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Fkis report  deals  wi th  the alsplication of the newly developed Si lver  

Asboloxanes t o  t h e  p u r i f i c a t i o n  of small amounts of water.  Supplying the  indi-  

vidual  so ld i e r ,  o r  small groups of men i n  the  f i e l d  with a ready source of safe 

drinking water i s  a constant mi l i t a ry  problem. Men cut o f f  from sources of 

-pu r i f i ed  water must be provided with simple methods by which they can s t e r i l i z e  

whatever n a t u r a l l y  occurr ing waters a r e  ava i l ab le .  Not .only must t h e  po l lu t ion  

o rd inn r i ly  found i n  such waters  be t e a l t  with,  but a l so  i t  nus t  b e  kept i n  mind 

t h a t  i n  warfare the waters may be d e l i t e r a t e l y  contaminated, 

The present  methods of t r e a t i n g  water e i t h e r  wi th  Halazone t a b l e t s  

f o r  canteens o r  with ca lc iun  hypochlor i te  i n  Lyster bags are not a l toge the r  

s a t i s f a c t o r y .  With l a rge  amounts of organic  n a t t e r  o r  high b a c t e r i a l  counts,  

s t e r i l i z a t i o n  is not achieved unless  g rea t  excesses of  t h e  ch lor ine  compound a r e  

-used. Morover, sediment i s  not  removed, and an  object ionable  t a s t e  i s  imparted 

t o  t h e  water,  so t h a t  even when t h e  water t r e a t e d  by such methods i s  s a f e  t o  

dr ink,  i t  may s t i l l  be uns ight ly  and unpalatable.  

The S i lve r  Asboloxanes, developed by D r .  Alexander Goetz  at the C a l i -  

f o r n i a  I n s t i t u t e  of Technology as an outgrowth of t h e o r e t i c a l  s tud ie s  on the  

oligodynamic e f f e c t  of heavy metals ,  o f f e r  a possible  a l t e r n a t i v e  t o  these  chlor- 

i n e  treatments.  

were developed by Dr. Goetz during the  war a t  the request of t h e  Mexican Army. 

They were a porte.ble f i l t e r  pump capable of  t r e a t i n g  two  l i t e r s  o f  water  a min- 

u t e ,  and a canseen capable of t r e a t i n g  one quart  of water per  t reatment .  These 

Two p ieces  of m i l i t a r y  equipment u t i l i z i n g  S i lver  Asboloxane 
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i tems a r e  o f  considerable  i n t e r e s t ,  because i n  them the  water i s  f i l t e r e d  as 

w e l l  as s t e r i l i z e d  and no object ionable  f l avor  i s  imparted. 

The Asboloxanes themselves have been the  subject  of considerable  study 

i n  this labora tory .  This r epor t  covers t ha t  information which is of  i n t e r e s t  i n  

water p u r i f i c a t i o n ,  and par t icu la . r ly ,  t ha t  obtained from p r a c t i c a l  t r ia ls  with 

t h e  pump and canteen. 3 a t a  and information gathered by D r .  Goetz a t  the  Cali- 

f o r n i a  I n s t i t u t e  of Technology are included. 



The Asboloxanes nnd t h e  spec ia l  equipment used i n  t h i s  s tudy were 

furn ished  by 3r. Alexander Goetz and t h e  Shellnar Corporation, who a r e  hand- 

ling the  c o m e r c i e l  clevelonmrnt of these products.  We g r a t e f u l l y  acknowledge 

t h e i r  supplying us w i t h  nany products s t i l l  i n  the  experinental  o r  develop- 

mental s tage  and with f r e e l y  supplying us with infornat ion concerning t h e  

prociucts. 

xental work P t  t h a  Cal i forn ia  I n s t i t u t e  of 'i 'echology and i n  the  f i e l d  i n  

Dr. Goete has e l s o  suppl ied us with  r e s u l t s  f r o m  h i s  own experi-  

IMexiCO. Where we have used t h i s  n a t e r i n l  i n  the t ex t  of this repor t  we hnve 

quoted i t  d . i rec t ly  f rom h i s  re-aorts with t h e  necessary acknowledgements. 

The experimental work a t  Camp 3 e t r i c k  was large ly  t h e  r e s u l t  of t h e  

combined e f f o r t s  of most of t h e  personnel i n  t h e  3econtamination Zrrnch. 

P a - t i c u l r r  c r e d i t  i s  due t o  Dr. Xuth A. McKiniley, espec in l ly  f o r  t h e  s tud ie s  

on b a c t e r i a l  enzysle s y s t e m ,  and t o  the Kisses Kary F .  G o f f i n ,  Dorothy M. 

Por tner ,  and Helen F. Irminger, who performed most of t h e  b a c t e r i d  ?nd 

ciiemicd assays .  

Tha.nks a r e  due t o  D r .  3. Warshowsky and the  Chemistry Branch. 3 a s i c  

Sciences Divis ion,  nnd t o  3r. J .  3. '.ateman and the  Physics Zranch, Phys ica l  

and Ckernical Divis ion,  f o r  sone of the  chemical itnd phys ica l  clatn,. 



S I L m  AS3OLOXANTS 

t ,  oxys - C 

A .  SILIOER ASBOLOXAIJTS - G 3 N P , W  D3SCRIFTIO1i 

The term "Asboloxane" i s  derived from t h e  Creek, d .  

I t  has  been used 6y 3r. Goetz as a gener ic  term f o r  sur face  compounds wi th  metals,  

where t h e  r a d i c a l  i s  represented by t h e  ac id  oxidation compounds on t h e  sur face  

of c o l l o i d a l  carbon p a r t i c l e s .  

t i o n  of t he  na tu re  of t he  S i l v e r  Asboloxanes: 

3r. Goetz has given the following genera l  descrip- 

ltThe S i lve r  Asboloxanes a r e  an e n t i r e l y  new type o f  s i l v e r  compound substan- 

t i a l l y  d i f f e ren t  f r o m  the customary chemical s i l v e r  compounds such as s i l v e r  

n i t r a t e ,  s i l v e r . p i c r a t e ,  and t h e  l i k e ,  o r  t h e  preparat ions of c o l l o i d a l  s i l v e r  

such as a rgyro l ,  co l l a rgo l ,  e t c .  In  t h e  Asboloxanes t h k - s i l v e r  i s  chemically 

coupled wi th  oxygen by the s t r o n g  adsorp t ive  bonds e x i s t i n g  on t h e  surface of 

c o l l o i d a l  carbon an+. c e r t a i n  i n e r t  metal oxides.  These physico-chemical fo rces  

which cha rac t e r i ze  chemisorption render i t  poss ib le  t o  couple s i l v e r  w i th  other  

elements such as oxygen t o  an  extent  and t o  a degree which is non-existent i n  

normal s i l v e r  compo-mds. 

"Since t h e  fo rces  nentioned e x i s t  o n l y  on surfaces ,  c a r r i e r  m a t e r i a l s  of ex- 

tremely f i n e  p a r t i c l e  s i ze  must be employed. 

of g r e a t  adsorpt ive power and  a v a i l a b l e  i n  sub-microscopic p a r t i c l e  sizes, 20 t o  

100 mil l imicrons,  a re  the  c o l l o i d a l  forms o f  carbcn. 

while phys io logica l ly  neu t r a l  on app l i ca t ion  t o  sk in  and mucous membranes, expose 

sur face  a reas  of as much as 10-20 acres  per  ounce. 

Such subs t r a t e  m a t e r i a l s ,  capable 

These c o l l o i d a l  carbons, 

"Such ma te r i a l s  can %e made t o  c a r r y  l a r g e  quan t i t i e s  of oxygen in the form 

of  oxidat ion l a y e r s  upon the p a r t i c l e  sur faces  and by means of newly discovered 

- 1 -  
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proccsses i t  i s  poss ib le  t o  !h&&tb;l4n6 %kc$ &orption layers  s u b s t a n t i a l  

q u T t i t i c s  of atomic s i l v e r .  

of c o l l o i d a l  s i l v e r  preparat ions,  the s i l v e r  i s  bo.md t o  and held at  the  surface 

of the  carbon p a r t i c l e  and i s  only very s l i g h t l y  so luble .  

I n  con t r ad i s t inc t ion  t o  normal s i l v e r  compounds 

"The advantage of such compounds l i e s  i n  the combination of a h igh ly  germi- 

c i d a l  and fung ic ida l  p r o w r t y  and a n  absence of t o x i c i t y  and denaturat ion o f  

p ro te ins ,  because the  s i l v e r  atom can go only very sparse ly  in to  s o l u t i o n  and i t s  

s t a b i l i t y  i n  i t s  oxidation s t a t e  on the  surfaces  p r o t e c t s  i t  aga ins t  t h e  reducing 

q u a l i t i e s  o f  t h e  pro te ins  .It 

. .. The germicidal e f fec t iveness  o f  the  Asboloxanes has been explained as being 

&de t o  t h e i r  a b i l i t y  t o  ca ta lyze  the decomposition of p r o x i d e s ,  probably by 

forming a n  intermediary oxide of s i l v e r  on the  surface of the  carbon. In tho 

presence of t h e  Asboloxanes, peroxides become much more des t ruc t ive  t o  ba.cteria 

than a re  ordinary peroxide so lu t ions .  The developer of t h e  Asboloxanes has a l so  

given t h e  following descr ip t ion  of t h i s  general  property:  

"It has been known f o r  a lon,: tide that s i lver-oxice i s  R very e f f i c i e n t  

ca t a lys t  and based upon t h i s  experience a s e r i e s  of s i lver-containing c a t a l y s t s  

'nave been developed which have i n  common the  proAnerty of being p r a c t i c a l l y  ln- 

soluble ,  i n  as f a r  as they do not send s i l v e r  ions i n t o  so lu t ion ,  and at  t h e  

same time render avai lable  a maximum of s i l v e r  pvr t o t a l  mess of s i l v e r  employed. 

This condi t ion can be r e a l i z e d  by adsorbing s i l v e r  on t h e  surface o f . co l lo ida1  

carbon i n  tHe presence o f  t h e  oxygen adsorbed on t h e  carbon so t h a t  one can as- 

sume tha t  t h e  carbon surface exposed and ac t ing  a s  a c a t a l y s t  cons i s t s  o f  ad- 

sorbed monomolecular layers  o r  pclymolecular layers  of an atomic mosaic of Ag 

and 0.  In  other words the ca t a lys t  cons i s t s  of a surface compound represent ing 

an unlrnown oxidat ion state of s i l v e r .  

l y  su i t ab le  f o r  t h i s  uurpose, p a r t l y  on a.ccount of i t s  surface pe r  un i t  mass, 

. .. 

Colloidal  carbon ippears  t o  be pa r t i cu la r -  

p a r t l y  because of t h e  s t r o n g  ndsorptive a f f i n i t y  of carF~on f o r  oxygen.Ib;l 
-n r+i--.:-, , .  - . Ti,?-? --- ,A_  ~~ .~ 
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Two- p a r t i c u l a r  ap9 l i ca t ions  have been made'o? %e' Asboloxanes f o r  t h e  steril- 

i z a t i o n  o f  water.  

s t e r i l i z a t i o n  of water can be achieved p r i o r  t o  f i l t r a t i o n .  Another, t h e  Asbolox- 

ane S-Fi l te r  Powder, is designed so t h a t  f i l t r a t i o n  and s t e r i l i z a t i o n  a r e  achieved 

at t h e  same time. 

use w i t h  a s p e c i a l l y  designed m i l i t a r y  canteen and po r t ab le  f i l t e r  pump, c g l e d  

In  one case ,  a. special  Asboloxane has been developed i n  which 

These spec ia l  Asboloxanes have been developed r e spec t ive ly  f o r  

the $ - f i l t e r  by i t s  developer, and l ikewise designed f o r  m i l i t a r y  use.  These two i 

p ieces  o f  apperetus,  t h e  p a r t i c u l a r  Asboloxane charge designed t o  be used i n  them, 

and the  r e s u l t s  of t r i a l s  conducted on t h e i r  performance both at  California Ins t i -  

t u t e  of  Technology and a t  Camp 3 e t r i c k  a re  described i n  t h e  fol lowing sec t ions .  

B.  TEE C A N T " % ;  UTIL-IZING ASEOLOXANE ST3RILIZ.4TI@N PRWIOUS TO FISTUTION 

1. Descript ion of The Canteen 

The canteen developed f o r  use with the  Asboloxane treatment i s  an ordinary 

Army Canteen with 8 spec ia l ly  designed f i l t e r  h w d  i n  p l ace  of t h e  usual screw 

cap.  The f i l t e r  head cons i s t s  of a f i l t e r  s e t  into a combined cap and drinking 

spout.  This assembly and t h e  f i l t e r  head a r e  i l l u s t r a t e d  i n  Figures  1 and 2. 

The f i l t e r  i t s e l f  cons i s t s  of a cyl inder  of  c e l l u l o s e  mater ia l  reinforced 

by impregfiation with a thermoseaing p l a s t i c .  This un i t ,  which i s  replaceable .  i s  

cemented i n t o  t h e  metal cap .  

f i l t e r  u n i t  t o  empty through the  spout i n  t h e  f i l t e r  head. 

The f i l t e r  un i t  holds back t h e  s o l i d  Asboloxane p a r t i c l e s  (1) as .we l l  (18 suspenaed 

The l i q u i d  i n  t h e  canteen must. pass through t h i s  

?To vrrlve i s  involved. 

matter such as mud, sand, a l g a e  and,protozoa. 3 a c t e r i a  would f o r  the aost  wart 

pass  through t h e  r e l a t i v e l y  coarse  f i l t e r ,  but as  mentioned previous ly  the Asbo- 

loxane charge i s  designed to  achieve s t e r i l i z a t i o n  before f i l t r a t i o n .  
I-- 

(l! Asboloxane p r t i c l s s ,  RS we have observed them, have a p a r t i c l e  s i z e  very 
similar t o  t h a t  of bac te r i a .  "here appears t o  be, however, $13 pgglu t ina t ion  of  
Asbolnxane and o ther  p a r t i c l e s  i n  the  canteen, s o  t h a t  t h e  p a r t i c l e  s i z e  i s  e f - ~  
f e c t i v e l y  incrnneed aft.?.r s fer4 .~  j z q t i o n .  a 2 3  t h ?  p-r',ides irrs withb?ld..-= - -. 
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I n  a s e ,  the canteen is f i l l e d  with wa.trr and t h e  spec ia l  Asboloxame 

c.-::teen charge i s  a.dded. The f i l t e r  head i s  then screwed on. The canteen i s  

shaken f o r  15 t o  30 seconds, rnd then allowed t o  s t and  f o r  15 minutes before 

using.  The pressure  developed wi tn in  t h e  canteen w i l l  f o r c e  a few m i l l i l i t e r s  

of water through the  f i l t e r  head and out through t h e  dr inking  spout.  

t o  s t e r i l i z e  t h e  f i l t e r  cy l inder  and t h e  inner  sur feces  of t h e  head at the  same 

This serves 

time as t h e  l i q u i d  ins ide  the canteen i s  being t rea ted .  

To drink from the  canteen, the f i l t e r  head is  not removed. Rather i t  i s  

loosened about a quar te r  t u r n ,  and t h e  user  dr inks  by inve r t ing  t h e  canteen and 

sucking through t h e  spout.  

prevents  t h e  formation o f  a. vacuum wi th in  t h e  canteen which would make i t  d i f f i -  

c u l t  t o  suck out  t h e  water.  The Asboloxane cata.lyst and whatever s o l i d  matter 

:qas o r i g i n a l l y  present  is held back mechanically by the f i l t e r .  Not u n t i l  the 

canteen is enpty  i s  the f i l t e r  cap removed. 

Air passing along t h e  loosened threads  t o  the  cap 

Then the canteen can be r in sed ,  re- 

f i l l e d  with water ,  and the  process  repeated using a new charge of t h e  Asboloxane. 

The treatment,  a s ide  f rom i ts  s t e r i l i z a t i o n  ac t ion ,  a c t u a l l y  renders  the  

water more pe l a t ab le  i n  t h a t  a mec:?nnical f i l t r a t i o n  is included, end t h e  odors 

and t a s t e s  present  i n  the  nature1 water a r e  o f t en  destroyed by t h e  oxid iz ing  RC- 

t i o n .  

t reatment .  

2. 

No object ionable  chemical t a s t e s  or  odors a re  added by t h e  Asboloxane 

Special  Asboloxane Powder f o r  Use i n  Canteen 

A s p e c i a l  charge, designed to  s t e r i l i z e  water p r i o r  t o  f i l t r a t i o n  has 

been developed which can be used f o r  t r e a t m a t  of small  q u a n t i t i e s  o f  water col- 

l e c t e d  i n  conta iners  such a s  canteens. por tPble  water t m k s  and  t h e  l i k e .  T'ne 

charge f o r  e n  Army Cmteen, holding 850 cc .  o f  water. o r  rpx-oximately one quart  

i s  a s  follows: 
, ,. - ,  

500 mg. Urea Peroxide 
1&0 m g .  Sodium Carbonate 

- 6 -  



Such a charge can be packaged s o  t h a t  i t  weighs no more than  2-3 grrms. 

velopers  claim t h a t  the mater io ls  involved, i f  packed t o  exclude moisture ,  have 

a s to rage  l i f e  of a t  l e a s t  one t o  two years and do not have a corro;ive a c t i o n  

on t h e i r  packaging conta iners .  Other so luble  peroxides could be used i n  p lace  

of t h e  u rea  peroxide.  

The de- 

- 
The charge i s  added d i r e c t l y  t o  the water.  I n i t i a l  shaking o r  stirring 

i s  des i r ab le ,  b u t  not a t s o l u t e l y  necessary because t h e  r au id  c a t a l y t i c  des t ruc t ion  

of t h e  peroxide and subsequent gas evolut ion provide enough a g i t a t i o n  f o r  a smll 

quan t i ty  of l i q u i d  such as a. quar t .  The b a c t e r i c i d a l  a c t i o n  takes  p l ace  as a re- 

,, s u l t  of c a t a l y t i c  decomposition which i s  usua l ly  complete within 15 minutes a t  whic 

time only a few parts p e r  mi l l ion  o f  peroxide rena in .  I t  i s  recommended t h a t  t h e  

water s t a n d  f o r  t h i s  f u l l  15 minutes before dr inking,  although i t  i s  u s u a l l y  sa fe  

before  t h i s  time. 

3. 

Technology 

Performance Tests  on the Cmtcen Conducted a t  Cal i forn ia  I n s t i t u t e  of 

The fol lowing s t r t emen t s  are quoted from a r epor t  prepared by Dr. Goetz 

at the  Ca l i fo rn ia  I n s t i t u t e  o f  Technology: 

"The development of t h e  S-canteen t r ca toen t  was l a r g e l y  guided by bacter-  

i o l o g i c a l  l abo ra to ry  t e s t s  on a r t i f i c i a l l y  in fec t ed  waters .  These t e s t s  were con- 

ducted a t  the bnc te r io log ica l  l abo r r to ry  of t i c  Rare Metals I n s t i t u t e  r t  the C a l i -  

f o r n i a  I n s t i t u t e  of Technology. 

"The t e s t s  were conducted with var ious  t p e s  of waters  a r t i f i c i a l l y  inoc- 

u l a t e d  wi th  E .  c o l i  rnd  mixtures of E.  c o l i ,  staphylococci and s t r ep tococc i .  In- 

h i b i t o r y  agents  such as  organic  and inorganic  ni t rogen i n  the  form of peptone and 

ammonia were added i n  c e r t a i n  tests i n  o rde r  t o  e s t a b l i s h  the  l i m i t a t i o n s  of the  

a c t i o n  of t h e  prepara t ion .  

"After t h e  f i l l i n g  of t h e  canteen w i t h  t h e  t e s t  water,  the chemicals were 

added, and n f t e r  the  l apse  of 15 and 30 minutes, water samples were withdrawn 
- 7 -  
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through the f i l t e r  head with P vacu*m p m p  under s t e r i l e  condi t ions simulating 

as c lose ly  F S  poss ib l e  t h e  a c t i o n  o f  d r ink ing  through t h e  f i l t e r  head. The 

sampies were d i s t r i b u t e d  i n  t h e  customary manner: f i v e  10 cc s m p l e s ,  one 1 cc 

sample m d  one 0.1 cc sm.ple i n  lac tose  bro th ,  wi th  subsequent incubat ion f o r  

$9 hours a t  37OC. 

out  - i n  E r i l l i a ' n t  Grem E i l e  t r o t h .  

In case  gas was observed, confirmation f o r  E. Col i  was c a r r i e d  

V h e  fol lowing *.re t y p i c a l  r e s u l t s  of such tests: 

. a. "Tap water with t h e  addi t ion  o f  12O,COO/cc E.  c o l i .  Tested a f t e r  20 

s i n u t e s .  Resul t :  one conf i r2 ing  gas tube of  f i v e  10  cc tubes.  

"Tap wpter wi th  the  a6di t ion of 6 2 , 0 0 o / c ~  E .  c o l i .  
, 

b. Tested r f t e r  10 
7 

and 20 minutes.  No gas. 

c .  "Le.ke wa.ter, very riCh i n  ;.lgae, with t h e  a d d i t i o n  of jG,OOO/cc E. 

c o l i .  Tested a f t e r  15 and 30 minutes. No gas .  

d .  "Well water ,  n ixed  wi th  sewr,ge (i/2000) p l u s  250 p a r t s  per n i l l i o n  

peptone, w i th  t h e  add i t ion  o f  1hOo0€0/cc E .  c o l i .  Tested F f t e r  15 n inutes .  No 

gas. 

e .  "Same, with 500, 1000 and 2000 p r t s  per  n i l l i o n  peptcne and sane 

c o l i  inoculum. Tested a f t e r  15 minutes. No gas. 

f. "Sa.me, wi th  500 p n r t s  per  n i l l i o n  peptone and 40 p r t s  per  n i l l t o n  

NH3. Tested p f t e r  15 minutes. No gas .  

"For t h e  sake of comparison, t h e  l e s t  mentioqed substrRte with t h e  same 

inoculum WPS t e s t e d  wi th  t h e  U.S .  Amy C.3.C. (emergency over-chlor inr t ion)  p r e p  

a ra t ion :  a f t e r  20 minutes, confirming g?s W R S  observed i n  a l l  tubes  down t o  0.1 cc 

"The same WRS found t o  be t r u e  with a n  iodine-potassiw-permngan?+te prep- 

a r a t i o n  and wi th  Halozoxc t a b l e t s .  

" I n  a l l  t hese  t e s t s  t h e  S-canteen wclter was found t o  be t r s t e l e s s , c o l o r -  

less and conplying with r igorous  san i t a ry  s t a n d ~ r d s .  



- - *_ 7 .- - -. e..-. . 
A L U L D  1 A C L 1  .-I 2 .L-.'>-, 

" l n  view of t h e  f a c t  tha.t in fcc ted  waters t e s t e d  under labor- tory condi- 

' t i o n s  nay not represent  t h e  performrnce of nethod and equipment i n  the  f i e l d ,  a 

nmber  o f  f i e l d  t e s t s  were perforned on var ious  types  o f  waters  i n  t h e  States of 

S i n d a a ,  Guerrera, Morelos and P t s t r i t o  F e i e r a l  (Zepublic o f  Mexico), i n  c o l l a b o p  

a t i o n  With t h e  Dep. de la Salubridad Publ ica ,  In  order  t o  t e s t  t h e  water a f t e r  a 

short l apse  o f  t i n e ,  ambulant labora tory  equipment was taken along t o  the s i t e  of 

t h e  t e s t .  Thus t h e  condi t ions  in the water, when co l l ec t ed ,  t r e a t e d  and consmed 

under a c t w l  condi t ions,  could be  s tudied  a s  c i o s e l y  as poss ib le .  

enmera ted  R S  f o l l o w s :  

These t e s t s  are 

a .  "Location: Bio Zumaya, 5 km nor th  of Culiacan, Sinaloa.  Temperature: . - \  

22OC: pH: 7.5 - i3.C. 
Canteen water, withdrawn a- f te r  17 3inutes:  no gas i n  any s m p l e .  

Control: gas  i n  1 cc sanple ,  confirnat ion quest ionable .  

b .  "Location: faucet  o u t l e t  i n  Publ ic  Health Laboratory i n  Culiacan. 

Tem?erature: 2 3 O C ;  pH: 7 .5 .  Control: 2 confirming g a s  tubes  i n  f i v e  10 cc  s n m l e s .  

Canteen water,  withdrawn R f t e r  18 minutes: negptive throughout.  

e .  "Location: Indian w t e r  ho le  i n  r i v e r  bed o f  R i o  Siqueros nenr Pena 

X e c a ,  about 40 h inland from Xazatlan. Temperature: 23.5 C;  pH: 7.5.  Control 

showed confirming gas down t o  0.1 cc. 

one confirming gas tube out of f i v e  10 cc samples, o ther  tubes nega t ive .  

0 

Canteen water,  withdrawn a f t e r  30 minutes: 

d .  "Location: R i o  Tepecua, Cha t i t l a ,  Guerrero. Tecperature: 2goC; 

pH: 7 . 5  - 8.0. Control: confirming ga.s down t o  1 cc sample. Canteen water,  with- 

drawn a f t e r  20 minutes: no E. c o l i  throughout (but non-confirming gas formers i n  

two 10 cc  s m p l e s  a f t e r  Lg hours incubat ion) .  

e .  "Location: T i x t l a ,  Guerrero, water d i t c h  leading  from a na t ive  adobe 

swimming tank through R s e c t i o n  used by l o c a l  washe,r-wonen and subsequently unr',er 

the  cadaver o f  k burro,  t he  l a t t e r  i n  the  beginning str2gc o f  p8trefa.ction. T b  

water was h ighly  t : xk id  and e v i l  smell ing.  ?he sanple was taken about t h r e e  meters 
- 9 -  
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downstrean from the  cadaver .  

o f  t h e  chemical were taken .  ?he temperature of t h e  water was 27 , t h e  pH S.5 (!). ' 

The cont ro l  showed confirming $as i n  0.01 cc .  

15 minutes showed no gas i n  any of the  s m p l e s .  

water had l o s t  i t s  p u t r i d  odor .  

I n  view of t h e  high 

0 . 
The canteen we-tor, withdrawn a f t e r  

I t  was a.lso observed t h a t  t h e  

f . ,  "In ord'er t o  t e s t  t h e  n n t u r e  of an  infec ted  vmtcr a f t e r  prolonged 

storcage i n  t h e  canteen under f i e l d  condi t ions,  a sanple  of a s tagnent  wr t e r  i n  a 

d i t c h  near t h e  highway.12 km e a s t  of Acnpulcc w?.s f i l l e d  i n t o  t h e  canteen, the  

chemicals added, and t h e  water  s t o r e d  f o r  4g hours i n  t h e  canteen before  withdraw& 

f o r  t e s t i n g .  The temperature o f  t h e  s m p l e  hsd been 28'C, t h e  pH 6.5 - g.0 ,  but 

t h e  crnteen,  l y i n g  i n  e n  open t ruck  f o r  two days WRS exposed t o  temperatures ex- 

ceeding 40'. 

;.rater was f r e e  of E.  c o l i  i n  all smples ,  but showed non-confirming gas  i n  th-ee 

10 c c  samples .  

The cont ro l  water showed confirming g8s down t o  0.1 cc.  The cantee:, 

g -  "Location: canel  of Cuautla, Morelos, at  I(n 1. T'nis t e s t  was run i n  

the  presence of L t .  Col. 3r. Grani l lo ,  as representa t ive  of t h e  War Department and 

Sr. Ing. Acosta as r ep resen ta t ive  of t h e  Dep. de la Salubridad Pub l i ca .  The l a t t e r  

took independent samples of t h e  water,  which was withdrawn 2 hours and 15 ninil tcs 

l a t e r .  

ing  gas down t o  0.1 cc .  

p e r  l i t e r .  The cpnteen wr ter  proved t o  be negative throughout i n  the o f f i c i a l  and 

i n  our t e s t s .  

The t enpemture  was Z O . 5 O C ,  t h e  pE 7.5.  The c o n t r o l  wa.ter showed confirm- 

The ' o f f i c i a l  E. c o l i  content was estimated t o  be 40,000 

h.  "Location: s tagnant  water a t  t h e  highway b r idge  i n  Xochimilco, 3.F; 

Temperature: 20.5OC; pH: g.0. 

( D r .  Goetz)  and t h e  Publ ic  Heal th  Deprrtxent.  The c o n t r o l  wnter showed confir_ning 

gas  down t o  0.001 cc,  amd t h e  o f f i c i a l  es t ina- to  g i v e s  a probable content of E. c o l i  

o f  4 mil l ion  p e r  l i t e r .  I n  view of t h e  high r l g a e  content nnd genera l  t u r b i d i t y  of  

This t e s t  a l s c  was run i n  d u p l i c r t e  by t.he wr i t e r  

- 10 - 



t h e  water,, two capsules  were used. 

minutes. I n  the  au tho r ' s  t es t ,  the  water was conpletely negative throughout. In 

t h e  o f f i c i a l  t e s t ,  two out of f i v e  10 cc tubes showed gas after 49 hours, which di6 

not  confirm as E. c o l i .  The water i s  therefore  considered san i t a ry .  

The w t e r  wa.s withdrawn a f t e r  1 hour m d  35 

"The Laborntories o f  t h e  Dep. de l a  Salubridad Publ ica  t e s t e d  the contents 

of t h e  canteen of the  last t e s t  (containing two ca.psulee) Chemically, and found no 

t o x i c  substance present ,  

i .  " In  analogy t o  t e s t  (g)  (see above) zn Prny canteen (with nornal cap) 

wa.s f i l l e d  a t  t h e  sane l o c a t i o n  as t h e  previous t e s t  and one capsule o f  the  U.S. 

Army C.D.C. prepara t ion  was added. Subsequently the  water was withdrawn r f t e r  3 

hours  and 15 minutes. 

ing gas .  

l i t e r .  This water  i s  therefore  d e f i n i t e l y  unsani tary.  

After  24 hours i n c u b t i o n ,  the  1 c c  samples showed confirm- 

It can therefore  be estimated tha.t t h e  c o l i  content was rbout 4000 pel 

"The above enmera t ion  of  f i e l d  t e s t s  includes t e s t s  nnde. From it ,  

i t  i s  obvious t h a t  i n  ever>- case snnit?.ry drinking water was obteined, wi th  the 

poss ib le  exception of t e s t  (c). Tor t h i s  t e s t ,  the l o c a l  condi t ions f o r  t h e  s t e r i l e  

withdrawal of t h e  water f rom the canteen ( i n  a dust storm) were d e f i n i t e l y  unfavor- 

ab le  :and may have caused an e r ro r . "  

4 .  Performance Tests on t h e  Canteen Condicted a t  Camp Detrick 

Two types of t e s t s  were rufi a t  Cmp Detrick i n  e v a l w t i n g  t h e  Asboloxane I 

Canteen t reptment .  I n  t h e  f i r s t  runs,  regular a r n y  p l n s t i c  and .?eta1 canteens 

were used toge the r  with t h e  s p e c i a l  f i l t e r  hend and the Asboloxrne charge.  

f u l l  charge of 750 mg. Asboloxanc ca ta lys t ,  500 mg. urea peroxide,  and lg0  mg. 

sodium ca.rbonate ims used. This was added t o  the  canteen f i l l e d  wi th  rp?Poxlnatel; 

850 nl. of  heavy suspensions of ver ious t e s t  organisms. The s p e c i d  f i i t e r  head 

was screwed on and t h e  conten ts  wel l  shaken. After t h e  ind ica ted  t i n e s ,  s m p l e s  

were syphoned out  a s e p t i c a l l y  without removing t h e  f i l t e r  head, and p l n t e  counts 

The I 

I 
! 

I 

! 
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were made i n  t h e  us-dal m n n e r .  3 a t a  obtained f ron  these  t r i r l s  a r e  presented i n  

Ta.ble I. 

Phys ica l  nensure.nents nade upon the  samples renovcd from t h e  canteen 

showed t h a t  t h e  water had become a l k a l i n e  a s  one would expect f ron  t h e  presence 

of  sodium carbonate i n  the  cnarge.  For example, the suspensions of E. c o l i  i n  

d i s t i l l e d  water exhibited a pH of 10.1 a f t e r  being t r e a t o d  i n  the  cnnteen. The 

water ,  however, was qui te  pr la ta .b le  i n  s p i t e  of t h i s  change i n  >E, a n d  i n  s? i t e  

of t h e  f a c t  t h a t  i t  had contained o r i g i n a l l y  35 n i l l i o n  o r g a n i s m  p e r  m i l l i l i t e r .  

No objec t ionable  t e s t e s  o r  o d o r s  T..ere not iced.  

Af te r  these  f i r s t  p r e l i n i n a r y  t e s t s  had confirmed t h n t  t h e  canteen was 

indeed q u i t e  e f f e c t i v e ,  a second s e r i e s  of t r i a l s  was s t a r t e d  i n  Erlc;nme.ver f l a sks ,  

u s ing  only E5  121. of k a c t e r i a l  suspension a n d  one t e n t h  t h e  charge indicn.ted above 

Using s,zall volunes o f  l i q u i d s  i n  laborntory glassware,  i t  WPS poss ib le  t o  cont ro l  

b e t t e r  var ious  f p c t o r s  such a s  t i n e  of contect  and t o  eva lua te  t h e  a c t i o n  of t h e  

.Asboloxane charge i t s e l f  aga ins t  var iozs  t e s t  o r g m i s x  i n  conte iners  nore eas i ly  

c lesned and s t e r i l i z e d  between t r i a l s .  

Asboloxme cKerge ' W R S  pdded t o  the  suspension end shaken wel l .  

were then f i l t e r e d ,  t h i s  time through coarse s t e r i l e  f i l t e r  p?per,  and p l r t e d  out 

i2mediately.  I n  t h i s  way, quick d i l u t i o n  in to  nut r ien t  media w<?s counted uyon t o  

e l imina te  m y  poss ib le  l e t h a l  e f f e c t  caused by t t e  f i l t r a . t e   itself r . f ter  t h e  Asbo- 

loxane c a t a l y s t  had keen removed by f i l t r a t i o n .  The Asboloxane canteen charge vas 

evaluated i n  t h i s  nmner  aga.inst a. spectruq of e ight  bnc ter i , - l  test  organisas and 

two bacteriophages.  The data obta,incd a r e  given i n  Table 11. 

As with t h e  t r i a l s  run  i n  t h e  canteen, t he  

The suspensions 

The acbion of the Askoloxane charge i s  exceedingly r ap id  on vege ta t ive  or-  

ganisms. 

a l l  such suspensions were rendered s te r i le  wi th in  5 minutes.  

?:lost of these  orgmisms were conpletely k i l l e d  7,iithin 1/2 minute, and 
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TABLE I 

PERFORMkNCE OF ASBOLOXANE CANTEEN CHARGE 

( T r i a l s  Made Using Army Canteen 
with Spec ia l  F i l t e r  Head) 

Original  Organisms per ml. 
Test  Organism Suspension a f t e r  Various Exposure Times 

. B. g l o b i g i i  532,000 36,000 ( 3 m i n . )  
6-Hour Cultures  
( V e e t a t p r e  Form) 30,OOO 230 ( 3 hih.) 

Ei c o l i  3 5 4 b 0 , O O O  4 (15 min.)~ 1 (24 m i n . 1  
710,000 

475,000 

44 ( 5 min.); 3 (15 min.); 0 (24 min.) 

5 (1/2 "in.); 0 ( 5, 10, and 1 5  min.) 

Z. typhosa 21,700,000 o ( 3 m i n e )  

8,260,000 0 (15 min,) 



TABLE I1 

P Z R F O ~ N C E  OF maomma CANTEEN CHARGE 

(Trials Made Using Glass Equipment) 

Original Organisms per ml .  after  Various Bposure Times 
Test Organism Suspension 1/2 min. 5 min. 10 m i n .  15 m i n .  

B. .g lobig i l  ( spores)#  

E. co l i  

E. coli phage T-2 

E. typhosa 

0.  tetragena 

X. pneumoniae 

3. phlei 

id. phlei 

3. aureus 

S. aureus phage P-209 

S. marcescens 

S .  marcescens 

. -  - 

.- . 

62 000,000 

257,500 

640,000 

7,500 

11,050 

1 , 515 000 

Z’5,OOO 

6,850 

750,000 

TNTC 

245 j 000 

5,100 

2,200 0 

TNTC - 
0 0 

0 0 

0 0 

0 0 

0 e 
1,700 0 

TNTC TNTC 

0 0 

0 0 

- 
0 

149,000 

0 

0 

0 

0 

0 

0 

TNTC 

0 

0 

1,560,00CQ 

0 

56,000 

0 

0 

0 

0 

0 

0 

TNTC 

0 

0 

2 Hours - 3,400 Q 
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Within 15 minutes, t h e  t i r x  which t h e  dcvelopers of t h e  Asboloxnne t rer t -  

nent recomend thqt the  conten ts  be allowec! t o  stand before dr inking,  57.5 per  

cent of t h e  spores  o f  B. g l o b i g i i  kLld been k i l l e d .  

had been k i l l e d .  

isms which have been s tudied here .  

A t  two hours 99.995 pe r  cent 

These spores  a r e  the  nost r e s i s t a n t  of t h e  b a c t e r i a l  t e s t  organ- 

I t  i s  q u i t e  i n t a r e s t i n g  t o  note t h a t  the  t w o  bacteriophages t e s t e d  d i s -  

-:. itud. played resist irnce of t h e  s m e  order  of  

Whether pr thogenic  v i r u s  o rgen i sm would be as  d i f f i c u l t  t o  d i s i n f e c t  i s  an  open 

quest  ion. 

:'s t h i s  r e s i s t a n t  b a c t e r i a l  spore. 

T r i a l s  were a l s o  made, using 2 .  c o l i  as t h e  t e s t  agent ,  i n  which t h e  bac- 

t e r i c i d a l  e c t i v i t y  of.  the  v?r ious ingredients  of t h e  Asboloxnne canteen charge 

were n e n s w e d  separately.  

Erlenp?e:mr f lesk  t r i a l s  with t h e  complete charge which were ju s t  described and re- 

g o r t e d  i n  Trble 11. The weights o f  t h e  ingredients  were t h e  s m e .  .-nd i n  one ce.se 

an equal weight of nc t iva t ed  carbon w a s  subs t i tu ted  f o r  the  Asboloxane c a t a l y s t .  

As the  date  which a r e  given i n  Table111 show, the  Asboloxane ca t a lys t  a lone is a 

The trials were run i n  exac t ly  t h e  sane nanner a s  the  

f a i r l y  e f f e c t i v e  bac ter ic ide  but by no mems a s  a c t i v e  2 s  it is when u rea  peroxide 

and s o d i m  carbonate a r e  present  P S  i a  t h e  case i n  t h e  f u l l  charge. The u rea  per- 

oxide alone i s  not too e f f e c t i v e ,  nor i s  i t s  e f f e c t  increased by  the  add i t ion  of  

sodiun carbonate slid a c t i v a t e d  carbon. No loss, but r a t h e r  a ga in  i n  t h e  EY c o l i  

count i s  observed i n  con t r a s t  when the o r i g i n a l  suspension is shaken i n  d i s t i l l e d  

water f o r  15 minutes and f i i t e r e d .  

and othcr  organisms, and probably is due t o  the  bre&fn< up of groiips of clunped 

c e l l s ,  preser,t i n  t h e  o r i g i n e l  suspension. 

This was of ten noted i n  cont ro l  runs  with t h i s  

- 15 - - 



PERFORb.iiiNCE OF THE VARIOUS INGREDEXTS IN THE 

ASBOLOXAN”, CAN TEEN CHARGE 

(Tr i a l s  made using Glass Equipment) 

Test Organism - E .  c o l i  in a l l  cases 

Ingredients of Original 
Canteen Charge E. c o l i  Organisms per m l .  a f t e r  various Exposure Times 

Present Suspension 1/2 m i n .  5 min. 10 m i n .  1 5  min. 

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

Asboloxane 285,000 11 , 250 1,800 50 0 

. Charge 

Catalyst  mly  

Urea Peroxide 258,000 TNTC TNTC TNTC 28,000 
o i l y  . .  

Activated Charcoal, 428,000 69,000 42,000 64,600 61 , 800 
Sodium Carbonate 
and Urea Peroxide 

None. Shaken in 285 , 000 - - 
Dis t i l l ed  Water 
and Fi l tered.  . \  

- 840,000 
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C. THX S-FILTER - SIMULTAEOUS FILT?A'?ION A N 3  S?3:BILIZATION WITR S I L E R  ASBOLOXAh@# 

1. Descript ion of t h e  S - f i l t e r  

The S- f i l t e r  i s  a light-weight apparatus,  weighing under 10 pounds; requir-  

ing one .?an f o r  operat ion.  @2+T+: i n t o  t h e  S - f i l t e r  and forced  ~thpmgh 

a cake o f  Asboloxane S - f i l t e r  powder s o  t h r t  i t  is f i l t e r e d  and givep R s t e p i l i z a -  

t i o n  treatment simdltsneously.  The u u r i f i e d  water i s  de l ive red  P t  P r a t e  of  2 

l i t e r s  per  minute. 

Water i s  ... , 

Each charge of Asboloxane w i l l  t r e a t  about 50 l i t e r s  o f  water.  

The S - f i l t e r  i t s e l f  i s  shown i n  photographs i n  Figuree 3 thrpugh 6 and dia- 

g rana t i ca l ly  i n  Figure 7 .  The photographs do not show t h e  two hoses o r  rubber 

tubes  which are connected t o  t h e  i n l e t  and o u t l e t  va lves  during operat ion.  The 

i n l e t  hose i s  dipped i n t o  t h e  strear!, pond, o r  o t h e r  water  source,  which i s  being 

u t i l i z e & .  Through t h e  o u t l e t  hose,  t h e  p- i f ied  wr.ter cen  be de l ivered  d i r e c t l y  

t o  canteens,  water cans,  o r  o the r  conta iners .  

A s  shown i n  .Figure 5 ,  the ou te r  por t ion ,  o r  base ,  o f  t he  S - f i l t e r  i s  

nothing core than  a tamk. 

t h e  i n l e t  rnd o u t l e t  connections,  and t h e  cont ro l  valve,  r e s t s  i n s ide  th i s  outer 

base ,  m d  i s  a t t ached  t o  i t  by  three clamps. 

The c e n t r a l  po r t ion ,  which conta ins  the  pump, t h e  f i l t e r ,  

The Asboloxane S - f i l t e r  powder charge 

. i s  added d i r e c t l y  t o  t h e  outer  t n n k .  A t  t h e  end of P run ,  t h e  S - f i l t e r  i s  opened 

as shorn i n  t h i s  photograph, rnd  t h e  spent charge i s  d iscarded .  

The p m p  i n  t h e  S - f i l t e r  i s  e. hmd-operated p i s ton  type,  wi th  a bore of 30 m. 

and a s t roke of 75 mm.;  de l ive r ing  53 cc .  w i t h  each dorq-stroke.  

The d i spe r se r ,  shown i n  Figure 6,  which f i t s  below the f i l t e r ,  c o n s i s t s  

of a s e r i e s  of b a f f l e s  r n d  a. ?e ta1  screen which Srenks up t h e  flow of water and 

causes it t o  f low evenly ebout t'.e f i l t e r .  

Asboloxane powder i s  placod below the  d i spe r se r ,  t h i s  tu rbulence  causes a thorough 

mixing of incoming water and f i l t e r  powder, and  an even depos i t ion  of t h e  f i l t e r  

cake about t h e  f i l t e r  screen. 

A t  t h e  beginning of a run when dry 

- 1 7  - 
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The f i l t e r  screen, a l s o  shown i n  Figure 6, i s  a p l a s t i c  bonded c e l l d o s e  

cy l inder .  

which i s  formed on both s i d e s  of t h i s  c y l i n d r i c a l  screen. !rate? passes through 

t h e  cake i n t o  t h e  screen,  and cones out through t h e  holes bored down t h e  cen te r  

o f  t h e  screen.  

S - f i l t e r  powder charge used i n  each cycle weighs from 35 to 40 g r a m .  

a cake approximately 2 na. th ick  about the f i l t e r  screen.  

The a c t u a l  f i l t r a t i o n  i s  ?cconplished,by the cake of f i l t e r  powder, 

The t o t a l  f i l t e r i n g  surface is about 450 cm 2 . The Asboloxme 

This forms 

The c i r c u l a t i o n  of water through t h e  S - f i l t e r  i s  cont ro l led  by an operat- 

ing valve which can best  be seen i n  Figure 4. 

t h i s  valve a d j u s t  t h e  S - f i l t e r  f o r  t h e  pre-coat cycle ,  f i l t e r  cycle ,  and blow-off 

nos i t i on  respec t ive ly .  

i t i o n s  i s  shown diagramatical ly  i n  Figure 7.. 

The three numbered pos i t i ons  f o r  

The flow of water through t h e  S - f i l t e r  i n  these  t h r e e  pos-. 

Eere, t h e  pmp ,  the  f i l t e r  cake, and t h e  operat ing valve a r e  shown, f o r  

t h e  sake-of s impl i c i ty ,  one above the  o the r ,  r a t h e r  than i n  t h e  p o s i t i o n s  which 

they a c t u a l l y  occupy i n  t h e  an?a.ratus. The check valves  (1) and (2)  a r e  s o  ar- 

ranged t h a t  t h e  pump operates  on the  down s t roke ,  syphoning water through t h e  in- 

l e t  l i n e  and f o r c i n g  i t  through t h e  f i l t o r  cake i n  t h e  spne operst ion.  

valve (j) causes pos i t i ve  pressure t o  be r a i n t r i n e d  over t h e  f i l t e r  cake even dur- 

ing t h e  upstroke of t h e  pump, r e su l t i ng  i n  a nore even f l o w  r a t e  through t h e  f i l t e r  

and preventing a s lu f f ing  off  of the  cake due t o  a drop i n  pressure.  After  passing 

through t h e  f i l t e r  cake, t h e , w a t e r  goes through t h e  opera t ing  valve which can be 

s e t  i n  any one o f  t h ree  pos i t i ons .  

Check 

- I  

P o s i t i o n  1. (Pre-Coat P o s i t i o n ) .  t a e n  t h e  va lve  i s  i n  t h i s  pos i t i on ,  

water i s  r e -c i r cu la t ed  through the  pump and f i l t e r  cake. 

purposes. 

cake over t b e  f i l t e r  screen.  

ized by t h e  ccntinuod flow through them of f r e s h l y  filterGd pnd, t r e a t e d  . % I n t e r .  

This accomplishes two 

The Asboloxme S - f i l t e r  powder i s  picked up and deposi ted as a n  even 

Secondly, a l l  inner  pnrts o f  t h e  S - f i l t e r  ? r e  s t e r i l -  

.- 
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P o s i t i o n  2 .  ( F i l t e r  Pos i t i on ) .  I n  t h e  f i l t e r  or opera t ing  pos i t i on ,  

water i s  d r a m  i n to  the $ - f i l t e r  through t h e  i n l e t  hose and passes  d i r e c t l y  

through t h e  f i l t e r  end i n t o  the  ou t l e t  hose. 

l i n e  i s  s e t  so a s  t o  operate  a t  a higher pressure than  t h e  o ther  check valves.  

I n  t h i s  way, t h e  pos i t i ve  pressure  on t h e  o u t l e t  l i n e  i s  always higher  than t h e  

pressure  of con tmina ted  water a t  the operat ing valve.  Thus, any leaks o r  CMSS 

connections, which might take  p lace  a t  t h i s  valve, cons is t  of s t e r i l i z e d  water 

flowing i n t o  t h e  unt rea ted  water and not t h e  other  way around. In  add i t ion  t o  

t h i s  sa fe ty  f a c t o r ,  the  check valve (4 )  also prevents any back flow and consequent 

loosening of t h e  f i1 . tc r  crke, which might occur when the  o u t l e t  hose was l i f t e d  

above the l eve l  o f  t h i  puup. 

A check va lve  ( 4 )  on t h e  o u t l e t  

P o s i t i J n  3 .  (?I.o,i-Off Pos i t i on ) .  When t h e  operat ing valve i s  set at  

pos i t i on  3 ,  the  .wter ,  ,?f.;er passing the  f i l t e r ,  i s  forced  i n t c  a separate  small 

.enilk c o q r e s s i n g  t h e  a?:  i ' l ready gresent i n  t h a t  tank.  When t h e  f r o n t  clmp on 

t h e  S-iiliis , roc  a:.nc.~ 1;. t k x  i i~g::an) i s  released,  t h e  conpressed a i r  fo rces  

the  wcf,er h.-w&cri.s '27.'; !.- :v i rg  the  Asboloxme cake f r o 3  the f i l t e r  screen. 

The renovad .:;-VJ ca'. :,1:;? :: p.?'.! ed out with the  water ,  when t h e  S-f i l ter  i s  

opened t o  zh:ir:ge the  i s b o l o r . ~ . s  charge. The water,  which is forced  back through 

t h e  screen, i s  water which has alroady been f i l t e r e d  and pu r i f i ed .  

*~. 

2. In s t ruc t ions  f o r  t h e  Use of the S - f i l t e r ,  Two L i t e r  Model 

The fol lowing in s t ruc t ions  a re  those given by t h e  developer f o r  t h e  use 

of the Two Liter Model of  t h e  S - f i l t e r :  

"Prior t o  use,  thu t s ~ p  assembly ( l i d )  of t h e  f i l t e r  should be removed a d  

the  ins ide  inspected f o r  cl  _ - i  ..hess; t ha t  i s ,  absence o f  sand o r  mn.ior p a r t i c l e s .  

"The i n l e t  .and o u t l e b  h o s e s  should be connected wi th  t h e i r  r e spec t ive  

unions pnd care  should be taken .that both u n i t s  ere t igh tcncd  i n  order  t o  avoid 

a.ir l e k s .  
- 24 - 
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I- "A sack of f i l t e r  powder i s  opened and all o f  i t s  contents  put i n to  the  - 
tank, subsequently the  l i d  is pu t  on the  tank and t h e  two r e a r  clamps a r e  c losed  

while the  f ron t  clamp ( red)  i s  l e f t  open. 

ground. 

i n t o  the welter supply, and t h e  pumping i s  sta.rted i n  regular  s t rokes  (about 30-40 

p e r  minute). 

The foo t  peda ls  &e then put on t h e  

The va lve  hmdle  i s  put i n t o  p o s i t i o n  .!2,!' the  suct ion hose i s  inser ted  

"After about 30 s t rokes  (depending upon t h e  priming condi t ion f o r  the  

pump), blackish wnter s q u i r t s  out  under tke  l i d  of t h e  pump which i s  a s ign tha t  

t h e  punp i s  now f i l l e d  end d ispers ion  of t h e  powder has begun. The f r o n t  clamp 

( r ed )  i s  now t igh tened  and a few nore s t rokes  nay be given t o  t h e  puxp u n t i l  water 

s q u i r t s  out o f  the  outslet hose. 

V h e  valve i s  now t,urned in to  pos i t i on  '1' and pumping i s  continued at  a 

f a i r l y  vigorom r a t e  f o r  50 t o  40 seconds i n  order  t o  complete the pre-coat cycle.  

While cont inuing t o  pmp ,  t h e  va lve  handle is put quickly in to  a o s i t i o n  ' 2 '  and 

f i l t r t 3 t i o n  begins.  

'!The punping act, i ,m shou1.d ke continued f o r  the  next 25 t o  35 minztes; 

t n a t  i s ,  until .  t h e  pmp h a  i .slivored approxinately 50 l i t e r s  o f  water,  yielded 

at ' t he  r a t e  of ;!bout 2 i i t s r c  .:; .ninute. 

"Care should be taken t h e t  the puqping i s  not i n t e r rup ted  during t h i s  

procedure f o r  any appreciabl-? length  of  t i n e .  

" I n  order  t o  remove t h e  cuke frofi  the  f i l t e r  screen a t  ti-e completion of  

t h e  f i l t r a t i o n  cycle the  'vp!ve is put i n  pos i t i on  ' 3 '  and ?-bout 3 t o  5 s t lpkes  

exer ted  with t h e  pump, a t  tile cc..i;detion of wi;ich t h e  r e d  i lrmp i s  quickly opened. 

9 y  s o  doing the  a i r  i n  t h e  j:il.t=: tank w i l l  e v n d  nr.3 a '>ackwash a c t i o n  through 

tk6 screen wi1.1 r : , cu l t  ?:?!.G?, i , . - = o ~ ; i t s  the  f i l t e r  cake ir. +,%e tank. Should inspec- 

L.. . . i c ~  show f F r i  t k  snk:e ;a;. n o t  been conple te ly  blown o f f ,  t h e  l i d  should be put 

on ngain,  the c i l> ,p  ti:1?tar.r.d and t?e operat ion (compression and e x p n s i o n )  with 

t h e  valve i n  > o s i t i o n  '3 '  i s  repeated. 
- 25 - 



"The t o p  i s  thfi? e n t i r e l y  removed aid the d i s )>e r se r  unscrcwed. If no  

f r e s h  water i s  availi.ble, t h e  lp t fe r  a s  w e l l  P S  t k e  f i l t e r  screen can be f lushed 

i n  t:ie urater contaii1e?. i n  t h e  t m k .  

T h i s  tank  i s  subseq:ently m u t i e d  and tP.6,. d i s : ? e r s ~ r  is pzt  back i n  

- ,osit ion.  Phc f i l t e r  i s  then  ready t o  rect.ivo anothL:!r s~??oly of f i l t e r  ?owder 

f o r  t'-e n e r t  f i l t m t i c n  cyc le .  

"If  t ' 7 e  water t o  ' to f i l t r r o d .  contains  R considerable  quan t i ty  cf sus- 

-Jen?,e?. .mttCf ( c l ay ,  e t c . ) ,  t he  f i l t e r  cpke w i l l  beco,ie c1ogi;ed p r i o r  t o  tho 

c o q l c t i o n  of  t h e  f i l t r a t i o n  cyc le  of 50 l i t e r s .  

t h a t  t:e p u q i n g  c c t i o n  beco.?cs soicVint d i f f i c u l t  and wntcr c p m t s  o u t  f r o ?  

below t h  l i d .  

This i s  ini . icated b.i the fact  
'. 

I n  t h i s  case i t  vi11 h e  necessary t o  b l o v  t:*e cike off (see 

above) m?. s tar t  a ncv f i l t r - r  c:icle with 2. new su?ply of f i l t e r  -0owder. 

"1Jiic'.fr no conei t ions should. t he  f i l t e r  screen be t iserl  a s  f i l t e r  without 

tl.e i r s c r t i o n  of f i l t e r  powdr?, o r  wi th  a quan t i ty  which is less than t h a t  

pocked i n  a s i n g l e  bag. 

"If  tine operat ion of t he  jmm-$ becc-.es d i f f i c u l t  a.i'ter about 1 2  t o  15 

cyc les ,  represent ing  6co t.o 750 l i t e r s  of water ,  t he  f i l t e r  sc reen  has t o  be 

cleaned with nn ac id  c a r r i e r  2rovided i n  a s e p r 8 t  ; l y  .rarked pack. 

"The operat ion i n  t h i s  cns,: i s  t he  sa% rxcept t h a t  on ly  t h e  pre-coat 

cyc le  p o s i t i o n  '1' is useA f o r  .-bout 4 t o  5 -tin>.tt=s, a f t e r  r? ich  t h e  ?older  is 

blown o f f  an4 t?-r contents  of tile tpnk a r e  noured ou t .  I t  i s  c l r s i r rb le  t h a t  

tlle tank pn;? f i l t e r  screen be r i n s e d  a f t e r  t h i s  oaernt ion."  

3. AsboloxPne S-f i l t e r  Pcwder 

Asbcloxanc 5 - f i l t e r  porider Y R S  developed f o r  use iii the spr'cial S - f i l t e r ,  

This pour- i u s t  described, wi-.ere water is f i l t e r e d  a n d  s t e r i l i z e d  s inul taneous ly .  

Zer cons i s t s  of uiato?a,ceous e a r t h ,  togethor  with an Asboloxme c a t a l y s t  Rnc! a n  

inorganic  p r o x i c k .  Mcchnnicrl f i l t r a t i o n  is  a c h i e v d  bp f o n i r e  P cake of t h i s  

. -  26 - I 
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powder )ver B r i g i d  f i l t e r  bed j u s t  a s  is acne *dth ord inary  m t r e a t r d  dintom- 

ceous ea r th .  Scch un t r e r t ed  di8.tccsceocs e a r t h  f i l t e r s ,  hcwever, if they a r e  

of such ;>ore s i z e  o s  t o  produce eder:ua.te f i l t m t i c n  r a t e s ,  a r e  by no means hac- 

terial  f i l t e r s ,  even thcugh t h y  w i l l  r e t a i n  a very largo runber  of c r g a n i s m  

f r o m  the suspensicns passing thrcugh then.  

by tTc dsbclcxane inccrpcrated wi th  the diatcf2aceous e n r t h ,  which k i l l s  these 

-.rganisms pass ing  thr : .>gh the  cako. Qu.,ted be1F.w is the d.escri*ti. n given by 

t h e  c?ovelr.per, <!r" t he  way i n  which the  Techanized f i l t e r i n g  p rcopr t i e s  ,,f dia- 

h : . ? a m u s  e a r t h  and the  s t e r i l i z i n g  p r ;pe r t i e s  rf the  -4s'~;-l. xanPs are c.qbined 

i n  S-fi1tc.r pcwder. 

S t e r i l i t y  of t he  f i l t r a t e  i s  achieved 

I - --, 

" lhe  d ia tvns  a re  cs r t e d  with a.n extremely t h i n  l r y e r  r.f a t h e r m - p l a a t i c  

ma te r i a l  ( f L r  ins tance ,  E polyner r cb-p, lyner  i f  v inyl -es te rs )  . I t  is charac- 

t e r i s t i c  u f  t h i s  p l a s t i c  c .a t  t h z t  i t  mxst be suscept ible  tc. ,  water Rnd neut ra l  

ti. f a i r l y  high a l k a l i  cr .ncentrati ln.  This  p l r s t k  serves  P t  the  sa-e t i n e  as 

vehic le  fu r  tw, c , l lb i&i  i r  sen i -cu l ib ida l  sisjicnded chez ica l  s g c n t s .  

t hese  agents i s  e l n i s t  water inavluble  wr >xide  such a s ,  fkr  ins tance ,  CaO.2, 

Xg02 ani. th t  l ike ' .  The c.ther agent i s  a c a t a l y s t  , .f the above mentiLned tyoe 

.- such a.3 Q surface-cr,"pl:und <.,f s i l ve?  and ,.xygen adsc,rbed c n  e. I L i d a l  carbcn. 

One $.f 

" I t  i 3  n- , t  necessary t h a t  t h e  t w ?  agents  (perf- 'xide a.nd c a t a l y s t )  ce-exist  

c,n t h e  same p a r t i c l e  althrGgh i t  i s  7 e r f e c t l g  p , s s i b l +  t i ,  i n c c r w r a t e  b i t h  agents 

i n t i  the srme vehic le  x-iz,r :. c.-;ting t'ce d i n t c m .  

c rpr;rate each agent s q m r x t e l y  intc. t w .  be.tches i,f ve?.icle and cc.at ha l f  r , f  the  

dlatc.?r.s with >ne a n .  tLe c tk.er half  r.f t:"e di,-ti.ns wi th  t h e  c,tPer. 

the two  k t s  of diatimaceo-Gs e a r t h  have then to be mixed wi th  ea.ch ( t h e r  inti .mte- 

l y .  I t  i s  assumed t h a t  t?.? separat i t ,n  r.f t h e  twc acents  lay prr.8.uce a f i l t r a t i r n  

n a t e r i a l  which i s  l e s s  e a s i l y  dac<>mpr,srd while i n  stp,ragt-, i n  ccn tmdi s t inc t i - . n  

t.. the  c the r  fLrm i n  which bc.th agents a r e  i n  mire int imate  con tac t ,  be inc  sus- 

I t  i s  alsr p:;ssible t; in- 

Af t e r  drying, 

pended in the  sane -Gating. - p. ,  - 



.~ - 
"This f i l t e r  pcwder is then brccght i n t 6  wattr i n  c rder  t c  f u r r n  t he  

f i l t e r  cake i n  exact analc,gy t c  t he  cus tomry  -pr;,redure f.:r t h e  use i.f dicitt>- 

macecus e a r t h .  The f i l t e r  cake, h i l t  f r m  f i l t e r  pGrrder3 su ci.atnd c o n s i s t s  

thus  cf p a r t i c l e s  which have the structura.1 sha?e ; f  dintons.  

t:. the  pilssing f ' i l t r a t e  a. surface which can adsc!rb, by v i r t u e  .f th.e water s ~ s -  

c e p t i b i l i t y  c ) f  t h e  p l a s t i c ,  P s u f f i c i e n t  amount .-#f water i n  order t f J  s tar t  the 

c a t a l y t i c  decLmpositi\:n o f  t he  p(-roxide, due to the c l c se  jux tapcs i t ion  of the  

t w o  a,.ents i n  t h e  cuot ing.  The s i lver-bear ing ca to lys t  can be designed t o  y i e ld  

e c s r t a i n  (minute) quant i ty  u f  s i lver - ion  i f  t h i s  i s  des i r ab le  i n  order  t c  ac- 

It  exposes ,  however, 

c e l e r a t e  t he  k i l l i n g  8ctiL.n and fc , r  producing a c e r t a i n  r e t en t ion  bf g e r n i c i w  

agent i n  the water.  

"As t h e  ac t i , -n  . f  t he  f i l t e r  pc,i#der i s  rim ti t h e  deccn,uusiticin c.f the 

peroxi6.e end the  c a t a l y s t ,  i t  i s  o-~vi*-.us t h a t  the a c t i v i t y  c f  such a cake is 

l i n i t e d .  

pi,wder necessary for i t s  t r e a t n e n t ,  even i n  hegvi ly  i n f e c t e d  s t r t e s ,  i s  favorable  

indeed. Frr ins tance ,  5-7 ga l l ( ;n s  of wrter  can be f i l t e r e d  thr,;ugh a cake, t he  

dry  w i g h t  ;.f -1hich i s  112 c z .  c r  k s s .  

The weight r a t i 6  betsreen the water t o  be t r e a t e d  and t h e  quant i ty  o f  

1 "Powders L f  th is  type can be s to red ,  are r e l a t i v e l y  temperature insen- 

z i t i v e  (boli,w l5IlLF.) but have t t .  ba kept dry.  

" In  edd i t ivn  t c  t h r  s t e r i l i z i n g  r c t i o n ,  f ' i l t e r  mw(?ers of t h i s  t p e  have, 

,,f c\.urse, the same r e t e n t i i n  q u a l i t i e s  as unt rea ted  di?tcnacrous e a r t h  so thn t  

t h e  f i l t r a t i o n  acconplish?s .iechanical r e t e n t i r n  t,f s o l i d s  P S  w e l l  R S  the ge-Ti- 

c i d a l  a c t i m .  The layer of r e t a ined  s. lids dvea nu t  i n p a i r  t he  a c t i c n  9z.f t h e  

cake 'cecadse <;f t he  f a c t  t h a t  t h e  retair:ad s . , l i d s  remain u n  the. tt>g of the cake 

and ib not pene t r a t e  i n t z  t h e  l a t t e r . "  

- 28 - 
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k .  Perfdrmance Tes ts  on the  S - f i l t e r  a n d  S - f i l t e r  P:.wder Conducted a t  

Cal i forn ia  I n s t i t u t e  i.f Technology 

The fol lowing i s  quoted d i r e c t l y  frcm a r e p c r t  cf D r .  Goetz a# the  

Ca l i fo rn ia  I n s t i t u t e  of Technclogs: 

"The development of the  S- f i l t e r  powder and t!e a,  -plication of t h e  

l a t t e r  t o  the S - f i l t e r  was l a r g e l y  guided by bac te r io log ica l  1aboratGry t e s t s  

on a r t i f i c i a l l y  in fec t ed  waters .  These t e s t s  were conducted at t h e  bacter io-  

l o g i c a l  l abora tory  of the Rare Metals I n s t i t u t e  a t  the Zal i forn ia  I n s t i t u t e  of 

Tech.:ology. 

"The tests were conducted with var icus  types of waters  a r t i f i c i p l l y  

inoculated with E.  c o l i  and mixtures of E. c c l i  with s taphylococci  and s t rep-  

tococci .  

of peptone and am!!onia were add.ed in c e r t a i n  test.6 i n  o rde r  t o  e s t a b l i s h  the 

1. ini ta t ions of t h e  a c t i o n  of t h e  a repera t ion .  The technique of these  t e s t s  was 

as f o l l ~ w s :  

1nhibitGI-y agents  such a s  organic and inorganic  n i tmgen  i n  the form 

"After prepering 20 l i t e r s  of t e s t  water with chemical and b a c t e r i a l  

addi t ions ,  f i l t r a t i o n  was s t a r t a d ,  and, i n  g e n e r d ,  a sample taken f r o m  the 

f i r s t ,  seventh and f i f t e e n t h  l i t e r  f i l t e r e d .  

?qual po r t ions ,  one of which was p l a t e d  i m e d i a t e l y  ( i . e . , w i t h i n  one minute) 

while t he  other  por t ion  w a s  allowed t o  s t and  for 15 minutes before  it w a s  brought 

i n t o  contact wi th  the n u t r i e n t s ,  

divided i n t o  f i v e  10 cc,  one 1 c c  and one 0.1 cc samples, i n s e r t e d  in to  lac tose  

5 0 t h  and subsequently incubated f o r  4s hours at 37'c. I n  case  gas was obsemed, 

conf i rna t ion  f o r  E .  c o l i  was c a r r i e d  out i n  S r i l l i a n t  Green B i l e  broth. 

These sanples  were divided i n  two 

Each of t hese  samples ( i . e . ,  6 a l toge ther )  was 

"The labora tory  t e s t s  gave always san i t a ry  writer ( i . e . ,  no confirming 

gas  i n  any tu>e) f o r  c o l i  concen t r a , i sns  up t o  a p r o x i m a t e l y  ~ o o , O O O ; / C C  ( o r  

2C0,000,000/ l i ter) .  This i s  s i m i l a r l y  t r u e  for suspensions of s t r e2 tococc i  

and s taphylococci .  A t  h igher  concen t r a t io r s  of X:coli, o c c a s i o n d  gas tubcs 
.) . - 29 - 
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i n  t h e  10 cc samples occurred, 3ut i t  i s  assumed that such concent ra t ions  do 

not  occur i n  na tu re .  

"As aqueous subp t ra t e s ,  wel l  water with sewage (1:2@00), l ake  water 

r i c h  i n  protozoa and algae.  wel l  water w i t h  the a,ddition of  up t o  500 p a r t s  

per  n i l l i o n  peptone 'as representa t ive  of organic ni t rogen and up t o  25P p a r t s  

2e r  mi l l ion  anrnoaia as representa t ive  of inorganic n i t rogen ,  were used. 

nore ,  as a representa t ive  of heavy organic contamination, up t o  25,O)C p a r t s  

per  n i l l i o n  u r ine  was used. To each of these  s u b s t r a t e s ,  a r t i f i c i a l  inocula  

of E. c o l i  up t o  1~~~:;,030/cc were t r e a t e d  successfu l ly  and r e s u l t e d  i n  an efflu- 

ent f u l f i l l i n g  t h e  bac te r io log ica l  s an i t a ry  s tandards,  e i t h e r  i m e d i a t e l y  o r  

at l e a s t  a f t e r  15-20 minutes e lapsed time. 

Further- 

"In view of t he  f a c t  t h a t  i n fec t ed  Praters t e s t e d  under labora tory  coa- 

d i t i o n s  -!ay not represent  t h e  performnce of nethod and equipment i n  the f i e l d ,  

a number of f i e l d  t e s t s  were performed on varying ty?es of in fec ted  waters  i n  

t h e  S t a t e s  of Sinaloa, Guerrera,  Morelos and D i s t r i t o  Federa l  i n  collebora.t ion 

with the Dep. de l a  Salubridad Publ ica .  In order t o  t e s t  the water a f t e r  a 

shor t  l apse  of t i n e ,  rmtulant la5ora tory  equiFnent was taken d o n g  t o  the s i t e  

of tiie t e s t s ,  i n  m o s t  cases.  The r e s u l t s  reported r e f e r  t o  an incubat ion t i ne  

of 40-48 hours. 

under a c t u a l  condi t ions would be s tud ied  E S  c l o s s l y  a s  poss ib l e .  

a r e  enumerated a s  f o l l o w s :  

Thus t he  condi t ion i n  the  water when f i l t e r e d  and consumed 

These t e s t s  

e.. "Location: Bio Rumaya, 5 ko. north of Culiacan, Sinaloa. Temper- 

a t u r e :  22OC. pK: 7.5 - 8 . C .  Control: gas i n  1 cc sawle, confirmation ques- 

t i o n a U e ,  growt3 t i l l  0.OO;Ol cc.  F i l t r a t e :  sanple a f t e r  t h i r d  l i t e r ,  p l a t e d  

a f t e r  12 minutes: no g a s  i n  any sa.nple, growth i n  three  10 cc tubes only. 

-:. "Location: Bio Culiacan, 3 b west of c d i 8 . C a n  a t  the p i n t  of 

confluence with the sewage cana l  (Canal Almada). Temperature: 25OC. pH: 7.5 - 
8.0. Control :  con i r n i n g  gas i n  1 cc sam?le, growth t i l l  O.OC01 CC.  F i l t r a t e :  
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s-e a f t e r  s i x t h  and f i f t e e n t h  l i t e r ,  t e s t e d  a f t e r  15 an6 20 minutes respec- 

t i r e l y :  no gas i n  any sanple,growth i n  fou r  10 cc saxples  only.  

c. IILocation: Rio Cmazula  near pu?l ic  laundr ies  of Culiacan, Sinaloa. 

Tenperature:  24.5'C. 

growth i n  0.001 cc and l e s s e r  d i l u t i o n s .  F i l t r a t e :  san:de a f t e r  f i f t h  l i t e r ,  

t e s t e d  a f t e r  20 minutes: no gas i n  any s a q l e ,  no g:-owth i n  any'simple.  

'H: g .0  - g . 5 .  Coctrol:  confirming gas i n  0.01 cc,  no 

d. Uocat ion:  fauce t  i n  Put.lic Health La3oratcry i n  Cd iacan .  Te.qer- 

a tu re :  23OC. pH: 7.5. 

F i l t r a t e :  sample a f t e r  f i f t h  l i t e r ,  t e s t ed  i m e d i a t e l y :  no gas i n  any sanple,  

growth i n  two 10 cc sarnples. 

Control: confirning gas i n  two o f  f i v e  10 cc tubes-  

e .  "Location: sewer canal  (Canal > . h p c i a j  of Cu iacan .  Temperature: 

28'C. fl; g - S . 5 .  (Water t u rb id  and odsrous).  iio cont ro l  t -ken.  F i l -  

t r a t e :  sample after f i f t h  l i t e r ,  t e s t e d  a f t e r  15 minutes: confirming gas  i n  one 

of f i v e  10 cc samples, no growth i n  1 and 0.1 cc.. 

"Location: stagnant water Sody i n  an arroyo near  Eanchi ta  "La Divisa," f. 

appoximate ly  g kilo.2eters e a s t  of Culiacan. 

with a very mddy  bot tog) .  Temperature: 2 4 O C .  pH: 8.0. Control: no c o l i  >ut 

growth till 0.001 cc. F i l t r a t e :  s m p l e  a f t e r  s i x t h  l i t e r ,  t e s t ed  a f t e r  20 miiiutes 

no c o l i  and no growth i n  any sample. 

(F.& of mosquito l a rvae ,  a lgae and 

g.  "Location: Fiio Te7ecua near Xatitla, Guerrera. Tenperature: 29OC. 

pH: 7 .5  - g.0. Control: confirming gas i n  1 cc, growth t i l l  C.0001 cc. F i l t r a t e :  

sapple  after t h i r d  l i t e r ,  t e s t e d  a f t e r  15 minutes: no gas i n  any sample. growth 

i n  one 10 cc s-le only.  

h.  "Location: stagnant pool  at tke entrance of Tixtla,  Guerrera.  The 

water W B S  extremely tu rb id  from algae growth, so t h a t  t??e filter clogged af te r  

t h r e e  l i t e r s .  Tezperature: 27OC. pH: g.5 (1). Control: confirming gas till 

G .  '1 cc,  growth t i l l  0 . '  .:-l cc .  F i l t r a t e :  sanple a f t e r  two l i T e r s ,  t e s t e d  a f t e r  

20 jT,inutes: confirming gas i n  one of f i i r n  cc t.nhna, pn crn,.r+h in 1 "?A. n.1 C C .  
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i. "Location: X i 0  Sahana, 8 km eas t  of Acaoulco, Guerrera. Stagnant 

p o o l  i n  r i v e r  ked, c l e a r  water. Temperature: 36.5'~. (1). pH: 8 - 8.5. Call- 

t r o l :  conf i rn ing  gas i n  0.1 cc, growth t i l l  0.001 cc. F i l t r a t e :  sample a f t e r  

seventh l i t e r ,  t e s t ed  after 15 minutes: no gas i n  any sanple. no growth i n  1 cc. 

j. "Loc&ion: Rio Sabana, same loca t ion  as ( i . )  but f lowing r i v e r  

water. Temxra ture :  3 5 O C .  pE: 8.0. Control: gas i n  0.01 cc . ,  growth till  

0.001 cc. F i l t r a t e :  sam?le a f t e r  t en th  l i t e r ,  t e s t e d  a f t e r  15 n inutes :  no E.  

c o l i .  Two s - c o n f i r n i n g  10 cc s a y l e s  out o f  f i v e ,  no growth i n  1 and 0 .1  cc. 

k. "Location: Canal de Cuautla, tdorelos, at X i l o x t e r  1. Clear water. 

... Temperatme: 2O.5OC. Control: confirming gas i n  0.1 cc . ,  growth 

t i l l  0.601 cc.  F i l t r a t e :  sample a f t e r  f i f t h  l i t e r ,  t e s t e d  a f t e r  two  hours and 

15 dinutes:  no gas i n  an>- sanple ,  no growth i n  1 and 0.1 cc. 

pH: 7 - 7.5. 

1. "Location: Arroyu near Yautepec, Xorelos . ,  a t  Rn 3 G .  Fast  flowing, 

veq?  mddy water. Ten:gerature: 25OC. pH: 7.5 - g. Control: confirming gas i n  

0.01 cc- .  growth t i l l  0.0001 cc.  F i l t r a t e :  sample a f t e r  t h i r d  l i t e r ,  t e s t e d  

z f t e r  1 hour and 10 minutes: 110 ges i n  any smgle, no growth i n  any sample. 

rn. "Location: Xochimilco, D.F. Stagnant canal under s t r e e t  bridge. 

Temperature: 22OC. pR: g.0.  Control: confirming gas i n  O.f.'O1 cc. Yiltrate: 
- 

* 
sanple a f t e r  th i rd  l i t e r ,  t e s t e d  a f t e r  2 hours and 40 minutes: no &as i n  any 

siuaple, growth i n  one 10 cc tube only. 

n. "Location: Xochimilco, D.F. Sane loca t ion  as (2.1 but two packages 

of f i l t e r  powder used, i n  view of extremely tur'2id water.  F i l t r a t e :  s m p l e  

a f t e r  t h i r d  l i t er ,  t e s t e d  a f t e r  2 hours and. 35 s inutes :  no gas o r  growth i n  a.nI 

s m p l e .  

0. "Location: Xochinilco, D.F. E13)1arc8dero, San Cr i s toba l .  Temper- 

a tu re :  2O.'joC. pH: 7.0.  Control: conf i rn ing  gas in 0.001 cc.  F i l t r a t e :  sample 

after second l i t e r ,  t e s t e d  s . f t e r  2 hours and 20 minutes: no gas i n  any sample, 

growth i n  f o u r  10 cc. snnplez  cnly .  
- 32 - 
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canteen tr ials,  a l a r g e r  s e r i e s  of t e s t s  was' run with t h e  Asbolcxane Fowder 

i n  labora tory  equipment, where i t s  perfrrmance could be s tud ied  s e p a r a t e l y  

from the mechanical funct ioning of the S-f i l ter .pump,  and where var ious  f a c t o r s  

in f luenc ing  i t s  a c t i o n  could 'oe b e t t e r  st ' idied. 

centered about i n v e s t i g a t i r g  tine performance cf t he  S-powder when extremely 

heavy suspensions of var ious txJeS of crganisms were used. 

Ca l i fo rn ia  I n s t i t u t e  of Technology, a l ready  quoted, had shcwn What t h e  S - f i l t e r  

and the  Asboloxane S-powder could do towards handling t h e  amounts o f  Contamin- 

a t i o n  o r d i n a r i l y  found i n  n a t u r a l l y  occurring waters.  

The Camp & t r i c k  t r i a l s  l a r g e l y  

The data f r o m  the 

The t e s t s  at t h i s  i n s t a l -  

l a t i o n  were designed more t o  ind ica te  what t : ,e  upper l i m i t s  o f  performance were, 

and how broadly e f f e c t i v e  the apparatus was against  a l l  types of agen t s .  

t h i s  reason, t e s t s  w e x  n o t  confined t o  the common water-borne organisms us:ially 

found in n a t u r a l  wpters, n o r  were they usua l ly  run with concentrat icns  as l o w  

a s  those which might be expected t o  occur na tu ra l ly .  

For 

a .  T r i a l s  U t i l i z i n g  both the S - f i l t e r  and Asboloxme S-pcwder 

The f irst  prel iminary trials with the S - f i l t e r  were run w i t h  20- 

l i t e r  suspei:sions of B. g l o b i g i i  spores snd of E .  c o l i  Cel l s .  

taken f o r  b a c t e r i a l  counts a f t e r  approximately 2, 10 and 18 l i t e r s  r e spec t ive ly  

of the  2 0 - l i t e r  samples had passed through t h e  f i l t e r .  

Samples were 

The $ - f i l t e r  was operated according t o  the i n s t r u c t i o n s  a l r eady  

viote6,  given by the  Cesigner. i n  - .  c~ c o s 3  b grams of t k e  Asbolojtane, S - f i l t e r  

powder were used i n  the pre-coat cycle so t ha t  a f i l t e r  c rke  apgroximately 2 m.  

t h i c k  i s  formed. Through t h i s  cake t h e  rrater was pumped, f i l t e r e d ,  and s t e r i l i z e d  

at t h e  r a t e  of about 2 l i t e r s  a minute. 

The E. g l o b i g i i  spore suswnsions  were red.uced i n  count f- &om an 

o r i g i m l  concentrat ion of 200, .:OO,&?O orgapisms/ml. t o  16, 26, and 12  organisms/ 

nl. r e spec t ive ly  i n  the th ree  map les  of t he  f i l t r a t e .  E. c o l i  was reduced i n  

count from 3 5 , ~ .  C.COO to. 13, 13- and 1 rganiss /ml .  . - zb - 



These f i l t r a t e s  were pooled and then run back through t h e  S - f i l t e r  

us ing  2 f r e s h  charge of Asboloxane S-powder. The counts irere about t*e same 

as i n  tke  first passage. 

A s e t  of experimerts was then run u t i l i z i n g  i n  each case 50 l i t e r s  

of very heavy suspensions of t yp ica l  bac t e r i a .  Samples o f  t he  f i l t r a t e  were 

c o l l e c t e d  a f t e r  5 ,  15, 30, and 50 l i t e r s  r e spec t ive ly  heU passed through the 

f i l t e r .  

The data c o l l e c t e t  a re  given i n  'Fable I V .  TXTC i n d i c a t e s  t h a t  t he  colonies  

were t o o  numerous t o  count at t h e  d i lu t ions  used. 

s u e d  that tile f i l t r a t e  concained over 5W organisma/ml. 

In  seve ra l  of t h e  eq3eriments no co l l ec t ions  were made a f t e r  30 l i t e r s .  

I n  such cases  i t  can be as- 

It i s  evident t h a t  t he  S - f i l t e r  can e f f e c t i v e l y  remove very high 

concentrat ions of var ious t p e s  of organisms, an6 do t h i s  a t  the r e l a t i v e l y  

r ep id  r a t e  of 2 l i t e r s  a minute. I t  i s  a l so  evident that  i t  i s  poss ib le  t o  ex- 

ceed i t s  s t e r i l i z i n g  capaci ty  e spec ia l ly  when counts r i s e  t o  the order  of m a g n i -  

tude of 10 organisms/ml. 

t he  end of  t h e  5G- l i te r  f i l t r a t i o n s ,  o r  i n  at l e a s t  m e  o f  these t e s t s ,  i n  high 

counts throughout t h e  e n t i r e  course of t he  f i l t r a t i o n .  

6 T h i s  i s  a p p r e n t  u saa l ly  i n  increased counts toward 

~ 

Some evidence was obtpined which ind ica ted  t h a t ,  with' StaFh. aureus 

a t  l e a s t ,  b a c t e r i o s t a s i s  was occurring i n  c e r t a i n  cases.  Additional co lonies  

ap;jeared on a few p l a t a s ,  which had not beeCdestroyed a f t e r  the usual  reading 

a t  t he  end of 48 &ours incubat ion.  

aureus as the t e s t  agent, i n  which counts were .-de of v iab le  organisms i n  the 

f i l t r a t e  a f t e r  t he  usual $9 hours and again a f t e r  t he  same p l a t e s  o r  broth tubes 

had been incubated f o r  9 hours .  

stowed some grONth at 96 hours, a s  ind ica ted  i n  the data i n  Table 

of  these  tr ials.  

Five t r i a l s  islere s e t  up, a l l  with Staph. 

Xmy :?lates recorded as s t e r i l e  at 48 hours 

k' from two 
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TABLE IY 

EXPiRIKhNTS WITH 

THE S-FILTKR AND ASBOLOXANE S-FILTER POWDER 

Original Con tamin a t ion  

Test Organism Count per ml. 

S. marcescens 

S. albus 

B. g lobigi i  (Veg,) 

B. globigii  (Veg.) 

B. g lobigi i  (Spore) 

B. g lobigi i  (Spore) 

E. c o l i  

S. aureus 

670,000 

750,000 

1,760,000 

1,000,000 

970,000 

16,000,000 

15,000,000 

145jOOOj OOO 

Bacter ia l  Count per  cc. in Successive 

50 L 
F i l t r a t e  Samples 

30 L - - S L  1 5 L  - - 
1 0 2 0 

1 0 0 0 
~ 

7 4 TNTC 

8 2 2 62 

1 7 11 

263 294 TNTC TNTC 

10 13 TNTC TNTC 

Tarn: TNTC TNTC TNTC 
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TABLE V 

DIFFERENTLAL 48 AND 96 HOUR COUNTS ON FILTRATES 

OBTAINED USING 
I 

ASBOLOXANE S-FILTER POWDER IN TdE S-FILTER 

(40 grams Asboloxane used i n  all tests) 

- 
Orieinal Volume Filtered Ratio Number P l a t e  Count Broth Count 

C o n t a i b t i o n  Before Sample Taken Organisms to or anisms ml.  wpN/ml. 
Mg. Asbo. & 48 hr 96 hr 

Staph. aureus 5 l i t e r s  48 T 0 31 0 5 
385,0W/ml 1 5  144 T 0 730 0.2 8 

20 193 T 0 2950 0.2 8 
30 288 T 0 1040 .0.4 18 

Staph. aureus 5 
136, COO/ml. 15 

20 
30 

0 4 0 5 
2 

2 

17 T 
5 1  T 
68 T 

102 ,T 

0 38 0 160 

0 l5 0.2 
0 

0 13 
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Since Staph. aureus i s  sens i t i ve  t o  high pi; values ,  and the  Asbolox- 

m e  f i l t r a t e s  a r e  a lka l ine ,  i t  was thought p o s s i t l e  t h a t  t h i s  b a c t e r i o s t a s i s  or 

lag vas a p4 e f f s c t ,  and not due t o  the As'coloxane. To evnluate t h i s  f a c t o r ,  

t w o  s t e r i l e  b ro th  so lu t ions  were a d e  a l k a l i n e ,  one by passing t h e  zolut ion 

through an Asboloxane cake; t h e  o ther  b:- ad6.ing Ea09 u n t i l  i t s  pH value matched 

t h a t  o f  t h e  Asboloxane f i l ' t r a t o .  A t h i r d  l o t  of bro th  kegt at pH 6 .8  served as 

c c n t r o l .  These broths  were inoculated n i t h  Stash.  aureus;giving t h e  t h e o r e t i c a l  

counts ina ica ted  belcw, and a f t e r  the  indicated t imes,  1 ml. por t ions  were re- 

moved ?ad p l a t e d  with nu t r i en t  agar i n  p e t r i  dishes .  

a f t e r  24 hours a.nd a f t e r  56 hours o f  incubation at  37OC. 

Table V I .  

These p l a t e s  were ree.d both 

The da'a. appear i n  

The da ta  shov t h a t  contact wi th  alkali  can clefinit:ly so a f f ec t  

Staph. aureus organisms t h a t  colonies  develop :mch more slowly than usual f r o m  

those orgnnisms which survive t h e  trcatment.  

of Stan?. aureus colonies  caul?. thus 'ce accounted f o r  by t h e  a l k a l i n i t y  o f  the  

Asbololinne f i l t r a t e .  O f  g r e a t e r  i n t e r e s t ,  however, i s  tho  evidence tha t  the 

Asboloxane f i l t ra tes  poseess a d e f i n i t e  an t i -bac te r i a l  a c t i v i t y .  

g r e a t e r  k i l l i n g  ac t ion  i n  t h e  Asboloxane f i l t r a t e  than can be accounted f o r  by 

alkali  a lone.  

loxane % f i l t e r  cake, but Also a l e t h a l  groperty i s  i q a r t e d  t o  the  f i l t r a t e  

which, as shown i n  these  tests,  i s  e f f ec t ive  agaiilst crganisms added ha te r  t o  

t h e  f i l t r a t e .  This r e s idua l  an t i -bac te r i a l  property of the  Asboloxane f i l t r a t e s  

has  been c a l l e d  i t s  " a n t i b i o t i c  po ten t i a l , "  and w i l l  be  f u r t h e r  demonstrated i n  

experiments done wi th  labora tory  equipment, rather than u t i l i z i n g  t h e  S - f i l t e r  

pu.q. 

The time lag i n  t h e  d-evelopgent 

There i s  a much 

R o t  only a r e  v i ab le  organism k i l l e d  i n  passage through thiAsbo-  



G F K T  OF pH I N  ASBOLOXANS FILTRATE 

ON LAG PHASE OF STAPH. AUREUS 

Plate  Counts 
Inoculum of 

Treatment Given Broth - Staph. - aureus/ml. Contact time 

F i l t e r ed  thru Asbolexane 31,500 
PH 10.5 

5 
30 
60 

Adj 4 w i t h  NaOH 31,500 5 
pH 10.5 30 

60 

No treatmefit 
pH 6.8 

31,500 5 
30 
60 

0 12 
0 7 
0 0 

0 TNTC 
0 652 
0 4 

TNTC I 

TNTC -- 
TNTC - 

. .. 
, .  - 39 - .  
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b .  Trials wi th  Asboloxane S - f i l t e r  Powder on  a Sintered Glass F i l t e r  

I 
I 

Bed i 
I 
I . 

1 While the t r ia l s  with the Asboloxane S - f i l t e r  powder were being 

i 
i 

conducted i n  t h e  S - f i l t e r  designed fc r  d l i t a r y  use,  l abora tory  s c a l e  trials 

were inaugurated.  Working on a s.mll s c a l e  ra.ther than with the  50 l i t e r s  of 

b a c t e r i a l  suspension and 40 grams of Asboloxane % f i l t e r  powder requi red  f o r  

each trial i n  the  S - f i l t e r ,  i t  was poss ib le  t o  s tep  uio t he  tempo of t he  work. 

BL-sides, c l o s e r  cont ro l  was possible  with the labora tory  t r i a l s ,  when it was 

des i red  t o  vary c e r t a i n  f a c t c r s  i n  the f i l t r a t i o n  process  and t o  use high con- 

cen t r a t ions  of var ious pure cu l tu re  suspensions,  which necess i ta ted  s t e r i l i z i n g  

tke  t o t a l  equinment between runs. The f i r s t  of these  labora tory  trials w a s  run 

with very simple g l a s s  equipment using vacuum suc t ion  f l a s k s  and Suochner ty:oe 

f m n a l s  of coarse s i n t e r e d  gla.ss, which served a s  the  f i l t e r  be6. aga ins t  which 

cakes of Asboloxane S - f i l t e r  powder were formed. The s i n t e r s d  g l a s s  alone re- 
g 

t a ined  very few organisms, 0,s evidenced by a drop from 1.30 x 10 

- 

organisms Der 

m l .  t o  1.03 x 10 l3 organisms per m l . ,  when a 3. g l o b i g i i  spore suspension was 

pass& through i t .  

The recommended charge of Asboloxane powder i n  the % f i l t e r  WRS 

one g a m  per  15 cm2 of f i l t e r i n g  surface.  

ne r  fuliiel, which had a s i n t e r e d  g l a s s  bed approximately 30 cm2 i n  a r e a  WRS two 

grams. The f i l t e r i n g  cake s o  obtained was about 2 mm. t h i c k .  U t i l i z i n g  the  

serv ice  vacuum l i n e s ,  ho?rever, it was not poss ib l e  t o  f i l t e r  b a c t e r i a l  suspen- 

s ions  through these  cakes a t  the  r a t e  of 150 ml./minute which corresponded t o  

the r a t e  achieved i n  t he  S - f i l t e r  pump. Tho 300 ml. suspensions used i n  most 

cases  required from 3 t o  4 minutes t o  f i l ter .  

A correspo 'ding char.ye f o r  t he  3uech- 

' 

5he ceke WDS formed 3y  mlxing t h e  dry Asboloxane S-powder wi th  a 

small amount of s t e r i l e  water and drawing by vacuum p r e c t i c a l l y  a l l  of t h i s  
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wator  i n t o  a s t o r i l e  s cc t ion  f l a s k .  

and t he  vacuum turned on f u l l y .  

t h e  f i l t e r ,  the  f i l t r a t e  was usual ly  allowed t o  stand f o r  at lee.st 15 minutes 

i n  tha vecuum f l a s k ,  then romoved and p lo t ed  out with the usual  d i l u t i o n  tech- 

nique i n t o  nu t r i en t  agar .  

T'-e b n c t e r i a l  susnension was then odded 

-4fter a l l  the sus9ension had. passed through 

Pelpresentative da t a  obtained from th.e use of t he  Asboloxane 5 - f i l t e r  

powder i n  this g l a s s  l abora to rp  equipment a r e  given i i l  Tables VI1 through XII, 

presented i n  chronological o r d e r ,  as t he  t e s t s  were run i n  t he  labore tory .  

V a r i a t i o n s  i n  t h e  techniques described above a r e  e i t h e r  npparent from the head- 

ings, o r  explainoddan f o o t  no tes .  

The dat:, obtained with t h e  isboloxane S - f i l t e r  powder on t h e  sin- 

t e r e d  g los s  f i l t e r  beds showed, as hPd the t r i a l s  i n  t h e  S - f i l t e r  i t s e l f ,  t h a t  

t h e  treatment was e f f e c t i v e  aga ins t  widely d i f f e ren t  types  of b a c t e r i a  present  

6 i n  very lar;,e numbers. Suspensions up t o  t h e  neighborhood of 10 organisms per  

ml., varying of course with type  of  orgmis::? and o the r  f a c t o r s ,  could be effec-  

t i v e l y  s t e r i l i z e d  by a s ing le  passage through a cake of t he  th ickness  reccmmended 

f o r  use i n  the m i l i t a r y  S - f i l t e r .  

Asboloxaile cake of t h i s  th ickness  o r  s ing le  passage through crkes  of g rea t e r  

th ickness  causrd increased reduct ion i r  Guspensions s o  high i n  count t h a t  nor- 

 ally a.iJprecia.-le numbers of v i a b l e  orgo.nisms would he found i n  the f i l t r a t e .  

P a r a l l e l  f i l t r a t i o n s  through Astoloxanc S-f i l t e r  powdt-r and diatomeceous e a r t h  

showed thst somethin: more than mechanical r e t en t ion  of crgrnisms wits oper?.ting 

he re ,  although l a rge  percentages o f ,  orgnnisms from heavy suspensions a re  trapped 

on t h e  f i l t e r  cake. 

A5 might be expected, reppassage through an 

When v iab le  org?nisms do appear i n  the f l l t r a t o ,  t k e i r  count drops 

as the  f i l t r a t e  stands.  This  i s  another i nd ica t ion  of  t h o  " a n t i b i o t i c  potential ' '  

- 41 - 
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TABLE VI1 
. ..- .. 

ASBOLOUNE S-FILTER POWDER ON SINTEED GLASS 

FILTER BED 

(&gram Cake) 

Repassage -- of E. g lobig i i  Suspension Through 

The Same F i l t e r  Cake 

Treatment B. glob;@ spores/ml. 

Original Suspensioli 160 000 000 

1st Passage thru cake 3 000 000 

2nd Passage thru cake 76 

NOTE: The E, globigi i  suspension made by resuspending dr ied  

. . .. -. - - 

spores contained many lumps o r  clusters of spores and 
non-viable organic material. 



ASBOLDXANE S-FILTXR POWDm ON SINTERED GIASS 

FILTZR BED 

Single Passage of 8. globigi i  Suspension Through 

Cakes of Varying Thickness 

Treatment B. g lobigi i  spores/ml. 

Original Suspension 

Passed thru 2 gram cake 
Duplicate 

Passed th ru  4 gram cake 
lhp l i ca t e  

Passed tnru 6 gram cake 

10,000,000 

66,000 
37,000 

0 
3 

5 

NOTE: B. g lobig i i  suspension made by resuspending dr ied  spores. 



TAB= IX 

ASEOLOXEtNE S-FILTa PCNDER ON SINTDZD GUSS 

FILTER BED 

Comparative T r i a l s  with ksboloxace S-Filter Powder 

and Diatomaceous Earth . 

Bacter ia l  Counts/ml. 
Treatment Plated Immediately Plated a f t e r  24 hours - 

Original  Suspension 10,000, ooo 
Thru 2 grams Asboloxane 45,000 8,500 

Thru 4 grams Asboloxane 2 3 

Thru 6 grams Asboloxane 2 3 
( A l l  above colonies E. g lob ig i i )  

Thru 2 grams Diatomaceous Earth L1,OM) 1,300,000 
(21,000 B.g.) 

Thru 4 grams Diatomaceous Earth 6,700 TNTC i n  d i lu t ions  

Thru 6 grams Diatomaceous Earth 120 Over 5,000 

(29 B.g.) p la ted  

(5 E.g.1 

'> 
NOTE: The same crude resuspension of dried E. g lob ig i i  spores was used. 

olly B.g. colonies appeared i n  the f i l t r a t e  which had passed through 
the Asboloxana. Many small white colonies xere found i n  the  f i l -  
t r a t e  which had passed through diatomaceous earth.  These were 
counted d i f f e r e n t i a l l y .  Apparently, a contaminant was present i n  
the B. g lobig i i  suspension which was k i l l e d  by the Asboloxane but  
which passed through the diatomaceous ear th  more e a s i l y  than did the 
E. globig i i  spores, and showed up when the large excess of E. g lobigi i  
spores vrsre removed from the suspension. Since the filtrates had 
not  been discarded, duplicate p la tes  were made from them the next 
day. Then i n t e r e s t i n z l y  enough, the ksboloxane f i l t r a t e s  s t i l l  
contained only E. g lobig i i  spores i n  l e s se r  number than when f i r s t  
f i l t e r e d ,  while the f i l t r a t e s  from the untreated diatomaceous ea r th  
showed grea t ly  increased counts of the contaminating organism. 

. 

- 44 - 



, , . - - .  

TABLE X 

ASBOLOXANE S-FILTER POVDER ON SINTERED GUSS 

FILTER BED 

(L-gram Cake Used) 

Action Against Various Organisms and Drop of Count 

- i n  F i l t r a t e  U?on Standinc 

ilriginal Contamination 

Test  Organism Count per 

Staph, albus 560,000 

-_ 

Staph. aureus 1,100,000 

Staph. aureus 930,000 

Staph, aureus ' 620,000 

Staph. aureus 338,000 

E. c o l i  

E. c o l i  

288,000* 

272,000 

B. fLz:jji.i 960,000 

5. g lob ig i i  623,000 
(veg. 1 

Time Lapse 
After Fi l -  
t r a t ion  Be- 
fore P l a t s  

0 - 5 m i n .  26 
15 m i n .  8 
30 min. 2 

Bacter ia l  Count per ml. 

0 - 5 min. 
1 5  m i n .  
30 min. 

0 - 5 m i n .  
15 m i n .  
30 m i n .  

0 - 5 min. 
1 5  min. 
30 min. 

0 - 5 min. 
15 m i n .  
30 min, 

0 1 5 min. 
15 min. 
30 min. 

0 - 5 min. 
1 5  min. 
30 min. 

0 - 5 m i n .  
15 min. 
30 min. 

TNTC 
TNTC 
386 

238 
155 
70 

207 
137 
11 

0 
0 
0 

1 
0 
0 

0 
0 
0 

4 
3 
5 

0 - 5 min. ' 0  
1 5  nin. 0 
30 m% 0 
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TABLE XI 

ASBOLOXANE S-FILTER POl’WJER ON SINTEFZD GUSS 

FILTZR BED 

Action Against E. c o l i  Bacteriophage 

Original Contamination F i l t r a t e  Count per ml.  
Test Organism Count per ml,  4 Gram Cake 6 Gram Cake 

T3 Phage 18, ooo, 000 below 100 below 100 

T3 Phage 6,800,000 300 belo-nr 100 

NOTE: Phage counts a r e  made by p la t ing  out d i lu t ions  i n  agar heavi ly  
seeded with E. c o l i  and counting the c l e a r  plaques where the 
phage i s  destroying the host  c e l l .  When the f i l t r a t e  through 
the Asboloxane was added t o  the seeded agar d i r e c t l y  and i n  a 
1:lO di lu t ion ,  the 2. c o l i  growth was so inhibi ted tha t  i t  was 
not  possible t o  determine whether or  not  phage was present. 
d i lu t ions  of 1:lOO o r  greater  the E. c o l i  c e l l s  developed, and 
i n  one of these plates ,  three c l ea r  plaques were found indi- 
ca t ing  a count of 300 m l .  f o r  t h a t  f i l t r a t e .  
could have had any count, ranging from 0 t o  100 phage p a r t i c l e s  
per m l .  

A t  

The other  f i l t r a t e s  





TABLE XI1 

ASBOLOXANE S-FILTER POWDER ON SINTXED GLASS 

FILTZR BED 

(4-gram Cake Used) 

Ef fec t  of Successive F i l t r a t i o n s  and of Temperature 

Upon Action Against E. c o l i  

Original  Bac te r i a l  Count per  m l .  f o r  Successive 
Suspension Temp. Gne L i t e r  Lots of the F i l t r a t e  

5th - Count per  ml. OC . 1st 2nd 3rd 4th - 
67,200 3 O  - 

22O 0 
100 150 

0 0 
100 - 
10 135 

45; 500 2O 0 0 0 10 TNTC 

48, ooo 2O 20 0 0 50 50 

3 7 O  0 0 0 10 20 

37 O 0 0 0 0 0 

42,120 20 0 0 0 100 0 

220 20 200 200 200 400 
37 O 0 0 650 250 200 

126,000 3 O  0 0 250 19 50 1400 

86,800 0 
37 3: 0 

1 
4 

5 
6 

7 56; 
13 13 

+* Counts made using 5 tube broth s e r i e s ,  Other counts a r e  d i r e c t  
plate counts. 

- 47 - 



i m p r t c d  to  t b  so lu t ion  u g n  passage through the Asboloxane S'aowder. %'hen 

large volumes of  susptnsionwere passed through a s ing le  cake, exanination of 

successive l o t 6  of t h e  f i l t r a t e  showed l a r g e r  nunbers of organisms appearing 

towards the  end of the f i l t r a t i o n ,  ind ica t ing  the chemical a.ction of t h e  powder 

became spent as more end more l i q u i d  passe& through i t .  

Sractical importance was brought out i n  the trials conducted i n  the  co ld  (2-3OC) 

and w a r m  (37'C) rooms. The temperature coef f ic ien t  seems t o  be qu i t e  smell, a s  

the  performance a t  t h e  lower temuerPturo compares very favcrnbly v i t h  t h e  ster- 

i l i z a t i o n  obtained at  22 end %.t 37 degrees. 

One point of d i s t i n c t  

I ,  

There appeared. however, d e f i n i t e  l imi t a t ions  i n  the  use of t h e  

sihiple 3uechner s i n t e r e d  glass fun.:els nnd vacuun f l a s k s  f o r  USB i n  labora tory  

trie.16. P a r t i c u l a r l y ,  it became evident the.t i t  would be a.dvisable t o  have an 

apparatus where successive samples could be takon of the f i l t r a t e  f o r  bncter io-  

l o g i c a l  m d  chemicd  exeminetion without i n t e r rup t ing  t h e  course of the  f iltra- 

t i o n ,  and t o  hrve the  f i l t e r  cake -.iore protected,  since i t  @ften-b6ctme dis- 

turbed as more suspension was added t o  the s in t e red  glass funnels ,  o r  a s  t h e  

funnels  were removed t o  o the r  s ter i le  suc t ion  f l a s k s ,  when one became f i l l e d .  

Accordingly, the laboratory apparatus descr ibed i n  the next sec t ion  was designed, 

and subsequent labora tory  evaluat ions of t h e  Asboloxane S - f i l t e r  powder were 

conducted i n  i t .  

c. Laboratory Pressure F i l t e r  Apparatzs 

A p r e s s u r e - f i l t r a t i o n  system was s e t  up t o  simulate t h e  a c t i o n  of 

t h e  S - f i l t e r  on a laboratory sca l e .  

water t o  be f i l t e r e d .  

i ng  at the  bot t tm of t h i s  reservoi r  end through a Se i t z  f i l t e r  u n i t ,  from which 

t h e  valve and diephragm were remcved. 

A closed reservoi r  w 8 s  used tc. c8nta in  the 

Compressed a i r  forced  t h e  aus_oension out through an open- 

The e f f luen t  from t h e  Se i t z  f i l t e r  l e d  
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t o  a ca l ib ra t ed  glass chamber i n  which measured po r t ions  of t h e  f i l t r a t e  

could be held and removed f o r  chemical and bac te r io log ica l  determinat ions.  

One gram of t h e  Asbolcxane S - f i l t e r  powder was weighed ou t ,  and 

f i l t e r  cakes were made by f i l t e r i n g  a water suspension on a Euechner funnel .  

The cskes and f i l t e r  papers were placed unon the metal screen of the  S e i t z  

f i l t o r ,  which was then  clamped t i g h t .  

t r a t i o n s  was autoclaved d i s t i l l e d  wilter, un le s s  o t h e r w h e  noted, t o  which might 

be adted any type of b a c t e r i a l  or chemical agent ,  depending upon the purpose 

of the t e s t .  The t i n e  which i t  took f o r  each successive 200 nl. p o r t i o n  of 

1,fater t o  pass  through the f i l t e r  cake was noted. 

thickness  of t h e  f i l t e r  cake was determined by measurements wi th  a Randall and 

Stickney th ickness  gauge. 

The water used i n  these pressure  f i l -  

:f 

?hen the  n m  was over ,  tk&e 

Chemical t e s t s  performed on the f i l t r a t e  included Winkler 's  deter-  

mination of d i sso lved  oxygen, and l a t e r ,  th.e cupr ic  d i th i zona te  method f o r  sil- 

ver.  A discuss ion  of t hese  f a c t o r s  w i l l  be presented  l a t e r .  

Eac te r io log ica l  assays were done on every 200 m l .  po r t ion  of fil- 

T r i p l i c a t e  p l a t e s  were poured of " d i r e c t "  and "1:100'1 samples of f i l -  

P l a t e s  

t r a t e .  

trate,. using Nut r ien t  agar o r  F r i e d l e i n ' s  s y n t h e t i c  agar o r  both (1). 

were incubated a t  37OC f o r  ag hours. 

I n  some cases the suspensions being f i l t e r e d  were made by adding 

the  broth i n  which they were grown d i r e c t l y  t o  the  water .  

ever ,  where comparative d a t a  win-+? desired,  bac t r> r i a l  sus-oensions were c e n t r i -  

fuged. the  p r e c i p i t a t e d  organisms wcre taken up i n  d i s t i l l e d  water. centr i fuged 

again,  and re-suspended before being added t o  the t e s t  water .  

I n  most ca.ses, how- 

(1) 
the s e l f - s t e r i l i z i n g  a c t i o n  o r  a n t i b i o t i c  p o t e n t i a l  o f  t h e  f i l t r a t e s  themselves 

P l a t i n g  was begun wi th in  one minute of c o l l e c t i o n  of tho sample t o  avoid  
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In  a l l  t e s t s ,  counts were made of the  bac tcx ia  i n  the t e s t  water 

both before and a f t e r  a run ,  t o  determine o r i g i n a l  concentrat ion and fllsc the 

normal die-off ,  due to  s tanding i n  the r e se rvo i r  during t h e  time por t ions  were 

being t r e a t  Ed. 

m c a l  3ata:  i n  Table XI11 i s  a standard labora tory  sheet, such 

as i s  obtained from a s i n g l e  f i l t r a t i o n  experinent of t h i s  type.  From t h i s  

t ab le  we can see the  method of deriving the  time of contact  of any p a r t i c l e  

with the ac tua l  f i l t e r  cake. 

cake i s  recorded, and transformed t o  r a t e  of f l o w  i n  ml/sec. 

divided by the a r e a  of the f i l t e r  cake, to g ive  t h e  ve loc i ty  with which a mass 

of water penetrate- ,  the cake. From t h i s  f i g u r e ,  we may ob ta in  the t i n e  of con- 

Tho time f o r  200 m l .  t o  pass  through the f i l t e r  

This r e t e  i s  

t a c t  of any p a r t i c l e  with t h e  cake (Tc) by dividing i t  i n t o  t h e  thickncss  of 

t h e  cake. I t  w i l l  be noted t h a t  th i s  time of contact  increases  as the filtra- 

t i o n  pioceeds w d e r  any given pressure of a i r  i n  the r e s e r v o i r .  This may be 

accoilnted f o r  by mechanical compression of t h e  cake during f i l t r a t i o n ,  or by 

the stoppage of pores  due t o  a.ccmulation of microscopic debr i s .  

of t h i s  t i n e  of contact wi th  chenical or bac te r io logica l  assay of the f i l t ra tes  

has not a s  yet been f r u i t f u l ,  but we havc continued t o  ga ther  these data age ins t  

the t i s o  when t h e  l a t t e r  determinations become more s tandardized.  

Corre la t ion  

In  this  t ab le  WE can also note the  t y p i c a l  c h a r a c t e r i s t i o s  of Asbo- 

loxane f i l t r a t i o n .  The f i x t  f i l t r a t e s  a r e  e s s e n t i a l l y  s t e r i l e ,  and then a 

poin t  a r r i v e s  w!:an small numbers of organisms begin t o  cone through the  f i l t e r .  

In  no case does the number of organisms ever i.ec.ome exceedingly great, d w ,  

probably, to.mechanica1, r e t h e r  than chemical e f f e c t s  from t h i s  point  forvrard. 

The volune of f i 1 t r a . t o  which contained no more t.han one or  two vipble bacteria 

per  nl. has been reported as ttvolume s t e r i l i z e d , "  and 1 s  used P S  the basis of 

Coqar i son .  
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TABLE XI11 

ASBOLOXANE S-FILTER PO9t3ER JJ LABOWTORY PRESSURE 

FILTER APPARATUS 

Typical Pata Sheet 

Test 26 

Vol. Water 3500 ml. Cake Thickness 0.070 cm 

Inoculum 20 ml c o l i  F Broth 

Vol. of Samples 200 m l  

Asboloxace S-Filter Powder 1.0 gm 

Plated F Agar 

Control: 

Incubated 48 hrs. 

220,00c o r g / d  a t  s tar t  of test, 
18?,OOC org/ml a t  end of  test. 

Titer 
Sample Time Rate Velocity Tc ml N XgO2 Bac teria/ml 

No. sec ml/sec cm/sec sec thio/100/ml 100 ml aO, Fi l trate  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15  

Control 

123 1.63 

138 1.45 

135 1.48 

140 1.43 

143 1.40 

149 1.34 

152 1.32. 

158 1.27 

163 1.23 

165 1.21 

168 1.19 

172 1.16 

180 1.11 

181 1.10 

185 1.08 

- - 

0.129 0.54 7.57 1.71 

- - .115 ,61 

.118 59 

.113 .62 7.57 1.71 

,111 -63 

- - 

- - 
,lob 66 - 
.lo5 -67 6.45 

.lo1 .69 - 

.098 -71 - 

.096 -73 5.72 

094 .74 - 
.092 .76 - 
,088 .79 5.20 

.om .80 - 

.086 -81 - 
- - 4.47 
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0.70 0 

1 

" 1 

.70 0 

- 0 

0 

.44 0 

- 2 

5 

e28 5 

8 

10 

.16 6 

9 

9 

- 

- 

- 

- 

- 
- 
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Thickness of Cake and Contact -_ Time: From runs o f  t h i s  type i n  

the  laboratory pressure f i l tcr  aLqaratus, conditions c l o s e l y  approximating 

ac t ion  i n  the S - f i l t e r  could be s e t  up and var iab les ,  such as thickness  o f  

t h e  f i l t e r  cake, could be s tudied  under c lose ly  cont ro l led  condi t ions.  In  

t h e  S- f i l t e r .  36 to 40 grams of S - f i l t e r  powder a r e  spread on approximately 

450 square Centimeters of sur face ,  or  roughly one gram t o  11-12.5 cm 

sur face .  

had an inside a r e a  of 12.6 centimeters,  so t h e  use of one gram of powder very 

c lose ly  approximated condi t ions i n  the pump. A flow from the S - f i l t e r  of two  

l i t e r s  per  minute i s  equivalent  t o  50 ml/min/gram % f i l t e r  powder, o r  .e4 nil/ 

second pcr  gram. In  the  t e s t s  run,  the f l o w  r a t e  could be cont ro l led  by vary- 

i ng  thc pressure on t h e  r e s e r v o i r .  In  most  runs ,  t h e  ilverage was milintained 

very close t o  .9 ml/sec/g. Variat ions i n  flow r a t e  f rom 2.0 to  .5 ml/sec/g., 

however, were not found t o  be t h e  primary muse  of varimtion i n  s t e r i l i z i n g  

effect iveness .  This f a c t o r ,  nevertheless ,  needs f u r t h e r  s tudy.  The weight 

o r  thickness  of the cake, and hence contact time, does have a decided e f f e c t  

upon s t e r i l i z i n g  ef fec t iveness ,  however, as the r e l a t i v e l y  few da ta  co l l ec t ed  

i n  Tablc X I V  i nd ica t e .  

2 o f  screen 

The Se i t z  f i l t e r  use& i n  thi: laboratory pressure f i l t r a t i o n  apparatus 

Tes ts  -4gainst Various Types of Organisms: Using the  methods de- 

sc r ibed  previously,  a s e r i e s  of t e s t s  against  var ious organisms i n  water sus- 

pension was conducted. 

centr i fuged,  end added to  d i s t i l l e d  water.  

t e s t s .  

phage p a r t i c l e s  i n  F r i e d l e i n ' s  synthe t ic  bro th  r a the r  thar? i n  water.  

XV presents  R summary of r e s u l t s  obtained i n  t h i s  s e r i e s  of t e s t s .  

In  a11 cases the  organisms were grown i n  n u t r i e n t  broth, 

One gm of powder was used i n  all 

I n  t e s t i n g  the  T2 c o l i  bacteriophage, i t  was necessmy to  suspend the 

Table 
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TAELE XIV 

ASBGLOXANE 3-FILTER PO~DLR IN IABOFATORY PRESSUR3 

FILTER AZTkRkTUS 

Conparison of F i l t e r  Effectiveness with Cake Thickness 

Grams Cake thick- Average Volume of E. c o l i  Suspension 
Run No. S-Powder cess - cm. Tc - sec. F i l te red  S t e r i l i z e d  

28 0.25 .021 -25 3000 10 

.a 0.50 .a27 e 2 9  2600 50 

29 1.0 .070 .64 3000 2000 

3 1  1.0 .r112 -69 300@ 1600 

20 2.0 ,114 2.49 2600 2600 

21 2.0 .173 3.73 2400 2400 
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TABLE XV 

ASBOLODNE S-FILTER PCWDER IN JAaOAkTOFE PRESSW 

FILTER A 'PAGTUS 

S t e r i l i z i n g  Action Against Various Types of Crganisms 

V0l.X 
S t e r i l e  T e s t  Orig. Conc. 

Contaminant No. org./ml. Zffluent 

E. c o l i  - 
S. aureus 

S. aureus 

B. g lobig i i  (veg.) 

E. globig i i  (spore) 

B. g lobig i i  (spore) 

B. g lob ig i i  jspcre) 

M. phle i  

I,!. phle i  

K. pneumoniae 

E. typhosa 

E. tyFhosa 

E. typhosa 

S. marcescens 

8.  marcescens 

G. tetragena 

E. c o l i  T2 Phage 

37 

38 

70 

39 

40 

47 

43 

42 

44 

L5 

68 

78 

79 

73  

7 1  

72 

76 

400,000 

250,000 

2,800,000 

50,000 

45,000 

200,000 

13,500,000 

45@,000 

1,250,000 

570,000 

118,000 

450,000 

3,000,000 

650,000 

2,500,000 

86,000 

4,000,000 

2800 

2400 

2800 

2600 

2800 

2800 

0 

2800 

2800 

2800 

1400 

2800 

2300 

2000 

1600 

2800 

0 

* 2800 ml. was the t o t a l  amount f i l t e r e d  i n  a l l  cases. 
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I n  evaluat ing these aata i t  is i a p o r t t i d  r;u rsiL=abar t k a t  WL hrc 

r?ealing with a system which s tands  t o  tho  S - f i l t e r  i n  tho r a t i o  1:40. 

f o r e ,  each 200 m l .  of f i l t r a t e  co l l ec t ed  i n  t h i s  t e s t  is equivr len t  t o  e i g h t  

l i t e r s  of f i l t r a t e  from the  S - f i l t e r .  

50 o r  60 l i t e r s ,  so t h e t  1250 o r  1500 ml. of s t e r i l e  e f f l u e n t  from the labora- 

t o r y  mo8.el mry be considered a s t e r i l e  run i n  the pump. 

these  tcsts were ca re fu l ly  conducted i n  the absence of organic matter, so they 

represent  condi t ions  which a r e  r a t h e r  i d o a l .  

There- 

The r a t - d  safe  c q a c i t y  of t h e  pump i s  

On the o the r  hand, 

Storage of Asboloxane Powder: Stompered ;.nd open v i a l s  were f i l l e d  

with one gram samples of Asboloxane S - f i l t e r  powder and exposed t o  d i f f e r e n t  

condi t ions  of temperature by being s t o r e d  RE fol lcws:  i n  a dry i c e  ches t  (-600~): 

i n  a cold room ( 5 O ) ;  i n  a l abo ra to ry  (25'); i n  m incubator ( 3 7 O C ) ;  and i n  a 

wator bath (45'). Water containing waslled E.  c o l i  w a s  f i l t e r e d  through one 

grm c'&es of these  powders e f t e r  s ix  months of s t o r r s e  a t  the var ious  condi t ions.  

a e s u l t s  are r epor t ed  i n  Table XVI. 

Effect of  Various idater ia ls  added to  the  Suspension: I n  an er i r ly  

attempt t o  rule out s i l v e r  i o n  P.S t h e  a n t i b a c t e r i a l  ngent, a. so lu t ion  of sodium 

chlor ide  (1.25 per cent )  was used as suspending nedium f o r  3. c o l i .  

l i t e r s  of t h i s  so lu t ion  werc f i l t e r e d  through one gram of Asboloxane - all the 

f i l t r a t e s  were s t o r i i e .  Le ter  work, of course,  ind ica ted  t h a t  the  s i l v e r  present  

is much below the  s o l u b i l i t y  product of s i l v e r  ch lor ide ,  and so t h i s  experiment 

d id  not at a l l  rule out the p o s s i b i l i t y  t h a t  Ionic s i l v e r  w a s  the a c t i v e  agent .  

Three 

I n  a.nother tes t , ,  cys te ine  hydrochloride was rd.ded t o  d i s t i l l e d  water 

i n  a coccent ra t ion  s u f f i c i e n t  t o  g ive  a t i t e r  of zero when the s o l u t i o n  was as- 

sayed f o r  d i sso lved  oxygen by Winkler's a lkp l ine  mangenous hydroxide method. I t  

was of i n t e r e s t  t o  see  whether t h e  s t rong  reduci rg  pmpcr t i e s  of such a so lu t ion  
. 
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TABLE X V I  

ASBOLOXhNE $-FILTER PCVJER IN LABChTCBX PUSUELE 

FILTZR Ar’PAMTUS 

Surve i l lance  of Stored Powders After S i x  Months Storage 

Temperature Original  c oncer,tration, VolmeK 
Vial OC E. c o l i / d  water S t e r i l e  Ef f luent  

Stoppered 
men 

Stoppered 
wen 
Open 

-60 

5 

Stoppered 25 
men 

Stop3ered 
t@en 

37 

Stoppered 45 
open 

470,030 
500,000 

1,600,000 
6,000 

600,000 

1,000,000 
500,000 

250,000 
L60, OCO 

560,000 
550,000 

1700 
800 

i800 
2800 
2800 

2800 
2800 

2000 
2300 

2800 
2600 

2600 ml was the t o t a l  volume f i l t e r e d  i n  all cases ,  x 

NDTZ:  It i s  poss ib le  that samples stored i n  the dry  ice  chest  were a f f ec t ed  
by the l a r g e  amount of C02 i n  the atmosphere. 
temperatures upon s torage should c e r t a i n l y  be s tud ied  fur ther .  

The e f f e c t  of very low 

- 56 - 



i n t e r f e r e d  with t h e  death of  E .  c o l i  by f i l t r a t i o n  through Asboloxene, 

t h i s  t e s t  a few contaminmts appeared, but e s s e n t i e l l y  all of th ree  l i t e r s  of 

E .  c o l i  suspension were s t e r i l i z e d  by pnssage through one grum of Asboloxsae. 

I t  i s  i n t e r e s t i n g  t h a t  i n  the  t e s t  the  value of ,302 f o r  t h e  f i r s t  f i l t r r t e  

was almost t h a t  of a normal water f i l t r a t i o n ,  but t h i s  value dropped exceed- 

In  

ing ly  r ep id ly ,  u n t i l  t he re  YRS very l i t t l e  determinable oxygen a f t e r  one l i t e r  

had passed tke  f i l t e r .  The reducing condi t ions  of t h e  water d i d  not aljparently 

a f f e c t  t h e  e f f ec t iveness  of t h e  s t e r i l i z a t i o n .  

A detr imental  e f f e c t  on s t e r i l i z i n g  cqx ic i ty  is noted, however, 

when n u t r i e n t  b r o t h  i s  Rdded t o  the  water .  Normally F r i e d l e i n ' s  syn the t i c  

n e d i m  was used t G  g r o w  the  E.  coli, and 20 m l .  of t h i s  c u l t u r e  medium was 

added t o  3530 ml. of wrter. However, when nu t r i en t  b ro th  W ~ S  Pdded, f e r  l e s s  

water was s t e r i l i z e d .  To show t h i s  p o i n t ,  and t o  rule  out  the  p o s s i b i l i t y  t h a t  

bacterin.  g m w n  i n  d i f f e r c n t  mEdin might have d i f f e r e n t  r e s i s t ances ,  o r  t h a t  

the  prosuc ts  of t h e i r  growth were i n t e r f e r i n g  with t h e  a c t i o n  of Asboloxnne, 

the  t e s t s  descr ibed  i n  TRble XVII were performed. Tiro g a m s  of f i l t e r  powder 

were used i n  ench t e s t .  

I t  appears obvious t h a t  i t  i s  t h e  n u t r i e n t  bro th ,  and not f a c t o r s  

of r o s i s t m c e  or  of metabol ic  end-products, which g ives  r ise t o  the observed 

d i f fe rences  i n  e f f ec t iveness  o f  the  Asboloxnne f i l t r a t i o n  process .  

The same nntP.gonism of nu t r i en t  b r o t h  f o r  some b e c t e r i c i d a l  f a c t o r  

cont8ined i n  t h e  f i l t r p t e  i s  evident when d i l u t i o n s  a r e  na8.o i n  n u t r i e n t  and 

i n  F r i e d l e i n ' s  agar. 

while  n u t r i e n t  agar p l a t e s  m y  show growth, due t o  t h e  r e v e r s a l  of bacter io-  

stasis by t h e  components of t h e  nu t r i en t  bro th .  

tes t  ncthods be s tandardized as t o  media used, nnd R S  t o  time of incubation. 

i f  com>e.rnble r e s u l t s  a r e  t o  be obtained. 
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TABLE XFII 

ASBOL0XANE S-FILTLR FOXDER IM LABOUTCRY FRESSURE 

FILTLR APTARATUS 

Ef fec t  of Nutr ient  Broth OR Asboloxane F i l t r a t i o n s  

Additional Or ig ina l  Volume of water 
E. c o l i  Material  added canc. F i l t e r e d  S t e r i l i z e d  

R u n  No, grow. i n  Treatment t o  water E. c o l i , / d  ml. ml. 

19 20 m l .  N* Added t.o 3500 None 600,000 2400 800 
m l .  water 

21 20 m l .  F 11 None 215,000 2400 2400 

23 20 ml. F II 20 ml. N 270,000 3200 800 

++ 

( s t e r i l e )  

24 20 ml. N Centrifuged, None 285,000 2000 1800 
twice washed, 
added t o  3500 
ml. water 

Q N = Nutrient  bro th  F = F r i e d l e i n t s  syn the t i c  medium 



Ant ib io t ic  P o t e n t i e l :  Kention ha.s been nade i n  previous sec t ions  

t h a t  the Asboloxsne f i l t r p t e s  pppeared t o  be b a c t e r i o s t a t i c .  

ported this  i n t e r e s t i n g  phenolenon end ca l l ed  it "Ant ib io t ic  Poten t ia l . "  By 

passing var ious suspmsions through Asboloxane S - f i l t e r  powder cnkes i n  t h e  

labor?tory pressure  f i l t e r  Ppparatus, and re- inoculat ing por t ions  of t h i s  f i l -  

trate with d i f f e ren t  anounts and types of bac te r ia ,  the exis tence of t h i s  mti- 

b i o t i c  p o t e n t i a l  has d e f i n i t e l y  been es tab l i shed .  E. c o l i ,  E. typhose, S .  

aurous, S. marcescens and G .  tetragenn have a l l  been observed t o  d ie  o f f  more 

rap id ly  i n  Asboloxane f i l t r a t e s  then they do i n  the  sNne water  before  f i l t ra -  

t i o n .  This k i l l i n g  ac t ion  i s  not too rap id ,  and when r e l p t i v e l y  heavy inocula 

a r e  adted t o  t h e  f i l t r e t e  and a l iquo t s  exmined  f o r  v i ab le  bpc ter ia  at per iodic  

i n t e r v a l s  up t o  3 hours,  t h e  k i l l i n g  i s  of ten  not ye t  complete. 

Comparison of the e f fec t iveness  of t h i s  Rnt ib io t ic  p o t e n t i a l  can be nade however 

by comprripg .under d i f f e ren t  c i r cws tpnces  the v e l o c i t y  constant  or  death rate, 

k,  which i s  o f t en  used f o r  corpar ing vnrious b?.ctericidal e f f e c t s .  

stant, k,  cones from the  expression f o r  ,- f i r s t - o r d e r  r eac t ion ,  

D r .  Goetz had re- 

-*v .e 
, '  

This  con- 

XO l o g  B = k t ,  

where No i s  t h e  o r ig ina l  b p c t e r i d  concentration, N is t h e  concentrat ion after 

any contact t ime,  t ,  and k i s  t h e  ve loc i ty  constant or  death r n t c .  The b a c t e r i a  

d i e  off  i n  a 1oge.ri thnic order  iii t h e  Asboloxane f i l t r R . t t ! s  as i n  so nrny CPSOS 

and thus  obey the pbove expression.  

(Log W) i s  p l o t t e d  sga ins t  t ,  x s t r r i g h t  l i n e  c m  be drawn through the p o i n t s  

annd the  v e l o c i t y  cons tmt  k can be ca lcu la ted  by determining the  slope of that 

l i n e .  

meaning, but tha.t  i t  becoues k r g e r  i n  value a.s the  death rate becomes faster.  

ActuFlly k has  t h e  dinensional  u n i t s  of time -', and i t  is nuner ica l ly  t h e  re- 

c ip roca l  of  the  time requi red  t o  k i l l  50 per  cent of the  organisms in any given 

When t h e  logRrithxI o f  t h e  concentrat ion 

It i s  customarily m i d  tha t  k i s  a numericd c'onstant ha.ving nc exact 
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suspension, s i n c e  i n  t h i s  s p e c i a l  case Log becomes 1 and k T 1 i n  t h e  

equetion given above. 

A t y p i c a l  exanple of the  fdl i n  concentrut ion of E. c o l i  when 

eddod i n  two d i f f e r e n t  m o u n t s  t o  an Asboloxn,ne f i l t r a t e  i s  given i n  Table 

XVIII. The b a c t e r i o s t a t i c  a c t i o n  i s  hard t o  conpnre i n  these two cases  be- 

cause of the d i f fe rence  i n  o r i g i n a l  concentrat ion.  ?he death r a t e s  however 

(.078 ns aga ins t  .G56) t e l l  us t h a t  t h e  bac tc r ip  aro dying off f a s t e r  i n  t h e  

lower inoculr. where 90 per  cent of t h e  orgpnisms d i e  i n  j u s t  over 10 n inutes  

on nn nveroge as ags ins t  j u s t  under 13 ninutes .  

U s i n g t h e s e  denth r e t e  f i g u r e s , i t  w2s poss ib le  t o  compere t h e  ef-  

f e c t  of var ious  f n c t o r s  such as o r g m i c  o r  o the r  ma te r i a l  present  i n  the  water 

before  i t  w n s  f i l t e r e d ,  and of the number of contnninnting organisms ndded t o  

the  f i l t r e t e  R S  is done i n  Ta.ble XIX. 

Our datp., t o  da t e ,  nade b:r conpnring these  death r a t e s ,  have in- 

d i ca t ed  thpt t h e  n n t i b i c t i c  p o t e n t i e l  i s  g r e p t e s t  i n  the  f i r s t  po r t ions  of 

suspensions passed through Asboloxme S - f i l t e r  powder t h a n  i n  l a t e r  po r t ions ,  

a l though i t  i s  present  even towards t h e  end of t h e  f i l t r n t i o n .  

evident i n  Table XIX r e f e r r e d  t o  above, t h e  dcath r x t s  fa l l s  off a s  the  number 

of o r g n i s n s  added t o  the f i l t r a t e  i s  increhsed.  

A l s o  as is 

The l i t e r v t u r e  i s  f i l l e d  w i t h  s i m i l a r  observadions, pnd s i l v e r ,  as 

a s t e r i l i z i n g  agent ,  shows t h i s  r e l a t i o n s h i p  t o  P msrked d.egree (1). This  

f a c t o r  must be borne i n  mind i n  conpnring t h e  r e s u l t s  of d i f f e r e n t  invest iga-  

t i o n s .  

Another conclusion which i s  rea.dily nppnrent from t h e s e  date i s  

that pure wn.ter, passing through t h e  Asboloxane f i l t e r  cnko, acqui res  considerabl. 

(1) "Abstrscts  of Articles on Oligodynnnic S t e r i l i z a t i o n "  - The .. Engineer 3oard. 
P r o j e c t  WS 766, 1 May 1247 
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TABLE XVIII 

DEATH RATE OF E. COLI IN F I L T S T i  FROM 

ASBOLOXIWE S-FILTER FGWD'iR 

Bac teria/ml. 
Time of 0.5 m l .  0.005 m l .  
Contact E. c o l i  inocula E. c o l i  inocula  

0 min. 

15 min. 

30 min. 

60 min. 

120 m i n .  

5,220,000 

700,000 

7,800 

800 

35 

160,000 

4,400 

246 

6 

0 

~ ~~ 

k (death rate) .078 .096 
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TABLE XM 

D U T H  PATS CF E. C O L I  IN VARIOUS 

ASBOLCWZ F I L T R A T E S  

F i l t r a t e  from water 
c r i g i n a l l y  containing 

Organisms added pe r  
k* ml. f i l t . r a t e  - 

3 ml. m t r i e n t  b r o t h  - 1.5 x LO5 6 
3. coli 1.8 x 10 

2.1 x 16. 

030 
,036 
.048 

E. c o l i  only 

Nothing 

2.1 x 106 .Ob2 
3 . 5  105 .om 
5.7 104 .120 

6 3.6 x 105 
3.4 x lo4 
2.4 x 10 

093 
,126 
,138 

* 
k deat.h rate of added orzanisms. The g rea t e r  the number, the faster is 

the  r a t e  of death of the  added bacter ia .  
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inore o n t i b i o t i c  potent  ia , l  than docs water which o r i g i n a l l y  contained washed 

3 .  c o l i  o rgac isns .  

contained bro th  a s  well a s  w e l l  as 3 .  c o l i .  These rc?sul ts  p r o  not i n  accordmce 

with t k e  f i n d i n g s  of Dr. G o c t z ,  who repor ted  t h a t  t h e  e n t i b i o t i c  p o t e n t i a l  o f  

Asboloxane f i l t r a t e s  wos g r e a t e r  if v iab le  orgnnisms hrd been present  i n  t h e  

water before  i t  w*s f i l t e r e d .  O u r  f i nd ings ,  confirned i n  nany experinents  

u t i l i z i n g  both E. c o l i  a r d  S .  aureus t o  re- inoculate  the  f i l t r a t e ,  show t h n t  

any orgeiiic n a t t e r  present  i n  t h e  weter as i t  is being f i l t e r e d ,  whether v iab le  

o r  no t ,  r e s u l t s  i n  l e s s  a n t i b i o t i c  p o t e n t i d  i n  the  f i l t r a t e .  Although many 

at)te:.gts have been made t o  e luc ide te  the  exact nature  of t h i s  a n t i b i o t i c  

p o t e n t i e l ,  i t  i s  s t i l l  I I J ~  unexplained f a c t o r .  

The d i f fe rencc  i s  s t i l l  g r e ? t e r  when the w t e r  o r i g i n a l l y  

I t s  i q o r t r n c e ,  however, na,y be considernble,  f o r  wrter  s t e r i l i z e d  

wi th  the  Asboloxrne 3 - f i l t e r  pump i d i l l  r e b i n  s e l f - s t e r i l i z i n g  p ro?e r t i e s  f o r  

a considerrble  length  of t i z e .  

of drinking suppl ies  may poss ib ly  be dispensed with t o  a c e r t a i n  ex ten t .  

Thus t h e  u s u d  precnut ions f o r  r s e p t i c  hnndl i rg  

d. Various Chemical and 3 io log ica l  P rope r t i e s  of the F i l t r a t e s  from 

Asboloxane S -F i l t e r  Powder 

I n  t h i s  sec t ion  a r e  reported var ious  tes ts  conducted a t  Canp Detr ick 

on Asboloxane S - f i l t e r  powder and the  f i l t r a t e s  obtaineA from i t .  

are l a r g e l y  explora tory  o r  fac t - f ind ing  i n  na ture ,  and descr ibe some of the 

char4es which occur both i n  t h e  S - f i l t e r  powder i t s e l f ,  t h e  l i q u i d s  which are 

passed through i t ,  and the  organisms which have been exposed t o  Asboloxane ac- 

t i o n .  Cer ta in ly  no d e f i n i t i v e  explanation can be given at t%is  time as t o  how 

o r  why microorganisms a r e  k i l l e d  b)- Si lve r  Asboloxanes, o r  by any o the r  s i l v e r  

complexes. ?he tests do g ive ,  hovever, a l i t t l e  i n s igh t  i n to  a f e w  of t he  

chemical and b io log ice l  fo rces  a t  a c t i o n  i n  Asboloxnne s t e r i l i z a t i o n .  

These tes ts  
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- S i l v e r  ?elat ionships:  Chemical ana lys i s  f o r  s i l -er  was mnd.e on 

Also, spectrographic analyses  were m d e  of t he  Asboloxane S - f i l t e r  powder. 

porcder and o f  t h e  d r i ed  res idue  from an Asboloxane f i l t r a t e .  The da ta  SO ob- 

t a ined  a r e  i n  good agreement with thio da ta  f o r  the composition of t h e  powder, 

f ~ x n i s h e d  l a t e r  by D r .  Goetz, save f o r  t h e  f a c t  t h a t  no z inc  was repor ted  i n  

the  spectrographic da t a .  The f i g u r e s  a r e  given toge ther  i n  Table XX. 

Routine tests f o r  s i l v e r  were performed on .r:any o f  tha f i l t r a t e s  

i n  the l abora to ry  pressure f i l t r a t i o n  t e s t s  with t h e  Asboloxane S - f i l t e r  powder. 

The method used was the cupr i c  di thizonate  method (1)  which de tec t s  as l i t t l e  

as 5 . / l i t e r .  

a?pear i n  the f i l t r a t e s ,  but i n  nuant i t ips  f a r  below t h e  s o l u b i l i t y  of s i l v e r  

ch lor ide .  Spectr0::raphic da t a  also have shown t h a t ,  when Asbolo>-anc S - f i l t e r  

povder i s  deposi ted on hardened agar p l o t e s ,  small amounts of s i l v e r  d i f f u s e  

oilt i n t o  the  agar. 

TpyIJical b t a  ObtailJed a r e  presented i n  Table ?XI. Si lve r  c?oes 

I t  a p e a r s  t ha t  s i l v e r  is s t i l l  present  towards t h n  c-'nd of the f i l -  

t r a t i o n s ,  where v i ab le  o rgan i sm of ten  begin t o  show cp i n  the f i l t r a t e s .  

over,  ion ic  s i l v e r  a t  a concentration severa l  times PS g r e a t  a s  the s i l v e r  con- 

cen t r a t ions  u s u a l l y  found i n  the  f i l t r a t e ,  is but slowly t ox ic  t o  3. c o l i  RS 

measured i n  experiments conducted i z  t h i s  1a.boratory and shown i n  Table XXII. 

For thcse reasons,  a t tempts  thus f a r  t o  c o r r e l a t s  the d a t a  on s i l v e r  i n  the 

f i l t ra tLs with k i l l inp i  a c t i o n  of S i lvcr  Asboloxane have been unsuccessful.  

More- 

I t  is i n t c r c s t i n g  t o  note i n  t: ,is connection t h a t  very l i t t l e  s i l v e r  

( 5 ) l l i t e r  or l e s s )  a;>pears i n  t h e  water i n  canteen tr ials where the s p e c i a l  As- 

boloxanc Canteen chargc is  added t o  the rrater,and i s  i n  contact  wi th  i t  f o r  15 

r i n u t e s  bcfore  f i l t e r i n g .  

(1) 
Science Pub l i she r s  Inc . ,  New York, N.Y.  (1944) p .  399. 

E.  3. Sande l l ,  "Colorimetric Determinntion of Trnces of b!etals" - In t e r -  
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TABLE XX 

C O W E I T I O N  OF ~LSBOLOUKE 5-FILTER POhDZR 

Chemical Test f o r  S i lve r  

Asboloxane S-Filter Powder Ap7rcx. 0.5% s i l v e r  

Spectrographic Data (Combined f o r  both Asboloxane %Fi l t e r  Poxder and 
residue from F i l t r a t e )  

Xajor Elements 
Yinor and Trace Elements Ti+:* Ca, S i ,  Xg 

A l ,  Fe, Na, Ag, Cu':', 
y 

Mt 
Reportad only f o r  F i l t r a t e  Residue 
Reported only f o r  bsboloxane S-powder 

Composition of Asboloxane S - f i l t e r  Powder a s  Furnished by D r .  Goetz 

Ingredient 

Diatomaceous Earth 

Ca02 . nH20 + Ca(GH)2 
ZnO (U.S.?.) 

Colloidal Carbon (Black) 

Ag (as kg20) (U.S.P.) 

hsboloxane 

Polyvinyl Compds. (dry) 

Detergent (wet) 

% by 
Dry ;;eight 

76.4 

13.2 

1.9 

2.9 

0.5 

5 . 3  

2 .? 

0.4 
- 

Total 100.0 % 



IISBOLOXMiZ S-FILTLR POWDER I N  LKBORATORY 

PREs3Um FILTER B??AFM”l’S 

Urrount of S i l v e r  Appearing’in F i l t r a t e  

( F i l t r s t e s  dige.sted with H2S0,+) 
, ’  

Liquid Being F i l t e r e d  
Volume D i s t i l l e d  
passed T ~ F  wa te r .  D i s t i l i e d  Tap 
throuch Water washed c o l i  Tap water + water t 

F i l t e r  Cake Dis t i l l ed  (Average (Average x a t e r  + n u t r i e n t  n u t r i e n t  
(d) Water of 2) G f  2) washed c o l i  broth broth 

S i l v e r  i n  F i l t r a t e  i n  Y/Liter 

200 

400 5 50 10 25 100 150 

600 65 

800 

1000 5 60 17 80 70 90 

1200 17 

1400 30 75 , L5 45 

1600 

1802 10 50  17 65 35 25 

2000 

22m 20 L5 1 5  60 20 30 

2fb00 

2600 20 12 50  10 20 

2800 30 

Control 0 3 5 0 0 3 
NOTL: For Comparison - 

S o l u b i l i t y  P.gC1 i n  Water - 1 , 5 0 O p / L  o r  1,130 d L  of S i l v e r  
Sol-abi l i ty  Agar in Vater - l30\//L or 75 V/L of S i l v e r  
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3 A C T ~ I C I E A L  ACTION OF AgN03 AGAINST Z. C@LI 

(Concentration of S i lve r  104 Y/Liter) 

Contact Clrganisms/ml a t  Various pH Values 
Times PH 3.42 PH 6.35 pH 9.85 

0 rnin. 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 mix. 260 17 2 2 

60 n in ,  4 28 0 

120 min. 0 2 0 

120 control” 2,900 25,600 11,100 

‘e In  contact with Buffer only. 

Experimental Coizditions: 

1 m l  of 0.00005 N 
1 ml of 8. c o l i  Suspension 
Mded t o  50 m l  Vhrious Buffers. 
kl iquots  removed f o r  viable c o m t  a t  indicated tinles. 
Tests mn a t  room temperature. 

No AgN03. 



r i 7 - r . .  
Cxvgen _L Rel*yio&hips: Tie  Asbplg-xdd-ilter powder conta ins  

both a s i l v e r  c a t a l y s t  and an  insoluble peroxide (Ca02). 

f i l t r a t i o n  the  peroxide i s  consumed, and the f i l t e r  powder l o s e s  e f f ec t ive -  

ness .  I t  is therefore  i n t e r e s t i n g  to  t r y  t o  t r ace  what i s  happening t o  t h e  

In  the  course of 

peroxi6.e o r i g i n a l l y  present  i n  the  powder when i t  comes i n  contact  with water. 

One p o s s i b i l i t y  i s  t h a t  the s i l v e r  could ca ta lyze  the  decolnposition 

of the  calcium peroxide t o  oxygen and calcium hydroxide according t o  the  f o l -  

lowing equation: 

Ca02-gE20 ->Ca(GH)2 + &)2 + 7H20 

(216.2) (74.2) (16) (126) 

Actually some gas i s  given off when the powder becomes v e t .  3- 

periments were conducted i n  the  Vrrburg respirometer t o  c o l l e c t  end analyze 

t h i s  gas. A s  t h e  da t a  i n  Table XXIII i nd ica t e ,  the gas is  oxygen s ince  i t  i s  

adsorbed by pyrogal lo l  and not  by e l h l i .  

0.32 m i l l i l i t e r s  or  0.42 mi l l ig rnns  o f  oiTgen e r e  given o f f  by one gram of As- 

boloxane S - f i l t  e r  poi-idcr. 

I n  30 minutes shilking with water,  

Some simple calcula,t ions c m  show the: t h i s  ?mount of gaseous oxy- 

gen i s  not enough t o  account f o r  a l l  of the  peroxide o r i g i n a l l y  present  i n  the 

f i l t e r  powder o r  ex t r sc ted  by the w t e r .  For emniple tbc  e q u i v d e n t  weight of 

calcium peroxide,  according t o  t h e  equation above, i s  0.42 x 216/1,6 = 5.69 mg. 

of calcium peroxide per gram o f  Asboloxme. 

f o r  only pbout 0.6 Ter cent CaG2 i n  the  o r ig ino l  Asboloxane composition. 

Thus t h e  oxygen l i b e r a t e d  -ccount? 

In  anothw experimpnt ? smple  of Asboloxmo S - f i l t e r  uowder wos 

c a r c f a l l y  .weighed and then ex t rac ted  wi th  100 ml. o f  water.  The e x t m c t e d  

pcwLcr WEIS d r i e d  t o  a constant weight i n  R v~cuum desiccator  f o r  two d~nys, and 

tho f i l t r a t e  was dr ied frozen under high vacuum i n  a l y o p h i l i z e r .  The drying 
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(i i i l l i l i ters of Gas per gram of Powder a f t e r  30 minutes) 

Col lected in the  presence o f :  Water 20% KOH Pyrogal lol  - 
.25 -42 0 

.43 .27 0 

.37 .22 0 

.29 
- - - 

Average .34 -30 0 



~ 

processes were such t h a t  no decomposition due t o  heat should teke p l ace .  

not l o s s  i n  weight wn8 0.017 grems per grem of Asboloxane S - f i l t e r  powder. If 

one assumes t h a t  t h i s  non-recovernble weight is due t o  oxygen and. woter, formed 

according t o  t h e  equation above, then 0.017 x 216/142 o r  .026 grms of Cdr 
must be decomposing per grm of f i l t e r  powder. 

as high es t ha t  obtnined i n  t h e  Varburg experiment. 

The 

Th i s  f i g u r e  i s  about f i v e  times 

If analyses  a r e  run on the Asboloxane f i l t r e t e s ,  hovever, oxygen 

compo-unds Ere found i n  the f i l t r a t e .  

aetermine these  compounds vas t h a t  o f  Wfnlrler (1) f o r  t o t a l  dissolved oxygen 

i n  water.  Peroxides  a r e  a l s o  determined by t h i s  method, so t h a t  the  va lues  ob- 

t s i n e d  f o r  ' 'Total Oxygenll i n  the f i l t r a t e s  represent the  t o t a l  of oxygen gas 

and soluble  p r o x y  type compounds. When the  control  values ,  represent ing t h e  

amount cf d i sso lved  oxygen prescnt  i n  t h e  water 5efore  f i l t r a t i o n ,  .?re subtracted,  

one obteins  va lues  f o r  -102, o r  f o r  oxygen and peroxy compounds nddpd t o  t h e  

water i n  t h e  course of f i l t r a . t i o n .  The values f o r  t o t a l  oxygen md f o r  ;.02 

as obtained i n  t h i s  way when 2gOO m l .  of d i s t i l l e d  or  t a p  water n r e  f i l t e r e d  

throuph g n e  &ran of Asboloxnne are given i n  Figures 6 and 9. 

The method used i n  t h i s  lnbora tory  t o  

The values f o r  202 must l a r g e l y  represent peroxides of some s o r t ,  

s i r c e  t h e  water usua l ly  i s  near ly  sa tu ra t ed  with oxygen before passage through 

t h e  f i l t e r  cake,  and any oxygen 1iber;rted as such would mainly be l o s t  t o  the 

atmosphere be fo re  the  samples could be t i t r n t e d .  

that he has  used a c i d  permangmate so lu t ions  t o  t i t r p t e  peroxides i n  Asboloxme 

f i l t r a t e s .  When t h i s  method i s  used, curves very s imi l a r  but s l i g h t l y  lower 

than t h e  do2 curves a re  obtained, as i s  a l s o  shown i n  Figures 8 and 9 where 

d a t a  a re  presented  f o r  both methods used on the  same f i l t m t e .  

~ u q : c s c s ,  a1.1. -~:l~ies ir ,  these  f i g u r e s  a r e  given P S  hydrogen peroxide,  although 

i t  i s  doubtful t h a t  t h i s  i s  t h e  ac tua l  compound formed. 

(1) 
ChamiStPY.n 
which i 5  than d.zterdr,e:?. iotcmtIics:1.::. 

Dr. Goetz ~ P S  r m o r t e d  t o  US 

For comparative 

-- __ 
Mathad ei-ren i n  m o s t  a n a l y t i c a l  t e x t s  such as Treabe l l -Ha l l  ' lkna ly t ica l  

Manganous hydroxir?e is oxidized by oxygen t o  manganeze dioxiao ,  
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h A U 5  FIGURE NO. % 





From thesc graphs,  by s w i n g  up thc  n r w  under t he  ,302 curves,  

one cun c a l c u l a t e  t h e  amount of pcroxy type compound added t o  the  water  during 

f i l t r a t i o n .  This  amounts t o  0.02h grans of iI202, o r  i ts  equivalent i n  oxygen 

o r  other  peroxides,  f o r  t h e  d i s t i l l e d  w t e r  curve, and t o  0.0210 grams of H202 

i n  t h e  f i g u r e  f o r  t h e  t a p  water f i l t r a t i o n .  ?he former f igu ro  i s  equivalent 

t o  t h a t  which would be formed by the 8.ecomposition o f  0.170 grams of c a l c i m  

peroxide per gram of f i l t e r  powder. ?he l a t t e r  is ecp ivden t  t o  0.134 grams 

of the calcium .peroxide pcr grm of f i l t e r  powder. 

When these f i g u r o s  a re  cocrpnred with thoso appearing i n  Te.ble XBI 

f o r  t h e  per  cent  c m p o s i t i o n  of As'coloxane S - f i l t e r  :Jowder (13.2 pcr cent cs-lciun 

poroxide as s t a t e d  by t h e  manufpcturer), i t  is  apparent th.at d l  of the  c d c i u n  

peroxi lc  must be decomposed during\  the c0.urs.e of f i l t r a t i o n .  

obtained by t h e  h'inklcr nethod indice.te a l i t t l e  more calcium peroxide than Ch;t.t 

s t a t e d .  The va lues  f o r  peroxides  a s  determined by t h e  pcrmanganate nethod would 

i nd ica t e  a l i t t l e  l ess  calcium peroxide i n  t h e  powdpr than t h i s  sta. ted amount. 

Almost all of t h i s  calcium peroxifie (nbout 13 uer cent)  which is decomposing 

appears as peroxy compounds i n  t h e  f i l t r f l t e ,  since t h n t  which decomposes t o  form 

gasso& oxygen i s  very l i t t l e  (about 0 .6  per  cent i n  t h e  Warburg t e s t ) ,  and thnt  

which goes t o  form compounds which are l o s t  when t h e  products a r e  d r i e d  i n  t h e  

absencc of heat i s  not vcry g e - t  (about 2.5 2er cent i n  t h e  loss of weight t e s t ) .  

The values  f o r  ,,: 0: 

The low figure i n  t h e  l o s s  o f  weight test ind ica t e s  t ha t  the SOhbblQ 

peroxy coapound i n  the  fi1tra.t.e i s  n o t  hydrogen peroxide.  

reasons f o r  be l iev ing  t h r t  it i s  some other  compound o r  co.3pounds. The c o m m  

q u a l i t a t i v e  t e s t s  f o r  hydrogcn peroxide ? r e  negative f o r  the Asboloxene f i l t r a t e s ,  

(Table XXIV) . 
t o  d i s t i l l e d  wa.ter i n  mounts l a rge  enough t o  produce R t o t a l  oxj.gcn value Sust 

?here nre  o the r  good 

Moreover, when hydrogcn peroxide and sodium carbonnte a r e  odded 

- 
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TLSTS FOR IiYilROWi PEROXIDE IN FILTRkTLS 

FROM ASBOLOXdfZ S-FILTL’R POWDB 

S e n s i t i v i t y  Result, i f  
Reagent K d L i t e r  Peroxide present  Observed 

Black ppt. Nothing 

FeC13 + K2Fe ( CW)6 0.02 Green 4- blue ppt.  Hothing 

K2Cr0 -+ e t n e r  (acid)  c.1 Blue e t h e r  l a y e r  Nothing 

KI+ s t a r c h  (ac id)  0.05 Blue co lor  immediately Blue, s l i g h t ,  

C O ( N O ~ ) ~  ( a lka l ine )  - 

4 

slow 
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under t h a t  o t tg ined  f o r  the  8 s b o l o x a n e ~ ~ ~ ~ ~ ~ ~ . t e s ,  t h e  k i i l i n g ' e . c t ~ a  h .. is con- 

s ide rab ly  g r t a t e r  than thpt  of the f i l t r > . t e s ,  n s  shown i n  Table m. 
i n  another  way, the  m t i b i o t i c  p o t e n t i a l  of  t h e  Asboloxme f i l t r a t e s  i s  l e s s  

than  t h a t  of hydrogen wr0xifi.e so lu t ions  of equivalent or  n l i z h t l y  lower s t rength .  

The exact composition of t h e  p , roxy  substance or substances inpar ted  t o  the  f i l -  

t ra te  by t h e  Asbolmnne S - f i l t e r  powder is not evident from the  work done i n  

t h i s  lebora tory  t o  dfite. 

Expressed 

The e a r l i e r  work done here iadica-ted thrt t h e r e  m ~ y  be some correl-  

a t i o n  between t h e  amount of these  conpounds appenring i n  the  f i l t r r t e ,  find t h e  

s t e r i l i z i n g  a c t i o n  obtained. 

runs giving t h e  :!I03 values found i n  the l p s t  port ion of t h e  f i l t r a t e  which 

cmc tFzou&h s t e r i l e .  In the e r r l i e r  ~ c r t i o n s  of these f i l t r a t e s  t h e  

va lues  were higher ,  and t h e  fil:rfi.tes p l l  s t e r i l e .  

vie.ble organisms began to ~7 pear i n  t h e  f i l t r a t e s  Rnd t h e  

lower. It war; hoped t h a t  i t  n igh t  be poss ib l e  t o  USE these  data  to  ade.pt a 

c h a i c e l  t e s t  f o r  evnlueting the  e f fec t iveness  of Asboloxane f i l t r p t i o n s  by 

s inp ly  'checking the f i l t r a t e  t o  s ee  i f  the  d 02, o r  peroxy t i t e r ,  WRB above a 

c e r t a i n  l e v e l .  This value d i f f e r s ,  however, according t o  t n e  aEount of O r g W i C  

ne tmi81  p resen t ,  as is shorn i n  Table XXYI re for red  t o  above. Moreover, i t  

i s  poss ib le  t o  achieve s t e r i l i t y  even ishen no d 02 i s  evident i n  t h e  f i l t r a t e  

8,s i n  tke  run described on ppge 55 i n  which cysteine hydrochloride w n s  p re sen t .  

Tor na tu rn l ly  occurring waters it s t i l l  mry ?e possible  t o  s e t  uu such a con t ro l  

tes t  f o r  s t e r i l i t y .  

In :&le XXVI appear da t a  obt r ined  f ron  e a r l i e r  

- 

C2 
, In  t h e  l a t e r  po r t ions ,  

D2 values  were 

s f f e c t  on Z p c t c r i r l  Enzpme Systems: The e f f e c t  of the S i l v e r  As- 

boloxeiies on vnrious ba.cteri;..l enzyme 6yste.w h ~ s  been s tud ied ,  s ince  it  i s  by 

a t t n c k  on these  sens i t i ve  components of the cell t h a t  most d i s i n f e c t a n t s  work. 
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TABLE XXV 

AND HYDROGEN PEROXIDE SOLUTION 

(ksboloxane F i l t r a t e  - 1200 m l  thru 1 gram asbcloxane S-Filter Powder) 

(Teroxide Solution = 0.47 m l  3% H2C2 +- 5 g Wa2C03 t o  1 L i t e r  water) 

Heavy E. c o l i  Suspension Orga?isms/ml After 
Added To 1 min. 5 min. 10 nin. 30 min. 60 min. 

D i s t i l l ed  Water 4.5 51 4.4 M 3.9 M 4,g hi 4.4 M 

4.3 M 0.8 M 3.6 N 1.2  M 58 T ksbolcxane F i l t r a t e  

Peroxide Solution 15 9 8 8 7 

Total O2 and peroxides ksboloxane F i l t r a t e  0.3030 gi100 mi 
(Expressed as H202) Peroxide Solution 0.3026 g / l G G  ml 

Light E. c o l i  Suspension 
Added t o  

Crganisrnsjml After 
1 min. 5 min. I C  min. 30 min. I 

Dis t i l l ed  Water 12,300 10,700 8,850 6,753 

Asboloxane F i l t r a t e  

Peroxide Solution 

7,500 7,300 5,650 3,350 

67 r) 0 0 

Total 0 and peroxides 
(Exprzssed as H2C2) 

Asbolcxane F i l t r a t e  0.0029 dl00 ml 
Peroxide Solution 0,0026 dl00 m l  
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Run No. - 
14 

21 

24 

25 

26 

29 

31 

Average 

-.-- 

kSBOLOXAN3 S-FILTXt IF Llli?OF&TOHY 

PFLSSURZ FILTSR !-WARATUS 

Lowest Value of i>O2 Accompanying 4terile Filtrates 

of E. c o l i  Suspensions 

Fr i sd le in  Broth Suspension 
6 0 2  (minimal) 
(mg. 02/’100 m l . )  

.26 

.37 

a30 

t 29 

* 41 

.24 

a32 
-- 
.31 + - .04 

Run No. 

15 

17 

19 

20 

23 

27 

28 

Average 

Nutrient Broth Suspension 
~ 0 2  (minimal) 
(mg. 02/100 ml.) 

. .74 

.7 5 

.58 

* 59 

.80 

.7 5 

.54 

.68 + - .09 

- 



- 
A technioue of t r e a t i n g  o rgan i sm to varying dosages of Asboloxanc S - f i l t e r  

powder WPS evolved i n  which pour p l a t c s  of hardened n u t r i s n t  Rgar was prepared 

rrnd the  su r face  uniformly seeded wi th  a. suspension of t h e  organism chosen f o r  

s tudy.  

powdor VPS pleced,and t h e  p l a t e  i n c u b t e d .  The b a c t e r i a  a r e  thus subjec ted  to  

succcssively diminishing dosrges the f r r t h e r  away t h y  arc f r o n  the s o l i d  powder 

i n  the Liiddle of the  p l a t e .  Che.yica1 t e s t s  hove shown t h a t  s i l v e r ,  peroxides ,  

and a l k a l i  a l l  d i f f u s e  out  from the  S - f i l t e r  powder i n t o  the ner.rby &gar.  

I n  t h e  cen te r  of the  p l a t e  about half  a grem of Asboloxanr: S - f i l t e r  

??.e orgmisms f a r t h e s t  away, neer t h e  ecge of t h e  P e t r i  d i sh ,  grow 

Usually those  i n  t h e  area next t o  Asboloxane S - f i l t e r  powder f R i l  t o  n o r n d l y .  

grow e.t n l l ,  vnd P c le - r  zone of i&ii?i t ion i n  which no co lonies  develop en- 

c i r c l e s  the f i l t e r  poi,rder. These zones of no growth, and. of normrl prorrth, do 

not 'rerge iziperceptibly,  RS one Digkt i w g i n e .  I n s t e d ,  with S. Pureus st lea&, 

the zone of i n h i b i t i o n  s to2s  obru;jtly vnd thvre  is P norrow band just around it 

wherc the growth of the  co lonies  is ?.ore vigorous t h m  i n  the  r r e R  of nornal 

grcmth behind i t .  This is  rnot.:er exand?  of contact with sub-lethnl  concen- 

t r e t i o n s  of F t o x i c  substrnce cnusizg a s t inula . t ion i3 growth, as has  been noted 

i n  so Wny f i e l d s  of biology.  

on orgabisns which survived P. sub-lethrl  dosnge of Asboloxa.ne S - f i l t e r  powder. 

These organiscs  were co l l ec t ed  fron t h e  zoze of enhanced growth o r  s t i rnulet ion 

j u s t  next t o  t h e  le tha l  zone on the p l a t e .  ?he e c t i v i t i f s  of the  enzyne systms 

i n  t h e s e  p r r t i c u l r r  organisms me conp?rrec? with those of nor.m.1 unexposed or- 

The t e s t s  s w r r i z e t i  i n  Table lixvII Were performed 

ga.nis.?ls. 

A t  t h e  present  stP.tc of t h e  inves t iga t ion ,  no theory cen be postu- 

lated as t o  t h e  rxchp.nim of t h c  Askoloxone m t i o n  bnsod o n  these  enzyme s tud ie s .  

I t  is  ev ident ,  however, that  with S. cureus n t  l e a s t .  n wid6 range of enzyne 

s y s t e m  arc r f f e c t e d  R S  t h e  orgp.nis.?i a t t e n p t s  t o  overcone the Asboloxme r c t i o n .  
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TABLE X X V I I  

Enzyme 

Coagulase 

Catalase 

EFTECT OF SUE GTIUL DOSAGS OF ASBOLOUNE S-FILTER 

POWDER UPCN ZNZYXk OF STAPH. AUREUS 

How Measured 

Clot t ing of human 
blood plasma 

k c t i v i t y  in 
hsboloxane Treated Organisms 

Increased 

Ab i l i t y  t o  decom- , Increased* 
pose H202 

Gelatin Liquefaction Stab puncture i n  
Gelatin tube 

No e f f e c t  

Hemolysin Action against  def i -  Decreased* 
brinated rabbi t  
blood c e l l s  

Succinic Ehyd ro genase A b i l i t y  t o  oxidize 
subs t ra te  - dye 
indicator  

Thioglycollic acid does not  i n h i b i t  t h i s  action. +$ 

Decreased 



I ts  a b i l i t y  t o  produce CPtdRse, nnd hence destroy peroxides,  i s  enhanced m d  

so is i t s  maduct ion  of corgulnse.  On the other  hmd,  t h o  proriuction of pro- 

t e o l y t i c  enzymes rrhich cRn l i q u e f y  g e l r t i n  a re  not a f f ec t ed .  

hydrogenP.se, which i s  used by the organism f o r  metnbolisn i n  t h e  Pbsence of 

oxygen, i s  produced i n  lessened moun t ;  ?.gain ind ica t ing  t h t  t h e  orgpnisn i s  

adapting i t  s e l f  t o  nn envirorinent of increasing oxygen supply. 

The succ in i c  de- 

Sulfhydryl conpounds, which m e  prok-b lg  contained i n  many of t h e  

enzynes, o f ten  hrve a n  e f f e c t  on the  Bsboloxflne ac t ion .  Yith S .  aureus f o r  

exanple, no zone of i n h i b i t i o n  rpwrrs about the  Asboloxane p o d e r  i n  the r%ove 

descr ibed technique, if :li~ rcaptoethrnol  o r  cysteine h-ydrochloride is present  i n  

the Pger. The orgcniszs grow u:Y t o  the very edge of t h c  AsboloxFno depos i t .  

Thioglycol l ic  ncid,  however, does not hrve t h i s  power of ovcrconing the  Asbo- 

loxrile ac t ion  agPinst  S .  nureus. 

When E.  c o l i  i s  seeded on c u t r i e n t  agar pla . tes ,  the zone of inhib- 

i t i o n  ebout the  Asbolomne S - f i l t e r  powdar which one observes w i t h  S. aureus 

does not a p m r r .  O n  F r i e d l e i n ' s  c o q l f t e l y  synthe t ic  a g m ,  however, the  zone 

of t o t a l  i n h i b i t i o n  mc' zone of incremed growth do apper r .  

var ious  conyonents of nu t r ien t  agar t o  the F r i cd lo in ' s  .?gar, i t  can be shown 

Ey ndding t h e  

t h a t  t ? e  beef e x t r a c t ,  en&, t o  P. l esser  degree, t h e  yeast i n  t k e  forrner ennble 

E. c o l i  t o  overcome t h e  Asboloxme tox ic  nc t ion .  ::?e sulfhyckyl conpound, thio- 

g l y c o l l i c  ?c i a ,  l ikewise neu t rn l i acs  t h i s  ac t ion .  Cystcine hydrochloride arid 

nercnptoethmol  do not r c t  as neu t r a l i ze r s ,  plthough the57 both conta in  the  s a w  

r eac t ive  SI group. 

These e x F r i n r n t s  wi th  various neu t rn l i r ing  agents  po in t  out  ou i t e  

s t rongly  the  difference i n  enzyrie s y s t a i s  of d i f f e r e n t  bpc to r i a l  soec ie s ,  m d  

Imphasize how d i f f i c u l t  it is t o  bnse R tbeory P S  t o  *iec5rnism of nc t ion  of a 

a i s in fec t en t  on t e s t s  wi th  only one orgnnisn. 
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D. s u m m y  

The S i lve r  Aslloloxanes have been described. Two p ieces  of apparatus ,  a 

canteen with a. spec ia l  f i l t e r  head, end the  S - f i l t e r ,  designed e s  mili tc.ry items 

t o  be used i n  conjunction with the S i lve r  Asboloxe~nes t o  s t e r i l i z e  water on a 

small sca le ,  have keen descr ibed.  The e q e r i m e n t s  of D r .  Goetz i n  which these 

p i e c e s  of equipment were given f i e l d  t r ia ls  i n  Mexico, t o  determine t h e i r  ef-  

f ec t iveness  i n  removing water-borne organisms from sur face  waters ,  a r e  quoted 

i n  f u l l .  

Results of l abora tc ry  t r i a l s  conducted a t  Camp Detr ick on these items are 

given i n  stme d e t a i l .  These t r i a l s  have i n  general  centered a r o m d  t h e i r  per- 

formance i n  t h e  presence cf very high concentrations of organisms chosen t o  

represent  var ious  typ ica l  grcups of b a c t e r i a .  

t e s t s  w1:ioh shed some l i g h t  on t h e  mechanism of act ion of the  Asboloxanes are 

repor ted  i n  l e s s e r  d e t a i l .  

Chemicnl t e s t s  and b io log ica l  

Z r i e f l y ,  t h e  f indings f r o m  the Camp 3 e t r i c k  t r ia ls  may be summarized as 

fol lows:  

The use  o f  t h e  Asbolorane pcwders, i n  a canteen o r  i n  the S - f i l t e r  cnn pro- 

vide a o_uiok, convenient, r e l i a b l e  method of obtaining small s c d e  suppl ies  of 

sterile drinking weter. 

ind iv idua l  suppl ies  of water ,  while the  pump may be used t o  de l ive r  about 100 

l i t e r s  of s ter i le  water per hour. 

The canteen po-der  i s  intended f o r  the  treatment of 

Experiments at Camp 3 e t r i c k  have ind ica ted  t h a t  both types of  Asboloxane 

powder, when used i n  the prescr ibed  method and apparatus,  can s t e r i l i z e  m t e r  

ous2msions of bactvrie. of concentrat ions a s  high as 3 mi l l ion  v i ab le  organ- 

isms per  m l .  

h c l u d e  Xscherichia c o l i ,  Staphylococcus nureus, F!L:bsi,-.lla pnewnoniae, Eberthell? 

Organisms shown to  be suscept ib le  t o  the a c t i o n  of the  Asboloxanes 
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t n k o s a ,  Mycobacterium p h l e i ,  S e r r a t i a  marcesceno, Gaff lva te t ragena ,  and 

B a c i l l u s  g l o b i g i i .  Tests  aga ins t  bacteriophage h w e  indica ted  t h a t  t hese  

organisms a r e  more r e s i s t a n t  t o  t h e  Asboloxanes. 

Our most in tens ive  work has been done on  t h e  5 - f i l t e r  and povder. This 

aFpears t o  be remarkably e f f e c t i v e  i n  removing high concentrat ions o f  b a c t e r i a  

from water.  

removad mechanicaliy, ta t  t h i s  f i l t r a t i o n  e f f e c t  i s  not t h e  s i g n i f i c a n t  p a r t  

of t h e  a c t i o n  of the S - f i l t e r .  

( o r  renC.er them incapable of growth) 7,rhile t h e  watw containing t,he.n i s  i n  con- 

t a c t  with the f i l t e r  cake. 

I t  appenrs t h a t  a considerable proport ion of the b e c t e r i a  a r e  

The Asboloxane powders a c t u a l l y  k i l l  b a c t e r i a  

Water t r e a t e d  by the  m p a r a t u s  under considerat ion is c1ea.r and p e r f e c t l y  

po tab le .  

of temporary h r d n e s s  (Ca7*). 

by u s i n ,  more powder, o r  by repea ted  treatment of t h e  water ,  thou&h these  pro- 

cedures would not seem t o  be necessary under o r i i n a r y  c i r c m s t a n c e s ,  s ince  

v i a b l e  oreanisms agpear i n  t h e  f i l t r a t e s  only when in i t ia .1  concentrat ions a r e  

about 10 orgenisms/ml. 

f o r  s i x  months i n  sealed  conta iners  a t  temperatures between 0 

I t  has ,  however, a rat.1ic.r high pH (9-10) and a considerable degree 

The e f f i c i e n c y  of t he  S - f i l t e r  can be improved 

6 The f i l t e r  powder i s  s t i l l  e f f e c t i v e  s f t e r  s torage  

0 and 45OC. 

The nresence of nu t r i en t  bro th  and, presumably, of o ther  p r o t e i n  ma te r i a l s  

has a det r imenta l  e f f e c t  on t h e  s t e r i l i z i n g  capaci ty  of S - f i l t e r  powder. This 

i n t e r f e r i n g  nc t ion  of nu t r i en t  bro th  extenns a.lso t o  a diminution of t h e  se l f -  

s t e r i l i z i n g  p rope r t i e s  or a n t i ? i o t i c  p o t e n t i a l  of Asboloxane f i l t r a t e s .  

This s e l f - s t e r i l i z i n g  capaci ty ,  which is apparent ly  of long dura t ion ,  may 

be of considerable  p r a c t i c a l  importance i n  preventin,: the recontaminstion of 

t r e a t e d  water .  I t s  in t enF i ty  appears t o  dti:;end upon the  concentrat ion of con- 

rminati .?? q r y ? t s . . ! s  pddoc? t o  the trcat.cn wrfcr, an3 upr,r. the  a'?oiint ?f organic. 

aatter orieinal. ly ;re-,ent 
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In an attempt t o  deternine the  e c t i v e  agont resnonsiblu f o r  the bac te r i -  

c i d a l  ac t ion  of S - f i l t e r  powder, a grea t  number of f i l t ra tes  obtained under 

var ious condi t ions w r e  examined. 

i t i o n  of t h  f i l t r a t e s  have been .=de; nnmely, t h a t  s i l v e r  and some form of 

a c t i v e  oxygen compound a r e  present .  

been c l e a r l y  de l inea ted .  Some of the da ta  obtained in experiments d.one t o  do- 

termine t h e  e f f ec t  of ion ic  s i l - rer ,  and of hydrogen per0xid.e. nre  orpsented.  

I t  may be poss ib le  by using t h e  oxygen-peroxy ccntent of f i l t r p t e s  t o  devise  a 

r a 2 i d  spo t - t e s t  system which w i l l  indicate  whether such f i l t r f i t cs  a r e  l i k e l y  

t o  be bac te r io log ica l ly  safe  t o  dr ink.  

%IO observations as  t o  the  chemical compos- 

The r o l e  o f  these mater ia l s  has not ye t  

' 

Som i n t e r e s t i n g  resultg have been qtrtained from inves t iga t ions  of the  en- 

zyme systems of  b a c t e r i a  which have ba re ly  escaped bnc tc r ios t a s i s  by Asboloxane 

S - f i l t e r  powder on s o l i d  r.edia.. 

produce c a t r l e s e  (vhich destroys Fro?i:tes) i s  g r e s t l y  enhanced w h i l e  the  suc- 

c i n i c  dehydrogonaso system i s  dccreaspd i n  moun t .  ?hose r e s u l t s  might be ex- 

Fectod i n  such a case rhcn organisms r r e  growing cn a subs t r a t e  r a t h e r  r i c h  i n  

oxygen. I t  i s  w-pDrent t h a t  the enzymr systems a r e  being Rffected by Asboloxane 

T,o.rdcrs, but g c n c r ~ l i z a t i o n s  cannot be made on the bas i s  of t h e  l i m i t e d  number 

o f  t e s t s  we have performet. 

I t  e,j:pt-ars t h a t  the  a b i l i t y  of S .  aureus to  
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