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SMALL SCALZ WATER PURIFICATION WITH

SILVER ASBCLOXANES

INTECDUCTION

+

This report deals with the application of the newly developed $ilver
Asboloxanes to the purification of small amounts of water. Supplying the indi~
vidﬁal soldier, or small groups of men in the field with a ready scurce of safs
drinking weter is a constant military problem. Men cut off from sources of
purified water must te provided with simple methods by which they can sterilize
whatever nsturally occurring waters are availadble. Not only must the pollution
ordinarily found in such waters bte cdealt with, but also it must be kept in ming
that in warfare the waters may be deliterately contaminated,

The present methods of treating water either with Halazone tablets
for canteens or with calclum hypochlorite in Lyster tags are not altogether
satisfactory. With large amounts of organic matter or high tacterial counts,
sterilization is net achieved unless great excesses of the chlorine compound are
-used. Morover, sediment is not removed, and an otjectionable taste ig imparted
to the water, so that even when the water treated by such methods is safe to
drink, it may still be unsightly and unpalatatle.

The Silver Aéholoxanes, developed by Dr. Alexander Goetz at the Cali-
fornia Institute of Technolcgy as an outgrowth of theoretical studies on the
oligodynamic effect of heavy metals, offer a possible alternative to these chlor-
ine treatments. Two pieces of military gequipment utilizing Silver Asboloxane
were developed by Dr. Goetz during the war at the request of the Mexican Army.
They vwere a portable filter pump capable of treating two liters of waFer a min.

ute, and a canveen capable of treating one quart of water per treatment. These




items are of consideradble interest, because iﬁméﬂém tﬁe water is filtered as
well as.sterilized and no objectionable flavor is imparted.

The Asboloxanes themselves have been the subject of considerable study
in this laboratery. This report covers that information which is of interest in
water purification, and particularly, that-obtained from practical trials with
the pump and canteen. Data and information gathered by Dr. Goetz at the Cali-

fornia Institute of Technology are included.
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SILVER ASDOLOXANES

A. SILVER ASBOLOXANES - GENEXRAL DESCRIPTION
The term "Asboloxsne!" is derived from the Greek, asbolos-soot, oxys - acid.
It hes been used by Ir. Goetz as a generic term for surface compounds with metals, }
winere the radical is represented by the acid oxidation compounds on the surface i
of colleoidal carben particles. Dr. Geoetz has given the following general descrip-
tion of the mature of the Silver Asboloxanes:
"The Silver Asboloxanes are an entirely new type of silver compound substan-
tially different frem the customary chemical silver compounds such as silver
nitrate, silver. picrate, snd the like, or the preparations of colloidal silver
such as argyrol, collargol, etec. In the Asboioxanes the silver is chemically
coupled with oxyzen ty the sirong adsorptive bonds existing on the surface of
colloidal carbon and certain inert metal oxides. These physico-chemical forces
which characterize chemiscorption render it possitle to couple silver with other
elements such as oxygen to an extent and to a degree which is non-existent in
normal silver compounds.
¥Since the forces nentioned exist only on surfaces, carrier materials of ex-
tremely fine particle size must te employed. Such substrate materials, capabtle
of great adsorptive power and available in sub-miecroscopic particle sizes, 20 to
100 millimicrons, are the colloidal formg of carten. These colloidal cartons,
while physiologically neutral on application to skin and mucous membranes, expose
surface areas of as much as 10-20 acres per ounce.
“Such materials casn e made to carry large quantities of oxyegen iﬁ the form

of oxidation layers upon the particle surfaces and by means of newly discovered

-1 -



processes it is possitle to ':ﬁii&”anfb‘%uch adsorption layers substantial
quantitics of atomic silver. In contradistinction to normal silver compounds

of collo;dal gsilver preparations, the silver is bound to and held at the surface
of the carbton particle and is only very slightly soluble.

"The advantage of such compounds lies in the combination of 2 highly germi-
cidsl and fungiecidal promerty and an absepce of toxicity and denaturation of
proteins, tecsuse the silver atom can go only very sparssly inte solution and its
stability in ;ts oxidation state on the surfaces protects 1t against the reducing
gualities of the proteins."

The germicidal effectiveness of the Astoloxanes has been explained as teing
due to their abvility to catalyze the decomposition of peroxides, probably by
forming an intermediary oxide of silver on the surface of the carbvon. In the
presence of the Astoloxanes, peroxides tecome much more destructive to bacteria
than are ordinary peroxide solutions. The developer of the Asboloxanes has also
given the following description of this genersl property:

"It has heen known for a long time that silver-oxice is a very efficient
catalyst and based upon this experience a series of silver-ceontaining catalysts
have been developed which have in common the property of being practically in-
soluble, in as far as they do not send silver ions into solution, snd at the
same time render svailable a maximum of silver p«r total mass of silver employed.
This condition ¢an be realized by adsorbing silver on the surface of celloidal
carbon in tHe presence of the oxygen adsorbed on the carton so that one can as-
sume that the carbton surface exXposed and acting as a catalyst consists of ad-
sorbed monom;lecular layers or pclymelecular layers of an atomic mosaic of Ag
and 0. In other words the catalyst conmsists of & surface compound representing
an unknown oxidation state of silver. Colloidal carbon appears to te particular-

ly suitable for this purpose, partly on account of its surface per unit mass,

partly beecsuse of the strong sdsorptive affinity of carton for oxygen."
spm— T T




Two particular applicaticons have been made of “tFe Astoloxanes for the steril-
ization of water. In one case, a special Asboloxane has been developed‘in which
sterilization of water can be achieved prisr to filtration. Ancther, the Asvolox-
ane S-Filter Powder, is designed so that filtration and sterilization are achieved
at the seme time. These special Asboloxanes have been developed respectively for -
use vith a specially designed military canteen and portable filter pump, célled
the S-filter by its developer, and likewise designed for military use. These two
pleces of apperatus, the particular Asboloxane charge designed to be used in them,
and the results of trials conducted on their performance both at California Insti-
tute of Techtiolegy and at Camp Detrick are descrited in the following sections.

B. THE CANTEEN; UTILIZING ASEOLOXANE STERILIZATICN FREVIQUS TO FILTRATION

1. Description of The Canteen

The centeen developed for use with the Asbéloxane treatment is an ordinary
Army Canteen with & speciglly designed filter hesd in place of the usual screw
cap. The filter head consists of a filter set into a combined cap and drinking
spout. Thig assembly and the filter head are illustrated in Figures 1 and 2.

The filter itself consists of a cylinder of cellulose material reinforced
by impregnation with a thermoseffing plastic. This unit, which is reﬁls;eable, isg
cemented into the metal cap. The liguid in the canteen must pass through thig
filter unit to empty through the spout in the filter head. Yo valve is involved.
The filter unit holds beck the solid Asboloxane particles (1) as well as suspended
matter such as mud, sand, a2lgae and,protozoa. 2Zacteria would for the most part
pass through the relatively coarse filter, but as mentioned previously the Asbo-

loxane charge is designed to achieve sterilization before filtration.

——

(1) Asboloxane perticles, as we have observed them, have a perticle size very
similar to that of tacteria. There appears to be, however, an sgglutination of
Asbnloxane and other particles in the canteen, so that the particle size is ef-

fectively inecrenced after gterilization. and the prriicles are withh91quf=
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In wuse, the canteen Es filled with water and the special 2Asboloxane
crteen charge is added. The filter head is then screwed on. The canteen is
shaken for 1% to 30 seconds, #nd then allowed to stand for 15 minutes before
uging. The pressure developed within the canteen will fo?&e a few milliliters
of water through the filter head and out through the drinking spout. This serves
to sterilize the filter cylinder Aand the inner surfeces of the head at the same
time as the liquid inside the canteen 1s being treated.

To drink from the canteen, the filter hesd is not remeoved. Rather it is
locsened about a quarter turn, and the user drinks bty inverting the canteen and
sucking through the spout. Air passing along the loosened threads to the cap
prevents the formation of s vacuum within the canteen which would make it diffi-
cult to suck out the water. The Asboloxane catalyst and whatever solid matter
was originelly present is held back mechanically by the filter. Not until the
canteen is empty is the filter cap removed. Then the canteen can be_rinséd, re-
filled with water, and the précess repeated uging a new charge of the Asboloxane.

The treatment, aside from its sterilization action, actually renders the
water more prlatable in that a mechsnical filtration is included, and the odo;s
and tastes present in the natural water are often destroyed by the cxidizing ac-
ticn. Yo objectionable chemical tastes or cdors are added by the Asboloxane
treatment.

2. Special Asboloxane Powder for Use in Canteen

A special charge, designed to sterilize water prier to filtration has
been developed which can ve used for trestment of small guantities of weter col-
lected in containers such ss canteens, portebdble water tanks and the like. The

charge for an Army Canteen, hblding &R0 cc. of water, or epvroximetely one gquart

18 as follews: e
750 mz. Astoloxane catalyst ——

500 mg. Urea Peroxide o

180 mg. Sodium Carbonate
- 6 -
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Such a charge can be prckaged so that it weighs no more than 2-3 grams. The de-
velopers claim that the materisnls involved, if packed to exclude moisture, have
a storage life of at least one to two years and do not have a corrosive action
on their packaging containers. Other scluble peroxides could bte used in place
of the urea peroxide.

The charge is added directly to the water. Initlal shaking or stirring
ig desirable, but not satsclutely necessary becsuse the rapid catalytic destruction
of the peroxide ard subgequeni gas evolution provide encugh agitation for a smll
quantity of liguid such as a quart. 7The bactericidal action takes place as a re-
sult of catalytic decomposition which is usually complete within 15 minutes at whic
time only a few parts per million of peroxide remain. It is recommended that the
water stand for this full 15 minutes tefore drinking, although{it is usually safe
tefore this time.

3. Performance Tests on the Canteen Conducted ~t California Institute of

Technology

The following statements are quoted from a report prepared bty Dr. Goetz
at the Californie Institute of Techhology:

"The development of the S-centeen treatment was largely gulded by bacter-
iclogical latoeratory tests on artificially infected waters. These tests were con-
ducted at the bacteriological laborrtory of the Rare Metals Institute at the Cali-
fornia Institute of Technolegy-

IThe tests were conducted with various tywes of waters artificially inoc~
ulated with E. coll »#nd mixtures of E. coli, staphylgcocci and streptococci. In-
hibitory agents such as organic and inorganic nitrogen in the form of peptone and
ammonia were added in certain tests in order to estadlish the limitations of the
action of the preparation.

"After the filling of the canteen with the test water, the chemicals were

added, and after the lapse of 15 and 30 minutes, water samples were withdrawn




through the filter head with & vacuum pump under sterile conditions simulating

ag closely As possitle the action of drinking through the filter head. The
samplcs were distrituted in the customary manner: five 10 ¢c samples, one 1 cc
sample sand one (.1 cc sample in lactose broth, with subsequent incubation for

4% hours at 3700. In case gas was observed, confirmation for E. coll wss carried
out -in BErilliAnt Green Eile troth.

"The following are typical results of such tests:

a. "Tap water with the addition of 120;C00/cc E. coeli. Tested after 20
minutes. Result: one confirming gas tube of five 10 cec tubes.

b. M"Pap weter with the addition of 62,000/ce é: coli. Tested sfter 10
and 20 minutes. YNo gas.

e¢. "Lake water, very rich in algre, with the addition of 30,000/cc E.
coli. Tested after 15 and 30 minutes. Yo gas.

4. "Well water, mixed with sewage {1/2000) plus 250 perts per million
peptone, with the s2ddition of 140,0C0/cc E. coli. Tested mfter 15 minutes. ¥No
Zas.

e. W"3ame, with %00, 1000 andVEOOO perts per million peptone snd sane
coli inoculum, Tested after 15 mimutes. No gas,

f. "Same, with 500 parts per million pepione »nd 4O parts per milljon
NH3. Tested after 15 minutes. To gas.

"For the sake of comparison, the lpst mentioned subetrate with the same
inoculum wes tested with the U.S. Army C.D.C. (emergency over-chlorinrtion) prep-
aration: after 20 minutes, confirming ges wss observed in all tutes down to 0.1 ce

HPhe same was found to be true with an iodine-potassiun~-permenganate prep-
aration and with Halezone tablets.

"In a1l these tests the S-canteen water was found to be tasteless, color-

less and complying with rigorqus sanitary standerds.




"In view of the fact that infected waters tested under laboratory condi-
‘tions may not represent the performence of nethod and eqﬁipment in the field, a
number of field tests were performed on various types of waters in the States of
Sinalen, Guerrera, Morelos and Diastrito Federal (Repubdlic of Mexice), in collabop~
ation with the Dep. de la Salubridad Publica. In order to test the water after a
short lapse of time, ambulant laboratory equipment was taken along to the gite of
the test. Thus the conditions in the water, when collected, trested and consumed
under actusl conditions, could be studied =g clbsely as possible. These tegts are
enunerated as follows:

a. M"Location: Rio Fumaya, 5 km ncrth of Culiacan, Sinaloa. Temperature:
22°C; pH: 7.5 - 8.0. Control: gas in 1 cc sample, confiraation guestionable.
Canteen water, withdrawn after 17 ninutes: no gas in any sanple.

b. "Location: faucet outlet in Putlic Health Laboratory in Culiacan.
Temperature: 23°C; pH: 7.5. Control: 2 confirming gas tubes in five 10 ce garples.
Canteen water, withdrawn after 18 minutes: negetive throughout.

é. "Locat?on: Indian water hole in river ted of Rio Siqueros near Pena
queca, about 40 kn inland from Mazatlan. Tenpersture: 23.500; pH: 7.5. Control
showed confirring gas down to 0.1 cc. Canteen water, withdrawn after 30 minutes:
one confirming gas tube out of five 10 cc ssmples, other tuves negative.

d. "Location: Rio Tepecua, Chatitla, Guerrerc. Temperature: 2900;
pH: 7.5 ; 8.0. Control: confirming gas down to 1 cc sample. Canteen water, with-
drewn after 20 minutes: no E. coli throughgut {tut non-confirming gas formers in
two 10 ec ssmples after L4 hours incubstion).

e. M"Location: Tixtla, Guerrero, water ditch leading frem a native adods
swinming tank through » section used by local washer-women and subsequently under
the cedaver of a burre, the latter in the beginning stage of pRtrefaction. The

water wag highly turtid and evil smelling. The sample was tsken atout three meters

- 9 ~
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downstrean from the cadaver. lIn.view of the highly putrid condit Bﬁ,'&r@gﬁgules
of EPe chemical were teken. The temperature of the water was 27°, the ﬁH 8.5 (t).
The control showed confirﬁing gas in 0.0l cc. The canteen water, withdrawn after
15 ninutes showed no gas in any of the semples. It was also observed that the
water had lost its putrid odor.

f. VIn order to test the nature of an infected water =fter prolonged
storage in the canteen under field conditions, a sample of a staghant wsater in p
ditch near the highway 12 km east of Acapulco was £illed into the canteen, the
chenicals sdded, snd the water stored for 48 hours in the canteen bvefore withdrawal
for testing. The temperature of the sample had been 28°C, the pH 6.5 - 8.0, but
the centeen, lying in an aopen truck for two drys was exposed to temperatures ex-
ceeding 40®. The control watef showed cenfirming gas down to 0.1 cc. Tﬁe canteen
water was free of E. coll in all samples, but showed non-confirming grs in three
10 cc snmples.

g. "Location: canel of Cuautla, Morelos, at Em 1. This test was run in
the presence of Lt., Col. 2r. Granille, as represeniative of the War Depertment and
Sr. Ing. Acosta as representative of the Dep. de la 3alubridad Publica. The latter
tock independent samples of the water, which was withdrawn 2 hours and 15 minutes
later. The temperature was 20.5°C, the pE 7.5. The control water showed confirm-
ing gns down to 0.1 cc. The official E. coli cgntent was estimated to be 40,000
per liter. The canteeﬁ water proved to be negative throughout in the official and
in our tests.

h. "Locaticn: stagnant water at the highway bridge in Xochimilco, D.F:
Temperature: 20.5°C; pH: £.0. This test also was run in duplicete by the writer
(Dr. Goetz}rand the Public Health Department. The control water showed confirming
gas down to 0.001 ce, and the official estimnte gives = probable content of E. coli

Fa

of It million per liter. In view of the high algae content »nd general turtidity of

- 10 -
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the water, two capsules were used. The water was withdrawn after 1 hour znd 35
minutes, In the author's test, the water wss completely pegative throughout. In
the officiel test, two out of five 10 cc tubes showed gas nfter 48 hours, which dia
not confirm as E. coli. 7The water ig therefore considered sanitary.

HThe Laboratories of the Dep. de la Salubtridad Publica tested the contents
of the canteen of the lasi fest (containing two capsulea) chemically, and found no
toxic substance present.

i. "In analogy to test (g) (see above) an army canteen {with normal csp)
was filled a2t the same location ag the previous test and one capsule of the U.S.
Army C.D.C. preparation was added. Subsequently the weter was withdrawn after 3
hours znd 15 minutes. After 24 hours incutation, the 1 ¢c samples showed confirm-
ing gas. It can therefore te estimated that the coll content was about L000 per
liter., This water ig therefore definitely unsanitsry.

"The abtove enumeration of field tests includes al) tests nade. TFrom it,
it is obvious that in every case sanitary drinking water was obhtzined, with the
possible exception of test (c). For this test, the local conditions feor the sterile
withdrawal of the water from thé canteen (in a dust storm) were definitely unfavor-
able and may have caused an error.”

L. Performance Tests on the Canteen Conducted at Camp Detrick

Two types of tests were run at Camp Detrick in evalurting the Asboloxane
Canteen trestment. In the first runs, regulsr army pleostic and metal canteens
wers used together with the special filter head and the Asboloxane charge. The
full charge of 750 mg. Asboloxane catalyst, 500 mg. urca peroxide, and 180 ng.
sodium carbonste was used. This was ~dded to the canteen filled with apvroxinatel;
850 nl. of heavy suspensions of verious test orgrenisms. The special filter hea
was screwed on and the contents well shaken. After the indicated times, samples

were syphoned out aseptically without removing the filter head, and plate counts

~ 11 -
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were made in the usurl manner. Data obtsined from these trisls are presented in
Table I.

Physical measurements riade upon the semples reroved from the canteen
showed that the water had becone alksline as one would expect from the presence
of sodiuﬁ carbonate in the cherge. For example, the suspensions of ﬁ. coli in
distilled water exhibited a pH of 10.1 affer being trented in the canteen. The
water, however, was quite pelatable in spite of this change in »E, and in spite
of the fact that it had contained originally 35 million organisns per milliliter.
No objectionable tastes or odors were noticed.

After these first preliminary tesfs had confirmed thet the canteen was
indeed quite effective, a second series of trimls wes started in Erlemmever flasks,
weing only 85 nl. of tacterial suspension and one tenth the charge indicated above
Uging small velunes of ligquids in laborstory glassware, it wrs possidle to control
better voriocus frectors such as time of contect and to evaluate the action ef the
Asboloxane charge itself against various test organisns in containers mere easily
cleaned and sterilized between trisls. As with the trisls run in the canteen, the
Astoloxane cliarge wrs ndded to the suspension and shaken well. The suspensiens
were then filtered, this time through coarse sterile filter prper, »and plerted out
immedirtely. In thig way, quick dilution into matrient media weg counted upen to
eliminate sny possible lethal effect caused by the Tiltrate iiself after the Asbo-
loxane catalyst had tecn removed by filtration. The Asboloxane canteen charge was
gvaluated in this manner against a spectrun of eight bncterirl test orgenisms and
two bacteriorhages. The data odtainod are given in Tablg II.

The action of the Astoloxene charge is exceedingly rapid on vegetative or-
ganisms. Most of these orgsnisms were completely killed within 1/2 minute, and

all such suspensions were rendered sterile within % minutes.

- 12 -




TABLE I

PERFORMANCE OF ASBOLOXANE CANTEEN CHARGE

(Trials Made Using Army Canteen
with Special Filter Head)

Oriéinal Organisms per ml.
Test Organism Suspension after Various Exposure Times
B. globigii 532,000 36,000 { 3 min.)
6=Hour Cultures o
(Vegetative Form) 30,000 230 { 3 min,)
Ei coli 35,000,000 4 (15 miny); 1 (24 min,)
710,000 44 { 5 min.); 3 (15 min,); O (24 min.)
475,000 5 (1/2 min,); 0 ( 5, 10, and 15 min.)
Z. typhosa . 21,700,000 0 { 3 min,)
8,260,000 0 {15 min,)
- 13 -




TABLE 11

PERFORMANCE OF ASBOLOXANE CANTEEN CHARGE

(Trials Made Using Glass Equipment)

. Original QOrganisms per ml, after Various Exposure Times
Test Organism Suspension  1/2 min, 5 min, 10 min, 15 min,
B..globigili (spores)s 62,000,000 - - - 1,560, 000%
E. coli 257,500 2,200 0 o] o
E. coll phage T-2 640,000 TNTC - 149,000 56,000
E. typhosa 7,500 0 0 0 0
G. tetragena 11,050 0 0 0 a
X. pneumoniae 1,515,000 C 0 0 0
M. phlei 275,000 0 0 8] 0
., phlei 6,850 ¢ 0 0 0
5. aureus 750,000 1,700 _ 0 0 0
S. aureus phage P-209 TNTC TNTC TNTC TNTC TNTC
5. marcescens 245,000 0 0 0 0
S. marcescens 5,100 o 0 0 0

* 2 Hours = 3,400




Within 15 minutes, the tize which the developers of the Asholoxane treat-
nent recommend that the contents te allowed to stand before drinking, 97.5 per
gent of tﬁe spores of B. globigii hrd been killed. At two houés 99.995% per cent
had been killed. These spores are the nost resistant of the bactgrial test organ-
isms which have been studied here.

It is quite interesting to note that the two bacteriophages tested dis-
played resistance of the srPme order of  -itud »~s this resistant bacterial spore.
Whether pathogenic virus organismg would be as difficult Yo disinfect is an open
guestion.

Trials were slsc made, using Z. coli as the test agent, in which the bac-
tericidal ec¢tivity of, the verious ingredients of the Asboloxsne canteen charge
were neastred separately. The trisls were run in exactly the snane manner as the
Erlenmeyer flesk trials with the complete charge which were just described ~nd re-
ported in Teble I1. The weights of the ingredients were the srme, »nd in one case
an equal weight of activested carbon was substituted for the Asboloxane catalyst.
As the date which are given in Table III show, the Astoloxane catalyst alone is a
fairly effective Ttactericide £ut by no mesng As Active ag it ig when urea peroxide
and sodium carbonate are present £s i8 the case in the full charge. The urea per-
oxide alone is not too effective, nor ig its effect increased by the addifion of
sodiun carbonate and activated carton. ¥o loss, tut rather a gein in the B& colil
count is observed in contrast when the griginsl suspension is sheken in distilled
water for 15 minutes and filtered. Thig was offen noted in control runs with this
and othcr organisms, and probably is due to the bresking up of groups of clumped

calls, preseni in the originesl suspension.

- 15 -
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4 - ‘TABLE II1I

PERFORMANCE OF THE VARIOUS INGREDIENTS IN THE
ASBOLOXANE CANTEEN CHARGE

(Trials made using Glass Equipment)

Test Organism - B, coll in all cases ~

Ingredients of Original
Canteen Charge E. coli Organisms per ml, after various Exposure Times
Present Suspension 1/2 min, 5 min, 10 min, 15 min.

All, Full 258,000 2,200 0 0 0
Charge

Asboloxane 285,000 11,250 1,800 50 0
Catalyst (nly

Urea Peroxide 258,000 TNTC TNTC INTC 28,000
Only '

Activated Charcoal, 428,000 69,000 42,000 64,600 61,800

Sodium Carbonate
and Urea Peroxicde

None. Shaken in 285,000 - - - 840,000
Distilled Water
angd Filtered, _—

w16 -
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¢. THE S-FILTER - SIMULTANEOUS FILTRATION AND STERILIZATION WITH SILVER ASBOLOXAHE&&!

1. Description of the 5-filter

o

The S-filter is a light-weight apparatus, weighing under 10 pounds; requir-
ing one man for operation. Water is ¢ragn,  into the S-filter and forced through
a cake of Asboloxane S-filter powder so thét it is filtered and given a'steriliza-
tion trestment simultane;usly. The purified water is delivered at » rate of 2
liters per minmute. Xach charge of Asboloxene will treat ~bout 50 liters of water.

The S-filter itself is shown in photographs in Figures 3 thrpugh 6 and dia-
granatically in Figure 7. The photographs do not show the twe hoses or rubter
tubes which are connected to the inlet and outlet valves during operstion. The
inlet hose is dipped into the stream, pond, or other water source, which is being
utilized, Through the outlet hose, the purified water ceon be delivered directly
to canieens, water cans, or other con%ainers. é

As shown in Figure 75, the outer portioen, or tase, of the 5-filter is
nothing more than a tank. The central portion, which contains the pump, the filter,
the inlet &nd outlet connections, sand the control valve, rests ingide thig outer
base, and is attached to it ty three clamps. The Asboloxane S-filter powder charge
.is added directly to the outer tenk. At the end of » run, the 5-filter is opened
as shown in this photograph, #nd the spent charge is discarded.

The pump in the S-filter is a hend-operated piston type, with a bore of 30 mm.
and a stroke of 75 mm.; delivering A3 cc. with each downp-stroke.

The disperser, shown in Figure 6, which fits telow the filter, consists
of a series of baffles and a metal screen which bresks up the flow of water and
causes it to flow evenly about t™e filter. At the beginning of a run when dry
Asboloxane powder 1ls placed below the digperser, this turbulence causes & thorough
mixing of incoming water 2nd filter powder, and an even dsposition of the filter

cake about the filter screen.
- 17 -
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The filtef-séréen, also shown in Figure 6, is a plastic bYonded cellulose
cylinder. The actual filtration is accomplished by the cake of filter powder,
which is formed on both sides of this cylindrical screen. Water passes through
the cake-into the screen, énd cones out through the holes bored down the center
of the screen. The total filtering surface is about 450 em®.  The Asholoxane
S-filter powder charge used in each cycle weighs from 35 to Y0 grams. This forms
a cake approximately 2 mm. thick about the filter screen.

The éirculation of water through the S-filter is controlled by an operat-
ing valve which can test bte seen in Figure 4. The three numbered positions for
this valve adjust the S-filter for the pre-coat cycle, filter cycle, and blow-off
nogition respectively. The flow of water through the S-filter in these three pos-
itions is shown diagramatically in Figure 7.

Eere, the punp, the fllter cake, and the operating valve are shown, for
the Sakg.of simplicity, one above the other, rather than in the positions which
they actually occupy in the avvaratus. The check valves (1) and (2) are so ar-
ranged that the pump operates on the down strcke, syphoning water through the in-
let line and forcing it through the filter cake in the same operstion. Check
valve (3) causes positive pressure to be maintrined over the filter cake even dur-
ing the upstroke of the pump, resulting in a nore even flow rate through the filter
and preventing a sluffing ofI of the cake due to a drop in pressure. After passing
through the filter cake, the water goes through the operating valve which can be
set in any one of three positions.

Position 1. (Pre-Coat Posttion). When the valve is in this position,
water is re-circulatedAthrough the pump and filter cake. This accompliéhes twe
purposes. The Asboloxsne S-filter powder is picked up and deposited as an even

cake over tre filter screen. Secondly, all inner psarts of the S-filter are steril-

ized by the centinued flow through them of freshly filteréd P%d‘trﬁﬁtﬁd water.
L L - - + -
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Position 2. (Filter Position). In the filter or opersting position,
water is dravn intc the 3-filter through the inlet hose and passes directly
through the filter and into the outlet hose. A check valve (4) on the outlet
line is set o0 as to operate at a higher pressure than the other check valves.

In this way, the positive pressure on the outlet line is always higher than the
pressure of contaminated werter at the operating valvé. Thus, any leaks or cross
connections, which might take place at this valve, consist of sterilized water
flowing into the untrested water and not the other way around. .In eddition to
this safety factor, the check valve (4) alsc prevents any back flow and consequent
loosening of the filter crke, which might occur when the outlet hose was lifted
above the level of the puup.

Position 3. {Zlo-0ff Position). When the operating valve is set at
position 3, the .reter, ~fuer passing the filter, is forced intc a separate small
Liank compressing the ai: »lready wresent in thot tank. When the front clamp on
the $-Filier .rov asl.owa 1 the iimgram) is released, the compressed air forces
the wate: brekwaris Ltis .- -virng the Asboloxane cake from the filter screen.
The renoved ke ca. tlin ¢ - prored out with the water, when the 3-filter ig
opened to chznge the ssboloxrle charge. The water, which is forced back through
the screen, is water which nas already teen filtered and purified.

2. Instructions for the Use of the S~-filter, Two Liter Model

The following insiructions are those given dy the developer for the use
of the Two Liter Model of the S-filter:

"Prior to use, the twp sssembly {1id) of the filter should be removed and
the inside inspected for ¢l .-/ .iress; that is, absence of ssnd or maior particles.

"he inlet and outle. hoqeé should be connected with their respective

unions and care should be taken that both units are tightencd in order to aveid

air leaks.

- 2 -
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"4 sack of filter powder is opened and all of its contents put into the

tank, subsequently the 1id is put on the tenk and the two rear clamps are closed
while the front clamp (red) is left open. The foot pedals are then put on the
ground. The valve hendle is put into'position 12,7 the suction hese is inserted
into the water supply, and the pumping is started in regular strokes (about 30-U40
per minute).

"After about 30 strokes (depending upon the priming condition for the
pump), blackisk water squirts out under tke 1lid of the pump which is a sign that
the punp is now filled end dispersion of the powder has begun. The front clamp
{red) is now tightened and » few more strokes may be given to the pump until water.
squirts out of the outlet hose.

"he valve is now turned into position 'l' and pumping is continued at a
fairly vigorous rate for 20 to 4O seconds in order to complete the pre-cost cycle.
While continuing to pump, the valve handle is put quickly inte vosition '2' angd
filtration hbegins.

"The punping sction should te cantinued for the next 25 to 35 minutes;
tnat is, until the punp has delivered approximately 50 liters of water, yielded
at 'the rate of abtout 2 iiferc o aimate.

"Care should be taken that the pumping is not interrupted during this
procedure for any appreciabls length of tine.

1In order to Trenmove the cake from the filter screen at the completion of
the filtration cycle the valve is put in position '3' and about 3 to 5 strokes
exerted with the pump, »t the coanletion of which the red “lemp is ouickly opened.
By so doing the air‘in the iiltey isnk will expsnd ard a ackwash action through
the screen will roeuld vrich (orosits the filter cake 1. the tank. Should inspec-
“icn show thni 1%¢ znks %a: not been completely tilown off, the lid should be put
on again, the ciwp Lirhtened and the operation {compression and expension) with

the valve in wmosition '3' is repeated. ——
- 25 -




BThe top is then entirely removed and the diswerser unscrowed. If no
fresg water is svalleble, the lstier ss well ss the filter screen can be flushed
in the water cohtained in the tank.

"This tank is subsegrently emptied and the disserser is put back in
—wogition. The filter is then ready to reccive another supoly of filter newder
for t-e nert filtratica cycle.

"If the water to toe filtered contains o considerable guantity of sus-
pended mptter (elay, ete.), the filter cake will becoie clogged prior to the
coxplction of the filtration cycle of K0 liters. This is incicated by the fact
that tre puwing sction beconcs sonew{nt ¢ifficult and watcer sourts out fro=
below the 1id. 1In this case it will he necesssry to blow tbe.crke off (see
sbove) snd start a new filter ecvcle with A new sudply of filter mowder.

"Juder no contitiens gshould the filter scroen te used as filter without
tre irnscrtion of filter mowder, or with a guantity which is less than that
packed in a single bag.

"If the operaticn of the Tump beccnes difficult arter about 12 to 15
cycles, representing 6C0 to 750 liters of water, the filter screen has to te
cleaned with an acid carrier w»rovided in a senarat:ly marked pack.

"The operation in thig casc is the sane cxceot that only the pre-coat
cycle position '1' is used for rbout 4 to 5 ninutes, after which the nowder is
blown off and t*c contents of the tank are wnoured out. It is drsirable that
the tank end filter screen be rinsed after this oweration.! .

3. Asboloxene S-filter Pcwder

Astcloxane 3-filter powder was developed for use in the spreial 5-filter,
iust described, where water is filtered and sterilized simultaneously. This pow-
der consists of dintovwaceous sarth, togéther with an Asboloxane cetalyst and 2n

inorganic peroxide. Mechanical filtration is achieved by forning a cake of this

- 26 -
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powder pver s rigid filter bed just 2 is dene with ordinary untreated diatoma-
ceous earth. OSuch untreated distomscecus esrth filters, hcwever, if they are
of such nore gsize ps to produce edecunte filtraticn rates, are ty no means bac-
terial filters, even thcuzh they will retain a very large rurber ¢f crganisns
from the suspensicns peassing threugh them, Sterility of the filtrate is achieved
by tre Asbeloxane incerverated with the diatcnacecus earth, which kills thase
creganisms passing thriugh the cake. Qu.ted below is the descrivti. n given by
the devel.per, o¢f the way in which the mechanized filtering preverties of diar
|
tcacucus earth end the sterilizing prsperties of the Ash~1 xanes are crmbined
in 5-filter powder.

"“he diatums are c.ated with an extremely thin lepyer ¢f 7 thermc-plastic
material {fur instance, a polymer r cu-p lymer .f vinyl-esters). It iz charac-
teristic of this plastie c.at that it nust bte susceptivble t¢ water and neutral
te fairly high alkali concentratiin. This plestic serves 2t the sare tinme as
vehicle fur tw. cciloidal or semi-cuiloidal saiswended chemicel agsnts. One .f
these agents is slmcst water inzcluble per.xide such as, fur instance, Ca0p,
4g0, and. the like. The r.ther pgent 1ls a catalyst .f the above mentlicned tyve
such ag & surface~comprund of gilver and xygen adsurbed on o 11 idal carden.

"It iz n~t neceseary that the tw. agzents (perrxide and catalyst) cc-exist
o0 the same particle alth-ugh it is verfectly vussible t¢ inceroorate both agents
intc the seme vehicle “ri.r <. c-#ting %t*e diatems. It is alsc pussible t. in-
¢ rpcrate each agent seperately int. tw batches of venicle and ccat half of the
diatems with Lne and the ¢ ther half of the diatuma with the cther. ter drying,
the twe lots of diatimaceous earth have then tu be mixed with esch (ther intimate-
iy. It is assumed that tre separation of the twe acents sy preduce a filtratirn
naterial which is less easily decomposed while in stnrage, in centradistincti-n
t. the ¢ther furm in which bcth agents are in mcre intimate contact, being sus-

pended in the same coating.
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"This filter vowder is then brought inte wafbr in crder to furm the
filter cake in exact analogy tc the customary nrocedure for the use of diate-
macesus earth. The filter cake, built from filter powders so crated consists
thus cf particles which have the structural shave -f distons. It exposes, however,
t. the passing t'iltrate a surface which can adsord, ty virtue ~f the water sus.
ceptibility of the plastic, = sufficient amcunt -f water in order to start the
catalytic deccmpesiticn of thé peruxide due to the close juxtapesition of the
two a, ents in the cueting. The silver-bearing catelyst can be deszigned to yield
a certain {minute) quantity of silver—ion if this is desirsble in order tc ac-
celerate the killing actiLn and for producing a certain retention of gernicidal
agent in the water.

#Ags the ecti.n -f the filter pewder is Aue t. the decompusitien of the
peroxide end the catalyst, it is covirus that the activity of such a cake is
limited. The weight ra“ic between the water %c¢ be treated and the quantity of
powder necessary for its treatment, even in heavily infected stetes, is favorable
indeed. Fir instsnce, H-7 gallons of weter can be filtered thr-ugh a cake, the
ary welght of which is 1/2 cz. or less.

"Powders of this type can be stored, are relatively tenperature insen-
zitive (below 150F.) wut kave t.. ve kept dry.

"In sddition tc the sterilizing sction, filte; nowders ¢f this 4yoe have,
.f c.urse, the same retentinn qualities as untreated distaommceous earth so that
the filtraticn accompliskes mechanical retenticn of solids 25 well as the germi-
cidal action. The layer of ;etained 3. lids dves not impair the acticn -2f the
cake pecause «f the fﬁct that the retaired s.lids remain un the tom of the cnke

and do not penetrate intc the latter.m
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k. Perfurmance Tests on the S-filter and S-filter P.wder Conducted at
Galifornia Institute <f Technology

The following is quoted directly from a report of Dr. Goetz ef the
California Institute of Technclogy:

"The development ¢f the S-filter powder and the a vlication of the
latter tc the S5-fllter was largely guided by bactericlogical laboratory tests
on artificially infected waters. These tests were conducted at the bacterio-
logical latoratory of the Rare Metals Institute at the California Institute of
Tech.uclogy.

"The tests were conducted with varicus types of waters artificially
inoculated with E. coli and mixtures of E. ccli with staphylococeci and strep-
tococei. Inhibitory agents such ss organic and inerganie nitrogen In the form
of-peptone and ammonia were added in certain tests in order to establish the
linitations of the action of the preparation. The technigue of these tests was
as followe!

T"After prepering 20 liters of test water with chemical and bacterial
additions, filtration wasg started, and, in general, a sample taken from the
first, seventh and fifteenth liter filtered. These samples were divided in two
equal portioné, one of which was plated immedistely (i.e.,within one minute)
vhile the other portion was allowed to stand for 15 minutes before it was brought
into contact with the nutrients. ZIZach of these samples (i.e., € altogether) was
divided into five 1C cc, one 1 cc and cne 0.1 cc samples, inserted into lactose
aroth and subsequently incubated for U8 hours at 3700. In case gas was observed,
confirmaticn for E. colil was carried out in Brilliant Green-Bile truth.

"The laboratory tests gave always sanitary water (i.e., no confirming
zas in any tube) for cqli concentra ions up to apmroximately 200,000/cc (or
200,000,000/1iter). This is sinmilarly true for suspensions of streptococet

and staphylococci. At higher concentratiors of E. coli, oeccasional gas tubes

- . . =29 -
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in the 10 cc samples occurred, but it is assumed that such concentrations de
not occur in nature. ‘

"As agueous substrates, well water with sewage (1:2000), lake water
rich in protozoa and algae, well water with the addition of up to 500 parts
per oillion peptone‘as representative of organic nitrogen and up to 2H0 parts
per million arsonia as representative of inorganic nitrogen, were used. TFurther-
ngre, as a representative of heavy organic contamination, up te 25,04 parts
per nillion urine was used. To each of these substrates, artificial inccula
of T. coli up to 173,000/cc were treated successfully and resulted in an efflu-
ent fulfilling the Tacteriological senitary standards, either inmediately or
at least after 15-20 minutes elapsed time.

"In view of the fact that infected waters tested under laXoratory con-
ditions »ay not represent the performance of mgthod and eguipment in the field,
a nunter cf field tests were performed on varying tynes of infected waters in
the States of Sinaloa, Guerrera, Morelos and Distrito Federal in collaboraticn
with the Dep. de la Salubridad Publica. 1In order to test the water after a
short lapse of time, ambulant laYoratory cguinment was taken slong to the site
of the tests, in most cases. The results reported refer to an incubation time
of 4O-48 hours. Thus the cundition in the water when filtered and consuned
under actual conditicens would be studied sz closely as possible. These tests
ars enumerated as follows!

a. "Location: Rio Humaya, % ka north of Culiacan, Sinaloa. Temper-
ature: 22°C. pH: 7.5 - 8.C. Control: gas in 1 cc sample, confirmation gues-
tioéable, growth till 0.00:01 cc. Filtrate: sample after third liter, plated
after 12 mimutes: no gas in any sample, growth in three 10 cc tutes only.

. M"location: Rio Culiacan, 3 km west of Culiacan at the point of
confluence with the sewsge canal (Canal Almada). Temperature: 25°C. pH: 7.5 -

8.0. Control: con irming gas in 1 cc sample, growth till 0.0CC1 cc. Flltrate:
A 3 -




sample after sixth and fifteenth liter, tested after 15 and 20 minutes respec-
tively: no gas in any sample,growth in four 10 cc samples only.

¢. VLocation: Rio Tamazula near public laundries of Culiacan, Sinaloa.
Tempergture: 2H.5°C. M: 8.0 - E.5, Cortrol: confirming gas in 0.01 cec, no
growth in 0.001 cc and lesser dilutions. Filtrate: sample after fifth liter,
tested after 20 minutes: no gas in any sample, no growth in any sample.

d. "Location: faucet in Public Health La®oratery in Cvliacan. Temper-
ature: 23°C. pH: 7.5. Control: confirming gzas in two of five 10 ce tubes.
Filtrate: sample after fifth liter, tested immediately: ne gas in any sample,
srowth in two 1C cc samples.

2. "Location: se&er canal (Canal 2lmeda) of Culiacan. Temperature:
28°C. pH: & - 8.5. (Water very turvid and odorous). No control t-ken. Fil-
trate! sample after fifth liter, tested after 15 minutes: confirming gas in one
of five 1¢ cc samples, no growth in 1 and 0.1 cc.

f. M"Location: stagnant water Tody in an arroyo near Ranchita "La Divisa,!
approximately 8 kiloneters east of Culiacan. (Full of mosquito larvae, algaé and
with a very muddy tottem). Temperature: 24°C. pH: 8.0. Control: no coli »ut
growth till 0.001 cc. Filtrate: sample after sixth liter, tested after 20 mimutes.
no coli and no growth in any sample.

g. WLocetion: Rioc Tepecua near Xatitla, Guerrera. Temperature: 29%g,
pH: 7.5 - 8.0. Control: confirming gss in 1 cec, growth till C.0001 cc. Flltrater
sample after third liter, tested after 15 minutes: no gas in any sample, growth
in one 10 cc samvle only.

h. "Location: stagnant pool at tre entrance of Tixtla, Guer?era. The
water wes extremely turtid from algee growth, so that the filter clogged affer
three liters. Temperature: 27°C. pH: 8.5 (1). Control: cenfirming gas till

¢.1 ce, growth till 0.° 71 cc. TFiltrate: sample after iwo lirers, tested after
20 minutes: confirming gas in one of five 17 e fuhas, na growth in 1 »r3 A1 cc.
-~ 31 -
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i. "Location: Ric Sabana, & km east of Acavuleo, Guerrera. Stagnant
pool in river ted, clear water. Temperature: 36.5°C. (1). pH: & - 8.5. Con-
trol: confirning gas in 0.1 cc, growth till 0.001 ce. Filtrate: sample after
seventh liter, tested after 15 minutes: no gas in any sample, no growth in 1 ce.

j. "Loeation: Rie Savana, same location as (i.) but flowing river
water. Temverature: 35°C. pH: 8.0. Control: gas in 0.0l cc., growth till
0.001 cc. Filtrate: samnle after tenth liter, tested after 15 minutes: no E.
coli. Two non-confirming 10 cc samples out of five, ne growth in 1 and 0.1 cec.

k. "Location: Canal de Cuautla, HMorelcs, at Kilomcter 1. Clear water.
Temperature: 20.500. pH: 7 - 7.5. Control: confirming gas in 0.1 cc., growth
£ill 0.001 ec. Filtrate: sample after fifth liter, tested after two hours and
15 aiputes: no gas in any sample, no growth in 1 and 0.1 cc.

1. "Location: Arroyv near Yautepec, Morelos. at Km 30. Fast flowing,
very muddy water. Temperature: 259C. pH: 7.5 - 8. Control: confirming gas in
G.01 cc., growth till 0.0001 ce. PFiltrate! sample after third liter, tested
after 1 hour and 10 minutes: no gas in any sample, no growth in any ssample.

Temperature: 22°C. pH: 8.C. Control: confirming gas in 0.701 ce. TFiltrate:

Xochimileo, D.F. Stagnant canal under street bridge.

sample after third liter, tested after 2 hours and 40 minutes: no cas in any
sample, growth in one 10 cc tube only.

n. "Location: Xochimilco, D.F. Same location as (m.) tut two packages
of filter powder used, in view of extremely tur>id water. Filtrate: sample
after third liter, tested after 2 hours and 35 minutes: no gas or growth in any

sample.

0. "Location: Xochimileo, D.F. Emtarcedero, San Cristotal. Temper-
ature: 20.5°C. pH: 7.0. Control: confirming gas in 0.00) cc. Filirate: sample
after second liter, tested after 2 hours and 20 minutes:! no gas in any sample,

growth in four 10 cc. samples cnly.
- 32 -



‘canteen trials, a larger series of tests was® run with the Asbeloxane nowder
in laberatory equipment, where its performance could be stud;ed separately
from the mechanical functioning of the S-filter pump, and where varicus factors
influencing its action could ve better studied. The Camp Detrick trials largely
centered sbout investigating the performance of the S-powder when extremely
heavy suspensions of various tynes of organisms were used. The data from the
California Institute of Technology, already quoted, had shcwn what the S-filter
and the Asboloxane S-powder conld do $owards handling the amounts of contamin-
atlon ordinarily found in naturally occurring waters. The tests at this Instal-
lation were designed more to indicate what tie upper limits of perfermance were,
and how broadly effective the apparatus was sgainst all types of agents. Fer
this reason, tests were not confined to the common water-borne organisms usually
found in natural waters, nor were they uvsually run with concentrations as low
as those which might be sxpected to oceur natursliy.

a. Trials Utilizing both the S-filter and Asboloxsne S-pcwder

The first preliminary trials with the S5-filter were run with 20-
liter suspensions of B. globigii spores snd of E, coli cells. Samplss wers
taken for btacterial counts after approximately 2, 10 and 18 liters respectively
of the 20-liter samples hed passed through the filter.

The S-filter was operated according to the instructions already
quoted, given by the designer. Im -.c¢ ens* 4 grams of the Asbolokane,s-fiiter
powder were used in the pre-coat cyecle sc¢ that a filter ceke apovroximately 2 mm.
thick is formed. Through this cake the weter was pumped, filtered, and sterilized
at the rate of about 2 liters a minﬁte'

The B, globigii spore suspensions were reduced in count frem an
originel concentration of 200,700, Q0 orgapisms/ml. to 16, 26, and 12 organisms/
m). respectively in the three samples of the filtrate; B. coll was reduced in

count from 35,0 0,C.0 to, 13, 13" and 1 rganism/ml.
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These filtrates were vooled and then run back through the S-filter
using 2 fresh charge of Asboloxane S-powder. The counts were about the same
as in toe first passage .

A set of experiments was then run utilizing in each case 50 liters
of very heavy suspensions of typical Yacteria. Samples of the filtrate were
collected after 5, 15, 3C, and 50 liters respectively hsa@ passed through the
filter. 1In several of the experiments no collections were made after 30 liters.
The data collected are given in Table IV. TETC indicates that the colonies
were teoo numerous to count at the dilutions used. In such cases it can be ag-
suzed that t:he filtrate contained over 50C organisms/ml.

It is evident that the S-filter can effectively remove very high
concentrations of various tyes of organiams, anc do this at the relatively
Tepid rate of 2 liters a minute. It is also evident that it is possible to ex-
ceed its gterilizing cap;city especially when counts rise to the order of magni-
tude of 106 organisms/ml. Thig is apprrent usually in increaséd counts toward
the end of the 50-~1iter filtrations, or in at least cne of these tests, in high
counts throughout the entire course of the filtration.

Some evidence was obteined which indicated that, with.Staph.‘éureus
at least, bacteriostasis was occurring in certain cases. Additional colonies
appearcd on a few plates, which had not been destroyed after the ususl reading
at the end of Y8 hours incubation. TFive trials were set up, all with Staph.
aureus as the test agent, in which counts were made of viable orgenisms in the
filtrate after the usual Y€ hours and agein after the same plates or breth tubes
had been incubated for 96 hours. Many plates recorded as sterile at 48 hours
showed some growth at S6 hours, as indicated in the data in Table V  from two

of these trials.
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TABLE IV

EXPERIMBENTS WITH

THE S~FILTER AND ASBOLOXANE S-~FILTER POWDEITL

i

Original Contamination Bacterial Count per cc, in Successive

Filtrate Samples

5.

5.

B.

Test Organism Count per ml, 5L - 15 L 30 L 0L
marcescens 670,000 1 0 2 0
albus 750,000 1 0 0 0
globigii (Vegs) 1,760,000 7 4 INTC

globigii (Veg.) 1,000,000 8 2 2 62
globigii (Spore) 970,000 1 7 11

globigii (Spore) 16,000,000 263 294, TNTC TNTC
coli 15,000,000 10 13 TNTC TNTC
aureus 145 4000; 000 THTC TNTC TNTC TNTC
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TABLE V

DIFFERENTIAL 48 AND 96 HOUR COUNTS ON FILTRATES

OBTAINED USING

ASBOLOXANE S—-FILTER POWDER IN THE S-FILTER

(40 grams Asboloxane used in all tests)

Original Volume Filtered Ratic Number Plate Count Broth Count

Contamination Before Sample Taken Organisms to Organisms/ml. . MPN/ml,
Mg, Asbo, 48 hr 96 hr 48 hr 96 hr

Staph, aureus 5 liters 48 T 0 31 0 5
385,000/ml 15 144 T 0 730 0,2 8
20 193 T 0 2950 0.2 8
30 288 T 0 1040 0udd 18
Staph. aureus 5 177 o 4 0 5
136,000/ml, 15 51 T 0 38 0 2
20 68 T 0 15 0 160
30 102 T 0 13 0.2 2
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3ince Staph. aureus is sensitive to high ph valueﬁ. and the Asbolox-
ane filtrates are alkaline, it was thought possitle that this bacteriostasis or
lag was a pH eff2ct, and not dve to the Astoloxane. To evmalumte this factor,
two sterile broth solutions were made alkaline, one by passing the solution
througi an Astoloxane cake; the other by adding Fal¥ until its pH value matched
tﬁat of the Asboloxane filirate. A third lot of broth kevot at pH 6.8 served as
centrol. fThese broths were ingeulated with Staph. aureus,-giving the theoretical
counts indicated belew, and after the indicated times, 1 ml. portions were re-
moved and plated with nutrient agar in petri dishes. These plates were resd both
~after ol hours snd after 56 heurs of incubation at 37°C. The da-s apvear in
Table VI.

The data show that contact with alkeli can definitely zo affect
Staph. aureus organisms that colonies develoo mich more slowly than usual from
those organisms which survive the treatment. The time lag in the develepment
of Stap®. aureus celenies could thus e accounted for by the alkalinity of the
Asbolexane filtrate. Of greater interest, however, is the evidence that the
Asboloxane filtrates poseess a definite anti-bacterial activity. There ig a much
greater killing action in the Asboloxane filtrate than can be accounted for by
alkali alone. Not only sre viable orgesnisms killed in passage through the Asbo-
loxane §-filter cake, tut slso a lethal property is imparted to the filtrate
ﬁhich, as shown in these tests, is effective against organisme added later to
the filtrate. This residual anti-bacterial property of the Asboloxane filtrates
has been called its "antibiotic potentiai,“ and will be further demcnstrated in

experiments dene with laboratory equipment, rather than utilizing the 3-filter

pwinp .
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TABLE VI
__
' EFFECT OF pH IN ASBOLOXANZ FILTRATE

ON LAG PHASE OF STAPH, AUREUS

L

Plate Counts
. Incculum of (Organisms/ml)
Treatment Given Broth  Staph. aureus/ml. Contact time 24 hr 56 hr
Filtered thru Asbolaxane 31,500 5 min, 0 12
pH 10,5 30 0 7
: 60 Q 0

Adj4 with NaOH 31,500 5 0 TNTC
pH 10,5 30 0 652
60 19} 4

No treatment 31,500 5 TNTC _—
pH 6.8 30 TNTC -
60 TNTC —
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a b. Trials with Asboloxane 3-filter Powder on a Sintered Glass Filter

Bed
While the trials with the Asboloxane S-filter powder were being_
conducted in the S-filter designed for ailitary use, laboratory scale trials
were inavgurated. Working on a small scale rather than with the 50 liters of
bacterial suspension and 40 grams of Asboloxane $-filter powder required for
each trial in the S-filter, it was possible to step uo the tempo of the work.
Brosides, closer control was possible with the laboratory trials, when it was
desired to vary certain factors in the filtration process and to use high con-
centrations of various pure culture suspensions, which necessitated sterilizing
the total equivwment between runs. The first of these laboratory trials was run
with very simple glass equipment using vacuum suction flasks and Buechner type
funnels of coarse sintered glass, which served as the filter Yted against which
cakes of Asholoxsne 3-filter powder were formed. The sintercd glosg alone re-
tained very few organisms, ag evidenced by a drop from 1.30 x 108 organisms ver
ml. to 1.03 x lOg orgenlisms per ml., when a B. globigii spore suspension was
passcd through it.
The recommended charsze of Asboloxane powder in the S-filter was

one gram per 15 cm2 of filtering surface. A corresyo :ding charte for the 3Buech-
ner funuel. which had a sintered glass bed approximately 30 cm2 in area wgs two
grams. The filtering cake so obtained wes about 2 mm. thick. Utilizing the
gervice vacuum lines, however, it was net possible to filter bacterial suspen-
sions through these cakes at the rate of 150 ml./minute which corresponded to
the rate achieved in the S-filter pump. The 300 ml. suspensions used in most

cases required from 3 to 4 minutes to filter.

The cake wes formed by m xing the dry Asboloxane S-powder with a

small amount of sterile water and drawing by vacuum practically all of this
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water inte a storile suction flask. T e bacterial suspension'was then sdded
and tae vecuum turned on fully. After all the suspensien had passed through
the filter, the filtrate was usually allowed to stand for at lesst 15 minutes
in the vecuﬁm flask, then removed and plsted out with the usval dilution tech-
nigue into nutrient agar.

Fepresentative data obtained from the use of the Agboleoxane S5-Tilter
powder in thls glass laboratory equivment are given in Tables VII through XII,
presente@ in.chronological order, as the tests were run in the laboratory.
Variations in the techniques described above are either apparent from the head-
ings, or explainecdtdn foot notes.

The date obtained with th9 igboloxane S5-filter powder on the sin-
tered gless filter beds showed, as had the trials in the 5-fillter itself, that
the trestment was effective against widely different types of bacteria present

6

in very larze numbers. Suspensions up to the neighborhood of 10° orgrnisms per
ml., varying of course with type of orgasnig: and other factors, could be effec-
tively sterilized by a single passage through a cake of the thickness recemmended
for use in the military S-filter. As might he expected, repassage through an
Asboloxane cake of this thickness or single passage through cnkes of greater
thickness caused increased reduction ir Suspensions so high in count that nor-
mally apprecia-le numbers of viatle orgeanisms would te found in the filtrate.
Parallel filtratiens through Asboloxane S-filter powder and diatomeaceous earth
showed thot something more than mechanical retention of ecrgrnisms was operating
here, although large vercentages of,organésms from heavy suspensions are trapped
on the filter cake.

" When viable orgrnisms do appear in the flltrate, thelr count drops

as the filtrate stands. This is another indication of the "antibiotic potential”

SR R




] TAELE VI

ASBOLOXANE S-FILTER POWDER ON SINTRRED GLASS
FILTER BED

(2=gram Cake)

Repassage of B. globigii Suspension Through

The Same Filter Cake

Treatment B. globigii spores/ml.
Original Suspensicn . 160,000,000
1lst Passage thru cake . 3,000,000
2nd Passage thru cake 76

———_ - - . - RV - ——na

NOTE: The B, globigli suspension made by resuspending dried
spores contained many lumps or clusters of spores and
non-viable organic material,
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ASBOLOXANE S~FILTER POWDER ON SINTERED GLASS

FILTER BED

Single Passage of B. globigii Suspension Through

Caltes of Varying Thickness

Treatment B. globigii spores/ml.
Original Suspension 10,000,000
Passed thru 2 gram cake 86;000

Duplicate 37,000
Passed thru 4 gram cake 0
Duplicate 3
Passed thru & gram cake )

NOTE: B. globigii suspension made by resuspending dried spores.
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TABLE IX

ASBOLQXANE S-FILTZR POWDER ON SINTERED GLASS

FILTER BED

Comparative Trials with Asbholoxare S-Filier Powder

and Diatomaceous Earth

Bacterial Counts/ml, )

Treatment Plated Immediately Plated after 24 hours
Original Suspension 10,000,000
Thru 2 grams Asboloxane 45,000 8,500
l Thru 4 grams Asboloxane 2 3
Thru 6 grams Asboloxane 2 3

(A1l above colonies B. globigii)

Thru 2 grams Diatomaceous Earth 41,000 1,300,000
(21,000 B.g.)
Thru 4 grams Diatomaceous Earth 6,700 TNTC in dilutions
(29 B.g.) plated
Thru 6 grams Diatomaceous Earth 120 Over 5,000
(5 Begs)

NOTE: The same crude resuspension of dried B. globigii spores was used,
Only B.g. colonies appeared in the filtrate which had passed through
the Asboloxane. Many small white colanies were found in the filw
trate which had passed through diatomaceous earth. These were
counted differentially. Apparently, a contaminani was present in
the B. globigii suspension which was killed by the Asboloxane but
which passed through the diatomaceocus earth more easily than did the
B. globigii spores, and showed up when the large excess of B. globigii
spores were removed from the suspension. Since the filtrates had
not been discarded, duplicate plates were made from them the next
day. Then interestingly enough, the Asboloxane filtrates still
contained only B. globigii spores in lesser number than when first
filtered, while the filtrates from the untreated dlatomaceous earth
showed greatly increased counts of the contaminating organism,

oy I



...lll.lllllllllllill..... TABLE X

ASBOLOXANE S-FILTER POWDER ON SINTERED GLASS
FILTER BED

(4~gram Cake Used)

Action Against Various Organisms and Drop of Count

in Filtrate Upon Standing

Original Contamination Time Lapse
After Fil-
tration Be-
Test Organism . Count per ml, fore Plating Bacterial Count per ml,
Staph, albus - 560,000 0 = 5 min, 26
15 min, g
30 min, 2
Staph. aureus 1,100,000 Q0 - 5 min, TNTC
" 15 min, TNTC
30 min, 386
Staph, aureus 930,000 0 - 5 min, 238
15 min. 155
30 min, 70
Staphs aureus " 620,000 0 - 5 min, 207
15 min, 137
30 min, 11
Staph. aureus 338,000 0 - 5 min, 0
, 15 min, 0
' 30 min. 0
E. coli 288,000 0 - 5 min, 1
15 min, 0
30 min, 0
Eo coli 2?2,000 O - 5 min. 0
15 min, 0
30 min. 0
B. globigii 960, 000 0 - 5 min, 4
Vegs) ‘ 15 min, 3
30 min, 5
B. globigii 623,000 0 - 5 nin, 0
{Veg.) 15 min, 0
30 min, 0
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TABLE XI

ASBOLOXANE S-FILTER POWDER ON SINTERZD GLASS

FILTER BED

Action Apgainst E. coli Bacteriophage

Original Contamination Filtrate Count per ml,

Test Organism Count per ml, 4 Gram Cake 6 Gram Cake
T3 Phage 18, 000,000 below 100 below 100
Ty Phage 6,800,000 300 below 100

NOTE: Phage counts are made by plating out dilutions in agar heavily
seeded with E, coli and counting the clear plagues where the
phage is destroying the host cell, When the filtrate through
the Asboloxane was added to the seeded agar directly and in a
1:10 dilution, the E. coli growth was s¢o inhibited that it was
not possible to determine whether or not phage was present. At
dilutions of 1:100 or greater the E, coli cells developed, and
in one of these plates, three clear plagues were found indi-
cating a count of 300 ml. for that filtrate. The other filtrates
could have had any count, ranging from 0 to 100 phage particles
per ml, .
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TABLE XII

ASBOLOXANE S-FILTER POWDER ON SINTERED GLASS
FILTZR BED

(4~gram Cake Used)

Effect of Successive Filtrations and of Temperature

Upon Action Against E. coli

Original Bacterial Count per mi. for Successive
Suspension Temp. One Liter Lots of tne Filtrate
Count per ml, °c, 1st 2nd 3rd 4th 5th
67,200 3° - 100 150 100 -
22° 0 0 0 10 135
45,500 2° 0 0 0 10 TNTC
37° 0 0 0 10 20
48,000 2° 20 0 0 50 50
37° 0 0 0 0 0
42,120 20 0 0 0 100 0
126,000 32 0 0 250 1950 1400
22 20 200 200 200 400
37° 0 0 650 250 200
86,800 37 0 1 5 7 56%
37 0 4 6 13 13

¥ Counts made using 5 tube broth series, Other counts are direct
plate counts,
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imparted to the solution upon passage through the Asboloxane S-vowder. Yhen
large volumes of suspensionwere passed through a single cake, examination of
successive lots of the filtrate showed larger numbers of organisms appearing
towards the end of the flltration, :ndicating the chemical action of the powder
became spent as more and more liquid passed through it. One point of distinet
practical importance was brought out in the trials conducted in the cold (2-3°C)
and warn (3T°G) rooms. The temperature coefficlent geems to te guite small, as
the performance at the lower temverature compares very favorably with the ster-
ilization obtained at 22 and a2t 37 degrees.

There appeared, however, defirite limitations in the use of the
simple Buechner sintered gless funcels and vacuuxz flasks for usp in laboratory
triels. Particularly, it became evident that it would be advisable to have an
apparatus where successive samples could be taken of the filtrate for bacterio-
logical #nd chemieal exemingtion without interrupting the course of the filtra-
tion, and to have the filter cake ore protected, since it often became dis-
turbed as more suspension was added to the sintered glass funnels, or as the
funnels were removed to other sterile suction flaske, when one became filled.
Accordingly, the laboratory apparatus described in the next section was designed,

and subsequent laboratory evaluastions of the Asboloxane S-filter powder were

conducted in it.
¢. Laborateory Pregsure Filter Apparatus
A pressure-filtration system was set up to simulate the action of
the S-filter on a lsboratory scale. A closed reserveoir was used tz centain the
vwater to be filtered. Compressed air forced the susvension out through an open-
ing at the bottem of this reservoir snd through a Seitz filter unit, frem which
the valve and disphragm were remcved. The effluent from the Seitz filter led

- g -
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to a calibrated glass chamber in which measured portions of the filtrate
could be held snd removed for chemical and bacteriological determinations.

One gram of the Asboloxane S-filter powder wos weighed out, and
filter cakes were made by filtering a water suspension on a Buechner funnel.
The cekes #nd filter papers were placed unon the metsl screen of the Seitz
filger, which was then clamped tight. The water used in these pressure fil-
trations was autoclaved distilled water, unless otherwigg noted, to which might
be added any type of bacterial or chemical agent, depending upcn the purpose
of the test, The time vwhich it took for each successive 200 al. portion of
water to pass through the filter calke was noted. When the run was over, the
thickness of the filter cske was determined by messurements with a Randall and
Stickney thickness gauge.

Chemical tests performed cn the filtrate included Winkler's deter-
mirnation of dissolved oxygen, and later, the cupric dithizonate method for sil-
ver. A discussion of these factors will be presented later.

Eacteriological assays were done on every 200 ml. portion of fil-
trate. Triplicate plates were poured of "direct" and "1:100" samples of fil-
trate, using Nutrient agar or Friedlein's synthetic agar or both (1). Plates
were incubtated at 37°C for 4€ hours.

In some cases the suspensicns being filtered were made by adding
the broth in which they were grown directly to the water, In most cases, how-
ever, where comparative data were desired, bacterial susvensions were centri-
fuged, the precipitated organisms were taken up in distilled water, centrifuged

agsin, and re-suspended before being sdded to the test water.

(1) Plating was begun within one minute of collection of the sample to avoid
the self-sterilizing action or antibiotic potential of the filtrates themselves.
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In all tests, counts were msde of the bacturia in the test water
both before and after a run, to determine originasl concentration and alsc the
nermal die-off, due to standing in the reservoir during the time portions were

being treated.

Typical Zata: In Table XIII is a standard laboratory sheet, such

as 1s obtained from a single filtration experiment of this type. From this
table we cen see the method of deriving the time of contact of any particle
with the actual filter cake. The time for 200 ml. to pass through the filter
cake is recorded, and transformed to rate of flow in ml/sec. This rate is
divided by the area of the filter cake, to give the velocity with which a mass
of water penetrates the cake. TFrom this figure, we may obtain the time of con-
tact of any particle with the cake (7o) by dividing it into the thickness of
the cake. It will be noted that this time of contact increases as the filtra-
tion proceeds under any given pressure of air in the reserveoir. This may be
accounted for by mechanical compression of the cake during filtration, or by
the stoppage of pores due to accumulation of microscopic debris. Correlation
of this time of contsct with chemical or bacteriological agsay of the filtrates
has not ss yet been fruitful, but we have continucd to gather these dats against
the time when the latter determinations tecome more standardized.

In this table we can also note the typical characteristios of Asho-
loxane filtration. The first filtrates are essentially sterile, and then a
point arrives when small numbers of organisms begin to coms through the filter.
In ng case does the number of organisms ever vecome exceedingly great, due,
probably, to-mechanicsl, rather than chemicel effects from this point forward.
The volume of filtrate which contained no more then one or two viesble bacteria

per ml. has been revorted as "volume sterilized," and is used ss the basls of

comsparison.




Test 26

Vol, Water 3500 ml.

TABLE XIII

ASBOLOXANE S~FILTER POwDER IN LABORATORY PRESSURE
FILTER APPARATUS

Typical Data Sheet

Asboloxane S-Filter Powder 1.0 gm

Cake Thickness 0,070 cm

Inoculum 20 ml cecli F Broth Plated F Agar Incubated 48 hrs,.
Vol. of Samples 200 ml Control: 220,000 org/ml at start of test,
183,000 org/ml at end of test,
Titer
Sample Time Rate Velocity Tc ml JORBZ N ¥g0p Bacteria/ml
No. sec ml/sec  cm/sec sec thio/100/mi 100 ml s Oy Filtrate
1 123 1.63 C.129 0.54 7457 1.71 0,70 0
2 138 1.45 .115 N - - - 1
3 135 1.48 118 59 - - - 1
4 140 1.43 113 .62 7457 1.71 W70 0
5 145 1.40 111 63 - - - 0
6 149 1.34 106 +66 - - - 0
7 152 132 +105 £7 6.45 1.45 obdi 0
8 158 1.7 +101 .69 - - - 2
9 163 1.23 098 71 - - - b
10 165 1,21 096 .73 572 1.29 28 5
11 168 1,19 v 094 74 - - - 8
12 172 1.16 092 W76 - - - 10
13 180 1,11 088 W79 5420 1,17 .16 6
14 181 1,10 . 087 .80 - - - 9
15 185 lfOB 086 81 - - - 9
Control - - - - 4o&7 1.01 - -




Thickness ¢f Cake and Contact Time: Prom runs of this type in

the latoratory pressure filter aoparatus, conditions closely approximating
action in the S5-filter could be set up and variables, such as thickness of

the filter cake, could be studied under closely controlled conditions. In

the S5-filter, 36 to U0 grams of S-filter powder are spread on approximately
450 squsre centimeters of surface, or roughly one gram to 11-12.5 em? of screen
surface. The Seitz filter used in the labtoratory pressure filtration apparatus
had an inside area of 12.6 centimeters, so the use of one gram of powder very
closely aprroximated conditions in the pump. 4 flow from the S-filter of two
liters per minute is equivalent to 50 ml/min/gram 3-filter powder, or .84 mlf
second per gram. In the tests run, the flow rote could be controlled by vary-
ing the pressure on the reservoir. In most runs, the average was maintained
very close to .9 ml/sec/g. Variations in flow rate from 2.0 to .5 mlfsec/g.,
however, were not feound te be the primary ceuse of varistion in sterilizing
effectiveness. This facter, nevertheless, needs further study. The weight

or thickness of the cake, and hence contact time, does have a decided effect
upon sterilizing effectiveness, however, as the relatively few data collected

in Table XIV indicate.

Tests Against Various Types of Organisms: Using the methods de-

scribed previously, a series of tests against various organisms in water sus-

pénsion was conducted. In sll cases the organisms were grown in nutrient broth,

centrifuged, and added to distilled water. One gram of powder was used in all

tests. In testing the T2 coli bacteriophage, it was necessary to suspend the

phage particles in Friedlein's synthetic broth rather than in water. Table

XV presents a summary of results obtained in this series of tests.
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TABLE XIV

ASBCLOXANE S~FILTER PO4#D=R IN LABORATORY PRESSURE

FILTER APPARATUS

Comparison of Filter Effectiveness with Cake Thickness

Grams Cake thick~ Averafe Volume of B. coli Suspension

Run No, S~Powder ress - cm, Te - sec. Filtered Sterilized
28 0.25 021 25 3000 10
27 0.50 027 29 2600 50
29 1.0 070 YA 3000 2000
31 1.0 T2 69 3000 1600
20 2,0 114 2.49 2600 2600
21 2.0 173 273 2400 2400
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ASBOLOXANE S-FILTER PCWDER IN LABCRATORY PRESSURE

Sterilizing Action Against Various Types of Organisms

TABLE XV

FILTER A PARATUS

Vol,~

Test Orig. Conc, Sterile
Contaminant No. org./ml, Effluent
E. coli - 37 400,000 2800
S. aureus 38 250,000 2400
5. aureus 70 2,800,000 2800
B. globigii {veg.) 39 50,000 2800
B. globigii (spore) 40 45,000 2800
B, globigii (spore) 47 200, 000 2800
B. globigii (spcre) 43 13,500,000 0
M. phlei 42 45C,000 2800
M. phlei 4d 1,250,000 2800
K. preumoniae 45 570,000 2800
E. typhosa 68 118,000 1400
E. typhosa 78 450,000 2800
E. typhosa 79 3,000,000 2300
3, marcescens 73 650,000 2000
5, marcescens 71 2,500,000 1600
G. tetragena 72 86,000 2800
E. coli T, Phage 76 4,000,000 0

* 2200 ml. was the total amount filtered in all cases.,
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In evaluating thege data 1t is importaut tu redesber that wi arc
dealing with a system which stends to the S-filter in the ratio 1:40. There-
fore, each 200 ml. of filtrate collected in this test is equivalent to eight
liters of filtrate from the S-filter. The rat-d safe capacity of the pump is
50 or 60 liters, so that 1250 or 1500 ml. of sterile effluent from the labora-
tory model may be considered a sterile run in the pump. On the other hand,
these tcsts were carefully conducted in the absence of organic matter, so they
represent conditions which sre rather ideal.

Storage of Agboloxane Powder: Stopered #nd open visls were filled

with cne gram samples of Asholoxane S-filter powder and exposed to different
conditions of temperature by teing stofed as follews: in a dry ice chest (-60°C):
in a cold room (52); in a laboratory {25°); in an incubator (37°C); and in a
wator bvath (45°). Water containing washed E. coli was filtered through one

graa cakes of these powders after gix months of storage at the veriocus conditions.
Results are reported in Table XVI.

Effect of Various daterials added tc the Suspension: In an early

attempt o rule out silver ion as the antibacterial agent, a solution of sodium
chloride (1.25 per cent) wes used as suspending medium for E. coli. Three
liters of this solution werc filtered through one gram of Asboloxsane - all the
filtrates vere sterile. Later work, of course, indicated that the silver present
is much below the solubility product of silver chloride, and so this experiment
did not at all rule out the possibility that ionic silver was the active agent.
In another test, cysteine hydrochloride was sdded to distilled water
in a concentration sufficient to give & titer of zero when the soluticn was as~
sayed for dissolved oxygen by Winkler's alkerline manganous hydroxide methed. It

was of interest to see whether the strong reducing propcrties of such a solution
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TABLE XVI

ASBOLOXtNE S-FILToR PORDER IN LABCRATCRY PRISSURE

FILTER A-PARATUS

Surveillance of Stored Powders After Six Months Storage

Temperature Original concentration, Volume™
Vial oc E. coli/ml water Sterile Effluent
Stoppered -60 470,000 1700
Open 500,000 800
Stoppered 5 1,600,000 1800
pen 6,000 2800
Open 600, 000 2800
Stoppered 25 1,000,000 <800
Open 500,000 2800
Stoppered 37 250,000 2000
Open 460,000 2300
Stoppered 45 560,000 2800
Open - 550,000 2800

* 2800 ml was the total velume filtered in all cases,

NOTE: It is possible that samples stored in the dry ice chest were affected
by the large amount of COp in the atmosphere, The effect of very low
temperatures upon storage should certainly be studied further,
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interfered with the death of E. coli by filtration through Asboloxene, 1In

this test » few contamin=nts avpesred, but essentielly all of three liters of
E. coli suspension were sterilized by pmssage through one gram of Asbholoxane.
It is interesting thet in the test the value of 20y for the first filtrate

vas almost that of a normal water filtration, but this value drovped exceed-
i;gly repidly, until there was very little determinable oxygen after one liter
hed passed the filter. The reducing conditlons of the water did not asparently
affect the effectiveness of the sterilization.

A detrimental effect on sterilizing capacity is noted, however,
when nutrient broth is added to the water. Yormally Friedlein's gynthetic
medium was used to grow the E. coli, and 20 ml. of this culture medium wag
added to 3500 ml. of water. However, when nutrient broth wns »dded, far less
water was sterilized. To show this point, and %o rule out the possibility that
bacteria grown in different media might have different resistances, or that
the products of their growth were interfering with the action of Asboloxene,
the tests descridbed in Table XVII were performed. Two grams of filter powder
were uged in each tést.

It appears obvious that it is the nutrient broth, and not factors
of resistance or of metsbolic end-products, which gives rise to the observed
differences in effectiveness of the Asboloxane filtration process.

The same antagonism of nutrient broth for some bectericidal factor
contzined in the filtrate is evident when diluticns are made in nutrient and
in Friedlein's agar. The Friedlein's plntes are likely to be all sterile,
while nutrient agar plates may show growth, due to the reversal of bacterio-
stasis by the components of the mutrient broth. It is thus important that

test methods be standerdized as to media used, snd 28 to time of incubation,

if comoerable results are to be obtained.
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TABLE XVIX

ASBOLOXANE S-FILT®=R PCWDER IN LABORATCRY PRESSURE

FILTLR APPARATUS

Effect of Nutrient Broth on Asboloxane Filtrations

Additicnal Criginal Volume of water
E. coli Material added concs. Filtered Sterilized
Run No, grown in Treatment to water E. coli/ml ml. ml.
19 20 ml, N¥ Added to 3500 None 600, 000 24,00 800 -
ml. water
21 20ml.F " None 215,000 2400 2400
23 20ml, F n 20 ml. N 270,000 3200 800
(sterile)
24, 20 ml., N Centrifuged, None 285,000 2000 1800

twice washed,
added to 3500
ml, water

¥ ¥ T Nutrient broth F = Friedlein's synthetic medium




Antibiotic Potentiel: IlMention has been made in previous sections

that the Asboloxsne filtretus rppesred to be bacteriostatic. Dr. Goetz had re-
ported this interesting phenonenon and called it "Antibiotic Potential." Ry
pagsing various suspensions through Asholoxane S-filter powder ceskes in the
laboratory pressure filter apparatus, and re-inoculating portions of this fil-
trate with different amounts and types of bacteria, the existence of this anti-
biotic potential has definitely been established. E. coli, E. typhosa, S.
aureus, S. marcescens and G. totragena have all been observed to die off more
repidly in Asboloxane filtrates thaﬁ they do in the same water before filtra-
tion. This killing action is not too rapid, and when relstively heavy inocula
are rdded to the filtrate and aliquots exsmined for viable becteria at periodic
intervals up to 3 hours, the killing is often not yet complete._ﬁgqf
Comparison of the effectiveness of this antibiotic potential can‘ge made however
by compsrirg under different circumstences the velocity constant or death rate,
k, which is often used for comparing various bactericidal effects. This con-
stany, k, comes from the expression for ¢ first-order reaction,

log § = kt,
where Ho is the original bmcterial concentration, ¥ 1s the concentration after
any contact time, t, and k is the velocity constent or death rate. The bacteria
die off in a logerithmic order in the Asboloxmane filltrates as in so meny ceses
and thus obey the msbove expression. When the logariﬁhm of the concentration
(Log ¥) is plotted sgainst t, a streight line can be drawn through the points
and thc velocity constant k can be calculated by determining the slope of that
line. It is customarily srid that k is a numerical constant having ne exact
meaning, but that it tecones larger in value as the death rate tecomes faster.
Acturlly k has ihe dinensional units of tine '1. and it is numerically the re-

ciprocal of the time required to kill 50 per cent of the organisms in any given
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%F-hecomes l and k = % in the

suspension, since in this special case Log
eguetion given abeve.

A typical exanple of the fall in concentration of E. coli when
added in two different amounts to »n Asboloxane filtrate is given in Table
XVIII. The bacteriostatic action is hard to comperre in these two cases be-
causeé of the difference in original concentration. The death rates however
(.078 as against .0S6) tell us that the bacteris are dying off faster in the
lower inccule where 30 per cent of the orgenisms die in just over 10 minutes
on an average as ageinst just under 13 minutes.

Using these death rate figures,it wes possible to compere the ef-
fect of various frctors such ag orgenlc or other material present in the water
before it was filtered, and of the number of contsminating organisms ndded to
the filtreste ag is done in Table XIX.

Our data, to date, meade by comparing these death rates, have in-
dicated thet the antibictic potentirl is grestest in the first portions of
suspensions passed through Asboloxane S-filter powder than in later portions,
although it is present even towards the end of the filtration. Also as 1s
evident in Table XIX referred to above, the demth rate falls off as the number
of orgrnisms added to the filtrate is incressed. .

The literature is filled with similar observations, snd silver, as
a sterilizing agent, shows this relationship to » marked degree (1). This
factor must te borne in mind in corprring the results of different investige-
tions.

Another conclusion which is readily apparent from these date is

that pure water, passing through the Asboloxene Tilter cake, acquires consideradl,

(1) "aAbstracts of Articles on Oligodynanic Sterilization" - The Engineer Board,
Project WS 768, 1 May 1047
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TABLE XVIII

DEATH RATE OF E., COLI IN FILTRATA FROM
ASBOLCXANE S-FILTIER PCWDER

Bacteria/ml,

Time ef 0.5 ml. 0.005 ml.
Contact E. c¢oli inocula E. coli inocula
0 min, 5,220,000 160,000
15 min, 700, 000 4,400
30 min, 7,800 246
60 min, 200 6
120 min, 35 0

k (death rate) .078 096




TABLE XIX

DEATH RaTE CF E. COLI IN VARICQUS

ASBOLOXANE FILTRATES

Filtrate from water Organisms added per =
eriginally containing ml. filtrate k
3 ml. nutrient broth - . L5 x208 .030

Z. coli 1.8 x 10 036
2,1 x 10° .048

. coli only 2.1 x 106 042
3.5 x 10° .087

5.7 x 10% .120

Nothing 3.6 x 102' 033
3.4 x lO4 o126

2.4 x 10 0138

* -
k = death rate of added orzanisms. The greater the number, the faster is
the rate of death of the added bacteria,
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more antitiotiec potential than docs water which originally contained washed

3. coli orgerisms. The difference is still greater when the weter originally
contained broth as well as well as E. coli. These results »re not in accordance
with tke findings of Dr. Geetz, who reported that the antibiotic potential of
Asboloxane filtrates was greeter if viable orgenisms had been present in the
water before it wes filtered. Our findings, confirmed in nany experiments
utilizing both BE. coli and 5. mureus to re-inoculate the filtrste, show thnt
any orgsnic natter present in the weater as it is being filtered, whether viable
or not, results in less antitiotic potentisl in the filtrate. Although nany
aﬁtempts have been made to elucidate the exact nature of trnis antibiotic
potentiel, it is still an unexplained factor.

Its importence, however, nay be considernble, for wrter sterilized
with the Asboloxsne 3-filter pump will retsin self-sterilizing prowerties for
a considerpble length of time. Thus the usual preceuticns for eseptic handling
of drinking supplies may possibly e digspensed with to a certain extent.

&. Various Chemical and 3iological Properties of the Filtrates fron
Asboloxane S-Filter Powder

In this section are reported various tes%s conducted at Camp Detrick
on Asboloxane S-filter powder and the filtrates obtmined from it. These tests
are largely exploratery or fact-finding in nature, and describe some of the
changes which occur both in the S-filter powder itself, the liquids which are
passed through it, and the organisms which have been exposed to Asboloxane ac-
tion. Certainly no definitive explanation can te given at this time as to how
or why microorganisms are killed by Silver Asboloxanes, or by any other silver
complexes. The tests do give, however, a little insight into a few of the

chemical and biologicel forces at action in Asboloxane sterilization.
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Silver Relationships: Chemical analysis for silver was made on

Asboloxane S-filter powder. Also, spectrographic analyses were made of the
powder and of the dried residue Irom an Ashboloxane filtrate. The data so ob-
tained sre in good agreement with the data for the composition of the powder,
furnished lster by Dr. Goetz, save for the fact thét no zinc was reported in
the spectrographic data. The figures are given together in Table XX.

Routine tests for silver were performed on many of the filtrates
in the laboratory pressure filtratior tests with the Asboloxane S-filter powder.
The method used was the cupric dithizonate method (1) which detects as little
as 5./liter. Typical data obtained are presented in Table XXI. Silver does
appear in the filtrates, but in ouwantities far below the solubility of silver
chlorigde. Spectro:raphic data also heve shown that, when Asbolorane S-filter
povder is deposited on hsrdened agar pletes, small amounts of silver diffuse
cut into the agar.

It arpears that silver is still present towards the end of the fil-
trations, where viakle orgsnisms often tegin to show uvp in the Tiltrates. More-
over, ionic silver at a concentration seversl times #s great as the silver con-
centrations usually found in the filtrate, 1is but slowly toxic to E. coll as
measured in experiments conducted in this laboratory and shown in Table XXII.
For these reasons, atiempts thus far to correlats the data on silver in the
filtrates with killing action of Silver Asboloxsne have been unsuccessful.

It is interesting to note in tis connection that very little silver
(S}fliter or less) appears in the water in canteén trinls where the special As-
boloxanc Canteen charge is added to the water,and is in contact with it for 15

minutes before filtering.

(1) E. B. Sandell, "Colorimetric Determination of Traces of Metals" - Inter-
Science Publishers Inc., Hew York, N.¥. (1g4lL) p. 390,

LBy
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TARLE XX

COMPOSITION OF ASBOLOXANE S~-FILTER POWDLR

Chemical Test for Silver
Asboloxane S-Filter Powder Approx, 0,5% silver

Spsctrographic Data (Combined for both Asboloxane S-Filter Powder and
residue from Filtrate)

#ajor Elements Ca, 8i, Mg . )
Miror and Trace Elements Al, Fe, Na, Ag, Cu™, Ti*¥

* Reported only for Filtrate Residue
*¥ Reported only for Asboloxane S~powder

Composition of Asboloxane S-filter Powder as Furnished by Dr. Goetz

% by
Ingredient Dry weight
Diatomaceous Eartn 8.4
cao2 - rlH20+Ca(OH)2 13.2
ZnO (U-SIPI) l|9
Colloidal Carbon (Black) 2.9
Ag (as Agy0) (U.5.P.) 0.5
hsboloxane 5.3
Polyvinyl Compds. (dry) 2.7
Detergent (wet) 0.4

Total 100.0 %




ASBOLOXANE S-FILTLR POWDER IN LABORATORY

-

PRESZURE FILTER APPARATUS

BT

TABLE XXI

Amount of Silver Appearing in Filtrate

{Filtrates digested with H280¢)

Liquid being Filtered

Volume Distilled
passed Tap water - Distilled Tap
through Water washed coli Tap water + water +
Filter Cake Distilled (Averapge (Average water o nutrient nutrient
(ml) Water of 2) of 2) washed coli broth broth
Silver in Filtrate in Y/Liter
200
£00 5 50 10 25 100 150
600 65
806
1000 5 60 17 80 70 90
1200 17
1400 30 75 45 45
1600
180¢ 10 50 17 65 35 <5
2000
2200 20 45 15 60 20 30
2400
2600 20 12 50 10 20
2800 30
Contraol 0 3 5 o 0 3
NOTS: For Comparison -

Solubility AgCl in Water
Solubility Agdr in Water

-

- b6 =

130 Vv/L or

1,500 y/L or 1,130 y/L of Silver
75 Y/L of Silver
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TABLE XXIT
BACTERICIDAL ACTION OF AgNOB AGAINST E. CCLI

(Concentraticn of Silver 104 y/Liter)

Contact Organisms/ml at Various pH Values

. Times pH 3.42 pH 6,35 pH 9.85
0 min. 190, 000 30,500 14,100

5 min, 10,700 10, 800 375

10 min. 4,800 3,100 101

15 min, 1,850 920 35

30 min, 260 172 2
60 min, 4 28 ¢
120 min, 0 2 0
120 control™ 2,900 25,600 11,100

* In contact with Buffer only. No AgNOs.
Experimental Conditions:

1l ml of 0,00005 N AgNO3

1 ml ¢f . coll Suspension

Added to 50 ml Various Buffers,

Aliguots removed for viable count at indicated times.
Tests run at room temperature,



Cxvgen RelatioRships: The Asbglg_xahdl ﬂ‘!ilter powder containg

both a silver catalyst and an insocluble veroxide (Ca0s). In the course of

filtration the peroxide is consumed, and the filter nowder loses effective-
ness. It is therefore interesting te try to trace what is happening to the
peroxide originally present in the powder when it comes in contact with water.
One possibility is that the silver could catalyze the decomposition
of the calcium percxide‘to oxygen and calcium hydroxide according to the fol-

lowing equation:

Ca0s5 - 8H0 >Ca(0K)y + 305 + THO
(216.2) (74.2)  (16) (126)

Actually some gas is given off when the powder becomes wet. Ix-~
periments were conducted in the Warburg resgpirometer to collect and analyze
this gas. As the data in Table XXIII indicate, the gas is oxygen since it is
adsorted by pyrogallol and not by alksli. In 30 minutes shaking with water,
0.32 milliliters or 0.42 milligrrms of oxygen are given off by one gram of As-
boloxane S-filter powder.

Some simple calculations csn show thet this smount of grseous oxy-
gen is not enough to account for all of the peroxide originally present in the
filter powder or extracted by the water. For example the equivalent weight of
calcium peroxide, according to the equation above, is 0.42 x 216/16 = 5.68 ng.
of calecium peroxide per gram of Astoloxane. Thus the oxygen libterated -cgountsz
for only about 0.6 per cent CaOe in the originel Asboloxane composition.

In another experiment o sample of Asboloxesne S5~filter powder wes
carefully weighed and then extracted with 100 ml. of water. The extracted
powior was dried to 2 constant weight in a vecuum desiceator for two days, =nd
the filtrate was dried frozen under high vacuum in a lyophilizer. The drying

- G8 -
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TABLE XXIIT

LJVOLUTION OF GAS BY WETTED

ASBCLOXAKE S-FILTER PCWDER

(¥illiliters of Gas per gram of Powder after 30 minutes)

Cellected in the presence of: Water 20% KOH Pyrogallol
25 4R g
43 .27 0
37 22 0
«29
Average 34 .30 Q
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processes were such that no decomposition due to heat should teke place. The
net loss in welght was 0.01l7 grams per gram of Asboloxane S-filter powder. If
one assumes that this non-recoversble weight is due to oxygzen and wrter, formed
according to the equation above, then 0.017 x 215/142 or .020 grams of CaQ2
must be decomposing per gram of filter powder. This figure ig about five times
as high ess that obtained in the Warburg experiment.

If analyses are run on the Asboloxane filtrates, however, oxygen
compounds sre found in the filtrate. The method uged in this laboratery to
Getermine these compounds was that of Winkler {1} for total dissolved oxygen
in water. Peroxides are alse determined by this method, so that the Galues ob-
tained for "Total Oxygen” in the filtrates represent the total of oxygen gas
and scluble peroxy type compounds. When the control values, reoresenting the
amount ¢f dissolved oxygen vrescont in the water hefore filtration, are subliracted,
one obteing values for 02, or for oxygen snd peroxy compounds added to the
water in the course of filtration. The values for total oxygen and for .02
as obitained in this way when 2800 ml. of distilled or tap weater are filtered
throursh sne grem of Asboloxane are given in Figures & and G.

The valueg for 5302 muat largely represent peroxides of some sort,
sirce the water usually is nearly saturated with oxygen before passage through
the filter cake, and any oxygen literated as such would mainly be lost to the
atmosphere before the ssmples could bte titrated. Dr. Goetz has revorted to us
that he has used acid permanganate solutions to titrete peroxides in Asboloxane
filtrates. When this method is used, curves very similar but slightly lower
than the A0, curves are obtained, as ig also shown in Figures & and 9 where
data ere presented for toth methods used on the same filtrate. For comparative
gurreses, all values in these figures are given ss hydrogen peroxide, although

it is doubtful that this is the actual compound formed.

(1) Mothea given in most analytical texts such s Treadwell-Hall "Analytieal
Chemistry." Manganous hydroxide is oxidized by oxygen to mangasnese dioxide,

-

which is then d:stermired ioCeometricsll~. .
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Fronm thesc graphs, by summing up the arer under the .4 0p curves,
one can calculate the amount of peroxy type compound added to the wster during
filtration. This amounts to 0.0248 grams of HpOp, or its equivalent in oxygen
or otiher peroxides, for the distilled water curve, and to 0.0210 grams of HaoOo
in the figure for the tep water filtration. The former figure is equivalent
to that wvhich would te formed by the decomposition of 0.170 grams of cszlclum
peroxide per gram of filter powder. The latter is eguivalent to 0.134 grams
of the calcium peroxide per gram of filter powder.

When these figures are compared with those appearing in Tadble X3
for the ner cent ccmposition of Asboloxmane 3-filter wowder (13.2 per cent calciunm
peroxide as statcd by the menufscturer), it is apparent that all of the calcium
peroxide must be decomposed during the course of filtration. The values for /i Cn
obtained by the Winkler method indiceste a little more calcium peroxide than that
stated. The values for peroxides #s detcrmined by the permangonate method would
indicate a little less calcium peroxide in the powder than this stated amount.
Almost all of this calcium peroxide (sbout 13 ver cent) which is Aecomposing
appears as peroxy compounds in the filtrate, since thert which decomposes to form
gasecls oxygen is very liitle (about 0.5 per cent in the Warburg test), and that
which goes to form compounds which are lost when the products are dried in the
absencc of heat is not very grest (about 2.5 per cent in the loss of weight test).

The low figure in the loss of weight test indicates that the soluble
peroxy compound in the filtrate ig not hydrogen peroxide. There sre other good
reasons for believing thet it is some other compound or coapounds. The common
qualitative tests for hydrogen peroxide ~re negsative for the Asboloxsne filtrates,
(Table XXIV). Moreover, when hydrogen peroxide sand sodium carbonate are added

to distilled water in amounts large enough to produce a total oxygen value Just

13- N




TABLA XXIV

TLSTS FOR HYDROGEN PEROXIDE IN FILTRATZS

FROM ASBOLOXsNE S-FILTER POWDZR

Sensitivity Result, if
Reagent dMg/liter Peroxide present Cbserved
Go(N03)2 (alkaline) - Black ppt. Nothing
FeCl; + K Fe(CN) ¢ 0.02 Green + blue ppt. Wothing
KQCrCij ether (acid) C.1 Blue ether layer Nothing
KI+ starch (acid) 0.05 Blue color immediately  Blue, slight,

slow
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under that ottained for the Asboloxane!f!f%fhtes, the killing rctich 1s con-

siderably greater than that of the filtrates, as shown in Table XXV. Zxpresssd
in another way, the sntibtiotic potentiel of the Asholoxzne filtrates is less

than that of hydrogen peroxide solutions of equivalent or silizhtly lower strength.
The exact composition of the peroxy substance or substances impsrted to the fil-
trate by the Asboloxsne §S-filter powder is not evident from the work done in

this lesboratory to dnte.

The errlier work done here indicated thet there mey be scme correl-
ation between the smount of these compounds avpesring in the filtrate, and the
sterilizing eaction obtained. In Tatle XXVI appear data obtrined from earlier
runs giving the 5102 values found in the lest portion of the filtrete which
came through sterile. In the sarlier mortions of these filtrates the /0Cp
values were higher, snd the filtrates 211 sterile. In the later portions,
vintle organisms began to ~ pear in the filtrates snd the 4 0, values were
lower. It was hoped that it might be possible to use these data to adapt a
chamiceal test for evalusting the effectivencas of Asvoloxang filtrations by
sinply Ehucking the filtrate to see if the d’Og, or peroxy titer, was above a
certain level. This value differs, however, according to the amount of organic
material present, as is shown in Table XXVI referred to above. HMoreaver, it
is possible to achieve sterility even when no 1402 is evident in the filtrate
as in the run described on psge 55 in which c¢ysteine hydrochloride was present.
For naturally occurring waters it still mey ‘e possible to set up such a control

test for sterility.

Bffect on Eacterial Fnzyme Systems: The effect of the Silver As-

boloxenes on various bacterizl enzyme systeans hes been studied, since it is by

attack on these sensitive components of the cell thet most disinfectants work.
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COMPARISON OF aNTIBICTIC POTENTTAL OF ASBOLOXANE !ELTHATE—.J i ‘}

TABLE XXV

LND EYDROGEN PEROXIDE SOLUTION

(Asbolexane Filtrate = 1200 ml thru 1 gram asbcloxane S-Filter Powder)

(Peroxide Sclution = 0,47 ml 3% HaCh 45 g Na2003 to 1 Liter water)

Heavy L. coli Suspension
Added To

Organisms/ml After
1 min, 5 min., 10 rin., 30 min., 60 min,

Distilled Water
hsbolcxane Filtrate

Peroxide Solution

4.5 M 4ol M 3.9 M 4.8 M L M
43 M 0.8 M 3.6 M 1.2 M 58 T
15 9 8 8 7

Total 0, and peroxides
(Expressed as Hy0,)

hsboloxane Filtrate 0.0020 g/100 ml
Peroxide Solution 0.0026 g/16C ml

Light E. coli Suspensicn
Added to

Crganisms;/ml After

1 min, 5 min, 10 min, 30 min,

Distilled Water
Asboloxane Filtrate

Peroxide Solution

12,300 10,700 8,850 6,750
7,500 7,300 5,650 3,350
67 ) 0 0

Total O, and peroxides
(Exprgssed as Hy(y)

Asboloxane Filtrate 0,0029 g/100 ml
Peroxide Solution 0.0026 /100 ml

ﬂ
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ASBOLOXANE 3-FILTER IN La3ORATORY

PRESSURE FILTER APPARATUS

Lowest Value of »0p Accompanying Sterile Flltrates

of E. coll Suspensions

v

Friedlein Broth Suspension Nutrient Broth Suspension
Run No. 5 05 (minimal) Run No. 607 (minimal)
{mg. 05/100 ml.) (mg. 05/1C0 ml.)
14 26 15 . elh
21 37 17 75
24 30 19 58
25 +29 20 59
26 YAS 23 80
29 W24 27 75
31 . 32 28 254
Average 314 .04 Average .68 + ,09
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A technioue of treating orgenisms to verying dosages of Asboloxane S-filter
powder wes evolved in which pour pletes of herdened mutrient agsr was prepared
end the surface uniformly seeded with a suspension of the organism chosen for
study. In the center of the plate about half a gram of Ashboloxane S-filter
powder weg placed, snd the plate incubated. The bacteria are thus subjected to
succcssively diminishing dosrges the feriher away they sre fron the solid powder
in the niddle of the plate. Cheanical tests have shown that silver, peroxides,
and alkali 211 diffuse out from the S-filter powder into the nerrby ager.

Tre organisms farthest away, nesr the edge of the Petri dish, grow
nornally. Usually those in the ares next to Asboloxane S~-filter povder fmil %o
grow at all, end & clerr zone of inkibition in vhich no colonies develop en-
circles the filter powder. These zones of no growth, and of normal growth, do
not ~erge imperceptibly, as one night imagine. Insterd, with S, pureus st least,
the zone of inhibition stops abruwtly end there is p nerrow band just around it
wherc the growth of th= colonics is more vigorous than in the sreas of normal
growth behind it. This is enotier examule of contact with sub-lethal concen-
trations of » toxic substence causing a stinuletion in growth, as has teen noted
in so many fields of tiology. The tests summarized in Table XXVII were performed
on orgenisms which survived a sub-lethsl dosage of Asboloxane S-filter powder.
These orgonisms were collected fron the zo?e of enhonced growth or stimuletion
jus§ next to the lethal zone on the plate. The ectivities of the enzyme systems
in these prrticulsr organismg are compered with those of normal unexposed or-
genisnmg.

At the present state of the investigation, no theory can be postu-
lated as to the mechenism of the Astoloxane action based on these enzyme studies.
It is evident, however, that with §. rureus at least, o wide range of enzyne

systems are effected ps the orgenism atterpts to overcome the AsboloXxsne action.
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TABLE XXVIY

EFFECT OF SUB LoTHAL DOSACGES OF ASBOLOXANE S-FILTER

POWDER UPQN ENZYMES OF STAPH. AUREDS

Enzyme
Coagulase

Catalase

Gelatin Liquefaction

Hemolysin

Succinic Dehydrogenase

How Measured

Activity in
Asboloxane Treated Organisms

Clotting of human
blood plasma

Ability to decom=
pose H202

Stab puncture in
Gelatin tube

sction apainst defi-
brinated rabbit
blood cells

Ability to oxidize
substrate ~ dye
indicator

* Thioglycollic acid does not inhibit this action,

Increased
Increased*
No effect

Decreased™

Decreased

- - I




.
Its Ability to produce c¢rtalasc, and hence destroy peroxides, is enhanced and
80 is its nroduction of corgulase. On the other hand, the production of oro-
teolytic enzymesg vhich can liouefy gelatin are not sffected. The suceinic de-
hydrogenase, which is used by the orgenism for metebholisn in the sbsence of
oxygen, is produced in lessened amount; again indicsting that the orgsanism i
adapting itself to an environuent of increasing oxygen supply.

Sulfhydryl compounds, which are protsbly conteined in meny of the
enzymes, often heve »n effect on the Astoloxnne action. With S. aureus for
example, no zone of inhibition rpwesrs about the Asboloxane powder in the stove
descrited technique, if = rcaptoethenol or cysteine hydrochloride is present in
the rgar. The orgrnisas grow ud to the very edge of the Asbeloxrne deposit.
Thioglycollic acid, hawever, does not have this power of overcoming the Asho-
loxrue action against S. aureus.

When E. coli 1s seeded on nutrient ager plates, the zone of inhib-
ition sbout the Asboloxrne S-filter powder which one observes with 5. aureus
does not apweer. On Friedlein's completely synthetic agar, however, the zone
of totsl iphitition ~nd zone of increased growth do spperr. By adding the
various comronents of nutrient sgar to the Fricdlcin's agar, it can Te shown
that t*e beef extract, and, to a lesser degree, the yesst in the formér enable
. coli to overcome the Astoloxmne toxic nction. The sulfhydryl compound, thio-
glycollic 2cid, likewise neutrnligcs this action. Cysteine hydrochloride and
mercaptoethanol do not rct ms neutralizers, slthough they both contain the same
reactive SH group.

These experiments with various neutrslizing agents point out guite
strongly the difference in enzyme systems of different tecterisl svecies, and
cmphasize how difficult it is to brse a theory as to nechsnism of mction of a

diginfectant on tests with only one organisnm. —
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D. SUMMARY I

The Silver Asteloxanes have been described. Two pieces of apparatus, a
canteen with s special filter head, snd the S~filter, designed as military itemg
to be used in conjunction with the Silver Asboloxeanes to sterilize water on a
small scale, have been described. The experiments of Dr. Goetz in which these
pieces of equipment were given field trials in Mexico, to determine their ef-
fectiveness in removing water-borne organisms from surface waters, are guoted
in full.

Results of laboratery trials conducted =t Cawmp Detrick on thege items are
given 1n scme detail. These trisls have in genersl centered around their per-
formance in the pregence of very high cencentrations of organisms cheosen to
represent various typical groups of Tacteria. Chemicrl tests and bioclogical
tests which shed some light on the mechanism of action of the Asboloxanes are
reported in lesser detail.

Eriefly, the findings from the Camp Detrick trials may be summarized as
follows:

The use of the Asboloxane pewders, in a canteen or in the S-filter can pro-
vide a ouicl, convemient, reliatle method of ottaining small scale supplies of
sterile drinking water. The canteen powder is intended for the treatment of
individual supplies of weter, while the pump may bte used to deliver about 100
liters of sterile water per hour.

Experiments at Camp Detrick have indicated that both types c¢f Asboloxane
powder, when used in the prescribed method and apparatus, can sterilize weter
suspensions of bacteria of concentrations ag high as 3 million viable organ-

isms per ml. Organisms shown to be susceptitle to the action of the Asboloxanes

.nclude Zscherichia cnli, Staphylococcus aureus, Flobsiclla pneumonise, Eberthelle

- Bl -
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typrosa, Mycobacterium phlei, Serratia marcescens, Gaffirya tetragena, and
Bacillus glotigii. Tests against bacteriophage heve indicated that these
organisms are more resistant to the Asholoxanes.

OQur most intensive work has bteen done on the 3-filter and powder. This
appears to be remarkably effective in removing high concentrations of bacteria
from water. It appears that a congsiderabls proportion of the bvecteria are
removed mechanically, tut this filtration effect is not the significant part
of the action of the S5-filter. The Asboloxane powders actually kill tacteria
(or render them incapadble of growth) while the water containing them is in con-
tact with the filter ceake.

Water treated bty the apparatus under consideration is clear and perfectly
potable. It has, however, a rather high pH (9-10) and a censideratle degree
of temporary hardness (Ca™). The efficlency of the S-Tfilter can te improved
by using more powder, or by repeated treatment of the water, though these pro-
cedur=s would not secem to te necessary under cordinary circumstances, since
viable organisms awnpear in the filtrates only when initial concentrations are

6

about 10~ orgenisms/ml. The filter powder is still effective sfter storage
for six months in sesled containers st temperatures between 0° ang ugoc.

The wresence of nutrient btroth and, presumably, of other protein materials
has a detrimental effect on the sterilizing capacity of S-filter powder. This
interfering action of nutrient troth extends also to a diminution of the self-
sterilizing properties or anti“iotic potentiasl of Asboloxane filtrates.

This self-sterilizing capacity, which is apparently of long duration, may
be of considerabdle practical importance in preventing the recentamination of
treated water. Its intenrity appesrs to desend upon the concentration of con-

tominatiag oresnisas edded tc the trcated woter, and upon the amount of organic

natter originally preasent.
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In an sttempt to determine the active agent resvonsible for the bacteri-
cidal action of S-filter powder, a great numbter of filtrates obtained under
various conditions were exsmined. Two observations as to the chemical compos-
ition of the filtrates have been made; nemely, that silver and some form of
active oXygen compound are present. The role of these meterislis haz not yst
been clearly delineated. Some of the data obtalned in experiments done to de~
termine the effect of ionic silver, snd of hydrogen peroxida, sre vpresented.

It may be possitle by using the oxygen-peroxy ccntent of flltrates to devise a
rapid scot-test system which will indicate whether such filtrates are likely
to te bacteriologicslly safe to drink.

Somc interesting resulty have been ¢btained from investigations of the en-
zyme systems of bacteria which have Darely escaped bacteriostasis by Asboloxane
S-filter powder on solid media. It aypears that the ability of 5. aureus to
produce catelase (which destroys veroriies) is greetly enhanced while the suc-
cinic dehydrogenasn system is decressed in amount. These results might bte ex-
vectod in such a case when orgrnisms are growing cn A substrate rather rich in
oxygen. It is avporent that the enzyme systems are being affected by Asboloxane
nowders, out geperslizations cannot be made on the basis of the limited number

of tests we have performeé.
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