°'I>
0°I>
0°1>
0°v

0 1>
0" I>
0-1>
0°v

01>
0° 1>
0" 1>
0"V

0° 1>
0" 1>
0°T>
o'V

Gy (dduy TU(Eddy  (eddy  (uddy

-~
Q.

+0

SL

LAyturg
-ey1y

L2

- POy

D

ST
or
ST
ST

Ct
0T
CT
0t

0t
0t
ol
0t

ot
ot
St
01

ot
St
ot
ot

0r" 0>
¢€T°0
210
P-I

T " 0>
Z1°0
829
86°0

QT " C¢>
9i°0
AR
| 4

0T " 0>
€20
91°0
1

0T " 0>
010
9L 0
/A"

0°S8Y
0°0¢c¢
0°0z¢
0°°1

0°0f7
¢-ote
0°0¢Z¢
0°91

0°06%
0°0bx
0°02¢
0°91

0°019
0°0be
0°08¢
0°91L

0°0TS
0°0¢¢
0-ove
081

(udd) (s,nir)

(i0D

L1

Tprq
-ang,

(d -uryox)

STSIY
*2adg

Fmn e

O
< O O

O 0K
. .

Lo e ] Lol T N ) <t O O~

. s e
< SIS

OO ™m0 OO ™ ocoownm
.

H

INOH S

1900014
21STZ pl3Yots
=Yy psI0lS
jueTnuls

1dupord
£1STZ P30S

21y porolg
jue[UUTS

1onpoL§
21STZ potols
Y3y P3X01S
juenurs

1d0poxd
#1STZ PII01S
Y1y p3I01S

jueTaUIS

1onpord
¢1STZ POLOlS
Uiy poIoils
jueTnuts

DPINUTIUO) 7

10udd g

ot

™~

. [
'

Y
;.r.uAm
1s59L

ATqQL

|




i
M
W INOH S310Ud(
w
i €00 nz 0°T T 0°T> (1} 0T " 0> 0°08¥ 1°L 1dnpoxg
; ¥,2°0 T 0°'T> 0°F S°T 0T 0T 0> c 0ot S 23IS[Z PO.LO1S
SL*0 8T 9°T> 0°¥ ST (1R 0T °0> 0°00T ¢°9S <Yy porolg
, 0[0°0> vZ 01> 0°2¢ 0¥ 0T 6°T 0°9T 0"y juenuUisg ST
m 050°0 Q 0°T1 p°T 0°1> 0t 0T " 0> 0°06¥ I°L 1dnporx
i 06°0 9 0°I> VT 72 ST 010 0°0LT 6°S 3ISTZ pP3IOTS
m 96°0 3L 0°I>» ¥°IT AN ST Z21°0 0°09T1 6°9 Yy p3rx01S
: 0T0° 0> 14 C'T» 0°2¢ 0¥ 0t T°T S°9T1 0V jueTnulsg tT
m 0¢0°0 A 0°T °1 0 I> ST 0T 0> 0°06¥ PoL 1dupord
00T T 0°T 07> 0 1> 0t 010 0°0LZ 2°9 1sS[Z DPOiOS
_ 00°T v 0°T 0 1> 0° 1~ ST [1°0 0°0%2 [°9 «Uly P3I0-LS
m Nio-0> L 0> 0°22 0V 0t 68°0 grar [ jue [vITg T
’ 3500 9 0°1 Z°T 0°-00S /AN 1dupo.rd
! 30° [ b 0°T: 0°T> 0°062 6°9 23SIZ PoI0lS
w Kl I | Z 0°I> 0°T: 0°082 $°9 <Yy prrotg
: 0i0° 0> Lz 0"T> 0°2¢ S 9t [ U TG A
w €50°0 I 0°t °1 0°01S A 13nporg
m ve-r I 0°T> O0°% 0°0¢<¢ 6°9 231S{Z pOII03S
: 9[°1T T 0°t> 0°T 0°0T¢ 3°9 Uy POroRT
: QLg-0> o0 0°'I> 0°¢¢ 0°91 T°¢ Jue LTS it
(Id)Y (Y (ud d)y  (udd) (i -ugoY) d TIagey RN
+3Y SI Lytury £ *sTs0y ordues o
ey -IPLtay *2adg 1s9L
._vO—.ﬂﬂ~m.“qou OM QH.#Q.—..

[

g
gy




TR Tt ™ aeveme s TR A T AR

oo s eupgemnag

1:¢ble 25 Concluded

1ost Spcc. Tur- _ Acidi- Ajke-

Ly © oiple Resis.  bidity  coD c1 1y linity TS

Do.e o ter pH  (Kohm-cw) (JTU's) (prm)  (ppm) _ (ppm) _(pprd o (7)) |

14 Simnlant 4.0 16.0 1.1 10 4.0 14.0 «i.0 30 <0
Stored 4th® 4.9 72.0  <0.10 10 3.0 6.0 1.0 25 0
Storcd 21st® 4.9 64.0 <0.10 10 3.0 6.0 <1.0 17 0
Product 6.9 350.0  <0.10 10 1.0 1.4 1.0 20 0

17 Sirulant 4.0 16.0 1.9 10 4.0 14.0 <1.0 52 <0
Stored 4th® 4.6 51.0 0.16 10 3.0 9.0 1.0 14 0
Stored 21st? 4.6 47.0 0.14 10 3.0 9.0 «1.0 77 0
yioduct 6.9 310.0  <0.10 10 1.0 2.0 +1.0 20 0

18 Sirulant 4.0 16.5 1.0 15 4.0 12.0 <1.0 40 <D
Storcd 4th® 4.2 31.0 0.16 15 3.5 10.0 <1.0 34 0.
Stored 21st® 4.4 26.0 0.16 15 4.0 12.0 <1.0 40 0.
“Loduct 6.5 110.0 <0.10 10 1.0 4.0 <1.0 40 0.

19 Sirnulant 4.0 16.5 0.88 10 4.0 14.0 1.0 20 -0
Stored 4th® 4.1 18.5 0.12 10 3.5 12.0 <1.0 25 0
Stored 21st® 4.0 16.5 0.11 10 3.5 12.0 <1.0 1§ 0
Product 5.8 90.0 <0.10 10 1.25 6.0 <1.0 17 0

20 Sirulant 4.0 17.0 0.80 10 4.0 14.0 <1.0 41 <D
Stored 4th* 4.0 16.5 0.12 10 4.0 14.0 <1.0 2¢ o
Stcs -d 2ist* 4.0 16.5 0.10 10 4.0 14.0 <1.0 31 0
Product 5.1 85.0  <0.16 10 1.4 6.0 <1.0 10 0

* Do tos Hour
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Che 50 aVel Lon Concentration was amnroximately 0.050 poa in
N sls / i

Lhe Produet water cuaring e Sivst L3 test duys.  The silver ion
conten® 0. the product witer decreascd from 0,060 ppm on day 1+
co 0.0, ppm on duy 20, us e silver ion content oi the stored
water decreased.

Ficures 28 and 29 show the hydruul o characteristics of the
system be.ure wund alter iscenced Test No. 5. The data indicates
no significent change in pressure drop 4Cross any oi the compo-
Lents as a vesult of operatiag 20 days at "low casc' conditions.

mabic 21 1ists the daily coses of bacteria injected and the
plate counts periormed on various samples. The data in this
. uule indicates that the biological results obtained during
Extenced Test No. 5 were similar to the results of Extended Test
No. 4; tney arc as follows.

A The biological filtew effectively excluded bacteria.
B. A 1 pom silver ion Gose was bactericidal against the infusion

of 3% 1 x 209 (i.e., 3 £ 1 X 104/ml) Pseudomonas aeruginosa
and/or Type IIIa in 4 hours oxr less.

C. A1l ppm siiver ion dose at ambisnt temperature reduced
Bacillus subtilis counts by two orders of magnitude in 24
ours.

D. A 0.050 ppm silver ion dosc was more efficacious at clevated
te.peratures, 332 - 3360K (135 - 1450F). When breakthrough
and/or contamination occurcd, the Bacillus subtilis counts
a+ the hot water outlet valve were lower than at the cold
water outlet valve.

E. The simulant with 10 ppm organics did not affect either
Pseudomonas aexuzinosa or Type 1IIa bacteria. Counts after
54 hou.s were iound to be within the range anticipated.

F. Undor acrobic conditions the simulant with 10 ppm organics
was syaergistic to the proiiferation of Bacillus subtilis.

Baucteriu Hresent in the system on test days 10 to 14 inclu-
sive were Daciilus subtilis {rom the injection on day 9. The
woionizer bocame contaminated on day 9 and the bacteria prescnt
wore Buacillus subrilis that wern diluted and flushed out. It
appears that the systen Melcanscd! itself by day 15 as indicated
by counts of <1/200 ml on both stored and product water.
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(1)
(2)
(3)

Talle 21 _SUINMARY OF BACIT ‘TOLOGIC ANALYS 'S FOR EXVLXF W )
Clese(dy Samle Point
S jection N her § |
Point Specic | Similroi(2) Stored Weteyr - Het 0.V. 70
l Hr  Count  Hr  Lound
¢ooulent 311x109 E 3i]x104/m1 4 <1/200m1 27 <1/200m]
P.a. i 21 <1/200mY 2. <1/200ml
9 |
Storarfc 3+1x10 1 <1/200121 4 <1/200m1 22 <1/200ml
P.a. 21 <1/200ml 23 -11/200ul
Sipolant 3ﬂ1x109 31]x104m1 4 <1/200m) 22 <1/200n1
Il11a 21 <1/206..1 23 <1/200m1
9
Storage 3+1x10 <1/200m) -4 <1/200m1 22 <1/200:7
111a 21 <1/200m1 23 <C1/200md
None = —----- 1 "= =- 4  ------ 22 ------
2y ------ 23 -m----
None 00 ===} -===-- E4 ------ 22 ------
i - 23 ------
None 000000 =-==-- <1/200ml 4 <1/200m1 22 <1/200ml
21 <i/200m1 23 <1/200+7
Sirulant 311x104 5x104/m1 4 <1/200m1 22 <«1/200.1i
B.s 21 <1/200m) 23 <1/200ml
A1 doses injected during start-up, (Ist hour).
51 sirulant samples taken during 24th hour.
Ouilet valve

1 S |

24

NN
ENEN

25
24

“d 0.V,
Coo

Lji/fz2oo?
\]/?(I[‘,l

<1/200602
<1/206::1

<1/200:%
<1/2001:]

<1/20¢ °
<1/20¢

ey

e e ¢ ———————




ey

< wal s

mu— o . —— ot -

)

1¢

11

13

14

“ontinw

nose (1)
¢cction
oint

Starage
Nonc
Simvlant
Nonc
Nonce
Storage

Sinulant

Storagc

M1 doses injected during start-up, (1st hour).
A1l simulant samples taken during 24th hous.

Cutlet valve

Simulant (2)
(/100::1 %
<1/200m1

4i]x]05/m1

<1/200ml
5
4+1x107 /ml

<1/200ml

. Seite
Storcd 1 iny
Hr Lo

4 <1/200 11
21 3/100:1
4 <1/200m]
21 <1i/200m1
4 <31/200m1
21 <1/200m1
S
21 ----e-
)
21 e
4 <1/200m1
21 <1/200x:?
4 <1/200m1
23 <1/200:1
4 <1/200m1
21 <1/2001m1

* Bacillue subtilis

L. TRSTS Y v T e BEE T mm

Yooint

Bot G.° (=

NN
[N RN

Cou .

1/100:.1
1/100m7

37 20ml=

<1/:00:01

2/100g3ﬁ

5/1¢07

<i/:s 1
<3 /20011

<i1/200501
<1/20014]

<1/2¢0x7
<1/2001.1

1a .Y,

(@

Lifene
L1100

1/100..17

L3/200. 1

<1/254.0
271007

<3/26000

<1/2000
~231/20003
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Siorage
Nonc
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0 itlet valve

hunner §

Speric_

Simnlant (2)

7
4x10 /]
<1/200m?

Samplo

Storcd Watexr

1=l

K=

21

21

21

21

A1 doses injected during start-up, (Ist hou:
/71 simulant samples taken during 241th hour.

e TS

Count

<1/200ml
<1/200ml

1/100ml
3/100m)

H»

22
25

22
23

22
23

22
23

_ Mot OV
(

Paint

ml
hul

<1

<] /”

H

23
24

23
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al
N
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ﬁ11 \'?.

@
Cc o

1/100::1
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7.% < oy Broaide Bificucy Tests

Si ver bromide cfficucy tests were substituced for an
¢ nded test with "mid case" Ceneral EBlectric Xued cell water
s .ulon..  Four weests were performed with only the AgBr column
o. the »uP system dosing anticipated fuel cell wuter simulant
wits silver ions. The objecc:iive was to determine the cfficacy
of a 0.05 spm silver ion dose from a AgBY canister with respect
to “wo species of bacteria, namely, Pseudomonas aerucinosa and

ey LT~
AyAJb aad &

7.7.1 Anticinated FCW Simulant Definition

The contituenzs alon, with their respective concen-
trations Ffor anticipated fuei cell water simulant, based on the
existing Space Shuttle potable water baseline, are listed in
Table 22. Two concentrations of organics were used, 10 and 100
DPM. '

7.3.2 Test Set-Un Procedure

Figure 30 shows the arrangement of components used
in these =ests. As indicated, the systen consisted only of a
AgBr canister with a partial bypass. The bypass arrangement was
roc.fied =0 deliver 0.05 ppm Ag® =t a flow rate of 66 ml/min
(8.7 1b/hr) from the fuel cell. The testing was performed at
ambient temperatures, 294 - 2979K (70 - 750F),as follows:

A .ticipated fuel cell water simulant was pump.d through the
AgBr canister at a Jlow rate of 66 ml/min (8.7 1lb/hy, over-
night until the storage tanks weve filled with 63 liters of
silves bromide dosed simulant.

B. 5+ 1 x 109 bacteria were injected into the storage tanks
(i.e., the same dosage of biological contaminants as em-
pioyed .a all previous testing). After mixing, the
resultant concentration of microorganisms was approximately
5 + 1 2 104/ml.

C. Sorsles in 2 liter increments were drawn off at the outlet
vaive at the following times after bacteria injection and
subjected to plate coun.s.

minutes
ninutces
hour
nouss
Lours
nours
hoL s
nowas
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ANTICIDAY

a b dNa

ED IO SIMULANT COMPOSTITION

. Taste and Odor
d. Turbidity"

. Color, True
2, Toval Organics

b. oStal Solids
c
1
(V'S

Particulate Size Ran 2

a. 0-10 microns

b. 10-25 microns

c. 25-50 microns

d. 50-100 microns
y e. 100-250 microns

.onic Snecies

& . Aluminum

b. Cadmium

c. Tloride

d. Cohron.aum

(hexavalent)

i c. Copper
! £. Tron

g. cad

he wagnesium
i. Mangancse
j. dNercury
X. Nickel

1.. 20tassium
m. Selenium
n. Silica

o. Silver

p. Ammonia

[P

SR SN e

0
M
<

Linmics (Maximum Allowance)

6.0-8 at 25°C (77°F)

20 puym

None at Threshold (Cdor No. of’3)
11 Unict

15 Units

10 ppm

No. of Particles per 500 ml Fluid

TUnlimited
1000
200
~100
10

Maximum All..;able Concentration

For reference only

0.01 ppm

1.0 ppm

0.05 ppm

1.0 ppm

0.3 ppm

0.05 prm

For refcrence only
0.05 ppm

¢.005 ppm
0.05 ppm
For reference only

0.05 ppm
For reference only
0.05 ppm
0.5 ppm
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. Afzer the 24th hour, the storage tanks were emptied and the

system was cleaned.

L. The same proccdures and test set-up were used on the

following:

(1) Anticipated FCW simulant with 10 ppm organics and
Pseudomonas aeruginosa.

(2) Anticipated FCW simulant with 10 ppm organics and
Type IIIa.

(3) Anticipated FCW simulant with 100 ppm organics and
Pseudomonas aeruginosa.

(4) Anticipated FCW simulant with 100 ppm organics and
Type IIla.

7.3.3 AgBr Test No. 1 - Results § Discussion

During AgBr Test No. 1, anticipated fuel cell water
simulant containing 10 ppm organics, dosed with approximately
0.050 ppm silver ion, was challenged with Pseudomonas aecruginosa
bacteria. Table 23 summarizes the test results. The tabulated
data shows that a 0.050 ppm silver ion dose was bacteﬁicidal
against the infusion of 3 * 1 X 109 (i.0., 5+ 1 x 10%/ml)
Pseudomonas aeruginosa cells in 15 minutes or less.

7.3.4 AgBr Test No. 2 - Results & Discussion

During AgBr Test No. 2, anticipated fuel cell water
simulant containing 10 ppm organics dosed with approximately
0.050 ppm silver ion, was challenged with Type IIIa bacteria.
Table 24 summarizes the test results. The tabulated.data shows
that.a 0.050 ppm silver ion dose was bactericidal against. the
infusion of 3 * 1 x 109 (i.e., 5 £ 1 x 104/ml) Type IIla cells
in 15 minutes or less.

7.%.° AgBr Test No. 3 - Results § Discussion

During AgBr Test No: 3, anticipated fuel cell water
si...lant containing 100 ppm organics, dosed with approximately
(.050 ppm silver ion, was challenged with Pseudomonas aeruginosa

bacteria. Table 25 summarizes the test results. The tabuiated
data shows that a 0.50 ppm silver ion dose was bactericidal
azainst the infusion of 2 + 1 x 109 (i.e., 5 ¢ 1 X 104/m1)
Ps.udomonas aecruginosa cells in 15 minutes or less.
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Table 23

—_ Water

AeBr TEST No.l

SUMMARY

Quality Characteristics

Sample _ pH
Simulant 6.1
15 min 6.1

7 hr 6.1
24 hr 6.1

Racteriological Analyses

! ppm )

Spec. -
Resis Cl
(Kohm-cm) [npm)
78.0 1.2
79.0 1.2
79.0 1.2
79.0 1.2

Injected
Dose

3I=1 X 109

Pseudononas

aeruginosa

(521 x 10%/m1)

Sample

Simulant
15 min
30 min
hr
hr
hr
ar
hr
hr
hr

IO D <. N~ 7 B - B o

COD Ag+

15 <0.010
15 0.059
15 0.050
15 0.050

Count

<1/200ml
<1/200ml
<1/200ml
<1/200ml
<1/200ml
<1/200m1
<1/200ml
<1/200ml
<1/200ml
<1/200ml

i ppin )




i Toble 74 Aody T1ST No.2 SUMNMARY ‘e 1

Water Quality Characteristics

Spcc. .
Resis. Cl COD Ag+
Samnle pH (Kohm-cm) (ppm) (ppm)  (ppm)
Simulant 6.1 74.0 1.2 15 <0.010
15 min 6.1 74.0 1.2 15 0.350
7 hr 6.1 74.0 1.2 '15 0.050 ,:
. 24 hr 6.1 74.0 1.2 15 0.050 %
e Bacteriological Analyses -
at Injected !
i Dose Sample Count
| ‘i' 3:1 x10° Simulant <1/200ml
r' Type Illa 15 min <1/200ml
= (3z1 x 104/m1) 30 min <1/200ml
‘ | 1 hr <1/200ml
i 2 hr <1/200ml
| 3 hr <1/200m1 .
; 4 hr ' <1/200ml
| 6 hr <1/200m1
7 hr <1/200ml
24 hr ‘ - . <1/200ml
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Sample

Simulant
15 min

7 hr
24 hr

Injected
Dose

3zl X 109
Pseudor "mas

aeruginosa

(51 x 104/m1)

Table 25

AgBr TEST N¢.3 SUMMARY

Water Quality Characteristics

(93]

O\O\O\O\[U

w» w

Bacteriological Analyses

SO o0 s> » D

Sample

Simulant
15 min
30 min
hr

hr

hr
hr
hr
hr
hr

7-49

Spcc. .

Resis Cl CcoD
(Kohm-cm)  (ppm) (ppm) (ppm)

60.0 1.2 140 <0.010

60.0 1.2 130 0.050

6C.0 1.2 130 0.050

60.0 1.2 130

Count

<1/200ml
<1/200ml
<1/200ml
<1/200ml
<1/260ml
<1/200ml
<1/200ml
<1/200ml

- <1/200ml

<1/200ml




7.3.6 AoBr Test No. 4 - Resuiis § Discussion

During AgBr Test No. 4, anticipated fuel cell water
simulant containing 100 ppm organics, dosed with approximatcly
0.050 ppm silver ion, was challenged with Type IIla bacteria,
Table 26 summarizes the test results. The tabulated data shows
that a 0.050 ppm silver ion dosc was bactericidal against the
infusion of 3 + 1 x 109 (i.e., 5 £ 1 x 10%/ml) Type IIla cells
in 15 minutes ¢r less.

7.4 0Odor and Taste Tests

Two properties of the anticipated fuel cell water used in
the AgBr tests are taste and odor. The limits or maximum allow-
ance for these properties is none at Threshold No. of 3. Upon
completion of the AgBr tests, threshold number tests were per-
formed using the methods listed in the "Standard Method  Text",
13th ed., Sec. 136, p. 248 for Odor - and Sec. 161, p. 347 for
Taste.

For increased precision, a panel of five evaluators was
used to make all measurements. All odor measurements were made
at 3339K (1409F) and taste measurements at 313°9K (104°F). From
these tests, the anticipated fuel cell simulated composition
with 10 ppm organics was found to have a Threshold Odor No. of 8
and a ~ureshold Taste No. of 10.

Determinationswere also made on samples for Extended Test
No. 5, product water days 1 and 20. Again, a panel of five per-
sons was used and the tested samples were at the 3330K (140°F)
and 313°X (1049F) for odor and taste, respectively. The results
were: Day 1 had a Threshold Odor No. of 6 and a Threshold Taste
No. of 3, while Nay 20 had a Threshold Odor of 12. A taste test
was not conductc. on the Day 20 sample because its acceptability
to ingestion was uncertain.

Extended Test No. 5 used '"low case' fuel cell water simulant
containing 10 ppm organics. On the basis of the above odor and "
taste tests, it is concluded that none of the product waters of
Evtended Tests No.'s 1 to § inclusive, satisfied the potak-ility
criteria for odor and taste. It appears that the ion exchange
resins cannot adequately sorb the organics. Furthermore, it is
apparcat that activategrcharcoals will have to be utilized if the
fuel cell water contains 10 ppm orcanics (2 ppm each of toluene,
propyl acetate, sodium lauryl sulfate, isvobutyl methyl ketone and
xylenol).
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Sample

Simulant
15 min

7 hr
24 hr

Injected
Dose

3zl x 109

Type IIla

(5:1 x 10%/m1)

Table 26

AgBr TEST No.4 SUMMARY

Water Quality Characteristics

Spec.-
Resis

(Kohm-cm)

(7 B ¥ B ¥ N ¥

60.0
60.0
60.0
66.0

Bacteriological Analyses

Sample

Simulant
15 min
30 min

1 hrx

2 hr
hr
hr
hr
hr
24 hr

~N O B~ W

7-51

COD

(ppm) (ppm)
140 <0.010

130
130
130

Count
<1/200ml
<1/200m1
<1/200ml
<1/200ml
<1/200ml
<1/200ml
<1/200ml
<1/200ml
<1/200ml
<1/200m1
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APPENDIX A

AWWA
BEF
oc
C1i-
cm
cm?
cm3
COoD
cps
dB/oct
OF
FCW

g?/cps
HF

ABBREVIATIONS

activated charcoal filter

silver ion

silver bromide

silver chloride

American Public Health Association
an arbitrary designation of a
nonselective medium used by Evans
and Niven for cultivation of
heterofermative lactic acid bacteria
American Water Works Association
biological filter

degrees Celsius

chloride ion

centimeter(s)

square centimeters o
cubic centimeters

cheﬁical oxygen demand

cycles per second

decibels per octave

degrees Fahrenheit

fuel cell water

grams

acceleration density units

hydrofluoric ‘acid




d

in
in
in
IX
JSC
JTU

1b
1b/hr
meq
MF

mg

ml

mi/min

mm Hg

NASA

PBS
PFP

PP
ppb

inch(es)
square inches
cubic inches
ion exchange
Johnson Spacecraft Center
Jackson turbidity unit
degrees Kelvin
liter(s)
pound(s) .

. pounds/hour
milliequivalent(s)
membrané filter
milligram(s)
milliliter(s) 9
milliliters pexr minute
millimetexr(s)
millimeters of mercury pressure
nitrogen
National Aeronautics and Space Administration
phosphate buffered saline
Preliminary Flight Prototype
log of the hydrogen ion concentration
pages

parts per billion




ppm
psid
psig
Reg
SMT
TOC
TS
WPCF
YSI

I+

parts per million

pounds per square inch differential
pounds per square inch gage
regulator

simulated mission test

total organic carbon

total solids

Water Pollution Central Federation
Yellow Springs Instrument

micron, micro

plus or minus

percent
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APPENDIX B

1.2

2.0 Breadboard Test No.2 (July 12 to July 18,1972)

2.1

2.2

SILVER ANALYSES

D

NOoO U S WD h

NONUVT RN

EC3 Lab (ppb)

Stored

N OISR

SO UTH N

1200

980
1050
1400
1200
1400
1400

Product

<50

<50

<50

Stored

900

950
1200
1350
1350
1350
1300

Product

80
90
80
90
100
100
100

Breadboard Test No.l (June 20 to June 26,1972)

Chemtric (ppb)

950
900
1000
1080
1000
960
920

100
100
100
100
100

70

70

“w 900
1080
1100
1080
1040
1040
1040

ERPEN
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| C 3.0  PFP Test No. 1 (Nov. 27 to Dec. 3, 1972) L
3.1 ) Stored L
EC3 Sample No. Day EC3 Lab(ppb) Chemtric(ppb) _
. 1172-62 1 1300 960 |
63 2 1400 1200 :
64 3 1100 1160
| 65 4 1200 1200 .
W 66 5 1200 : 1200 |
% . 67 6 1200 1220 . "
: 68 7 1100 1180
M,
4 3.2 Product é J
o 1172-48 1 80 24
49 2 70 20
50 3 70 24 )
51 4 <50 30 y
52 5 50 26 |
53 6 80 22 v
54 7 80 18 |
4.0 PFP Test No.2 (Dec. 11,1972 to Jan 5, 1973) ”
4.1 Stored |
173-93 1 1200 1200 ]
94 2 900 1240
95 3 900 1180 )
96 4 1000 1160
97 5 1300 1160
08 i 6 850 1240
99 - 7 1000 1220 ‘
100 8 900 1160 J
: 101 9 850 1060
102 10 800 1020
103 11 900 1060
104 12 500 980
105 13 800 850
106 14 | 950 840
107 15 850 760
108 16 . 600 650
109 17 600 420
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4.2 Product
EC3 Sample No. Day EC3 Lab(ppb) Chemtric(ppb)
173-75 1 <50 42
76 2 <50 40
77 3 <50 40
‘78 4 90 . 42
79 5 <50 44 &
80 6 <50 40
81 7 <50 40
82 8 <50 42
83 9 <50 44
84 10 <50 44
85 11 <50 40
86 12 <50 38
87 13 <50 40
88 14 <50 40
89 15 <50 42
90 16 <50 42
91 17 <50 38
92 18 <50 38
5.0 PFP Extended Test No.1l (Feb 19 to Feb 26, 1973)
5.1 Stored
; Ellington
EC3 Sample No. Day EC3 Lab(ppb) Lab (ppb) Chemtric(ppb)
373-26 1 600;600 1180
27 2 900 1200 1160
28 3 900 1000 1160 .
29 4 800 1000 1180
30 5 3203300 300 1160
31 6 580;540 , 700 1180
32 7 600 700 1140
5.2 Product
373-19 1 130 55 55
20 2 110 30 55
21 3 110 40 52
22 4 60 -- 52
23 S <50 - -- 52
24 6 60 -- 52
25 7 70 -- 55
B-3
H E ™M T R | c

r~ -y
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6.0 Extended Test No.2 (Mar § to Mar 13,1973)
6.1 Stored
. Ellington.
EC3 Sample No. Day EC3 Lab (ppb) Lab b
373-69 1 200 -- .
70 2 300 340
71 3 150 --
72 4 150 220
73 5 150 --
74 6 210 --
75 7 1400 1000
76 8 200 200 .
6.2 Product
373-61 1 <50 --
62 2 <50 --
63 3 <50 --
64 4 <50 --
65 ) <50 --
66 6 <50 --
67 7 50 -
68 8 100 --
7.0 Extended PFP Test No.3 (Mar 26 to >va_mwwmquu
Stored L
473-46 1 600 -
50 2 700 .=
51 3 500 -~
52 4 800 -
53 5 900 --
54 6 650 --
55 7 800 --
' 56 8 800 --
57 9 800 --
58 10 900 --
59 11 950 --
B-4
= H E M T R |

Chemtric(ppb)

1180
1200
1140
940
920
900
920
900

940
980
960
940
920
940
920
900
900
900
900

g
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7.2 . Product
Ellington.
EC3 Sample No. Day EC3 Lab b Lab b Chemtric(ppb)
473-38 1 <50 50; 50 52
39 2 <50 -- 48
40 3 <50 20 50
41 4 <50 -- 48
42 5 <50 -- 48
43 6 <50 -- 48
44 7 <50 20; 20 50
45 8 <50 -- 50
46 9 <50 -- 48
47 10 <50 -- 46
48 11 <50 -- 46
8.0 Extended PFP Test No.4 (Apr 12 to Apr 20,1973)
8.1 Stored
573-33 1 1000 - 1200
34 2 1100 -- 1180
35 3 950 ., =" 1160
36 4 1100 -- 1180
37 5 850 -- 1020
38 6 1000 -- 1020
39 7 900 -- 980
40 8 700 -- 920
8.2 Product
§73-25. 1 <50 <20 46
26 2 <50 20 44
27 3 <50 20 48
28 4 <50 20 46
29 5 <50 20 40 ;
30 6 .<50 20 40 J
' 31 7 <50 <20 40
32 8 <50 20 40
B-5
c - E M T _ C
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9.2

Extended PFP Test No.5 (Apr 30 to May 20,1973)

EC3 Sample No. Day
573-106 1
107 2
108 3
109 4
110 5
111 6
112 7
113 8
114 9
115 10
116 11
117 12
118 13
119 14
120 15
121 16
122 17
123 18
124 19
) 125 20
573-106 1
127 2
128 3
129 4
130 5
131 6
132 7
133 8
, 134 9
: 135 10
136 11
137 12
138 13
139 14
140 15
141 16
142 17
143 18
144 19
145 20
H E M

Product

EC3 Lab

<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50 |
<50
-<50
<50
<50
<50
<50
<50
<50
<50

Stored

1600
1400
1600
1500
1600
1400
1400
1400
1300
1300
1200
1200
1100

850

750

480

300
140
100

B

Ellington .
Lab b

30

50

50

5C

40

40-

30

30

<20

<20

Chemtric(ppb)

1180
1180
1160
1200
1100
1100 -
1200
1160

1160 /
1120 7
1140

1080

1000

900

740

660

350

300

200

160

i d

e a e it e e
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10.0 Silver Bromide (AgBr) Tests

10.1

10.1.1 Test No.1l

1st Set of Samples

Ellington

EC3 Lab(ppb) Lab_(ppb)

EC3 Sample No. Time
673-12 15 min ‘100
13 24 hr 60
10.1.2 Test No.2
673-14 15 nin 320
15 24 hr 120
10.1.3 Test No.3
673-20 15 min 70
21 24 hr 50
| 10.1.4 Test No.4
673-22 15 min 70
B 23 24 hr 70
(;) 10.2 2nd Set of Samples
10.2.1 Test No.1l
773-9 15 min <50
10 24 hr - <50
10.2.2 Test No.2
773-11 15 min <50
12 24 hr - 450
10.2.3‘ Test No.3
773-13 15 min 220
14 24 hr <50
10.2.4 Test No.4 '
773-15 15 min 90
16 24 hr <50

270
100

40

" Chemtric (ppb)

50
50

260
50

50
50

50
50

50

50
50

e

Y

50;125%
50

50;50*
50

l ®Resuits on 2nd set of samples that were sent back to Chemtric.
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APPENDIX C

RANDOM VIBRATION TEST REPORTS
BY

INLAND TESTING LABORATORIES, INC.
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- TEST REPORT NO. 1392=-1
- | ' " DATE . 1y 17, 1972
. i |
(S _
| REPORT OF TEST
U | | ONE (1) SET OF .
S WATER SYSTEM CANISTERS .
FOR
CHEMTRIC, INC.
INLAND TESTING LABORATORIES, INC.
7845 Nagle Avenue
: | - Morton Grove, lllineis 60053
N
o
" TESNG
-
: PREPARED CHECKED APPROVED
' .~ B R, Tarosky B. Loveless B. Loveless
- SIGNED M.ﬂ;&b&z_
B | |
;"i . .
. Q N
il | ‘ D R S
. . ’ ’
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DATE

July 17, 1972

PURPOSE OF TEST:

To determine the ability of the test specimens to
withstand the applied Random Vibration specified.

MANUFACTURER:

Chemtric, Inc., -
Under Contract:NAS=12792

MANUFACTURER’'S TYPE OR MODEL NO.:

One (1) Set of Water System Canisters

DRAWING, SPECIFICATION OR EXHIBIT:
PO 01874
QUANTITY OF ITEMS TESTED:
One (1) Set
SECURITY CLASSIFICATION OF ITEMS:
Unclassified
DATE TEST COMPLETED:

) July 11, 1972
TEST CONDUCTED BY: INLAND TESTING LABORATORIES, INC.

DISPOSITION OF SPECIMENS:

Returned to Chemtric, Inc,
ABSTRACT:

None

REPORT NO. 1392=-1
pAGE ! oF__3

TESTING
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DESCRIPTION OF TEST:

DATE . July 17, 1972

RANDOM VIBRATION TEST

Requirements:

, The test specimens shall satisfactorily withstand the
applied vibration without exhibiting evidence of physical damage.

Test Procedure:

The test specimens were secured to a fixture which, in
turn, wae rigidly attached to the moving element of the vibration

machine,

The specimens were then subjected to 2. 5 minutes of
random vilration in each of three (3) mutually perpendicular axes, .
The bandwidth was limited to between 20 and 2000 Hz. with the spectral

density as follows:

Frequency Range (Hz,)

Test Spectrum

+3 dB/ogct
0. 06, gz/cps
+12 dB/oct
0.1 g“/cps
=12 dB/oct
0.06 g%/cps

Accelerometer, Endevco, Model 2213, S/N 160

20.to 80
80 to 180
e 180 to 200
o) 200 to 400
400 to 450
s , 450 to 2000
T Overall G rms = 11,1
_j Desc¢ription of Test Apparatus:
al ' Vibration Machine, MB, Model C50, S/N 127
o Amplifier, MB, Model T666
Control Console, MB, Model T288, (Analyzer
™ have (80) 25 Hz. bandwidth filters).
L
l ‘ REPORT NO. __1392-1
- PAGE 2 _OF 3
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DATE _December 14, 1972

PURPOSE OF TEST:

To determine the ability of the test specimens to
withstand the applied Random Vibration specified.

MANUFACTURER:

Chemtric, Inc.,
Under Contract NAS9-12792

MANUFACTURER’S TYPE OR MODEL NO.:
One (1) Canister Assembly N

DRAWING, SPECIFICATION OR EXHIBIT:
P, O. 01994

QUANTITY OF ITEMS TESTED:
One (1)

SECURITY CLASSIFICATION OF ITEMS:
Unclassified

DATE TEST COMPLETED:

. December 8, 1972
TEST CONDUCTED BY: INLAND TESTING LABORATORIES, INC.

DISPOSITION OF SPECIMENS:
Returned to Chemirfic, Inc.
ABSTRACT:

None

i

TESTING
REPORT NO. 3412-2
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DATE December_14, 1972

| : DESCRIPTION OF TEST:

RANDOM VIBRATION TEST

Requirements:

The test specimen shall satisfactorily withstand the
applied vibration without exhibiting evidence of physical damage.

Test Procedure:

: The test specimen was secured to a f{ixture which, in
? turn, was rigidly attached to the moving element of the vibration

i machine.
The specimen was then subjected to 2. 5 minutes of ran-

S dom vibration in each of three (3) mutually perpendicular axes. The
bandwidth 'vas limited to between 20 and 2000 Hz. with the spectral

1 density as follows:

Ercgquency Range (Hz.) Test Specirum
L 20 to 80 + 3 dB/oct
- 80 to 180 0.06 g"/cps
180 to 200 +12 dB/oct
f : 200 to 400 0.1 g%/cps
‘ 400 to 450 -12 dBJoct
450 to 2000 0.06 g"/cps

Overall G rms = 11,1

Description of Test Apparatus:

Vibration Machine, MB, Model C50;, S/N 127
Amplifier, MB; Model T666

Control Console, MB, Model T288,

(Analyzer have (80) 25 Hz. bandwidth filters).
Accelerometer, Endevco, Model 2213, S/N 160
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