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I .  INTRODUCTION

S u r f a c e - a c t i v e  a g e n t s  a r e  c u s t o m a r i l y  d e f i n e d  a s  

s u b s t a n c e s  w h ic h  a l t e r  t h e  e n e r g y  r e l a t i o n s h i p s  a t  i n t e r 

f a c e s *  In  t h i s  c a t e g o r y  are  i n c l u d e d  su ch  a g e n t s  a s  d e t e r 

g e n t s ,  e m u l s i f i e r s ,  w e t t i n g  a g e n t s ,  and s i m i l a r  s u b s t a n c e s ,  

some o f  w h ic h  d e m o n s t r a t e  b a c t e r i c i d a l  or b a c t e r i o s t a t i c  

a c t i o n .  B e c a u s e  t h e  t e r m  " s u r f a c e - a c t i v e  agent"  i s  su ch  a 

g e n e r a l  o n e ,  t h e  p r e s e n t  t e n d e n c y  i s  t o  c l a s s i f y  t h e s e  com

pounds a s  w e t t i n g  a g e n t s ,  d e t e r g e n t s ,  e t c * ,  a c c o r d i n g  t o  

th e  f u n c t i o n s  t h e y  b e s t  p e r f o r m .

S i n c e  t h e  e f f e c t i v e n e s s  o f  s y n t h e t i c  s u r f a c e - a c t i v e  

a g e n t s  a s  so a p  s u b s t i t u t e s  was d i s c o v e r e d  d u r in g  World War I ,  

an i n c r e a s i n g  amount o f  i n d u s t r i a l  r e s e a r c h  h a s  b e e n  d e v o t e d  

t o  th e  d e v e lo p m en t  o f  t h e s e  com pounds .  As a r e s u l t ,  w i t h i n  

t h e  l a s t  15  y e a r s  a trem en d o u s  q u a n t i t y  o f  s u c h  p r o d u c t s  h a s  

appeared  on t h e  m a r k e t .  The r a p i d i t y  w i t h  w h i c h  t h e y  w e re  

d e v e l o p e d ,  h o w ev e r ,  d i d  n o t  p e r m i t  t h e  t h o r o u g h ,  b a s i c  r e 

s e a r c h  n e c e s s a r y  t o  d e f i n e  c l e a r l y  t h e  r e l a t i o n s h i p  b e tw e en  

t h e s e  compounds and t h e i r  b i o l o g i c a l  a c t i v i t i e s .

N e v e r t h e l e s s ,  a v a s t  amount o f  l i t e r a t u r e  c o n c e r n 

ing  them h a s  b e e n  p u b l i s h e d .  Many o f  t h e s e  p a p e r s  h a v e  b e e n  

e x c e l l e n t ,  c l a r i f y i n g  numerous a s p e c t s  o f  t h e  r e l a t i o n s h i p  

b e tw e e n  s u r f a c e - a c t i v e  a g e n t s  and b a c t e r i o l o g i c a l  a c t i v i t y .  

Some o t h e r s ,  h o w e v e r ,  have  r e p o r t e d  e x p e r i m e n t s  d e m o n s t r a t i n g  

b a c t e r i o s t a t i c  and g e r m i c i d a l  a c t i o n  o f  s u r f a o e - a c t i v e  a g e n t s  

w h ich  c o u l d  n o t  b e  d u p l i c a t e d  i n  o t h e r  l a b o r a t o r i e s ,  o r ,  f o r  

t h a t  m a t t e r ,  i n  t h e  same l a b o r a t o r y .  T h i s  was d u e ,  i n  some
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o a s e s ,  t o  i n a d e q u a t e  d e f i n i t i o n  o f  c o n d i t i o n s  u n d e r  w h ic h  

th e  t e s t s  were  made, and i n  o t h e r s  t o  t h e  i n a p p l i c a b i l i t y  

o f  t h e  t e s t  em p lo y ed  ( f o r  e x a m p le ,  u s e  o f  t h e  P h e n o l -  

C o e f f i c i e n t  Method w i t h  q u a t e r n a r y  ammonium com pounds) .

The m a j o r i t y  o f  t h e  r e s e a r c h  on t h e  i n f l u e n c e  o f  

s u r f a c e - a c t i v e  a g e n t s  on b a c t e r i o l o g i c a l  a c t i v i t y  h a s  been  

d i r e c t e d  to w a r d  e s t a b l i s h i n g  t h e  c r i t i c a l  k i l l i n g  c o n c e n 

t r a t i o n s  f o r  t h e s e  compounds,  d e t e r m i n i n g  t h e i r  optimum pH 

r a n g e ,  s t u d y i n g  t h e i r  e f f e c t  on b a c t e r i a l  m e t a b o l i s m ,  or  

i n v e s t i g a t i n g  t h e  r e l a t i o n s h i p  b e tw een  t h e i r  c h e m i c a l  s t r u c 

t u r e  and t h e i r  b a c t e r i o l o g i c a l  a c t i v i t y .  I n  s e v e r a l  o f  t h e  

more r e c e n t  s t u d i e s ,  an a t t e m p t  h a s  b e e n  made t o  i n c o r p o r a t e  

a s  many o f  t h e s e  o b j e c t i v e s  a s  p o s s i b l e  i n  one i n v e s t i g a t i o n .  

However, t h e  p r o c e d u r e  h a s  b een  to  o b s e r v e  t h e  e f f e c t s  o f  

s u r f a c e - a c t i v e  a g e n t s  on b a c t e r i o l o g i c a l  a c t i v i t i e s  o n l y  o v e r  

p e r i o d s  o f  l i m i t e d  d u r a t i o n ,  v a r y i n g  from 5 t o  9 0  m i n u t e s .

In su ch  a s h o r t  t i m e ,  k i l l i n g  c o n c e n t r a t i o n s  or optimum pH 

r a n g e s  f o r  th e  compounds c o u l d  be e s t a b l i s h e d ,  b u t  t h e  e f f e c t s  

on b a c t e r i a l  a c t i v i t y  o f  p r o l o n g e d  e x p o s u r e  to  w e ak er  c o n c e n 

t r a t i o n s  c o u ld  n o t  a d e q u a t e l y  be  s t u d i e d  or i n t e r p r e t e d .  

M oreover ,  i n  most  i n v e s t i g a t i o n s ,  a r b i t r a r y  k i l l i n g  and n o n 

k i l l i n g  c o n c e n t r a t i o n s  o f  t h e s e  s y n t h e t i c  a g e n t s  h a v e  b e e n  

s e l e c t e d  f o r  s t u d y .  T h i s  h a s  l e d  t o  a r e s t r i c t e d  a p p r a i s a l  

o f  t h e  a g e n t s '  e f f e c t  on b a c t e r i a l  g r o w t h .

The c h i e f  p u r p o s e  o f  t h i s  i n v e s t i g a t i o n  i s  t o  p r e 

s e n t  a  s y s t e m a t i c  s t u d y  o f  t h e  e f f e c t s  o f  c e r t a i n  s y n t h e t i c  

a n i o n i c ,  c a t i o n i c ,  and n o n - i o n i c  a g e n t s  on t h e  g r o w th  o f
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c u l t u r e s  o f  B s o h e r i c h i a  c o l l . S a l m o n e l l a  -paratyph i  B . and 

and S t a p h y l o c o c c u s  a u r e u s * The s u r f a c e - a c t i v e  a g e n t s  were  

t e s t e d  i n  v a r y i n g  c o n c e n t r a t i o n s  w i t h  a medium o f  v a r y i n g  

pH. M easurem ents  o f  b a c t e r i a l  g r o w t h ,  pH s h i f t ,  and s u r f a c e  

t e n s i o n  w e r e  made a t  d e f i n i t e  i n t e r v a l s  d u r i n g  2 4 - h o u r  p e r i 

o d s .  T h r o u g h o u t ,  t h e  i n t e n t  h a s  b e e n  t o  e x p l a i n  more f u l l y  

th e  a c c e p t e d  g e n e r a l i z a t i o n s  c o n c e r n i n g  t h e  i n f l u e n c e  t h e s e  

a g e n t s  e x e r t  on b a c t e r i a l  a c t i v i t y ,  r a t h e r  th a n  t o  s e e k  r e 

s u l t s  h a v i n g  p r a c t i c a l  a p p l i c a t i o n s .
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I I .  HISTORICAL SURVEY

P r i o r  t o  1 9 1 4 ,  t h e  o n l y  s u r f a c e - a c t i v e  a g e n t s  known 

w ere  so a p s  and s u l f o n a t e d  c a s t o r  o i l .  S h o r t l y  t h e r e a f t e r ,  

w i t h  th e  i n t r o d u c t i o n  i n  Germany o f  a l k y l a t e d  n a p h t h a l e n e  

s u l f o n a t e s ,  an e x t e n s i v e  d e v e lo p m en t  o f  t h e s e  compounds t o o k  

p l a c e  i n  t h e  U n i t e d  S t a t e s .  P r o d u c t i o n  r o s e  from zero  pounds  

i n  1928  t o  1 2 5 , 0 0 0 , 0 0 0  pounds i n  1 94 5  ( 6 5 ) .  At p r e s e n t , t h e r e  

a r e  ov er  500 d i f f e r e n t  s y n t h e t i c  s u r f a c e - a c t i v e  c h e m i c a l  p r o d 

u c t s  c o m m e r c i a l l y  a v a i l a b l e  on t h e  U . S .  m arket  ( 6 0 ) .

Some o f  t h e  e a r l i e s t  s t u d i e s  on t h e  i n f l u e n c e  o f  

s u r f a c e - a c t i v e  a g e n t s  on b a c t e r i a  w ere  made w i t h  sodium  

o l e a t e .  Lamar ( 4 2 )  d e m o n s t r a t e d  i n c r e a s e d  s u s c e p t i b i l i t y  o f  

pn eu m o co ce i  t o  serum l y s i s  a f t e r  t r e a t m e n t  o f  t h e  o r g a n i s m s  

w i t h  sodium o l e a t e .  Avery ( 5 )  n o t e d  t h a t  i t s  a d d i t i o n  t o  

c u l t u r e  m ed ia  p r e v e n t e d  t h e  gr o w th  o f  pneum ococcus  and s t r e p 

t o c o c c u s ,  w h i l e  i n c r e a s i n g  t h e  grow th  o f  B a c i l l u s  i n f l u e n z a e . 

The work o f  B a y l i s s  and H a lv o r s o n  ( 9 )  s u b s t a n t i a t e d  t h e  s e 

l e c t i v e  b a c t e r i c i d a l  a c t i o n  o f  t h e  u n a a t u r a t e d  s o a p .

A s e r i e s  o f  e x p e r i m e n t s  on t h e  e f f e c t s  ot  s u r f a c e  

t e n s i o n  on b a c t e r i a l  g r o w th  w ere  u n d e r t a k e n  a b o u t  t h e  same 

t i m e .  Larson e t  a l  ( 4 3 )  n o t e d  t h a t  p e l l i e l e - f o r m e r s  c e a s e d  

t o  grow a t  t h e  s u r f a c e  when t h e  t e n s i o n  o f  t h e  medium was r e 

duced b e lo w  45  dyn es  p e r  c e n t i m e t e r  by s o a p s .  Poor  g r o w th  

o f  s t r e p t o c o c c i  and p n eu m o co c c i  i n  media a t  4 5  d y n e s  p e r  c e n 

t i m e t e r  was a l s o  d e s c r i b e d .  F r o b i s h e r  ( 2 0 )  s u g g e s t e d  a p o s 

s i b l e  means o f  d i f f e r e n t i a t i n g  b a c t e r i a  on t h e  b a s i s  o f  t h e i r  

a b i l i t y  t o  grow a t  lo w  s u r f a c e  t e n s i o n s .  M a r s h a l l  ( 4 7 )  n o t e d
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t h a t  i n  m ed ia  o f  d i f f e r e n t  s u r f a c e  t e n s i o n ,  b a c t e r i a  appear  

t o  have  d i f f e r e n t  r a t e s  o f  grow th  and d i f f e r e n t  g a s  m e ta b o 

l i s m s .  However ,  t h e  c o r r e l a t i o n  o f  t h e s e  v a r i a b l e s  r e v e a l e d  

no s y s t e m a t i c  v a r i a t i o n .  He l i k e w i s e  p o i n t e d  o u t  t h a t ,  "as  

r e g a r d s  r e l a t i o n s h i p  b e tw e e n  s u r f a c e  t e n s i o n  and b a c t e r i a l  

g r o w th ,  t h e  d a t a  can be c o n s i d e r e d  a s  l i t t l e  more t h a n  s u g 

g e s t i v e .  -After a l l ,  t h e  r e l a t i o n s h i p  b e tw e e n  t h e  s u r f a c e  

t e n s i o n  a t  t h e  a ir -m e d iu m  i n t e r f a c e  i s  n o t  n e c e s s a r i l y  a 

f u n c t i o n  o f  t h e  s u r f a c e  e n e r g y  r e l a t i o n s h i p s  a t  t h e  o r g a n i s m -  

medium i n t e r f a c e  i n  any way . . . "  M a r s h a l l ' s  s t a t e m e n t  i s  

c o n s i d e r e d  v a l i d  t o  t h e  p r e s e n t  d a y .

The r o l e  o f  pH i n  t h e  b a c t e r i o s t a t i c  and b a c t e r i 

c i d a l  p r o p e r t i e s  o f  s u r f a c e - a c t i v e  a g e n t s  h a s  m e r i t e d  a g r e a t  

d e a l  o f  i n v e s t i g a t i o n .  E g g e r t h  ( 1 7 ) ,  i n  1 9 2 6 ,  r e p o r t e d  t h a t  

t h e r e  w e re  optimum pH r a n g e s  f o r  b a c t e r i c i d a l  a c t i v i t y  f o r  a  

s e r i e s  o f  s o a p s .  He fo u n d  t h e  l o w e r  members o f  t h e  s a t u r a t e d  

s e r i e s  more a c t i v e  i n  an a c i d  r a n g e ,  w h i l e  t h e  h i g h e r  members 

w ere  more b a c t e r i c i d a l  a t  i n c r e a s e d  pH l e v e l s .  Dunn ( 1 5 ) ,  

i n  1 9 5 7 ,  p o i n t e d  o u t  t h a t ,  a t  an a l k a l i n e  pH, a l k y l  d i m e t h y l  

b e n z y l  ammonium c h l o r i d e  was a more e f f i c i e n t  b a c t e r i c i d e  

t h a n  a t  n e u t r a l  o r  a c i d  pH. G e r s h e n f e l d  ( 2 2 )  d e m o n s t r a t e d  

g r e a t e r  b a c t e r i c i d a l  a c t i o n  f o r  A e r o s o l  OT w i t h  a d e c r e a s e  

i n  pH. In  a l a t e r  p a p e r  ( 2 4 ) ,  h e  showed t h a t  T r i t o n  K - 1 2 ,  a 

c a t i o n i c  a g e n t ,  was m ost  e f f e c t i v e  i n  an a l k a l i n e  r a n g e ,  

w h i l e  t h e  a n i o n i c s  T e r g i t o l  4  and 4T w ere  more e f f i c i e n t  i n  

an a c i d  r a n g e .  The work o f  Baker  e t  a l  ( 6 )  s u b s t a n t i a t e s  

t h e s e  f i n d i n g s .  H o o g e r h e i d e  ( 3 1 )  c o n t r a s t e d  t h e  r e l a t i v e



6

b a c t e r i c i d a l  power  o f  CTAB a t  pH 8 and pH 5 t and c o n c l u d e d  

t h a t  a t  t h e  a l k a l i n e  pH l e v e l  t h e  q u a t e r n a r y  ammonium s a l t  

c o u l d  more e a s i l y  w i t h s t a n d  d i l u t i o n  and s t i l l  m a i n t a i n  g e r 

m i c i d a l  a c t i v i t y .

S i n c e  1 9 3 5 ,  a  number o f  p a p e r s  h a v e  a p p e a r e d  i n  

which t h e  r e l a t i o n s h i p  o f  s u r f a c e - a c t i v e  a g e n t s  t o  b i o l o g i c a l  

a c t i v i t i e s  i s  d i s c u s s e d ,  K a t z  ( 3 4 )  found  t h a t  d i l u t i o n s  from  

1-10T t o  1 -5 0 T  o f  t h e  so d iu m  s a l t  o f  d i - s e c o n d a r y  b u t y l  n a p h 

t h a l e n e  s u l f o n i c  a c i d  c a u s e d  M y c o b a c te r iu m  a m eg m a t is  t o  a s 

sume i n v o l u t i o n  f o r m s .  B a y l i s s  ( 1 0 )  d e m o n s t r a t e d  t h e  a b i l i t y  

o f  sod ium  o l e a t e  and sod iu m  l i n o l e a t e  t o  d e t o x i f y  d i p h t h e r i a  

t o x i n .  In 1 9 3 7 ,  t h e  same a u t h o r  ( 1 1 )  showed t h e  l y s i n g  e f 

f e c t  o f  sod ium  l a u r y l  s u l f a t e  on b a c t e r i a .  Gale  and  T a y l o r  

( 2 1 )  l i k e w i s e  d e m o n s t r a t e d  l y s i s  w i t h  s u b s e q u e n t  r e l e a s e  o f  

amino a c i d s .  The d e s t r u c t i o n  o f  p a t h o g e n i c  f u n g i  b y  a l k y l -  

d i m e t h y l - b e n z y l  ammonium c h l o r i d e s  ( 1 6 ) ,  and t h e  c y s t i c i d a l  

power o f  c a t i o n i c  a g e n t s  ( 1 9 )  e x t e n d e d  t h e  l i s t  o f  p o t e n t i a l  

u s e s  f o r  t h e s e  s y n t h e t i c  com pounds .  .Anson ( 3 ) ,  i n  h i s  v e r y  

im p o r t a n t  w o r k ,  d e m o n s t r a t e s  t h e  a b i l i t y  o f  s y n t h e t i c  d e t e r 

g e n t s  t o  d e n a t u r e  s u c h  p r o t e i n s  a s  h e m o g l o b i n  and e g g  a lb u m in  

a t  t h e i r  i s o e l e c t r i c  p o i n t s .  Kramer ( 3 9 )  t r e a t e d  S t r e p t o 

c o c c u s  h e m o l y t i o u s . S a l m o n e l l a  t y p h o s a . and B a c i l l u s  s u b t i l i s  

w i t h  v a r i o u s  w e t t i n g  a g e n t s ,  and s u c c e e d e d  i n  r e n d e r i n g  t h e s e  

b a c t e r i a  f i l t r a b l e  t h r o u g h  s i l i c e o u s  f i l t e r s .  S t o c k  and F r a n 

c i s  ( 5 9 )  w ere  a b l e  t o  p r o v e  t h a t  i n f l u e n z a  v i r u s  c o u l d  b e  i n 

a c t i v a t e d  by  c e r t a i n  o f  t h e  h i g h e r  f a t  a c i d s .  The i n h i b i t i o n  

o f  i m m u n o l o g i c a l  r e a c t i o n s  w as  p o i n t e d  o u t  b y  H olm es  ( 3 0 ) .
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Many r e s e a r c h e r s  h a v e  f o r m u l a t e d  t h e o r i e s  ( t h e  

m a j o r i t y  o f  w h ic h  a r e  i n  a g r e e m e n t )  c o n c e r n i n g  t h e  mode o f  

a c t i o n  o f  t h e  s y n t h e t i c  s u r f a c e - a c t i v e  a g e n t s  on  b a c t e r i a  

and b i o l o g i c a l  s y s t e m s .  B aker  e t  a l  ( 6 )  f a v o r  t h e  t h e o r y  

t h a t  a t  t h e  optimum pH f o r  b a c t e r i c i d a l  a c t i o n ,  t h e r e  i s  an 

a l t e r a t i o n  o f  b a c t e r i a l  membrane or p r o t o p l a s m ,  r e n d e r i n g  

t h e  b a c t e r i a  more s u s c e p t i b l e  t o  t h e  s u r f a c e - a c t i v e  a g e n t s .  

They a l s o  c o n t e n d  t h a t  a t  t h e  optimum pH t h e  f o r m a t i o n  o f  

u n d i s s o c i a t e d  m o l e c u l e s  o f  t h e  s y n t h e t i c  a g e n t  i s  f a v o r e d ,  

and t h a t  t h e s e  u n d i s s o c i a t e d  m o l e c u l e s  have  a g r e a t e r  a b i l 

i t y  t o  e n t e r  t h e  b a c t e r i a l  c e l l  and c a u s e  i t s  d e s t r u c t i o n .  

H e r e i n  t h e y  c o n c u r  w i t h  t h e  f i n d i n g s  o f  O s t e r h o u t  ( 4 8 )  i n  

h i s  e x p e r i m e n t s  on l a r g e  p l a n t  c e l l s .  I n  a l a t e r  p a p e r ,

Baker e t  a l  ( 8 )  s u g g e s t  t h a t  t h e  d i s r u p t i o n  o f  t h e  no rm a l  

f u n c t i o n  o f  t h e  b a c t e r i a l  c e l l  i s  d e p e n d e n t  on a t w o f o l d  

a c t i o n :  f i r s t ,  th e  c e l l  membrane i s  d i s o r g a n i z e d  a s  a  r e 

s u l t  o f  t h e  g r e a t  s u r f a c e  a c t i v i t y  o f  t h e  s y n t h e t i c  a g e n t s ,  

and s e c o n d ,  c e r t a i n  p r o t e i n s  w h ic h  are v i t a l  f o r  m e t a b o l i s m  

and growth a re  d e n a t u r e d .  V a lk o  ( 6 1 )  s u g g e s t s  t h a t  two t y p e s  

o f  m o l e c u l a r  f o r c e s  a r e  i n v o l v e d  i n  t h e  i n t e r a c t i o n  b e tw e en  

s u r f a c e - a c t i v e  a g e n t s  and p r o t e i n s  ( b a c t e r i a l  c e l l s )  —  

f i r s t ,  t h e  i n t r i n s i c  a f f i n i t y  and s e c o n d ,  t h e  e l e c t r o s t a t i c  

c o u lo m b ic  f o r c e s  o f  b o t h  the  p r o t e i n  m o l e c u l e  and t h e  ad

so r b e d  i o n s ,  b o t h  o f  w h ic h  c a r r y  f r e e  e l e c t r i c  c h a r g e s .  The 

i n v e s t i g a t i o n s  o f  H o t c h k i s s  ( 3 2 )  have  l e d  him t o  b e l i e v e  t h a t  

t h e r e  a re  t h r e e  main s t a g e s  i n  t h e  b a c t e r i c i d a l  a c t i v i t y  o f  

s u r f a c e - a c t i v e  a g e n t s .  1 )  I n t e r a c t i o n  o f  s u r f a c e - a c t i v e
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a g e n t s  and b a c t e r i a  r e s u l t s  from t h e  a t t r a c t i o n  o f  o p p o s i t e  

ch a r g es*  2)  A l l  th e  s o l u b l e  n i t r o g e n  and p h o sp h o r u s  com

pounds a r e  r e l e a s e d  from the  c e l l ,  p r o v i d i n g  t h e  h y d r o p h o b ic  

group o f  th e  s u r f a c e - a c t i v e  a g e n t  has  t h e  a p p r o p r i a t e  a f f i n 

i t y  f o r  t h e  b a c t e r i a l  s u r f a c e .  The c e l l s  a r e  now d ea d ,  a l 

though t h e y  may s t i l l  g i v e  e v i d e n c e  o f  a v e r y  low  m e t a b o l i s m  

and appear  unchanged  m o r p h o l o g i c a l l y .  5) A u t o l y s i s  s e t s  i n ,  

and a g r e a t l y  i n c r e a s e d  r e l e a s e  o f  n i t r o g e n  and p h o s p h o r o u s  

f o l l o w s .
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I I I .  MATER IALS AND EQUIPMENT

A. C u l t u r e  Medium

The "basic medium was composed o f  t h e  f o l l o w i n g  

i n g r e d i e n t s * :

kha p o 7 — 0 . 1 p e r o e n t

e ah p o v - 0 . 1 p e r c e n t

NaOl - 0 . 1 p e r c e n t

003 - 0 . 1 p e r c e n t

(NHV )A S0V - o . l p e r c e n t

MgSOv - 0 . 0 0 5 p e r c e n t

KOI - 0 . 0 0 2 5 p e r c e n t

P e p t o n e s * * 1 . 0 p e r c e n t

D i s t i l l e d H.JD -  1 0 0 0  m l .

( U n a d j u s t e d  pH o f  medium was 7 . 4 . )

I n  o r d e r  t o  e f f e o t  c o m p l e t e  s o l u t i o n  o f  t h e  NaA005 , 

5 c c .  o f  1 IT HG1 p e r  l i t e r  o f  b r o t h  were  added t o  t h e  b r o t h  

p r i o r  t o  a u t o c l a v i n g .  The medium was a u t o c l a v e d  a t  1 5  p o u n d s  

p r e s s u r e  f o r  20  m i n u t e s .

T h i s  b r o t h  was u s e d  i n  a l l  t h e  e x p e r i m e n t s  e x c e p t  

t h o s e  s p e c i f i c a l l y  n o t e d  o t h e r w i s e .

P l a i n  a g a r  a t  a p p r o x i m a t e l y  pH 7 ( 1 . 2 )  was u s e d  f o r  

a l l  p l a t i n g  p u r p o s e s .  I t s  c o m p o s i t i o n  w a s  a s  f o l l o w s :

* T r a c e s  o f  Oa and He w e r e  a l s o  p r e s e n t .

** Only D i f c o  P e p t o n e ,  L o t  No.  3 6 3 1 1 3 ,  w a s  u s e d  i n  a l l  m e d i a .
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P e p t o n e 5 grains 

5 gramsNaOl

B e e f  E x t r a c t Z grams 

-  15  gramsAgar

D i s t i l l e d  H*0 -  1 0 0 0  m l .

B. S u r f a c e - A c t i v e  A g en ts

The s u r f a c e - a c t i v e  a g e n t s  em ployed  i n  t h e  t e s t s  

are  l i s t e d  i n  T a b le  1 .

To f a c i l i t a t e  u n d e r s t a n d i n g  o f  t h e s e  a g e n t s ,  a 

b r i e f  d e s c r i p t i o n  o f  e a c h ,  a s  s u p p l i e d  by  t h e  m a n u f a c t u r e r s ,  

i s  h e r e w i t h  p r e s e n t e d .

D uponcl  OS i s  an a m b e r - c o l o r e d ,  o i l y  l i q u i d ,  o n l y  p a r 

t i a l l y  s o l u b l e  i n  HA0 .  I t  i s  an o i l - s o l u b l e  e m u l s i f y i n g  a g e n t  

■which c o m b in e s  t h e  e m u l s i f y i n g  p r o p e r t i e s  o f  t h e  a l c o h o l  s u l 

f a t e s  w i t h  t h e  h o m o g e n i z in g  p r o p e r t i e s  o f  t h e  f a t t y  a l c o h o l s .

Ig e p o n  AP E x t r a  i s  a f i n e ,  l i g h t  c r e a m - c o l o r e d  powder  

which  d i s s o l v e s  r e a d i l y  i n  h o t  w a t e r .  I t  i s  a s y n t h e t i c  

d e t e r g e n t  u s e d  m a i n l y  f o r  t h e  p r o c e s s i n g  o f  w o o l .

T e r g i t o l  7 i s  a c o l o r l e s s ,  s y r u p y  s o l u t i o n .  I t  i s  u s e d  

p r i n c i p a l l y  a s  a w e t t i n g  a g e n t  i n  th e  p r o c e s s i n g  o f  w o o l ,  

l e a t h e r ,  p a p e r ,  e t c .  I t  i s  l i k e w i s e  a p o w e r f u l  p e n e t r a t i n g  

agen t .

N a c c o n o l  NRSF i s  a l i g h t ,  f l a k y  compound. A l t h o u g h  i t  

i s  i n t e n d e d  p r i m a r i l y  t o  b e  u s e d  a s  a d e t e r g e n t ,  i t  a l s o  d i s 

p l a y s  a n t i s e p t i c ,  b a c t e r i o s t a t i c ,  and m o t h - p r o o f i n g  p r o p e r 

t i e s  i n  w a te r  s o l u t i o n  or i n  o i l  e m u l s i o n s .
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R e k a l  BZ H ig h  G o n c e n t r a t i o n  i s  a f i n e ,  w h i t e  po w d er ,  

v e r y  r e a d i l y  s o l u b l e  i n  warm w a t e r  w i t h  n e u t r a l  r e a c t i o n *  .

I t  i s  c h a r a c t e r i z e d  by s t r o n g  w e t t i n g  a c t i o n  and p o s s e s s e s  

d i s p e r s i n g  and e m u l s i f y i n g  p r o p e r t i e s *

R o c c a l  i s  u s u a l l y  s o l d  i n  a 1 0 - p e r c e n t  w a t e r  s o l u t i o n .

I t  i s  recommended f o r  s a n i t i z a t i o n  o f  e q u ip m e n t  a s s o c i a t e d  

w i t h  f o o d - p r o c e s s i n g  p l a n t s ,  a s  a b a c t e r i c i d e ,  f u n g i c i d e ,  

e t c .  P h e n o l  c o e f f i c i e n t s  a t  20 d e g r e e s  0 . a g a i n s t  S* t y p h o s a  

and S . a u r e u s  a r e  250 and 279 r e s p e c t i v e l y . *

CfiB i s  a f i n e ,  w h i t e  powder s o l u b l e  i n  h o t  w a t e r .  I t s  

p h e n o l  c o e f f i c i e n t  a g a i n s t  S .  a u r e u s  i s  200  t o  2 5 0 ,  and 

a g a i n s t  S .  t y p h o s a  i s  1 2 5  t o  1 7 5 .

LPO i s  a c o l o r l e s s ,  5 0 - p e r c e n t  w a t e r  s o l u t i o n  o f  l a u r y l  

p y r i d i n i u m  c h l o r i d e .  I t s  p h e n o l  c o e f f i c i e n t  a g a i n s t  S .  a u r e u s  

i s  550 and a g a i n s t  S .  t y p h o s a  i s  1 6 5 .  I t  i s  u s e d  a s  a g e r m i 

c i d e ,  f u n g i c i d e ,  and w e t t i n g  a g e n t .

Emulphor ON i s  a w a x - l i k e ,  n o n i o n o g e n i c ,  w a t e r - s o l u b l e ,  

o r g a n i c  s u b s t a n c e  w i t h  marked e m u l s i f y i n g ,  d i s p e r s i n g ,  and 

s u r f a c e - a c t i v e  p r o p e r t i e s .

T r i t o n  X -10 0  i s  an amber,  o i l y  l i q u i d .  I t  i s  u s e d  a s  a  

w e t t i n g  a g e n t ,  e m u l s i f i e r ,  d e t e r g e n t ,  and d i s p e r s a n t .

* The compound o f  R o c c a l  u s e d  i n  m ost  o f  t h e  t e s t s  d e s c r i b e d  
i n  t h i s  p a p e r ,  h o w e v e r ,  was a f i n e ,  w h i t e  powder l a b e l l e d  a s  
f o l l o w s :  1 ounce  o f  pow der  t o  4 g a l l o n s  o f  w a t e r  g i v e s  a 1
t o  5000 c o n c e n t r a t i o n  o f  R o c c a l .
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TABLE 1

SYNTHETIC SURFACE-ACTIVE M T S  USED

Percentage
Name of Compound Chemical Designation of Active Manufacturer

Ingredient

Anionic

Duponol OS 
(SH-2536)*

Mixture of two parts  of 
oleyl alcohol and one 
part cyclic amine laury l 
alcohol su lfa te

95 to 100 E .I. DuPont de Nemours and Co., Inc, 
Wilmington, Del.

Igepon AP Extra 
(10339) 

(481-15916)

Sodium sulfonate of an 
o leic acid e s te r  of an 
a lip h a tic  compound

0/7 H jjCOj C^H^SOjNa

51 General Dyestuff Corp. 
Chicago, 111.

Tergitol 7
C ^C H C ^C H C jH ^H fC ,^  

C4H;  SÔ Na
25

Carbide and Carbon Co. 
D etroit, Mich.

Nacconol NRSF 
(B.C. 66129)

Alkyl ary l sodium 
sulfonate 85

National Aniline Division 
Allied Chemical and Dye Corp. 

N.Y. 6, N.Y.

Nekal BX 
High Concentration

Sodium alkyl naphthalene 
sulfonate

80 General Dyestuff Corp. 
Chicago, 111.

Cationic

Roccal
Alkyl dimethyl benzyl 
ammonium chloride 

(alkyl =  Cj to C(y)
3 to 3.5

Winthrop Chemicals Co. 
N.Y. 13, N.Y.

. CTAB Cetyl trim ethyl ammonium 
bromide

95 to  100 Rhodes Chemical Corp. 
P la in fie ld , N.J.

liqu id  IPC lau ry l pyridinium 
chloride

26 Hooker Electrochemical Co. 
Niagra F a lls , N.Y,

Non-Ionic

Emulphor ON 
(S.O. 297)

Polyethylene ether of a 
long-chain fa tty  alcohol

100 General Dyestuff Corp. 
Chicago, 111.

Triton X-100 Alkylated aryl poly-ether 
alcohol

100 Rohm and Haas Co. 
Philadelphia, Pa.

* All numbers in parentheses sign ify  lo t  numbers and/or code numbers.
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0.  B a c t e r i a l  C u l t u r e s

1 .  S .  p a r a t y p h i  B #  1 5 4  -  f u r n i s h e d  by  The M ich

i g a n  Departm ent  o f  H e a l t h  L a b o r a t o r y ,  L a n s i n g ,  M ic h i g a n .

2 .  H e m o l y t i c  S .  a u r e u s  #2  -  f u r n i s h e d  b y  The M ich

i g a n  D epartm ent  o f  H e a l t h  L a b o r a t o r y ,  L a n s i n g ,  M i c h i g a n .

3 .  E.  o o l i  -  i s o l a t e d  from a c o n t a m i n a t e d  w e l l -  

w a t e r  sa m p le  s u b m i t t e d  to  t h e  M ic h i g a n  S t a t e  O o l l e g e  D e p a r t 

ment o f  B a c t e r i o l o g y  f o r  a n a l y s i s .

i l l  t h r e e  o r g a n i s m s  w e r e  r e c h e c k e d  f o r  t y p i c a l  b i o 

c h e m i c a l  r e a c t i o n s  and fo u n d  t o  b e  p u r e ,  r e p r e s e n t a t i v e  

c u l t u r e s .

D. Equipment

In  a d d i t i o n  t o  t h e  r e g u l a r  l a b o r a t o r y  e q u i p m e n t ,  a 

Humber 7 0 5 2 0  S i m p l i f i e d  Oenco-du ITouy T e n s i o n o m e t e r , a B e c k 

man pH M e te r  (Model  G ) ,  and a L u m itron  C o l o r i m e t e r ,  Model  

Number 4 0 0 ,  m a n u f a c t u r e d  by t h e  P h o t o v o l t  C o r p o r a t i o n ,  N . Y . C . , 

w ere  e m p lo y e d .

A
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IV .  EXPERIMENT AL PROCEDURE 

A, P r e l i m i n a r y  S t u d i e s

1 .  O hoice  o f  Medium

I t  was t h o u g h t  d e s i r a b l e  t o  u s e  a s i n g l e ,  s i m p l e  

medium w h ioh  w o u ld  p e r m i t  g o o d  g r o w t h  f o r  a l l  t h r e e  o r g a n 

i sm s  u s e d  i n  t h i s  s t u d y .  Jit f i r s t ,  an a t t e m p t  was made t o  

employ a c h e m i c a l l y  d e f i n e d  medium. Sodium m a l a t e ,  ca sa m in o  

a c i d s ,  d e x t r o s e ,  and p e p t o n e  were  u s e d  i n d i v i d u a l l y  and i n  

c o m b i n a t i o n s  w i t h  a b a s i c  s a l t  s o l u t i o n .  The s i m p l e s t  medium  

w h ic h  p e r m i t t e d  t h e  t h r e e  t y p e s  o f  b a c t e r i a  t o  grow l u x u r i 

a n t l y  i n  a 2 4 - h o u r  p e r i o d  was t h e  o n e  d e s c r i b e d  i n  t h e  s e c 

t i o n  e n t i t l e d  " M a t e r i a l s  and E q u i p m e n t . ”

The c h o i c e  o f  s a l t s  was b a s e d  on a m o d i f i c a t i o n  o f  

t h o s e  s u g g e s t e d  by  den Dooren de Jong ( 1 2 )  and E o s e r  ( 5 8 ) .

2 .  S e l e c t i o n  o f  pH R an ges

On t h e  b a s i s  o f  t h e  d a t a  p r e s e n t e d  i n  t h e  f o l l o w 

i n g  t a b l e ,  th e  t h r e e  pH r a n g e s  u s e d  i n  t h i s  s t u d y  w ere  

e s t a b l i s h e d .

pH R an ges

CD• 5 . 0 5 . 2 * 5 . 4 17* CD.IS 8 . 0 * 8 .2 8 . 6

E. c o l i +++4 + 44+ 4+4+ 44 + + 44 + 4 4 + 4 444 44+ +

S. p a r a t y p h i  B +444 + +44 ++4+ + 44 + 44+ + 4 + + ++ + ++ 4+

S. a u re u s + 4+ 4 + 4 + 4+4 + 44 + + 4 + +4+ 4+ + 4

* R a n g e s  s e l e c t e d  f o r  t h i s  s t u d y .
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B. M a in t e n a n c e  o f  C u l t u r e s

The s t o c k  b a c t e r i a l  c u l t u r e s  w e r e  k e p t  on p l a i n  

a g a r  s l a n t s  ( w i t h  a p a r a f i l m  c o w e r i n g  o v e r  t h e  l i p  o f  t h e  

t e s t  t u b e )  a t  5 d e g r e e s  0 .  S t o c k  s u b c u l t u r e s  w e r e  made 

e v e r y  f o u r  w e e k s .

The c u l t u r e s  u s e d  i n  t h e  r e c o r d e d  e x p e r i m e n t s  w ere  

e m p lo y e d  o n l y  a f t e r  a minimum o f  f o u r  d a i l y  s u b t r a n s f e r s  i n t o  

t h e  p r o p e r  b r o t h  a f t e r  com in g  o f f  t h e  s t o c k  a g a r  s l a n t .  A f t e r  

f o u r  w e e k s  o f  u s e ,  t e s t  o r g a n i s m s  were o n c e  a g a i n  t a k e n  f ro m  

t h e  m o n t h - o l d  s t o c k  c u l t u r e s .  S i n c e  m o s t  o f  t h e  t e s t s  w ere  

made a t  t h r e e  pH l e v e l s ,  t h e  o r g a n i s m s  w e r e  s u b t r a n s f e r r e d  

and grown o n l y  i n  t h e  b r o t h  medium a d j u s t e d  t o  t h e  p r o p e r  pH,

i . e . ,  t h o s e  o r g a n i s m s  t e s t e d  a t  pH 5 . 2  w e r e  d a i l y  s u b t r a n s 

f e r r e d  i n  b r o t h  a t  pH 5 . 2 ,  e t c .  S u b t r a n s f e r s  w e r e  made by  

i n o c u l a t i n g  5 c c .  o f  t h e  b r o t h  medium w i t h  e x a c t l y  0 . 1  c c .  

o f  b r o t h  c u l t u r e .  I t  was f o u n d  t h a t ,  a s  a r e s u l t  o f  t h i s  

p r o c e d u r e ,  i t  was p o s s i b l e  t o  a s c e r t a i n  w i t h i n  two m i l l i o n  

t h e  number o f  o r g a n i s m s  p e r  c c .  o f  e a c h  o f  t h e  c u l t u r e s  

a f t e r  24  h o u r s ’ g r o w t h  a t  57 d e g r e e s  0 .  A f u r t h e r  c h e c k  was  

made w i t h  t h e  l u m i t r o n  c o l o r i m e t e r .

0 .  Growth C u rves  and R e l a t e d  Phenomena

The g r o w t h - c u r v e  t e c h n i c  u s e d  i n  t h i s  e x p e r i m e n t  

was t h e o r e t i c a l l y  d i v i d e d  i n t o  two s t a g e s .  In  t h e  f i r s t  

s t a g e ,  t h e  s t a b i l i t y  o f  t h e  o r g a n i s m s  w a s  e s t a b l i s h e d  t h r o u g h  

t e s t i n g  t h e i r  r e s i s t a n c e  t o  p h e n o l *  by t h e  P h e n o l - C o e f f i c i e n t

* T h i s  p r o c e d u r e  was f o l l o w e d  p r i o r  t o  m ak in g  a n y  o f  t h e  
t e s t s  u n d e r t a k e n  i n  t h i s  s t u d y .  At t h e  same t i m e ,  t h e  o r g a n 
ism  s u s p e n s i o n  was s t r e a k e d  on a g a r  p l a t e s  ( f o r  i s o l a t e d  c o l 
o n i e s )  t o  i n s u r e  t h e  f a c t  t h a t  t h e  o r g a n i s m s  w e r e  m a i n l y  i n  
t h e  sm o o th  p h a s e .



K e th o d .  A c h e m i c a l - r a n g e  t e s t  was  a l s o  made a t  t h e  p a r t i c u 

l a r  pH r a n g e  u n d e r  c o n s i d e r a t i o n .  T h is  was done b y  i n o c u l a t 

i n g  0 . 1  c c .  o f  a 2 4 - h o u r  o r g a n i s m  s u s p e n s i o n  i n t o  a s e r i e s  

o f  d i l u t i o n s  o f  t h e  s u r f a c e - a c t i v e  a g e n t  i n  5 c c .  o f  b r o t h .  

S i n c e  many o f  t h e  s u r f a c e - a c t i v e  a g e n t  s o l u t i o n s  w ere  t u r b i d ,  

a f t e r  24 h o u r s '  i n c u b a t i o n  a t  37 d e g r e e s  0 . ,  s u b t r a n s f e r s  

(2  l o o p f u l s )  o f  t h e  i n o c u l a t e d  s o l u t i o n  w ere  made i n t o  F .D . A .  

b r o t h  and i n c u b a t e d  a t  37 d e g r e e s  0 .  f o r  24 h o u r s .  The r e 

s u l t s  o f  t h i s  l a t t e r  i n c u b a t i o n  c o n s t i t u t e  t h e  d a t a  p r e s e n t e d  

i n  t h e  c h e m i c a l - r a n g e  t a b l e s .  I n f o r m a t i o n  g a i n e d  from  t h e s e  

c h e m i c a l - r a n g e  t e s t s  was u t i l i z e d  i n  t h e  s e c o n d  s t a g e  o f  t h e  

e x p e r i m e n t ,  t h e  a c t u a l  s t u d y  o f  o r g a n i s m  g r o w t h  a f t e r  e x p o s 

u r e  t o  t h e  v a r i o u s  s y n t h e t i c  a g e n t s .

The o r g a n i s m s  w e r e  grown i n  2 5 0 - c c .  e r l e n m e y e r  

f l a s k s  e t c h e d  at a 1 7 5 - c c .  mark. The mark was made a t  t h e  

m e n i s c u s  a f t e r  a d d i n g ,  by  v o l u m e t r i c  p i p e t t e s ,  1 7 5  c c .  o f  

t h e  b r o t h  medium a t  20 d e g r e e s  0 .  The p r o p e r  d i l u t i o n s  o f  

t h e  s u r f a c e - a c t i v e  a g e n t s  w ere  made on t h e  b a s i s  o f  1 7 5  c c .  

o f  b r o t h .

As a p r e l i m i n a r y  s t e p ,  t h e  pH o f  t h e  s t e r i l e  b r o t h  

was a d j u s t e d  t o  a p p r o x i m a t e l y  t h e  d e s i r e d  ra n g e  b y  t h e  a d d i 

t i o n  o f  c o n c e n t r a t e d  HOI, 1 F HOI, or  1  I  NaOH, a s  t h e  c a s e  

m ight  b e .  The p a r t i c u l a r  s u r f a c e - a c t i v e  a g e n t  was  t h e n  added  

t o  t h i s  b r o t h  i n  t h e  e r l e n m e y e r  f l a s k s ,  and t h e  f l a s k s  were  

h e a t e d  f o r  20  m i n u t e s  i n  an  Arnold s t e a m e r .  A f t e r  c o m p l e t e  

s o l u t i o n  was e f f e c t e d  and t h e  f l a s k s  c o o l e d  t o  a p p r o x i m a t e l y  

2 0  d e g r e e s  0 . ,  s u f f i c i e n t  s o l u t i o n  was rem oved  t o  b r i n g  t h e
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t o t a l  v o lu m e  b a c k  t o  th e  1 7 5 - e c .  mark. T h i s  w a s  n e c e s s a r y  

o n l y  i n  c o n c e n t r a t i o n s  o f  s u r f a c e - a c t i v e  a g e n t  g r e a t e r  th a n  

1 - 1 0 0 .  The s o l u t i o n  was a g a i n  a d j u s t e d  t o  t h e  pH l e v e l  a t  

w h ic h  th e  e x p e r i m e n t  was t o  be  c o n d u c t e d .  F i f t e e n  c c .  o f  

t h e  s o l u t i o n  w e r e  u s e d  i n  t h i s  pH a d j u s t m e n t  t e s t i n g .  The 

f l a s k s  w e re  t h e n  i n c u b a t e d  a t  37 d e g r e e s  0. f o r  15  h o u r s  t o  

i n s u r e  s t e r i l i t y .

J u s t  p r i o r  t o  i n o c u l a t i n g  t h e  s u r f a c e - a c t i v e  a g e n t  

s o l u t i o n  w i t h  o r g a n i s m s ,  1 c c .  o f  a 2 4 - h o u r  s u s p e n s i o n  o f  

t h e  o r g a n i s m s  was p l a t e d ,  a f t e r  a d e q u a t e  d i l u t i o n s  w e r e  made.  

The c o u n t  from t h e s e  p l a t i n g s  c o n s t i t u t e s  t h e  "O -hour” b a c 

t e r i a l  co u n t  ( a f t e r  c o m p u t in g  i t  on t h e  b a s i s  o f  t h e  e n s u i n g  

p r o p o r t i o n ) .  S i n c e  160  c c .  o f  t h e  s u r f a c e - a c t i v e  a g e n t  s o l u 

t i o n  r em a in e d  a t  t h e  t i m e  t h e  t e s t  was t o  be i n i t i a t e d ,  3 . 2  

c c .  o f  a 2 4 - h o u r  o r g a n i s m  s u s p e n s i o n  w e r e  i n t r o d u c e d  i n t o  t h e  

s o l u t i o n  ( a t  37 d e g r e e s  CL). T h i s  p r o p o r t i o n  o f  o r g a n i s m s  t o  

s u r f a c e - a c t i v e  a g e n t  s o l u t i o n  was t h e  same a s  t h a t  u s e d  i n  t h e  

c h e m i c a l - r a n g e  t e s t .  I m m e d i a t e l y  a f t e r  t h e  a d d i t i o n  o f  o r g a n 

i s m s ,  s u r f a c e - t e n s i o n  and pH m e a s u r e m e n ts  w e re  t a k e n .  T h i s  

c o n s t i t u t e d  " 0-h our"  d a t a  f o r  b o t h  m e a s u r e m e n t s .

The f l a s k  was t h e n  w e l l  s h a k e n  and p l a c e d  i n  t h e  

i n c u b a t o r  a t  37 d e g r e e s  0 .  T h e r e a f t e r ,  t h e  f l a s k  was sh a k e n  

a t  4 5 - m i n u t e  i n t e r v a l s  f o r  t h e  f i r s t  10 h o u r s .  At  t h e  s p e c i 

f i e d  p e r i o d s  when p l a t i n g s  w e re  t o  b e  m ade,  t h e  f l a s k  was  

a g a i n  s h a k e n ,  1 c c .  o f  t h e  s o l u t i o n  w i t h d r a w n ,  and p r o p e r  

d i l u t i o n s  m a d e .*  P l a t e s  w ere  p o u r e d  w i t h  p l a i n  a g a r ,  a l l o w e d

* To c o m p en sa te  p a r t i a l l y  f o r  p o s s i b l e  b a c t e r i o s t a t i c  a c t i o n ,  
d i l u t i o n s  up t o  1-1M w ere  made.
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t o  h a r d e n ,  and t h e n  i n c u b a t e d  f o r  4 8  h o u r s  a t  37 d e g r e e s .  C. 

Gram s t a i n s  were  made p e r i o d i c a l l y  t o  i n s u r e  a b s e n c e  o f  

c o n t a m i n a t i o n *

The m eth o d  f o r  d e t e r m i n i n g  t h e  e f f e c t s  on b a c t e r 

i a l  g r o w t h  o f  e x p o s u r e  t o  c a t i o n i c  a g e n t s  f o r  p e r i o d s  o f  

s h o r t  d u r a t i o n  was e s s e n t i a l l y  t h e  same a s  t h a t  d e s c r i b e d  

above* The o n l y  d i f f e r e n c e  w as  t h a t  the  f l a s k 3  w e r e  k e p t  

i n  a w a t e r  b a t h  a t  37  d e g r e e s  C. i n s t e a d  o f  i n  an i n c u b a t o r  

a t  37 d e g r e e s  0 .  In  b o t h  t y p e s  o f  t e s t s ,  t h e  s u r f a c e - a c t i v e  

a g e n t  s o l u t i o n s  w ere  a t  37 d e g r e e s  0 .  p r i o r  t o  i n o c u l a t i o n  

o f  t h e  o r g a n i s m  s u s p e n s i o n s .

A 1 2 - e c .  a l i q u o t  was l i k e w i s e  w i th d r a w n  and u s e d  

f o r  b o t h  t h e  s u r f a c e - t e n s i o n  and pH d e t e r m i n a t i o n s .  S u r f a c e  

t e n s i o n  was m e a su r ed  by  t h e  du Nouy T e n s i o n o m e t e r  w i t h  s t a n d 

a r d  watch-  g l a s s e s  o f  u n i f o r m  s i z e .  The s o l u t i o n s  f o r  m e a s 

urem ent  o f  s u r f a c e  t e n s i o n  w e r e  k e p t  a t  37 d e g r e e s  C. i n  a 

w a t e r  b a t h ,  and r e a d i n g s  w ere  t a k e n  a p p r o x i m a t e l y  10  s e c o n d s  

a f t e r  t h e  s a m p le  was i n t r o d u c e d  i n t o  t h e  w a t c h  g l a s s .  The 

pH was d e t e r m i n e d  l a s t  o f  a l l *  P r i o r  t o  d e t e r m i n a t i o n s  f o r  

e a c h  t i m e  i n t e r v a l ,  t h e  t e n s i o n o m e t e r  was r e c a l i b r a t e d  and  

t h e  Beckman pH m e t e r  was c h e c k e d  a g a i n s t  a s t a n d a r d  b u f f e r  

s o l u t i o n .

In  t h e  f o r e g o i n g  s e r i e s  o f  e x p e r i m e n t s ,  an a t t e m p t  

was made to  p r e s e n t  t h e  d a t a  i n  a s  u n i f o r m  a manner a s  p o s s i 

b l e .  The d i f f i c u l t i e s  i n v o l v e d  i n  s u c h  a p r e s e n t a t i o n  l i e  

m a i n l y  w i t h  t h e  i n h e r e n t  d i f f e r e n c e s  b e t w e e n  t h e  o r g a n i s m s  

t h e m s e l v e s  and b e tw e e n  t h e  compounds u s e d ,  i . e . ,  d i f f e r e n c e s  

i n  p h y s i c a l  s t a t e  and i n  p e r c e n t a g e  o f  a c t i v e  i n g r e d i e n t .
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n e v e r t h e l e s s ,  w h e r e v e r  p o s s i b l e ,  c o m p a r a b le  c o n c e n t r a t i o n s  

o f  t h e  s u r f a c e - a c t i v e  a g e n t s  w ere  em p loyed  t o  i n d i c a t e  t h e  

r e l a t i v e  r e s i s t a n c e  o f  t h e  o r g a n i s m s .  Such a p r o c e d u r e  was 

most s u c c e s s f u l  w i t h  c e r t a i n  o f  t h e  l e s s  e f f e c t i v e  a n i o n i c  

a g e n t s  and t h e  n o n - i o n i c  com pounds .  However,  i n  o r d e r  t o  

i n d i c a t e  t h e  g r a d u a l  e f f e c t  on b a c t e r i a l  growth  o f  t h e  more  

g e r m i c i d a l  a g e n t s ,  i t  became n e c e s s a r y  t o  u s e  w i d e  r a n g e s  i n  

c o n c e n t r a t i o n  o f  t h e  s y n t h e t i c  a g e n t s  when c o m p a r in g  t h e  

d i f f e r e n c e s  b e tw e en  t h e  g r a m - p o s i t i v e  and g r a m - n e g a t i v e  

o r g a n i s m s .

W herever  p o s s i b l e ,  an a t t e m p t  w as  made t o  i n c l u d e  

i n  t h e  t a b l e s  t h e  a p p r o x im a t e  d i l u t i o n  o f  s y n t h e t i c  a g e n t  

w h ic h  j u s t  k i l l e d  c o m p l e t e l y  t h e  e n t i r e  b a c t e r i a l  p o p u l a 

t i o n .  However,  i n  t h o s e  i n s t a n c e s  w h er e  t h i s  d i l u t i o n  h a s  

been  o m i t t e d  from t h e  t a b l e ,  i t  i s  t o  b e  assum ed t h a t  t h e  

n e x t  lo w e r  d i l u t i o n  from  t h a t  f i r s t  a p p e a r i n g  i n  t h e  t a b l e  

c o m p l e t e l y  k i l l e d  t h e  o r g a n i s m s  i n  24 h o u r s  or  l e s s . *  S i n c e  

S .  p a r a t y p h i  B was u s e d  p r i m a r i l y  f o r  p u r p o s e s  o f  c o m p a r i s o n  

w i t h  E. c o l i . no  a t t e m p t  was made to  d e t e r m i n e  t h e  e f f e c t s  

o f  c r i t i c a l  c o n c e n t r a t i o n s  o f  t h e  s u r f a c e - a c t i v e  a g e n t s  on  

t h e  form er  o r g a n i s m .

I t  s h o u l d  b e  n o t e d  t h a t  g r a d a t i o n s  o f  d i l u t i o n  p r o 

c e e d e d  b y  i n c r e m e n t s  o f  100  w i t h i n  t h e  h u n d re d  r a n g e ,  by

* The o n l y  e x c e p t i o n s  t o  t h i s  s t a t e m e n t  o c c u r  w h e r e  compounds  
a r e  n o t  g e r m i c i d a l  f o r  t h e  b a c t e r i a  i n  q u e s t i o n ,  o r  w h ere  
c o n c e n t r a t i o n s  h i g h e r  th a n  t h o s e  r e c o r d e d  a r e  t o o  v i s c o u s  
t o  p e r m i t  c o m p l e t e  s o l u t i o n  o f  t h e  o r g a n i sm  s u s p e n s i o n .  
B e c a u s e  o f  t h e  e x tr e m e  v i s c o s i t y  o f  t h e  a n i o n i c  compounds i n  
c o n c e n t r a t i o n s  s t r o n g e r  t h a n  1 - 5 0 ,  t h e  1 - 5 0  d i l u t i o n  was s e 
l e c t e d  a s  t h e  s t a r t i n g  p o i n t  f o r  t h e s e  a g e n t s .  A 1 - 2 0  c o n 
c e n t r a t i o n  o f  n o n - i o n i c  compounds was s e l e c t e d  f o r  th e  same 
r e a s o n .
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i n c r e m e n t s  o f  1 0 0 0  w i t h i n  t h e  th o u sa n d  r a n g e ,  and by i n c r e 

m en ts  o f  1 0 , 0 0 0  w i t h i n  t h e  t e n - t h o u s a n d  r a n g e .

t e r p r e t a t i o n  o f  t h e  r e s u l t s .  S i n c e  t h e  v a s t  m a j o r i t y  o f  pub

l i s h e d  d a t a  c o n c e r n i n g  t h e  r e l a t i o n s h i p  o f  s y n t h e t i c  s u r f a c e -  

a c t i v e  a g e n t s  t o  b a c t e r i a  a r e  b a s e d  on t h e  a s s u m p t io n  o f  a 

1 0 0 - p e r c e n t  a c t i v e  i n g r e d i e n t  o f  t h e  s y n t h e t i c  compounds,  i t  

was deemed a d v i s a b l e  t o  m a i n t a i n  t h i s  ty p e  o f  r e p o r t i n g .  

H owever ,  s i n c e  i t  m ig h t  b e  d e s i r a b l e  t o  i n t e r p r e t  t h e  r e s u l t s  

on t h e  b a s i s  o f  a c t u a l  p e r c e n t a g e  o f  a c t i v e  i n g r e d i e n t ,  a 

l i s t i n g  o f  t h e  d e n s i t i e s  o f  t h e  l i q u i d  s y n t h e t i c  a g e n t s  i s  

p r e s e n t e d  b e lo w  t o  a i d  i n  s u c h  an i n t e r p r e t a t i o n .  J i l l  f i g 

u r e s  a r e  b a s e d  on t h e  w e i g h t s  o f  1 m l .  o f  t h e  a g e n t  a t  20  

d e g r e e s  0.

a s  n e a r l y  a s  p o s s i b l e ,  o f  T e r g i t o l  7 (2 5  p e r c e n t  a c t i v e  i n 

g r e d i e n t ) ,  t h e  d i l u t i o n  s t a t e d  i n  t h e  v a r i o u s  t a b l e s  i s  

m u l t i p l i e d  b y  t h e  f a c t o r  4 * 0 2 4 .  T h is  f a c t o r  was o b t a i n e d  

b y  t h e  f o l l o w i n g  c o m p u t a t i o n :

An a d d i t i o n a l  e x p l a n a t i o n  i s  n e c e s s a r y  f o r  t h e  i n -

B a s i c  b r o t h  medium 0 . 9 9 6  gram

T r i t o n  X -1 0 0

LPO

D u pon ol  OS

T e r g i t o l  7

0 . 8 4 3  gram  

0 . 9 9 0  gram 

0 . 9 8 5  gram 

0 . 9 6 0  gram

For e x a m p l e ,  i n  com p u t in g  t h e  e x a c t  c o n c e n t r a t i o n

w e i g h t  o f  b a s i c  b r o t h  p e r  c c .

w e i g h t  o f  T e r g i t o l  p e r  c c .
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Thus t h e  a c t u a l  e f f e c t i v e  c o n c e n t r a t i o n  o f  t h i s  compound i s  

a p p r o x i m a t e l y  f o u r  t i m e s  g r e a t e r  th a n  t h a t  s t a t e d  i n  t h e  

t a b l e s *  The f a c t o r s  f o r  t h e  o t h e r  compounds a r e  a s  f o l l o w s

Duponol OS 1 . 2 0 5

I g e p o n  .AP 1 . 9 6

N e h a l  BX 1 . 2 5

N a e c o n o l  IffiSF 1 . 1 7 6

OTiffl- 1 . 0 2

IPO 3 . 8 8 8

R o c c a l  (p o w d er)  3 1 . 2 5  

Smulphor ON 1 . 0

T r i t o n  X -1 0 0  1 . 0 3 7
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V. RESULTS

A. C o n t r o l  T e s t s

In  p r e p a r i n g  t h e s e  s t u d i e s ,  i t  was n e c e s s a r y  t o  

d e t e r m i n e  g r o w t h  r a t e s ,  pH s h i f t s ,  and s u r f a c e - t e n s i o n  

m e a s u r e m e n t s  i n  t h e  a b s e n c e  o f  s y n t h e t i c  a g e n t s  s o  t h a t  

t h e s e  d a t a  m ig h t  s e r v e  a s  a r e f e r e n c e  gro u p  f o r  c o m p a r i s o n  

w i t h  d a t a  o b t a i n e d  i n  t h e  e n s u i n g  e x p e r i m e n t s .  The r e s u l t s  

a r e  p r e s e n t e d  i n  T a b le  2 .

B.  .Anionic  Compounds

The f i r s t  s e r i e s  o f  s y n t h e t i c  s u r f a c e - a c t i v e  

a g e n t s  t e s t e d  f o r  t h e i r  e f f e c t s  on b a c t e r i a l  g r o w t h  w e r e  t h e  

a n i o n i c  compounds D u pon o l  OS, I g e p o n  AP, T e r g i t o l  7 ,  H a c c o n -  

o l  NRSF, and H e k a l  BX. The r e s u l t s  o f  t h e s e  t e s t s  a p p e a r  i n  

T a b l e s  3 t h r o u g h  7 .

When t h e  r e s u l t s  p r e s e n t e d  i n  t h e  c o n t r o l  t a b l e  

a r e  compared w i t h  t h o s e  o b t a i n e d  w i t h  t h e  a n i o n i c  a g e n t s ,  i t  

b e c o m e s  a p p a r e n t  t h a t ,  i n  e v e r y  i n s t a n c e ,  u s e  o f  t h e  l a t t e r  

p r o d u c e d  a d i m i n u t i o n  o f  b a c t e r i a l  c o u n t  d u r i n g  a 2 4 - h o u r  

p e r i o d .  I t  i s  a l s o  c l e a r  t h a t  t h e  s h i f t  i n  pH i s  l i k e w i s e  

c u r t a i l e d .

F or  t h e  m ain  p a r t ,  t h e  a c c e p t e d  g e n e r a l i z a t i o n  

t h a t  a n i o n i c  a g e n t s  e x e r t  t h e i r  maximum b a c t e r i c i d a l  e f f e c t  

i n  an a c i d  r a n g e  ( 2 2 ) ( 2 3 ) ( £ 4 } ( 6 )  i s  s u b s t a n t i a t e d  by  t h e  

d a t a  d e r i v e d  from  t h e s e  t e s t s .  The one e x c e p t i o n  i s  t h e  

a c t i o n  o f  I g e p o n  AP on t h e  g r a m - n e g a t i v e  o r g a n i s m s .  T h i s  

compound a p p e a r s  more e f f e c t i v e  a g a i n s t  E .  c o l i  and S .  p a r a 

t y p h i  B i n  an a l k a l i n e  medium. A l t h o u g h  t h e  t y p e  o f  t e s t
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Phenolic Ranges

Min, E. coli S. para S. aureus
typhi B

0 0  0 o  o  8 0  0  0
tO c> toi i i 0  Oi H1 1 1 0  C- (D1 1 11 1 1 
ri ri pi

I 1 1
rl rl rl

I I 1
ri ri ri

6 ■ 4 + + f  + 4 * t
10 -  -  + -  4 t -  4 4
15 -  -  4 -  -  , t -  t  4

10

24

In. E. soli S. para- S. aureus
fmfT

0 0 0 0 o 8 0 0 0
to t“ 00
i l l

to 01 ri
I I I

(0 ^  CO 1 1 11 1 1 
ri ri rl

1 1 1 
ri ri ri

1 1 • 

rl rl rl

5 • + 4 4 4 4 4 4 4
10 .  .  + - 4 4 -  4 4

15 * "  4 -  - 4 -  4 4
24

Min. E. coli S. para S. aureus
typhi B

00 0 0 0 0 0 0 0 0
s* co toi i i to 01 ri to t> CO
rl H rl ri ri ri 1 1 1

rl rl ri
6 t  + + 4 4 4 • + 4

10 -  4 4 -  4 4 -  4 4
15 - 4 4 -  4 4 •  •  •

TABLE 2 

DATA SHEET OS CONTROLS

pH 7

E. coll S

PH Surface*
Tension

Bact.**
Count

pH

7.0 56.49 ISM4 7.0

6.9 56.49 62M 6.9

6.9 56.11 80M 7.0

7.0 56.02 135M 7.2

7.5 55.88 670M 7,7

pH 5.2

5.2 56.11 14M 5.2

5.4 55.88 40M 5.6

5.6 55.74 98M 6.2

5.7 55.74 190M 6.4

6.6 55.65 630M 6.9

pH 8

8.0 56.58 14M 8,0

7.7 56.58 731 7.7

7.6 56,49 1091 7,8

7.7 56.49 1531 8.0

7.9 56.11 4001 8.2

paratyphi B S. aureus

Surface
Tension

Bact.
Count

PH Surface
Tension

Bact,
Count

56.58 91 7,0 56.58 71

56.63 361 7,0 56,58 271

56.63 781 7,0 56.49 701

56.49 2201 7.1 56,11 1601

55,88 6001 7,3 56.02 3301:

56,11 9M 5,2 56.02 61

56,11 . 301 5,3 56.02 191

56.02 901 5,3 55,88 331

55,74 1801 5.4 55.88 391

55,65 3851 6.3 55.74 3201

56.58 91 8.0 56,58 71

56,58 501 7.8 56,58 271

56,11 1001 7,8 56.58 701

56.02 1951 7,9 56,49 1181

55,88 3201 8.0 66,36 ' 2901

* Surface tension is measures in dynes per centimeter.

** Bacterial count is measured in organisms per cc.

4 II signifies millions.
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T A B IE  3

V J S A  SHEET OH D U M J O L  OS

Phenolic Range

Min. E. c o l i S. para- S. aureus
tvnhi B

0 0 0
0

0 0 0 0 0 0e- <s 0 OO C> rl 10 e- op
H H H rl H rl H rl H

6 + + + 4 + 4 -  t  +
10 -  ¥  + -  ♦ 4 -  + 4
15 -  4 4 -  -  + -  -  4

flhemiaal Range

r l  r l

E. c o l i  + +

0 0 0 0 8 8 8 8
H M ' r l W W f J l l Q l O  
I I | I I I I I I

S .  p  
typn:n
3 .aureus

r t  H  H  H

-  -  4 4

pH V

Hre.
0
4

7

10

24

E. c o li S. paratyphi B 3 . aureus

1-50 1-100 1-50 1-100 1-500 1-700

pH S.T .* B.C.** pH S.T. B.C. pH S.T. B.C. pH S.T . B.C. PH S.T. B.C. pH S.T. B.C.

7 .0 28 .86 ISM1 7 .0  28.55 ISM 7 .0  28.86 9M 7.0  28.59 9M 6.9  28.56 7M 7.1  28.56 7M

6.8  28.86 3.81! 6 .8  28.05 15M 6 .8  29.04 121! 6 ,8  28.59 6.31! 6.9 28.56 60T 7 .1  28.56 180T

6.9 29.04 SOOT’1' 6 .8  28.86 2.5M 6.9  29.04 14M 6.9  28.59 7K 6.9 28.56 91 7 .0  28.56 17T

6.9 29.04 11K 6.9  28.86 8M 7 .0  29,04 9M 7 .0  28 .15  22M 6.9 28.66 131 7 .0  28.66 8ET

7.0 28 .86  151 7 .0  28.61 43M 7 .0  28.86 141! 7 .2  28 .15 1711 6.9 28.56 401 7 .0  29.04 4.2M

Phenolic Range

Min. E. 0 0 1 1 S. para- 3 . aureus

0 O  O

tv rh i B 

0
0 0 0 0 0  0

0 - CD ffl IB 01 r l <0 C~ <D

r l H  H r l  H  H r l r l  r l
5 ■+ 4 4 4 + 4 4 4 -4

1 0 - 4 4 -  4 4 - 4 4
1 5 - 4 7 -  -  .+ - 4 4

Chemical Range 

o o i B s e e e e
r l W ' H N W - j l i n t D  11 , 11  I I  I I 
r l  H  (rl  r l  r l  r l  r l  rl

B. c o l l  f  + |

era- 4 4 |S. p
tiro:n
S.aureus t  +

pH 5 .2

E, OOli S. paratyphi B S. aureus

1-50 1-60 1-51 1-8T

Hr s . PH S.T. B.C. pH S.T. B.C. pH S.T. B.C. PH S.T. B.C.

0 5 .2 28.61 16M 5.2 28.61 9K 5.2 30.74 71! 5 .2 30.74 7M

4 5 .4 # 57M 6.6 # 49K 5.2 # 1.9M 5.2 # 4.2M

7 5 .6 # 75M 6 .2 # 90M 5.2 # 1.2M 5.2 t 1.6H

10 5 .7 # 49K 6 .4 * 51M 5 .2 # 2-001 5.2 # 9001

24 6 .0 28.36 46M 6.6 28.71 S7M 6.2 30.13 39T 5.2 30.32 68T

Phenolic Range

Min. E. o o ll s . rara- 3. aureus
typh i B

O 9 0 0 0 8 O 0  0e- <D 0>1 CD 01 H <0 t- ©
H rl

1
H rl 1

rl
1

rl 1rl 1 1
H H

5 + + 4 + + 4 • 4 4
10 - 4 4 * + 4 • 4 4
16 - 4 4 - 4 -

Chemical Range

0 0 0 0 0 0 0 0  H N (0 ^  10 (01 I I I I I I  I 
H r f H H H H H H

E. o o ll

S. Para- 411 Tubes P o s it iv e  
typh l B

S. aureus
*  S .T. s ig n i f i e s  surface te n s io n  in  dynes per centim eter. 

** B.C. s ig n i f i e s  b aoter ia l count per s c .

A II s ig n i f i e s  m illio n s .

*  T s ig n i f ie s  thousands.

#  Ho measurement was made.

E. c o l l S. paratyphi B S. aureus

1-50 1-50 1-50

Hrs. pH S.T. B.C. pH S.T. B.C. PH S.T. B.C.

0 8 .0 28.86 131! 8 .0 28.86 911 8 .0 28.86 7M

4 7.7 # 54M 7 .8 # 1 7 .5M 8 .0 # 4001

7 7 .7 # 25M 7.7 # 41M 8.0 # SOOT

10 7 .7 # 30M 7.8 # 34M 7.9 # 130T

24 7.7 28.86— 'SOM 7.9 28.86 28M 7.9 29.04 SOOT
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DATA SHEET OH IOEPOU AP

Phenolic Range
pH 7

Min. E. c o li S. nara- S. aureus
tyobi B

o E. co ll S. paratyphi B S. aureus
o  O o o  o  o o  o  ou) E- CD 
t 1 1

CO (7) rl 
1 1 1

tO t* co 
1 1 1-50 1-100 1-50 1-100 1-60 1-100H H H rl H H 1 1 1

6 -  4 4 + + + -  + + Hrs. pH S.T.* B.C.** pH S.T. B.C. pH S.T. B.C. pH S.T. B.C. PH s.T . B.C. pH S.T. B.C.
10 -  -  4 -  + + -  t  +
15 -  -  4 -  -  t -  -  t 0 7 .0  29.83 12M* 7.0 30.63 14M 7.C 29.83 9M 7 .0  30.53 9M 7.0 29.83 6M 7.0  30.63 6M

Chemical Hange 4 6 .9  29.83 3311 6.8 30.86 126M 6 .9  29.83 30M 6 .9  30.43 109M 6.9 29.83 ZOf 7 .0  30.86 84T

o  o
H CM ■ 3

0 
-4

0 

-6
0 O O o  t- id <n 7 6 .9  30.06 4M 6.9 30.39 40M 6.9  30.06 8.5M 7 .1  30.39 67M 6.9 30.01 5T 7 .0  30.43 8T

1 1 rl rl i » irl H rl H H H 10 7 .0  29.69 8.5M 6.9 30.67 SOM 7 .2  29.97 49M 7.2  30.48 145M 6.9 30.06 21 7 .0  30.62 30T
E. c o l i

24 7 .2  30.06 6 2 .5M 7.2 30.67 SIM 7 .5  30.06 23M 7 .6  30.57 5711 6.9 29.73 400T 6 .9  30.39 SOOT
3. para- A ll Tubes P o sit iv e
typhl B

3 . aureus

Phenollo Range
pH 6 .2

Min. E. c o l l S* para Si aureus
typhi £

o E. c o l l S. paratyphi B S. aureus
o  o  o o  o  o o  o O10 t- CO 
1 1 1 CD O H 1 1 1

ifl 
1 1

CO
1 1-60 1-50 1-60 1-60

X 1 1 1 1 1 H rl H
6 -  + + + + 4 + + + Hrs. pH S.T. B.C. pH S.T. B.C. PH S.T. B.C. pH S.T. B.C.

10 -  -  + -  4 + -  4 +
16 -  -  + -  -  + -  t t 0 ■ 5.2 29.78 14M 5.2 29.78 9M 6 .2 29 .73 7M 5 .3 29.83 7M

Chemical Range 4 6 .4 # 67M 6.6 # 3 81! 5 .2 # 29T 5 .3 # 8001

o  oH W o  o  oB to O o  C- (D
0
01 7 5.4 # 111M 6 .1 # 114K 5.2 # 210 6 .3 # 41

rl H H rl H H H H 10 5 .6 # 127M 6.2 # 145M 5.2 # 7 5 .3 # 41
E. c o l i

24 5 .1 29.73 134M 6.4 29.69 90M 5.2 29.73 0 5 .3 29.73 10®
S. para- i l l  Tubes P o s it iv e
typhi B

3 .aureus

Min.

51C
16

Phenolic Range

E. o o ll  3. para- IS. aureaa 
typni B

pH 8

0  O o
to e-  o>1 i irl H H
-  4 +
-  -  4
-  -  4

O0 o o
CO 0> H1 I Irl rl H
4 4 4
-  + 4
-  t  t

O Oto t- i i 
rl rl
-  + 
-  4

Chemical Range

o  o  o  ow n -# idi l l *  
rl rl rl rt

B. o o ll

8 . nara- All Tubes P o s it iv e  
typhl B

S.aureus

E. c o ll 3 . paratyphi B S. aureus
0CD1
rl
+ Hrs. pH

1-50

S.T. B.C. PH

1-60

S.T. B.C. PH

1-50

S.T. B.C.
t

0 8 .0 29.87 13M 8 .0 29.87 9M 8.0 29.99 6M

4 8 .0 # 12M 8.1 # 7.6M 8 .0 # 2.4M

7 7.9 # 17H 6 .1 # 16M 7.9 400T
CD
1H 10 7.9 # 1 7 .6M 8 .0 # IBM 7.9 # 200T

24 7.9 29.83 31M 8 .0 29.73 36M 7.9 29.62 3401

S.T . s ig n i f i e s  surface ten sion  in  dynes per oentiraeter.

**  B.C. s ig n i f i e s  b a c ter ia l count per co.

* M s ig n i f i e s  m illio n s .

*  T s ig n i f i e s  thousands.

9 Where no M or T fo llow s the enumeration, the figu re  i s  the ao tua l b a c te r ia l count per cc . 
that i s ,  10 organisms per co . in  t h i s  case .

Ho measurement was made.
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TABLE 5

DATA SHEET ON TEBGITOL 7

pH 7
Phenolic Range

* typhi B E. o o li S . paratyphi B S. aureus

o  o  o
oO O o o  o  o 1-50 1-100 1-50 1-100 1-20T 1-30Tt- 01 o> CD at rl <0 P* CD

1 I I1 1 1rl rl rl rl H rl rl rH rl Hrs. pH S.T.* B.C.** pH S.T. B.C. pH S.T. B.C. pH S.T. B.C. pH S.T. B.C. pH S.T. B.C.
6 - 4 4 -  4 4 -  4 4

10 -  + 4 -  -  4 - ' 4  4 0 7.0  27.69 15M* 7 .0  27.79 15M 7 .0  27.69 8M 7 .0  27.78 BK 7.0 35.85 6U 7 .0  36.93 6M
15 -  -  4 -  -  4 -  -  4

4 6.9 27.59 35M 6.9 27.79 60M 6.9  27.55 27M 6.9  27.55 4511 7.0 35.64 1.4M 7 .0  36.79 1.2M
Chemical Range

i & EH EH Eh e. 7 6.9 27.64 5011 6.9 27.59 87M 7 .0  27.55 251! 7 .0  27.73 49M 7.0 35.64 22F 7 .0  36.79 41!
o  o o  o  o O o  o o
H W 1 1 fi fi H 

1 1 1
N tf) 4  1 1 IQ

1 10 7.0  27 .50 301! 7 .0 27.69 96M 7 .3  27.69 5M 7 .3  27.55 96M 7.0 36.69 500® 7 .0  36 .85. 6M
H rH rl H rl rl rt H H

E. c o l i  + + 4 4 1 
1

24 7.1 27.46 20M 7.1 27.69 411! 7 .5  27.59 4M 7 .5  27.64 4211 7.0 36.69 28 6.9 36.58 72M

S. para- *  + 4 4
t.yphi B \

S.aureus
1

f t * +

pH 6 .2

Phenolic Range

typhi B E. c o l i S. paratyphi B S. aureus
o  o  o  <D e- co o  o  ofc- CO Ol

oto Ol> OCD 1-50 1-60 1-50 1-40T

1- 1- 1- 1 1 1rt rH H rl H H
Hrs. pH S.T. B.C. pH S.T. B.O. pH S.T. B.C. pH S.T. B.O.

5 - 4 4 -  4 4 4 4 4
10 -  -  4 -  -  4 - 4 4 0 6.2 27.59 13M 5.2 27.59 13M 5.2 27.45 9M 5.2 37.45 61!
16 -  -  4 . . . 4 4

4 5 .3 ■ # 701 5.2 #' 37T 5 .4 # 5.2M 5.2 # 700T
Chemical Range

Ieh EH Eh EH =-( 7 5 .3 # 91 5.2 # 21 5 .6 # 7M 5.2 # 200T
o  o 0  0 * 0 o O O O
rt W I I «  lO .rt 1 I I

w1 W1 <41 ini 10 5 .3 # 8 5.3 # 801 5 .9 # 291! 5 .2 # SOT
rl rt rl rt 'rt rH rt rl rl

E. o o li + + + *  1 24 5 .3 27.64 0 5 .4 27.64 2.7M 6.6 27.46 521! 5.2 38.02 150

S. para- i  + ♦ 4 1
typhi B 1

3 .aureus ! -
. . .  1

- - 4 4

Phenolic Range
pH 8

Min.

6
10
16

E. o o ll

0 o o<0 P- <D1 I I
rl rl H

-  4  +
-  -  4
-  -  4

3« para- S. aureus
typhl B

0 o  o co o»1 i irl H rl

-  4  4

-  -  +
-  -  4

O O O10 C- CD
t  I I
rl H H

Chemical Hange 

o °  o  o l o

E. o o li 4

Eh Eh_ - . - o  o  oN PJ 10 I H W 60 ^I I I | I I I Irt rl rl - H rl H rl
+ + + 1

Hrs.

0
4

7

10

24

3. Para- t + + +|
typhl B 1

3 .aureus : -  + + + +

7.8

7.8

7.8

E. o o ll  

1-50

S.T. B.O, 

0 27.72 13M

# 61M 

1 1 .8M 

17K

7 .8  27.72 40M

S. paratyphi B 

1-60

pH S.T. B.C.

8 .0  27.72 811

7.8

7.8

7.8

11M

16.311

18M

8 .0  27.72 15M

S. aureus

1-10T 

pH S.T.

8 .0  34.64

7 .9  #

7 .9  #

7 .9  #

7 .9  34.68

6M

2T

200

0
0

1-20T 

pH 'S.T. 

8 .0 35.88

7.9 #

7 .8 #

7 .8 #

B.C.

6M

2M

1.9M

61!

7.9 36.02 14 .7M

* S.T . s ig n i f ie s  surface ten sion  in  dynes per centim eter.

** B.O. s ig n i f ie s  haoteria l count per co.

A  M s ig n if ie s  m illion s.

*  T s ig n i f ie s  thousands.

® Where no K or T follows the enumeration, the figu re  i s  the actual h a o te r ia l count per o o ., 
that i s ,  500 organisms per co. in  t h i s  case . ‘

* No measurement was made.
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D i l i  SHEET OH HACCOKOl H RSF

Phenolic Range 

Min, B. e o l l

pH 7

5
10
15

0 o oto fc» ©1 I Irt H rt
-  + +
-  -  +
-  -  +

S. para
typhi B

ao o  oCD 0> HI I IH H H
-  4 4
-  4 4
-  4 4

Chemical Range

0 o o o
r l  01 «  W1 I I I
r l  H  r t  H

E. OOll 4 f  ■+ + |

S. para- 4 4 4 4 \
typhl B |

S.aureus \

3. aureus1
E, COli 3. paratyphi B S. aureus

o  o  o 1-50 1-100 1-50 1-100 1-30T 1-40T
4D t- CO
1 1 1 rt rt rt. CDbW

pH S.T.* B.O.** pH S.T. B.O, pH S.T. B.O. pH S.T. B.O. pH S.T. B.O. pH S.T. B.C.
4 + 4 
-  4 4 0 7 .0  31.89 13M* 7.0 31.89 13M 7 .0  31.89 8M 7 .0  31.89 10M 7.0 36.05 7M 7 .0  37.02 71
-  -  4

4 6 .9  31.89 74M 6.9 31.89 91M 6 .9  3 1 .B9 151! 6 .9  31.89 351! 7 .0 35.49 1.3M 7 .0  37.02 2M

pj P-I PH EH 7 6 .9  31.89 37M 6.9 31.75 83M 7 .0  31.89 35M 7.1  31.75 98M 7.0 36.24 1.6M 7 .1  37.02 8 . 6M
o  o  o o
w w ^  1 1 T 10 7 .0  31.75 8M 7.0 31.75 64M 7 .3  31.75 5M 7.5  31.75 88M 7.2 36.51 7M 7 .3  37.02 14M
r l  H  H rt

24 7 .1 31.75 201! 7 .2 31.68 30M 7 .6  31.68 13M 7.6  30.93 1011 7.2 36.51 14.611 7 ,3  37.02 101!

-  4 4 4

Phenolic Range

Min. E. c o l l 3 . para- 3* aureus
iypbi,.?

o  o  o
Oo  o  o o  o  o

o  C- <D CD (J> rt 10 t- CD 
1 1 11 1 1rt rt rt H H H rt rt rt

5 -  4 4 4 4 4 + * +
10 -  -  4 -  4 4 -  4 4
16 -  -  t -  -  4 -  4 4

Chemloal Range

i i irt rt rt
o Is § EH

O
Eh
O

Eh
O

11 <H wi
rt 1Ih rt rt rt rt

E* QOli f  4 4 4 |

3. para- + 4 + + | 
typhl B I

3 .aureus -  -  4 4 4

Hrs ■ 

0 
4 

7 

10 

24

pH 5 .2

E. c o li S. paratyphi S S. aureus

1-50 1-60 1-30T

pH S.T. B.C. pH S.T. B.C. PH S.T. B.C.

5 .2 31.29 12M 5.2 31.31 8M 5.2 36.01 7M

5.4 # 71? 5 .4 # 2.6M 5.2 # 6 . 8T

5.4 # 30T 5.5 # 2 7 .5M 5.2 # 3T

5 .4 # 300T 5.7 # 991! 5.2 # IT

5.7 30.97 29M 6.5 30.90 47M 5.2 35.98 4*

Phenolic Range

Min. E. o o ll

5
10
16

3 . para'
l2Ei

parIET
o  oCO o> I I rt H
-  4
-  4

S. aureus

o  o6- CO I I

Chemical Hange

B« o o ll  +

EH EHo o o o >o o o
r l  « l  O  U) I r l  M N7 i t i i ii.rt rt rt rt rt

t  4  I

3. para- 4 
typh l B

3 .aureus

4  4

4 4 4 4

Hrs.

0
4

7

10

24

E. o o ll

1-50  

pH S.T. 

8 .0  31.76

7 .8  4

7 .7  #

7 .8  #

7 .9  31.36

B.C.

12M

76M

89M

721!

1211

pH 8

3. paratyphi B 

1-50

pH S.T. 3 .0 .

8 .0  31 .75 8M

7.8  # 38M

7.7  # 86 . 6M

8.0  #  1141!

8 .2  31/36 1 2 .5M

1-10T

pH S.T.

8 .0  34.47

8.0 #
7 .9  #

7 .9  #

7 .9 , 34.27

3. aureus

B.O.

7M

119T

2T

40

0

1-20T 

pH S.T.

8 .0  36.52

8.0  #

8.0 #

7 .9  #

B.O.

7M

1.8M

1.3M

1.1M

7 .8  35 .49 420T

* S .T . s ig n i f i e s  surface tension in  dynes per centim eter.

** B.O. s ig n i f ie s  b acter ia l count per co.

*  M s ig n i f i e s  m illio n s .

*  T s ig n i f i e s  thousands.

® Where no M or T follow s the enumeration, the  f ig u r e  1b the actu al b aoter ia l count per c o .,  
tha t i s ,  4 organisms per oe. in  th is  case.

* Ho measurement was made.
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T A B IE  7

DATA SHEET OH H E K A I BZ

Phenolic Range
pH 7

typhi B E. co li S. paratyphi B S. aureus

o  o  o<£► CO o  o  8<0 <J. r i
o
<£>

O OCD 1-50 - 1-100 1-50 1-100 1-20T 1-30T

r t  r t  r t H  r t  r l H r t H Hrs. pH S.T.* B.C.** PH S.T. B.O. pH S.T. B.C. pH S.T. B.C. pH S.T. B.C. pH S.T, B.O.
5

10
-  + + 
-  -  4

-  4  4
-  4  4

t
4

4
4 0 7 .0 31.72 6.9 31.76 14M 7 .0  31.72 91! 6 .9 31.76 91! 7.0 42.16 7M 7.0 4 4 .6B 7H

15 -  -  4 -  4  4 “ • 4
4 6.8 31.72 8M 6.6 31.62 40M 6 .8  31.72 101 6 .7 31.57 181 6.8 42.23 101! 7 .0 44.62 91!

Chemical Range
tO © O O R o  

H  W CO tfl l«G r t  
I t  1 I I I  1 

r t  r t  r l  r l  | r l  r t

EHO
w
1

H

EHOCQ
H

EHO
1

H

7

10

6 .8

6 .9

31.66

31.66

2.6M

2M

6.6

6.9

31.62 121 

31.52 111!

6 .8  31.72 12M 

7 .0  31.62 8M

6.6

7.1

31.47

31.47

18.51!

81

6.8 42.31  

7.0 42.31

10M

2BM

6.9

7.0

44.71

44.71

13M

521!

E. o o ll  -  - 4 4 j 34 7 .0 31.66 1.5M 7.1 31.52 11M 7.2  31.62 15M 7 .3 31.47 10M 7.2 42.16 181! 7 .3 44.62 101

S. para- -  -
typhi B

4 4 |
1

S.aureus 1 -. . — L
- + 4 +

Phenolic Range
pH 5.2

Min. E, o o li S. para S. aureus

o o o

typhi B 
oO o  o o o  o

«D o CD CO O) H IO E- CO

H H H r t  r t  r l rt rt rt
6 . + 4 4 4 4 4 + 4

10 - « 4 “ 4 4 - 4 4
15 -  -  4 “ 4 4

Chemioal Range

o O o o o lei 61C EHO 61Ort CO in IO |0D ri 01 0)
rt rt rH rt rt |H ri ri ri

E* o o li - - - 4 4 1
S. para . - 4 4 4 1
typhi B 1
S*aureus 1- - 4 4

Hrs. 

0 
4 

7 

10 

' 24

E. o o ll S. paratyphi B

1-50 1-60 1-50 1-60

pH S.T. B.C. pH S.T. B.C. pH S.T. B.C. pH S.T . B.C.

5 .2  31.66 14JI 5 .2  31.66 13M 5 .2  31.66 811 5 .2  31.66 91

5 .3  # 30Cf 6 .2  # 3.111 5 .2  # 6M 5 .2  #  21

5 .3  # 26 5 .3  # 3M 5 .2  if IT* 5 .3  # 4M

5 .3  # 0 5 .4  # 51! 5 .2  # 107 5 .4  # 71

5 .3  31.57 0 5.6 31.72 7M 5 .2  '31.66 10 5 .8  31.72 71!

S. aureus

1-10T

pH S.T. B.O.

5.2 41.16 8M

5 .3  # 70T

5.3  if ' 8T

5.3  f  110

5 .3  40.66 0

1-201 

pH S.T. B.O.

5 .2  42.09 6H

5 .2  # 6601

5 .2  # EOOT

5.2 # 6001

6 .2  42.16 10QT

Phenolic Range
pH 6

Min.IE. c o li S. para S. aureus

!o. o O
typhi B 

oo- O O o o  o
•o e- oo CD 0> r t lO e -  cd

r t rt rt rt rt rt rt rt rt
5 :- 4 + +  4 4 4 +  4

10 - - 4 -  t 4 4 4
15 - - 4 •  - 4 - 4  4

Chemical Range

o O O o | R Fl
61
O

61
O

61
o

r t w w 10 IO r i M w

r t r t rt rt
iH

ri ri ri ri
E. o o li - - 4 f

i

S .  para . 4 4 i
typhi B

i

S.aureus
i -

- 4 4 4

E. o o li 3. paratyphi B I S. aureus

1-50 1-60 1-10T

Hrs. pH S.T. B.C. pH S.T. B.C. PH S.T. B.C.

0 B.O 32.06 1311 8 .0 32.06 91! 8.0 41.23 7M

4 7.7 # 1211 7 .9 # 2.71 8 .0 # 3.211

7 7 .6 t 19K 7 .8 # 6.41 7.9 # at
10 7 .6 # 91 7 .8 # 9M 7.9 # 5M

24 7.7 31.20 41! 7 .8 31.20 181! 7.9 40.66 201

S.T. s ig n i f ie s  surface tension  in  dynes per centim eter.

** B.O. s ig n if ie s  B acteria l count per cc.

* M s ig n i f i e s  m illio n s .

•* T s ig n i f ie s  thousands,

ffi Uhere no M or T fo l lo w  the enumeration, the figu re  i s  the actual B ac ter ia l count per c o ..  
that i s ,  300 organisms per oo» in  thiB  case*

#  ITo measurement ??as mads.
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u s e d  o f f e r s  no means f o r  e x p l a i n i n g  t h i s  phenomenon, i t  i s  

i n t e r e s t i n g  t o  n o t e  t h a t  S t o c k  and F r a n c i s  ( 5 9 )  fo u n d  o l e i c ,  

l i n o l e i c ,  and l i n o l e n i c  a c i d s  more e f f e c t i v e  i n  i n a c t i v a t i n g  

i n f l u e n z a  v i r u s  a t  pH 7 . 6  th a n  a t  pH 6 .  B a k e r ,  H a r r i s o n ,  and 

M i l l e r  ( 6)  p o i n t e d  out  t h a t  I g e p o n  AP (pH 7)  s t i m u l a t e d  b a c -  

t e r i a l  m e t a b o l i s m  e v e n  a t  a c o n c e n t r a t i o n  o f  1 - 1 0 0  ( a p p r o x i 

m a t e l y  t h e  d i l u t i o n  o f  a c t i v e  i n g r e d i e n t  o f  Ig e p o n  AP u s e d  

i n  t h e  e x p e r i m e n t  d i s c u s s e d  i n  t h i s  t h e s i s ) .  T h i s  f a c t  i s  

s u b s t a n t i a t e d  by t h e  r e s u l t s  o b t a i n e d  w i t h  E.  c o l i  and S .  

■paratyphi B a t  pH 5 . 2  f o r  t h e  f i r s t  7 h o u r s  o f  t h e  gro w th  

p e r i o d .

S u r f a c e  t e n s i o n  a l o n e  a p p e a r s  to  h a v e  l i t t l e  s i g 

n i f i c a n t  i n f l u e n c e  on t h e  g r o w t h - c u r v e  d a t a .  T h i s  i s  i n  

a gree m e n t  w i t h  t h e  r e s u l t s  p r e s e n t e d  b y  M a r s h a l l  ( 4 7 )  and 

b y  Mallmann and Darby ( 4 5 ) .  I t  h a s  so m e t im e s  b e e n  assumed  

t h a t  t h e  d e g r e e  t o  w h ic h  a s u r f a c e - a c t i v e  a g e n t  can l o w e r  

s u r f a c e  t e n s i o n  i s  a m ea sure  o f  i t s  e f f e c t i v e n e s s  a s  a g e r m i 

c i d e .  The d a t a  from t h i s  s t u d y  do n o t  s u p p o r t  t h i s  c o n t e n 

t i o n .  No p o s i t i v e  c o r r e l a t i o n  a p p e a r s  t o  e x i s t  b e t w e e n  g e r 

m i c i d a l  a c t i v i t y  and r e d u c t i o n  o f  s u r f a c e  t e n s i o n  f o r  t h e  

a n i o n i c  a g e n t s  a c t i n g  a t  s u r f a c e  t e n s i o n s  b e t w e e n  27 and 52  

d y n es  p e r  c e n t i m e t e r .  A l th ou gh  N e k a l  and N a c c o n o l  l o w e r e d  

t h e  s u r f a c e  t e n s i o n  t o  a p p r o x i m a t e l y  31 d y n e s  p e r  c e n t i m e t e r  

i n  c o n t r a s t  t o  29 d yn es  p e r  c e n t i m e t e r  f o r  I g e p o n  and D u p o n o l ,  

t h e  f i r s t  two compounds are  f a r  more g e r m i c i d a l  t h a n  t h e  l a t 

t e r  t w o .  In  a l l  t h e  e x p e r i m e n t s ,  t h e r e  was a n e g l i g i b l e  

s h i f t  i n  s u r f a c e  t e n s i o n  o v e r  th e  2 4 - h o u r  t e s t .
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S i n c e  the  c h e m i c a l - r a n g e  t e s t  s e r v e d  as  t h e  i n i t i a l  

b a s i s  f o r  u s i n g  t h e  p r o p e r  d i l u t i o n s  i n  t h e  g r o w t h - c u r v e  

s t u d i e s ,  i t  i s  s i g n i f i c a n t  t o  n o t e  t h a t  t h e r e  was no a b s o l u t e  

c o r r e l a t i o n  b e tw een  t h e  r e s u l t s  o f  t h e  two m e t h o d s .  W ith  

I g e p o n  AP, i n  c o n t r a s t  to  t h e  c h e m i c a l - r a n g e  t e s t  r e s u l t ,

S .  a u r e u s  a t  pH 5 . 2  f a i l e d  to  s u r v i v e  a 2 4 - h o u r  e x p o s u r e  i n  

a 1 - 5 0  c o n c e n t r a t i o n  o f  t h e  a n i o n i c  a g e n t .  B o th  B. o o l i  and  

S .  p a r a t y p h i  B a t  pH 5 . 2  d i s p l a y e d  i n c o n s i s t e n c i e s  when r e 

a c t i n g  w i t h  U e k a l  BX a t  a 1 - 5 0  c o n c e n t r a t i o n .  The same was  

t r u e  f o r  B .  c o l i  a t  pH 5 . 2  w i t h  T e r g i t o l  7 i n  a 1 - 5 0  c o n c e n 

t r a t i o n .  The s u r p r i s i n g  f a c t  i s  t h a t  a l l  t h e s e  d i s c r e p a n c i e s  

o c c u r r e d  a t  pH 5 . 2 ,  t h e  ran g e  w h ere  t h e s e  a n i o n i c  compounds  

w ere  most  e f f e c t i v e  a g a i n s t  t h e  o r g a n i s m s  m e n t i o n e d .  S i n c e  

t h e  f a c t o r  o f  e x p o s u r e  t im e  was c a r e f u l l y  c h e c k e d ,  a p o s s i b l e  

e x p l a n a t i o n  f o r  t h e s e  v a r i a t i o n s  may be t h a t  i n  t h e  c h e m i c a l -  

ra n g e  t e s t ,  t h e  o r g a n i s m s  h a v e  a b e t t e r  c h a n c e  o f  s u r v i v a l ,  

i n s o f a r  a s  t h e  l i m i t i n g  a r e a  o f  t h e  t e s t  t u b e  may be s u f f i 

c i e n t l y  s m a l l  ( i n  co m p a r iso n  w i t h  an e r l e n m e y e r  f l a s k )  t o  

a f f o r d  p r o t e c t i o n  f o r  some o f  th e  o r g a n i s m s  a g a i n s t  t h e  s y n 

t h e t i c  a g e n t s .  S i n c e  t h i s  method i s  an " a l l  o r  none" s u r v i 

v a l  t e s t ,  i t  i s  q u i t e  p o s s i b l e  t h a t  one or  two s u r v i v i n g  b a c 

t e r i a  may h a v e  b e e n  s u b t r a n s f e r r e d  s u c c e s s f u l l y ,  or t h a t  one  

or  two v e r y  s m a l l  c lum ps o f  o r g a n i s m s  w i t h s t o o d  t h e  b a c t e r i 

c i d a l  e f f e c t  o f  t h e  a n i o n i c  a g e n t s .  F u r t h e r  e v i d e n c e  o f  

t h e s e  v a r i a t i o n s  w i l l  b e  p r e s e n t e d  i n  t h e  d i s c u s s i o n  o f  t h e  

c a t i o n i c  a g e n t s .

Of t h e  a n i o n i c  a g e n t s  t e s t e d ,  T e r g i t o l  7 a t  pH 5 . 2  

was t h e  m o st  b a c t e r i c i d a l  (o n  t h e  b a s i s  o f  e f f e c t i v e  c o n c e n -
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t r a t i o n )  f o r  S« c o l l  and S .  a u r e u s . T h i s  i s  i n  agreem ent  

■with t h e  f i n d i n g s  o f  G e r s h e n f e l d  ( 2 4 )  on a s i m i l a r  compound 

( T e r g i t o l  4 )  and B a k er  e t  a l  ( 6 ) ( 7 ) .  H ek a l  BZ a t  pH 5 . 2  

was g e r m i c i d a l  a g a i n s t  a l l  t h r e e  o r g a n ism s  ( a t  a 1 - 4 0  con

c e n t r a t i o n  i t  was g e r m i c i d a l  a g a i n s t  S .  p a r a t y p h i  B ) .

N a c c o n o l  NRSF was g e r m i c i d a l  o n l y  f o r  S.  a u r e u s . F i n a l l y ,  

Duponol OS and Ig e p o n  AP f o l l o w ,  i n  t h a t  o r d e r  o f  e f f e c t i v e 

n e s s ,  a s  g e r m i c i d a l  a g e n t s  a g a i n s t  S .  a u r e u s .

P er h a p s  t h e  m ost  i m p o r t a n t  f a c t  i n  t h e s e  s t u d i e s  

w i t h  a n i o n i c  a g e n t s  i s  t h a t  a t  pH 5 . 2 ,  w i t h  t h e  p r o p e r  c o n 

c e n t r a t i o n  o f  t h e  s y n t h e t i c  compounds,  T e r g i t o l  7 and H ek a l  

BZ a re  g e r m i c i d a l  f o r  th e  g r a m - n e g a t i v e  o r g a n i s m s .  W ith  t h e  

e x c e p t i o n  o f  t h e  p a p e r  hy  G e r s h e n f e l d  and M i l a n i c k  ( 2 4 ) ,  i n  

w h ic h  t h e y  i n d i c a t e  t h a t  A e r o s o l  OT and T e r g i t o l  4  a t  pH 4  

and pH 5 can k i l l  5 .  t y p h o s a , t h e  common b e l i e f  h a s  b e e n  

t h a t  a n i o n i c  a g e n t s  a re  o n l y  b a c t e r i c i d a l  f o r  g r a m - p o s i t i v e  

o r g a n i s m s .  B a y l i s s  ( 1 1 )  r e p o r t e d  t h a t  sodium  l a u r y l  s u l f a t e  

c l e a r e d  s u s p e n s i o n s  o f  g r a m - n e g a t i v e  o r g a n i s m s ,  b u t  h e  f a i l e d  

t o  f i n d  a p o s i t i v e  c o r r e l a t i o n  b e t w e e n  t h e  l y s i n g  and l e t h a l  

a c t i o n .

The i m p o r t a n c e  o f  pH i s  d r a m a t i c a l l y  p r e s e n t e d  b y  

D uponol  OS. At pH 8 ,  S .  a u r e u s  s u r v i v e d  a 2 4 - h o u r  e x p o s u r e  

to  a 1 - 5 0  c o n c e n t r a t i o n  o f  t h i s  s y n t h e t i c  a g e n t .  At pH 7 ,  a 

1 - 4 0 0  c o n c e n t r a t i o n  was e f f e c t i v e l y  g e r m i c i d a l  a g a i n s t  t h e  

same o r g a n i s m ,  w h i l e  a t  pH 5 . 2 ,  a 1 - 4 0 0 0  d i l u t i o n  c o m p l e t e l y  

k i l l e d  S .  aureu s  i n  24 h o u r s .  The o n l y  p o s i t i v e  c o r r e l a t i o n  

b e t w e e n  t h e  t r e n d  o f  pH and b a c t e r i a l  c o u n t  o v e r  t h e  v a r i o u s  

p e r i o d s  o f  t h e  grow th  c u r v e  i s  t h a t  on ce  t h e  b a c t e r i a l  co u n t
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g o e s  b e l o w  t h e  o n e - m i l l i o n  mark and s t a y s  b e lo w  t h a t  mark,  

t h e  s h i f t  i n  pH i s  e i t h e r  n e g l i g i b l e  or n o n - e x i s t e n t .  In  

a l l  o t h e r  i n s t a n c e s ,  t h e  change i n  pH f a l l s  s h o r t  o f  t h e  

l e v e l  r e a c h e d  i n  t h e  c o n t r o l s .

0 .  O a t i o n i c  Compounds

Dom agk's  ( 1 3 )  p u b l i c a t i o n  on t h e  l o n g - c h a i n  q u a t e r 

n a r y  ammonium s a l t s  s t i m u l a t e d  a t r e m e n d o u s  i n t e r e s t  i n  t h e s e  

compounds. Working m a i n l y  w i t h  z e p h i r o l  ( a l k y l  d i m e t h y l  b e n 

z y l  ammonium c h l o r i d e ) ,  he r e p o r t e d  i t s  g e r m i c i d a l  a c t i v i t y ,  

a s  w e l l  a s  g e r m i c i d a l  a c t i v i t i e s  f o r  o t h e r  q u a t e r n a r y  ammon

ium s a l t s  w h ic h  p o s s e s s e d  a l o n g - c h a i n  a l i p h a t i c  group  

(CJjH/7 t o  )•

The m eth o d s  f o r  p r e p a r i n g  t h e  t h r e e  t y p e s  o f  c a t i 

o n i c  a g e n t s  u s e d  i n  t h e  i n v e s t i g a t i o n  r e p o r t e d  i n  t h i s  t h e s i s  

a r e  d e s c r i b e d  i n  t h e  p a p e r s  b y  Kuhn e t  a l  ( 4 1 )  ( f o r  a l k y l  d i 

m e t h y l  b e n z y l  ammonium c h l o r i d e ) ,  and b y  S h e l t o n  e t  a l  ( 5 6 )  

( 5 7 )  ( f o r  OTAB and a l k y l  p y r i d i n i u m  c h l o r i d e ) .

The c o n c e n t r a t i o n s  o f  q u a t e r n a r y  ammonium compounds  

u s e d  i n  t h e s e  e x p e r i m e n t s  e i t h e r  r e d u c e d  t h e  c o u n t s  o f  a l l  

t h r e e  t y p e s  o f  b a c t e r i a  o r  k i l l e d  them c o m p l e t e l y .  They  

a l s o  i n h i b i t e d  t h e  norm al  s h i f t  i n  pH o v e r  t h e  2 4 - h o u r  p e r i o d .

The r e s u l t s  p r e s e n t e d  i n  T a b l e s  8 ,  9 ,  and 10  a r e  

i n  agreem ent  w i t h  t h e  g e n e r a l  t h e o r y  o f  maximum g e r m i c i d a l  

a c t i v i t y  o f  c a t i o n i c  a g e n t s  i n  an a l k a l i n e  r a n g e .  The work  

o f  Kuhn and B i e l i g  ( 4 0 )  g a v e  s t r o n g  s u p p o r t  t o  t h i s  g e n e r a l 

i z a t i o n .  They p o i n t e d  o u t  t h a t  p r o t e i n s  c o u l d  o n l y  b e  p r e 

c i p i t a t e d  when t h e y  were  i n  t h e  form o f  a n i o n s ,  i . e . ,  o n _ th e  

b a s i c  s i d e  o f  t h e  i s o e l e c t r i c  p o i n t .  They l i k e w i s e  p r o p o s e d



TABLE 8

BATA S E E 2T  Oil R O C C .E

Phenol!o Range
pH 7

Kin. E. o o li S. rara- S. aureus
tvnhi B

O o  o
o

o  o  o o  o  o S. ooli S. paratyphi B S. aureus
e  id 0) (D Oi ri to C- CD
1 1 I 

H rt H
1 1 1H H H 1 1 1H H rt 1-3T 1-4T 1-5T 1-3T 1-5T 1-40T 1-60T

5 -  4 4 -  4 4 -  4 4
10 -  4 4 -  -  4 -  4 4 Hrs. pH S.T .* B.C.** pH S.T. B.O. pH S.T. B.C. pH S.T. B.C. pH S.T. B.C. pH S.T. B.C. pH S.T. B.C.
15 -  4 4 -  -  4 -  -  4

0 7 .0  43.71 13Ma 7.0 46.02 15M 7.0  47.31 15M 7 .0  43.66 81£ 7.0 47.17 8M 7.0  53.99 6M 7.0  56.07 611
Chemical Kange

I E-* E-4 EH 4 7 .0  44 .10 2T* 7 .0  46.13 46T 7 .0  47.92 1011 7 .0  43.99 1M 6.9 47.17 17M 7.0 54.35 21! 7 .0  66.04 2.2M
&  & et &  o O  O O
H «  1 1

tC rl
1 I I

W V)
1 1 7 7 .0  43.54 20® 7 .0  45.97 10T 7.0 46.75 100T 7 .0  43.99 141! 6.9 47.17 401! 7.0 53.76 480T 7 .0  64.97 1H

H H H H r! XXX

E. c o ll  -  - + +! 10 7.0 43.48 0 7 .0  45.84 2T 6.9 46 .66 4.5K 6 .9  43.66 291! 7 .1 46.34 104M 7.0  53.57 450T 7 .0  64.97 1M

S. para- -  4 4 4 | 24 7 .0  43.48 0 6.9 45.84 5M 7.0 46.66 95M 7.2  43.66 39M 7.5 46.34 26011 6.9 53.99 21T 7.0  66.07 600T
typhl B 1I
S.aureus

I

r 4 + 4

Phenolic Range
pH 5,2

Min'. E. c o li S. para S. aureus
typhi B

E. o o ll
O O  o o  o  o o  o  o
fc- CD 01 
1 1 1

CO 01 r i  
1 1 1

tO C- OJ 
i i i 1-4T 1-5T

r l  H H H  r l  H rt r l  rl
6 + + 4 + 4 4 f  t  i Hrs. pH S.T. B.O. pH S.T. B.C.

10 -  t  4 - 4 4 -  t  +
16 -  -  t -  -  4 -  + + 0 5,2 46.97 15M 5.2 46.75 IBM

Chemioal Range 4 5 .3  # 32T 6 .0  #  240T

Si S i s e e
£  ^  o  o  o 7 5 .3  # 5T 5.4 # 4T

H  « n  e  i s rt «  W
rt rt rt rt r t r t  r t  rt 10 5 .3  # 260 5 .4  # 800

E. o o li -  - -  f  t
24 5 ,3  45.00 0 5 .4  45.97 112

S. jpara- -  - + + +
typhi B

S.aureus - 4 4

1-6T 

pH S.T. B.C.

6 .2 47.92 IBM

5 .3  # 31!

6 .3  # 220T

5 .3  # 2T

6 .4  46.75 800T

3. paratyphi B 

1-6T 

pH S.T. B.C.

5 .2  46.71 8H

6 .2  # 461

6 .2  # 3T

5.2 # 18T

6 .0  46.75 52M

S. aureus

1-BOT 

pH S.T. B.C.

6.2 62.26 6M
5.2 # SOOT

5.2 # BOOT

5.2 # 2001

6.2 61.80 5T

■ 1-30T

pH S.T. B.C.

6.2 60.02 6M

6 .3  # 3M

5 .0  f  600T

6 .3  # 400T

5 .3  52.78 661

Phenolic Range

Min. E. o o li S. Bara- S. aureus
typhl.B

o E. c o li S. paratyphi B S. aureus
fc» © . 
1 1 i  

r t  r t  rt
8  S  S

i t i
r l  r t  r t

to
1

r t

p-
i

H

CD
1

H 1-5T 1-6T 1-6T 1-30T 1-4 0T 1-50T 1-70T

5 4 4 4 4 4 4 4 4 Hrs. pH S.T. B.C. pH S.T. B.C. pH S.T • B.C. pH S.T. B.C. PH S.T. B.O. pH S.T. B.C. PH S.T. B.C.
10
16

-  4 4
-  t  4

-  4 4
-  -  4

“ t 4
4 0 8.0 46.98 13M 8 .0  47.91 12M 8.0  47.48 91! 8 .0 63.29 6.5M 8.0  54.61 6M 8.0 65.49 - 61! 8 .0  6.7.83 611 _

Chemioal Range 4 8.1 # 3T 8.0 * 91T 7.8 # 151! 8 .0 # 15T 7.9 # 120T 7.8 # 700T 8 .0 # 8H

s< s i  
r l  W e< E! 3  s e e

IS
IT1

SI
ow

Si
O
m

7 ■8.1 # 3T 8 .0 # 16T 7.8 # 641! 8 .0 # 2T 7.9 # 0OT 7.8 # 2001 8 .0 # 1.31!

H  H H  r t  r l H H 10 8.1 # 12 8.0 # 3T 8 .0  # 861! 8 .0 # 116 7.8 t 15T 7.8 # 100T 8 .0 # 400T
E. o o li  -  - -  -  4 1

24 8.1 46.13 0 8 .0  47.49 10T 8.1  47 .13  191! 8 .0  51.80 0 7.8  53.29 7 7 .8  53.97 100 8 .0  56.94 7 61
S. para- -  4 
tJPhi B

t  4 4 1

1

S.aureus 1-
4 —

4 4

S.T. s ig n i f ie s  surface tension in  dynes per centim eter.

** B.C. s ig n i f ie s  B acteria l count per co.

4 M s ig n if ie s  m illio n s .

+  T s ig n i f ie s  thousands.

® Where no M or T follow s the enumeration, the figu re  l a  the actual b acteria l oount per c o . , 
tha t i s ,  20 organisms per cc. in  t h is  ease.

t  Ho measurement was made.
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TABEE 9

DATA SHEET ON EPC

Phenolic Range

Min. E. o o li 3 . para S« aureus
typhi B

o  O o
^ o  o  o  o o  o  o E. o o li S. paratyphi B S. aureus

c- co m CO O H 10 C- CD
i i i 

r t  r t  H
i i i

r t  r t  rt
1 1 1rl r l  H 1-30T 1-40T 1-30T 1-401 1-200T 1-300T 1-800T

6 -  + + 4 + + -  4 4 Hrs. pH S.T.* B.C.** pH S.T. B.O. pH S.T. B.C. pH S.T. B.C. pH S.T. B.C. pH S.T. B.C. pH S.T. B.O.
10 -  + + -  4 + -  4 4
16 -  -  + •  -  + -  -  4 0 7 .0  44.98 15M1 7.0 4 6 .B7 1511 7 .0  44.03 8M 7 .0  46.49 ?H 7 .0  53.04 6M 7.0  55.76 6M 7.0 67.36 611

Chemical Rangeu 1 Pj P-4 4 7.0 44.17 8M 6.9 45.56 7M 7 .0  44.33 6M 6.9  46.87 1611 7.0 62.29 8.111 7 .0  53.56 6.9M 7.0 68.06 9H
&< & £  Z o  o  oEH O 

IQ r l  1 |
o  o  o  
W tfi 1 1 1

1 o  o  oI H W «
I I I  1

7 7 .0  40.91 400T* 6.9  45.95 5M 6.9  43.38 47M 6.9 46.51 66M 7.0  53.66 2.1M 7.0 64.90 5.5M 7.0  68.39 481!
r l  H H  H  H I H  H  H 10 7 .0  42.87 60T 6.9  46.07 3M 7 .0  44.83 4711 7.2 46.96 110M 7.0 63.23 800T 7 .1  64.50 5.6M 7.8 56.14 601!

E. c o l i  -  - i  +  4
84 7 .0  43.81 84® 7.0 46.81 4011 7 .5  45.34 75M 7.6  47.07 192M 7.0 52.29 96T 7 .1  53.47 460T 7 .4  66.75 901!

S. para—  - + + 4
typhi B

S.aureus 1 -  +  4

Phenolic Range
pH 6 .8

Min. E. c o li 3. para S. aureus
typhi B

o E. c o li S. paratyphi B 3. aureus
o  o  o o  o  o o o o
i i i i i i 1 i i 1-30T 1-30T 1-100T 1-20011 1 1 l 1 l H H r t

5 + 4 4 4 4 4 4 + + Hrs. pH S.T. B.C. pH S.T. B.C. PH S.T. B.C. pH S.T. B.C.
10 -  4 + -  4 t - + +
16 -  -  + -  -  4 - + 4 0 6.2 42.83 12K 5.2 42.27 9M 6.2 51.20 6M 5.2 53.56 6U

Chemioal Range 4 5.2 # 6.7M 5.2 #  9M 5.2 # IT 5.2 # 7.8M
E h P-i E h Eh 1 o o o

E h O 
W H °  2  °  . oW 10 ^ | rl

o
CM

oto 7 5.2 # 1.6M 5.7 # 9M 5.2 * 6 5 .3 # 5.9H

rt rt rt rt rt
i H

rt rt 10 5.2 # BOOT 6 .3 #  78M 5.8 # 0 6.3 # 3.8M
E. c o li  -  - 4 + 4 |

84 5.2 41.05 88 6.8 43.38 13611 5.2 50.95 0 5 .4 51.59 700T
S. para- -  + + + 4
fyphi B

S. aureus i - 4 4

pH 6
Phenolic Range

Min. E. c o li S. para
typhi B

o
o  o  ©^ cd ci (0 0> ri■ I 1i i i.H rl ri i i <H rl H

5 + + 4 4 + 4
10 -  + + -  4 4
IB -  4 4 -  -  4

S. aureua

Chemical Range

eh o  o
cj to

H  H  r t  r l  r l

E, c o l i  -  -  -  4 +

S. para- -  -  4 + +
typhl £

S.aureua

E. c o l i S. paratyphi B S. aureus

0
t -

1

0
ID
1

1-401 1-40T 1-2001 1-300T
H
4

rH
4 Hrs. pH S.T. B.C. PH S.T. B.O. pH S.T. B.C. pH S.T. B.C.

4 4
4 0 8 . 0 45.95 14M 8.0 45.87 9M B.O 63.16 6M 8.0 65.76 6U

4 8.0 # BIT 7.8 # 13M B.O #  ' 200T 8.0 ‘ f 4001

EH

8

E h
O
o

7 8.0 # 15T 7 .8 #  13M 8.0 # 6T B.O t 160T

011
rt

1rt 10 8 .0 t 700 7 .7 # 47M 8.0 # I T 8 .0 t 8 2 T

24 8.0. 45.56 19 8 .2 45.87 13M ' 8 .0 53.56 0 6 . 0 66.75 208

4 4

*  8 . 1 .  s ig n if ie s  surface tension in  dynes per centim eter.

** B.C. s ig n i f ie s  b a cter ia l count per oo.

A M s ig n i f ie s  m illio n s .

+  T s ig n i f ie s  thousands.

® Where no M or T fo llow s the enumeration, the figure i s  the actu al b acteria l count per c c . ,
that i s ,  24 organisms per oc. in  th is  case.

# No measurement was made.
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TABLE 1 0

DATA SHEET OH CTAB

Phenolic Range
pH 7

Min. E. o o li S» para S. aureus
typhi B

o E. ooli S. paratyphi B S. aureus
o  o  o o  o  o o  o  o —————
t- CD 01 
1 1 1 CD Oi H 1 1 1

tO CD 
1 1 1 1-10T 1-20T 1-30T 1-10T 1-2M 1-700T 1-1M

1 1 1 rH H H 1 1 1

5 + + + + 4 4 -  4 -I Hrs. pH S.T.* B.C.** pH S.T. B.O. pH S.T. B.C. pH S.T. B.C. pH S.T. B.C. pH S.T. B.C. pH S.T. B.C.
10 -  4 4 -  + 4 -  4 4
16 -  4 4 -  + 4 -  -  + 0 7.0 27.29 13M* 7.0 37.47 1211 7 .0  37.61 15M 7.0 27.24 9M 7.0 27.62 9li 7 .0  56.54 8M 7 .0  57.69 8M

Chemioal Range 4 7.0  27.29 14® 7.0  27.47 4M 6.9 37.52 10M 7.0 27.24 120T 7.0 27.47 5.4M 7.1 56.29 400 7.0 67.69 Hi

1 *  B B 1 o a  Ei a  © o  o 7 7.0 27.16 0 7.0 27.41 2707? 6.9 27.47 14M 7.0 27.29 200T 7.0  27.47 B2M 7.1  55.66 2 7 .0  57.78 90T
B B o  o . o O O oin cn I i rl W H 1 1 ' I CM tfi <j* 1 1 10 7.0 27.06 0 7 .0  37.28 40T 7 .0  27.47 6.611 7.0 27.29 6M 7.2 37.38‘12511 7.1 54.21 6 7 .0  66.87 10T
H r rl H I H H rH H

E. o o li -  + 24 7.0 27.06 0 7 .0  27.28 70T 7.1 27.47 1.5U 7.2 27.16 31M 7.6  27.28 8211 7 .1  55.66 40 7 .0  56.26 IT

S. para- -  + ■t + ,
typhi B 1

S.aureus !< 4 + +

Phenolic Range
pH 6.2

Kin c o li S. para- S. aureua 
typhi B

paratyphi Bc o li

1-900T1-SOT1-SOT 1-30T

B.O,S.TS.TS.T.Hrs

5.2  57.655.2 66.6727.61 IBMIBM

400T75T 11T 5.21695.2Chemical

BOOT56T159 5.2 5.2

720T6 . 210T4.6M 5.25.2

5.2 67.66 100T55.2127.61 8.2M27.74 2805.2 27.28o o li

para.
typhl

Phenolio Range
pH 8

Min. E. oo li 3 . para S. aureus
typhi B

E. ooli S. paratyphi B S. aureus

or~ o  oCD Ol o  o  8
«  01 rl

oto oB* OCD 1-20T 1-30T 1-2 or 1-800T 1-1M

H H rl H H H H H rl Hre» pH S.T. ■ B.C. PH S.T. B.C. pH S.T. B.O. pH S.T. B.C. PH S.T. B.C
5

10
4 + 4 

+ 4
-  t  + 
- 4 4

- +
4

+
4 0 8.0 27.52 12M 8.0 27.74 12M 8.0 27.61 9M 8.0 56.87 714 8 .0 57.13 7M

16 - + + -  -  4 “ - +
4 8.0 t 170T 7.9 t 5.1M 7.9 # ISM 7.9 # 220 7.9 # 600

Chemioal Range
7 8.0 # 7 7.9 t 3.6K 7.7 # 29M 7.9 # 41 7.9 t 65

ei o  to H
e< h | o  o  o  1 o  
M IO | H

B
8CM

BOoN

BOO’■#
10 8.0 # 0 7.9 # 170T 7 .7 ‘ # 14M 7.9' # 20 7.9 t 48

rl r H H 1 H H H H 24 8.0 27.52 0 7.8 27.61 2001 8.1 27.74 2.11! 7.9 54,21 12 7.9 55.66 68
E. c o li “ 4 + +1
S. nara 
typhi B

- + + * + l
1

3 .aureus 1 4 4 + +

S.T. s ig n if ie s  surface tension In dynes per centim eter.

** B.C. s ig n if ie s  B acteria l count par cc.

A  M s ig n if ie s  m illio n s .

+  T s ig n if ie s  thousands,

® Where no M or T f o l lo w  the enumeration, the figu re  i s  the actual bacteria l count per e e . ,  
tha t i s ,  14 organisms per cc. in  th is  case.

# No measurement was made.



36

t h a t  t h i s  c a p a c i t y  to  r e a c t  w i t h  p r o t e i n s  and t o  s p l i t  p r o 

t e i n  c o n j u g a t e s  e v e n t u a l l y  c a u s e s  t h e  d e s t r u c t i o n  o f  e s s e n 

t i a l  com p onents  o f  l i v i n g  b a c t e r i a ,  r e s u l t i n g  i n  d e a t h  o f  

t h e  c e l l s .  H owever ,  w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  t h e  p a p e r  

by Q uisno  and F o t e r  ( 5 0 ) ,  v e r y  few r e p o r t s  h a ve  b e e n  made on 

t h e  com parab le  e f f i c i e n c y  o f  t h e  q u a t e r n a r y  ammonium compounds  

i n  a c i d  r a n g e s .  T h ese  a u t h o r s  d e m o n s t r a t e d  t h a t  Oeepryn was  

as  e f f i c i e n t  a t  pH 3 a s  a t  pH 8 a g a i n s t  b o t h  g r a m - p o s i t i v e  

and g r a m - n e g a t i v e  o r g a n i s m s .  A lth ou g h  a c i d  r a n g e s  a s  low as  

pH 3 w ere  n o t  e x p l o r e d  i n  t h e  s t u d y  h e r e i n  p r e s e n t e d ,  t h e  

r e s u l t s  i n  T a b le  10  i n d i c a t e  t h a t  CTAB was c e r t a i n l y  a s  e f 

f i c i e n t  a g a i n s t  3 .  c o l i  a t  pH 5 . S  a s  i t  was a t  pH 8 .

An im p o r ta n t  p o i n t  t h a t  s h o u l d  e n t e r  i n t o  an e v a l 

u a t i o n  o f  q u a t e r n a r y  ammonium compounds i s  t h e i r  a b i l i t y  t o  

p e r f o r m  e f f e c t i v e l y  o v e r  an e x t e n d e d  p e r i o d  o f  t i m e .  For  

e x a m p le ,  i n  comparing t h e  c o u n t s  o f  S .  p a r a t y p h i  B a t  pH 5 . 2  

and a t  pH 8 i n  T a b l e s  8 and 1 0 ,  i t  w i l l  be n o t e d  t h a t  em p loy

in g  t h e  same c o n c e n t r a t i o n  o f  c a t i o n i c  (1 -5T  w i t h  R o c c a l  and  

1-20T  w i t h  OTAB) a t  b o t h  pH l e v e l s ,  t h e  end r e s u l t  ( a f t e r  a 

2 4 -h o u r  p e r i o d )  was a h i g h e r  co u n t  a t  pH 5 . 2 .  However,  i f  

one s h o u ld  e v a l u a t e  t h e s e  g e r m i c i d e s  a f t e r  a 4 - h o u r  e x p o s u r e  

p e r i o d ,  t h e  r e s u l t  w ou ld  be  a 9 9 - p e r c e n t  r e d u c t i o n  i n  c o u n t  

a t  pH 5 . 2  and an a c t u a l  i n c r e a s e  in  co u n t  a t  pH 8 .  To a  

l e s s e r  d e g r e e ,  t h i s  was t r u e  o f  l a u r y l  p y r i d i n i u m  c h l o r i d e  

( T a b le  9 )  w here  t h e r e  was no i n c r e a s e  i n  co u n t  a t  pH 5 . 2  

and a r i s e  i n  c o u n t  a t  pH 8 .  N a t u r a l l y ,  t h i s  w o u ld  s e r v e  a s  

an u n f a i r  e v a l u a t i o n  o f  r e l a t i v e  g e r m i c i d a l  a c t i v i t i e s .
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F i r s t ,  t h e  c o n c e n t r a t i o n s  a t  w h ich  t h e  c o m p a r i s o n s  w ere  made 

were  n o n - g e r m i c i d a l  c o n c e n t r a t i o n s  ( s o  f a r  a s  c o m p l e t e  k i l l  

was c o n c e r n e d ) .  S e c o n d ,  t h e  p o s s i b i l i t y  o f  b a c t e r i o s t a t i c  

r a t h e r  th a n  b a c t e r i c i d a l  a c t i v i t y  may b e  t h e  e x p l a n a t i o n  o f  

t h e  r e s u l t s .  I f  t h e  h y p o t h e s i s  i s  c o r r e c t  t h a t  b a c t e r i o s t a s i s  

i s  c h a r a c t e r i z e d  by a p e r i o d  o f  no v i s i b l e  d e v e lo p m e n t  f o l l o w e d  

by  m u l t i p l i c a t i o n  a t  a r a t e  w h ic h  shows no i n h i b i t i o n  by  t h e  

c h e m i c a l  a g e n t  ( 2 9 ) ,  t h e n  th e  r e d u c t i o n  i n  b a c t e r i a l  numbers  

d u r in g  t h e  f i r s t  7 or  1 0  h o u rs  a t  pH 5 . 2  can be e x p l a i n e d  by  

b a c t e r i o s t a t i c  r a t h e r  th a n  b y  b a c t e r i c i d a l  a c t i o n .  The p r o p 

e r t y  o f  t h e s e  compounds t o  m a i n t a i n  t h e  b a c t e r i a l  p o p u l a t i o n  

a t  a l e v e l  w h ich  i s  99 p e r c e n t  b e lo w  t h e  i n i t i a l  in o c u lu m  f o r  

p e r i o d s  o f  7 to  10  h o u r s ,  m ig h t  b e  c o n s i d e r e d  a d d i t i o n a l  p r o o f  

o f  s t a s i s .  However,  un d er  t h e  c o n d i t i o n s  o f  t h i s  t e s t ,  no 

p o s i t i v e  s t a t e m e n t  c o n c e r n i n g  b a c t e r i o s t a s i s  can b e  made.

T h ere  i s  no a b s o l u t e  c o r r e l a t i o n  o f  r e s u l t s  b e t w e e n  

t h e  c h e m i c a l - r a n g e  t e s t s  and t h e  g r o w t h - c u r v e  t e s t s . *  T h is  

o b s e r v a t i o n  i s  s i m i l a r  t o  t h a t  n o t e d  i n  t h e  a n i o n i c  s t u d i e s .  

Q uisno e t  a l  ( 5 1 )  p r e s e n t  a p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  

d i s c r e p a n c y .  They p o i n t  out  t h a t  when t h e  t e s t - t u b e  method  

i s  u s e d  f o r  t e s t i n g  s y n t h e t i c  c a t i o n i c  a g e n t s ,  i t  i s  q u i t e  

p o s s i b l e  f o r  a s i g n i f i c a n t  p r o p o r t i o n  o f  q u a t e r n a r y  ammonium 

m o l e c u l e s  n e a r  t h e  e x tr e m e  u p p e r  m a rg in  o f  t h e  m e n i s c u s  t o  

be a t t r a c t e d  t o  t h e  a i r - w a t e r  and g l a s s - w a t e r  i n t e r f a c e s .

T h ese  m o l e c u l e s  a r e  s o  a r r a n g e d  t h a t  t h e  l e t h a l  l i p o p h i l i c  

p o r t i o n  i s  o r i e n t e d  t o w a r d s  t h e s e  i n t e r f a c e s  and t h e r e f o r e  

©

* T h i s  l a c k  o f  ag reem en t  w i l l  b e  d i s c u s s e d  i n  t h e  s e c t i o n  
e n t i t l e d  " B a c t e r i o s t a t i c  T e s t s . ”
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i s  n o t  a v a i l a b l e  t o  a c t  on b a c t e r i a  t h a t  may f l o a t  to w a r d s  

t h e  r e g i o n  o f  t h e  m e n i s c u s .  .As f o r  o t h e r  p o s s i b l e  e x p l a n a 

t i o n s  o f  t h e  d i f f e r e n c e  i n  r e s u l t s  b e t w e e n  t h e  two t e s t s ,  

t h e  same r e a s o n s  p r e s e n t e d  i n  t h e  d i s c u s s i o n  o f  a n i o n i c  

a g e n t s  would  be  a p p l i c a b l e  h e r e .

In  com paring  t h e  t h r e e  c a t i o n i c  a g e n t s  on t h e  b a 

s i s  o f  p e r c e n t a g e  o f  a c t i v e  i n g r e d i e n t ,  i t  becom es  a p p a r e n t  

t h a t  R o c c a l  was t h e  m ost  g e r m i c i d a l  and OTAB t h e  l e a s t  g e r 

m i c i d a l  a g a i n s t  t h e  g r a m - n e g a t i v e  o r g a n i s m s .  H ow ever ,  a l l  

t h r e e  compounds a r e  a p p r o x i m a t e l y  e q u a l  i n  t h e i r  b a c t e r i c i d a l  

a c t i v i t y  a g a i n s t  S .  a u r e u s . S i n c e  t h e  R o c c a l  powder u s e d  i n  

t h e s e  t e s t s  o n l y  c o n t a i n e d  a p p r o x i m a t e l y  3 . 5  p e r c e n t  o f  a c 

t i v e  i n g r e d i e n t ,  i t  became n e c e s s a r y  t o  employ a more c o n c e n 

t r a t e d  R o c c a l  s o l u t i o n ,  i n  o r d e r  t o  c h e c k  on t h e  v a l i d i t y  o f  

t h e  l a r g e  c o n v e r s i o n  f a c t o r .  For t h i s  p u r p o s e ,  a c o m m e r c ia l  

1 0 - p e r c e n t  l i q u i d  s o l u t i o n  o f  R o c c a l  was u s e d .  G row th -ourve  

t e s t s  showed t h e  l i q u i d  s o l u t i o n  t o  be  b e tw e e n  t w o - a n d - o n e -  

h a l f  and t h r e e  t i m e s  more g e r m i c i d a l  th a n  t h e  pow dered  com

pound a t  t h e  t h r e e  pH l e v e l s .  C o n s e q u e n t l y ,  i n  a d d i t i o n  t o  

s u b s t a n t i a t i n g  t h e  p o t e n c y  o f  R o c c a l  a s  a g e r m i c i d e ,  i t  a l s o  

p r o v e d  t h a t  t h e  f i l l e r  m a t e r i a l  u s e d  i n  the  pow dered  R o c c a l  

p r e p a r a t i o n  d id  n o t  m a t e r i a l l y  h i n d e r  t h e  p e r fo r m a n c e  o f  t h e  

a c t i v e  i n g r e d i e n t .

f h e  r o l e  o f  c o n c e n t r a t i o n  o f  s y n t h e t i c  a g e n t s  i n  

b a c t e r i a l  gro w th  i s  b e s t  e x e m p l i f i e d  b y  t h e  c a t i o n i c  a g e n t s .  

When o n l y  t h o s e  c o n c e n t r a t i o n s  w h ic h  p e r m i t t e d  S . a u r e u s  t o  

s u r v i v e  f o r  24 h o u r s  w e re  u s e d ,  i t  became a p p a r e n t  t h a t  a
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w id e  range  o f  low c o n c e n t r a t i o n s  o f  t h e  q u a t e r n a r y  ammonium 

compounds w ere  c a p a b l e  o f  m a i n t a i n i n g  a v e r y  l i m i t e d  b a c t e r i 

a l  p o p i fL a t io n .  R o c c a l  (pH 8 ) ,  i n  d i l u t i o n s  o f  1 - 4 0 T ,  1 - 5 0 T ,  

and 1 - 7 0 T ,  r e d u c e d  t h e  S .  a u r e u s  p o p u l a t i o n  from 6M o r g a n i s m s  

p e r  c c .  t o  7 o r g a n i s m s ,  100 o r g a n i s m s ,  and 75T o r g a n i s m s  p e r  

c c . ,  r e s p e c t i v e l y ,  i n  24 h o u r s .  OTAB (pH 8 )  r e d u c e d  t h e  num

b e r s  o f  b a c t e r i a  from 7M p e r  c c .  to  13  o r g a n i s m s  p e r  c c . . a t  a 

1 -80 0 T  c o n c e n t r a t i o n ,  w h i l e  a 1-1M d i l u t i o n  g a v e  a f i n a l  c o u n t  

o f  68 o r g a n i sm s  p e r  c c .  LPO (pH 7)  a t  c o n c e n t r a t i o n s  o f  1 -2 0 0 T  

and 1-300T  d e c r e a s e d  t h e  c o u n t s  from 6M p e r  c c .  t o  96T p e r  c c .  

and 460T p e r  c c . , r e s p e c t i v e l y .  On t h e  o t h e r  h a n d ,  co m p arab le  

g r a d a t i o n s  o f  c o n c e n t r a t i o n  u s e d  w i t h  S .  c o l i  u s u a l l y  r e s u l t e d  

i n  l a r g e  d i f f e r e n c e s  i n  b a c t e r i a l  num bers ,  e . g . ,  LPO (pH 7 )  

a t  c o n c e n t r a t i o n s  o f  1 -30T  and 1 -4 0 T  r e s u l t e d  i n  2 4 - h o u r  c o u n t s  

o f  24 o r g a n ism s  p e r  c c .  and 43M o r g a n i s m s  p e r  c c . ,  r e s p e c t i v e 

l y .  The a n i o n i c  a g e n t s  d i d  n o t  c o n s i s t e n t l y  p a r a l l e l  t h e  

c a t i o n i c  compounds i n  t h e i r  e f f e c t s  on S .  a u r e u s . The o n l y  

two a n i o n i c  compounds w h ich  a f f o r d  an o p p o r t u n i t y  f o r  compar

i s o n  a re  L uponol  OS and T e r g i t o l  7 .  Duponol  OS (pH 5 . 2 )  a t  

c o n c e n t r a t i o n s  o f  1-5T and 1 -8 T  r ed u c ed  t h e  b a c t e r i a l  numbers  

t o  39T and 58T o r g a n ism s  p e r  c c . , r e s p e c t i v e l y .  However,  

T e r g i t o l  7 (pH 7) a t  c o n c e n t r a t i o n s  o f  1 -20 T  and 1 -3 0 T  d e 

c r e a s e d  t h e  c o u n t s  to  28 o r g a n i s m s  p er  c c .  and 72M o r g a n i s m s  

p e r  c c . , r e s p e c t i v e l y .

S i n c e  t h e  c a t i o n i c  a g e n t s  d i s p l a y e d  su c h  marked  

g e r m i c i d a l  a c t i v i t y ,  i t  was t h o u g h t  a d v i s a b l e  t o  a s c e r t a i n  

t h e i r  b a c t e r i c i d a l  or b a c t e r i o s t a t i c  e f f e c t s  on t h e  b a s i s  o f  

r e l a t i v e l y  s h o r t  e x p o s u r e  p e r i o d s .  T hose  c o n c e n t r a t i o n s  o f
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TABLE 1 0 a

GROWTH OH E. OOLI. S. PARATYPHI B, MB S. AUREUS AFTER 
SHORT PERIODS OF EXPOSURE TO ROCCAL, OTAB, AND LPC

A l l  c o u n t s  a r e  i n  term s  o f  b a c t e r i a  p e r  c c .

Compound Concen
t r a t i o n

pH Organism
Time I n t e r v a l  i n  M in u t e s

0 15 30 60 1 20

C o n t r o l s

5 . 2

8 . 0
E. c o l i

ISM

14M

13M

14M

16M

17M

18M

18M

25M

28M

5 . 2

8 . 0
S .  p a r a t y p h i  B

8M

7M

8M

7M

10M

8M

12M

10M

16M

25M

5 . 2

8 . 0
S. a u r e u s

7M

6M

7M

6M

8M

6M

9M

7M

10M

15M

R o c c a l

1-6T 8 . 0 E. c o l i 14M 6M 5M 3M 1.5M

1-5T 8 . 0 S.  p a r a t y p h i  B 9M ■3M 3M 3M 3M

1-4 0 T 8 . 0 S .  a u r e u s 7M 5M 3.6M 3M 3M

CTAB

1-SOT

1-SOT

5 . 2

8 . 0
E. c o l i

15M

15M

1.7M

9M

700T

6.8M

SOOT'

3.9M

40  OT 

3.8M

1-20T

1-SOT

5 . 2

8 . 0
S .  p a r a t y p h i  B

9M

9M

12T

5.3M

ST

2.4M

2T

1.2M

800

2M

1 -80 0 T 8 . 0 S .  aureu s 8M 1M 500T 100T 20T

LPC

1-40T 8 . 0 E. c o l i ISM 5M 5M 560T 200T

1-40T 8 . 0 S .  p a r a t y p h i  B 8M 2.5M 2M 2M 2M

8 . 0 S .  a u r e u s 7K 6M 6M 6M 2M
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c a t i o n i c s  wh ich  d id  n o t  c o m p l e t e l y  k i l l  t h e  o r g a n is m s  i n  24  

h o u rs  w ere  s e l e c t e d  f o r  t h i s  s t u d y .  The r e s u l t s  o f  t h e s e  

s h o r t  g r o w t h - c u r v e  t e s t s  a r e  p r e s e n t e d  i n  T a b le  1 0 a .

An u n q u a l i f i e d  c o r r e l a t i o n  d o e s  n o t  app ear  t o  e x i s t  

b e t w e e n  t h e  r e s u l t s  o f  t h e  2 -h o u r  e x p o s u r e  p e r i o d  i n  t h e  

s h o r t  g r o w t h - c u r v e  t e s t s  ( s e e  Table  1 0 a )  and t h o s e  o f  t h e  

com parable  4 -h o u r  e x p o s u r e  p e r i o d  i n  t h e  2 4 -h o u r  g r o w t h - c u r v e  

t e s t s  ( s e e  T a b le s  8 ,  9 ,  and 1 0 ) .  However,  i t  i s  a p p a r e n t  

from t h e  r e s u l t s  i n  T a b le  10a  t h a t  t h e  m a j o r i t y  o f  t h e  com

pounds t e s t e d  c a u s e d  a sh a rp  d e c r e a s e  i n  b a c t e r i a l  numbers  

d u r in g  t h e  f i r s t  15 m i n u t e s ,  f o l l o w e d  b y  a l a g  p e r i o d  l a s t 

i n g  from 45 m i n u t e s  to  105  m i n u t e s .  T h i s  l a g  p e r i o d  m ig ht  

be i n d i c a t i v e  o f  b a c t e r i o s t a t i c  a c t i v i t y .

P .  N o n - I o n i c  Compounds

In t h e  l i t e r a t u r e  on n o n - i o n i c  a g e n t s ,  t h e r e  i s  

g e n e r a l  agreem ent  t h a t  t h e  g e r m i c i d a l  a c t i v i t y  o f  t h e s e  com

pounds  i s  e i t h e r  n e g l i g i b l e  or n o n - e x i s t e n t .  U n f o r t u n a t e l y ,  

th e  w r i t e r  h a s  f a i l e d  t o  f i n d  any p u b l i s h e d  d a t a  t o  s u p p o r t  

t h i s  g e n e r a l i z a t i o n ,  o t h e r  t h a n  s i m p l e  s t a t e m e n t s  to  t h i s  

e f f e c t .  A lthough a c o m p le t e  s u r v e y  o f  t h e  d i f f e r e n t  t y p e s  

o f  n o n - i o n i c  a g e n t s  was n o t  a t t e m p t e d  i n  t h i s  s t u d y ,  t h e  

d a t a  on th e  two compounds u s e d  ( s e e  T a b l e s  11 and 1 2 )  su b 

s t a n t i a t e  t h e  a c c e p t e d  g e n e r a l i z a t i o n .

By e m p lo y in g  s t r o n g  c o n c e n t r a t i o n s  o f  t h e  n o n - i o n i c  

a g e n t s ,  i t  was p o s s i b l e  t o  show t h e i r  a c t i v i t y  i n  r e d u c i n g  

b a c t e r i a l  numbers o f  a l l  t h r e e  t y p e s  o f  o r g a n i s m s ,  when com

p a r e d  w i t h  t h e  c o u n t s  in  C o n tro l  T a b le  2 .  There  was l i k e w i s e
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Phenolic Range

S i  C O l l S. para S. aureus
typhi B

_  o o
o  o  o o  o  o o  o  o
©  a  r t oo m  h C* CD 0>

rt rt rt r t  r t  r t rt rt rt
+ +  4 4 4  4 4 4 4
-  t  + -  -  4 -  4 4
- f t -  -  4 -  -  4

Min,

5
10
15

Chemioal Hange

0 0 0 0 0 0 0 0
H C U t f t ' j ' i O i O E - C O1 I I I I I I IrtHrtrtrtrtrtrt

E. o o ll  + + + + + + 4 4

3. para- + + + + 4 4 4 4
typhl B

3. aureua + + + 4 4  + + 4

TiBlB 11 

DlTd SHEET OH EVU1PH0H OH

pH 7

Hre,

0
4

7

10

24

E. c o li S. paratyphi B S. aureus

1-20 1-50 1-20 1-50 1-20 1-60

pH S.T.* B.C.*'1' pH S.T. B.C. pH S.T. B.O. pH S.T. B.C. pH S.T. B.C. pH S.T. B.C.

7 .0  07.61 12M4 7.0  07.99 13V 7 .0  37.61 8M 7.0  37,94 8M 7.0 37.64 6M 7.0  37.94 6M

6.7  37.66 45V 6.7 38.00 75M 6 .8  37.56 68M 6 .8  37.94 70M 6.9 37.64 5.7M 6.9  38.03 6M

6 .8  37.66 82M 6 .8  30.08 105M 7 .1  37.56 100M 7.1  38.03 124M 6.9 37.89 3.5M 6 .9  38.00 4.1V

6 .8  07.56 55M 6.8 38.08 68V 7.2 37.62 152M 7.2 38.03 180M 6.9 07.89 2.2V 6.9  38.03 2.6M

6 .9  07.56 651- 7 .0 38.08 130M 7.5  37.52 169M 7 .6  38.03 214M 6.9 07.89 1 1 .TV 7.0  38.08 23V

Phenolic Range
pH 5 .2

Min. E. coli 3. para S. aureus
typhi B

E. co li S. paratyphi B S. aureus
o  o  o o  o  o o o o
>  CD Ol 

1 1 1
co m h  
1 1 1

(O 03
1 1-20 1-20 1-20

H rl rl rt rt rl rt r t rt
5 4 4 4 4 4 4 - t 4 Hrs. pH S.T. ■ B.C. pH S.T. B.C. pH S.T. B.O.

10 - 4 4 -  + 4 - 4 4
15 - 4 4 -  4 4 - 4 4 0 5.2 37.75 15M 5.2 37.75 BM 5.2 37.75 6M

Chemical Hange 4 5.3 # 86M 5.5 # SBM 5.2 # 1 7 5 #

o  o o  o  o O o o 7 5.4 # 10611 6.0 # 107M 6.2 # 2.6V
rl N (1 «  « <0 t - CO
1 1

H H
1 1 1

r t  rl r t
1

r t
i

r t
1

r l 10 5.5 # 120M 6.4 # 203V 5.2 # UK
E. oo li 4 4 4 4 4 + + 4

24 5.6 37.89 214V 6.8 07.89 239M 6.1 07.76 90JI
3. p a ra- 4 4 4 4 4 + + 4
typhi £

3 .aureus +  + 4 4 4 t 4 4

Phenollo Hange
pH 8

Min. E. ooli S. para- S. aureue

o o o

t y p u i  a 
oo  o  o o o  ot- CD O) CO o i  r t 10 C - CO

rt rt r t rt rt rt rt rt rt
5 4 + 4 4 4 4 - 4 4

10 - t 4 - 4 4 • 4 4
16 - + 4 - + 4 - -  4

Chemical Hange

0  0
r t  N

0
e>

0 0
10

0
10

0
c -

0
CO

r t  r t ri ri ri H r l r l

S i  O O l l + 4  + 4 4 4 4 4 4

S. p a r a 
t y p h i  B

4  t 4 4 4 4 4 4

S i a u r e u s  4 4 t 4 t 4 4 4

E. o o li S. paratyphi B S. aureus

1-20 1-20 1-20

Hrs. pH S.T. B.C. PH S.T. B.C. PH S.T. B.C.

0 . 8.0 37.56 16M 8.0 37.56 8M 8 .0 37.56 6V

4 7.8 # 110M 8.0 # 5111 8 .0 # 20T

7 7.7 # 117M 8.0 # 120K 7.9 # 2.1V

10 7.8 # 138H 8.1 # 239V 7.9 # 6V

24 8 .0 37.61 142M 8.2 ■ 37.61 161M 8.1 37.56 - 52V

3 ,1 . s ig n i f ie s  surface tension in  dynes per oentim eter. 

B.C. s ig n if ie s  B acteria l count per cc .

4 M s ig n i f ie s  m illio n s .

■* I  s ig n i f i e s  thousands.

# No measurement was made.
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TABIE 12 

DATA 3HE3T Oil T R IM  X-100

Phenolic Range

Kin. E. c o l i S. para 3. aureus
typhi £

o o
O o o  o  8 o o O

oo U> H ® »  rl 10 t- m
H H rH H H H H H H

5 t + t -  + + - + +
10 4 + -  -  + - f +
15 - 4 4 -  -  + “ “ t

Chemical Range

o  o O o  o O O o
H W W a* IO (0 c- CO
rl H r l H  rl H rl rl

E. o o li 4 4 t  + 4 + + 4

3. para- + + + + 4 + ■ +
typhi B

S.aureus + + 4 4 t + t 4

Hrs.

0
4

7

10

24

S. co li S. paratyphi B S. aureus

1-20 1-50 1-20 1-50 1-20 1-50

pH S.T.* B.C.** pH S.T. B.C. pH S.T. B.C. pH S.T. B.C. pH 3.T . B.C. pH S.T. B.C.

7 .0  32.66 12M* 7.0 32.75 1411 7 .0  32.66 8K 7 .0  32.75 8M 7.0  32.62 6M 7 .0  32.71 6M

6.8  32.62 56K 6.9 32.68 7211 6 .9  32.71 10M 6.9 32.66 1 8 .5M 7.0  32.62 1 7 0 / 7 .0  32.71 280T

6.9 32.62 3111 5.9 32.57 53M 7.1  32.71 BOM 7.1 32.66 57M 7.0  32.57 60T 7 .0  32.71 60T

7 .0  32.62 15M 7.0 32.57 6711 7 .3  32.66 601! 7 .3  38.66 6111 7 .0  32.57 100T 6.9  38.71 600T

7.0  32.75 9OK 7.0 32.66 112M 7 .5  32.85 52M 7.5  32.66 100M 6.9  38.75 .6M 6 .8  32.66 1011

Phenolic Range

Kin. E. c o li S. para 3. a u r e u s

typhi B

o o O o
O

o  o o o  O
t - CO m CO O i H e - a i  o>
i

-C H H H H  H > H rl H

5 - 4 + - 4 4 4 +  4
10 - 4 4 - 4 4 - 4 4
15 - - 4 “ -  4 - 4 4

Chemical Range 

o o o o o o o oHMK^O^t-CO I I I I I I I I
H H H H H H H H

E. o o li  4 4 4 4 f 4 f 4  

3. para- + h f  + 4 + f  +3. pal 
typnl T

.aureua + + + + + + + 4

pH 5.2

E. c c l i S. paratyphi B S. aureus

1-20 1-20 1-20

Hrs. pH S.T. B.C. pH S.T. B.C. pH S.T. B.C.

0 5.2 32.71 12M 5.2 32.71 8M 5.2 32.71 6M

4 5 .3 # 38M 5 .4 # 2 OK 6.2 # 2.111

7 5.4 # 47M 5.8 # 51M 5.2 # 1.7M

10 5.8 # 54M 6 .3 f 9411 5.2 # 3.111

24 5.8 32 .’6 2 58K 6.7 32.62 1201! 5.1 32.75 8M

pH 8

Phenolic Range

Min. E. c o l i 3* para 3* aureue

o
typhi

o E. OOli S. paratyphi B S. aureus
o  o  o  
CO S> H O o  o

CO O' rl
o
c- o

CD
0
01 i 1-20 1-20 1-20

H rt H H H rl rH rl H
5 4 4 4 -  4 4 + t 4 Hrs. pH S.T. B.C. pH S.T. B.C. pH S.T. B.C.

10
16

-  4 4
-  4 4

- 4 4  
-  -  4 - i

+
4
4 0 8 .0 32.62 1211 8 .0 32.62 811 8 .0 32.62 611

Chemioal Range 4 7 .8 # 55M 7.8 # 1411 8 .0 # 4.811

o  o
rl  «

Q o o 5  4 s Ot£> ot" 8 7 7 .7 # 64M 7 .8 # 44M 8.0 # WOT

rH rl rl  H H H rl rl 10 7 .8 # 42M 7.9 # 341! 8 .0 # 311
E. o o li  4 4 + t  + t 4 4

24 7.9 32.57 31M 8.0 32.57 2511 7.9 32.71 141!
S. para- 4 4 
typhi B

+ + i + 4 4

S. aureus 4 4 + t  + + 4 4

* 3 .1 . s ig n i f ie s  surface ten sion  in  dynes per oentim eter. 

**  B.O. s ig n i f i e s  h aoteria l count per cc.

* M s ig n if ie s  m illio n s .

^  I  s ig n i f ie s  thousands.

* Ho measurement was made.
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a c u r t a i l m e n t  o f  t h e  n o rm a l  s h i f t  i n  pH, a l t h o u g h  t o  a much 

l e s s e r  e x t e n t  t h a n  t h a t  o c c u r r i n g  w i t h  e i t h e r  a n i o n i c  or  

c a t i o n i c  a g e n t s .

The r o l e  o f  pH e x e r t s  some i n f l u e n c e  on t h e  a c t i v 

i t i e s  o f  t h e s e  compounds.  Emulphor OH was m o st  a c t i v e  a g a i n s t  

S .  a u r e u s  a t  pH 8 and a g a i n s t  B. c o l i  and S. p a r a t y p h i  3  a t  

pH 7 .  On t h e  o t h e r  h an d ,  T r i t o n  X -1 0 0  was m o st  e f f e c t i v e  

a g a i n s t  S .  a u r e u s  a t  pH 7 ,  and a g a i n s t  B .  c o l i  and S .  p a r a 

t y p h i  B a t  pH 8 .

A l t h o u g h  t h e  d a t a  p r e s e n t e d  i n  T a b l e s  11  and 12  

a re  b y  no means c o n c l u s i v e ,  i t  i s  i n t e r e s t i n g  t o  n o t e  t h e  

c o m p l e t e  r e v e r s a l  o f  t h e  i n h i b i t o r y  p o w er s  o f  t h e  tw o  a g e n t s  

a g a i n s t  g r a m - p o s i t i v e  and g r a m - n e g a t i v e  o r g a n i s m s  a t  pH 7 

and pH 8 .  F u n c t i o n i n g  a t  t h e i r  o p t i m a l  pH r a n g e s ,  b o t h  com

p o u nd s  a r e  c a p a b l e  o f  r e d u c i n g  t h e  3 .  a u r e u s  p o p u l a t i o n  by  

b e t t e r  t h a n  97 p e r c e n t  f o r  4 h o u r s  or l e s s .  Ho a t t e m p t  was  

made t o  e s t a b l i s h  w h e th e r  t h i s  a c t i v i t y  i s  b a c t e r i o s t a t i c  

or b a c t e r i c i d a l .

I n f o r m a t i o n  c o n c e r n i n g  c o m m e r c ia l  u s e s ,  m e th o d s  o f  

p r e p a r a t i o n ,  e t c . ,  o f  n o n - i o n i c  compounds can be f o u n d  i n  t h e  

p a p e r s  by G o ld s m i t h  ( 2 6 ) ( 2 7 ) .

E« B a c t e r i o s t a t i c  T e s t s

D e s i r e d  d i l u t i o n s  o f  s u r f a c e - a c t i v e  a g e n t  w e re  p r e 

p a r e d  i n  t e s t  t u b e s  i n  5 - c c .  q u a n t i t i e s .  To e a c h  t u b e ,  0 . 1  

c c .  o f  a 2 4 -h o i i r  orga n ism  s u s p e n s i o n  was a d d e d .  Tubes  w ere  

w e l l  shaken and t h e n  i n c u b a t e d  f o r  24 h o u r s  a t  57 d e g r e e s  0 .  

A f t e r  24  h o u r s ,  s u b t r a n s f e r s  (2  l o o p f u l s )  w e re  made i n t o



F.D..&. b r o t h ,  and b o t h  s e t s  o f  t e s t  t u b e s  w e re  i n c u b a t e d  

f o r  24  h o u r s .  Each 24  h o u r s  t h e r e a f t e r ,  f o r  2 a d d i t i o n a l  

d a y s ,  s u b t r a n s f e r s  from t h e  o r i g i n a l  s e t  o f  t u b e s  were  made 

i n t o  H .D .A .  b r o t h .  P o s i t i v e  g r o w t h  was r e c o r d e d  on t h e  

b a s i s  o f  v i s u a l  t u r b i d i t y .  T h i s  m ethod i s  a m o d i f i c a t i o n  

o f  t h a t  s u g g e s t e d  b y  Iiolmer ( 37 ) •

S i n c e  t h e  q u a t e r n a r y  ammonium compounds,  a s  a  

g r o u p ,  a r e  c o n s i d e r e d  more a c t i v e  b a c t e r i o s t a t i c  a g e n t s  

th a n  t h e  a n i o n i c  compounds,  b a c t e r i o s t a t i c  t i t r e s  on t h e  

f o r m e r  a g e n t s  were  d e t e r m in e d  a t  t h e  t h r e e  pH r a n g e s .  The 

r e s u l t s  p r e s e n t e d  i n  T a b l e s  I S  and 1 4  a r e  i n  a g r e e m e n t  w i t h  

t h e  a c c e p t e d  g e n e r a l i z a t i o n  c o n c e r n i n g  r e l a t i v e  b a c t e r i o 

s t a t i c  p o w e r s .  The a c i d  ra n g e  o n l y  was u s e d  f o r  t h e  a n i o n i c  

a g e n t s ,  s i n c e  t h e y  a r e  g e n e r a l l y  m o s t  a c t i v e  a g a i n s t  b a c t e r i a  

a t  t h i s  pH l e v e l .

In  t h e  b a c t e r i o s t a t i c  t e s t s ,  t h e  number o f  o r g a n 

i s m s  i n i t i a l l y  i n t r o d u c e d  i n t o  t h e  t e s t  t u b e s  was a l m o s t  i d e n 

t i c a l  w i t h  t h e  number i n i t i a l l y  i n o c u l a t e d  i n  b o t h  t h e  c h e m i c a l -  

r a n g e  t e s t s  and t h e  grow 'th -cu rv e  t e s t s .  Such c o n t r o l  o f  t h e  

q u a n t i t y  o f  o r g a n i s m s  o r i g i n a l l y  i n t r o d u c e d  more c l e a r l y  d e 

f i n e s  t h e  c o n d i t i o n s  o f  t h e s e  t e s t s  and makes p o s s i b l e  a more  

e x a c t  d u p l i c a t i o n  o f  r e s u l t s  w i t h  a l l  t h r e e  m e th o d s  o f  t e s t 

i n g .  The a g r e e m e n t  b e tw e e n  th e  r e s u l t s  o f  t h e  c h e m i c a l - r a n g e  

t e s t s  and t h e  2 4 - h o u r  r e a d i n g s  o f  t h e  ns u b t r a n s f e r "  t u b e s  i n  

t h e  b a c t e r i o s t a t i c  t e s t s *  i s  v e r y  g o o d  i n  s p i t e  o f  t h e  f a c t  

t h a t  t h e  t e s t s  w ere  made 1 t o  6 m onths  a p a r t .

* I t  s h o u l d  b e  n o t e d  t h a t  t h e  c h e m i c a l - r a n g e  t e s t s  and t h e  
2 4 - h o u r  " s u b t r a n s f e r ” d e t e r m i n a t i o n s  i n  t h e  b a c t e r i o s t a t i c  
s e r i e s  a r e  i d e n t i c a l  t e s t s .
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TABLE 12

BATA FHOl' BAOIEEIOSTATIC TESTS AT pH 5.2  

O riginal Subtransfer

li. o o li

S. paratyphi

S. aureus

Hrs.

24

72
24
48
72

O  El 
Ml H

B B B(j 4 10I I 
H H

R  R  R  R

I
H

CD & I I 
rl H

24
48
72

Eloooulation

Duponol OS

Hrs. 0 0 R R R R H R R 0 g
r l Cl r l to 10 <0 CO H CVl

rt rt r l rt r l rt r l rt H H H
24 + 4

E. oo li 48 t 4
72 t t
24 + 4

S. paratyphi B 48 + 4
72 t t
24 - - - t t 4 4 4

S. aureus 48 - - • 0 - + 4 4
72 4 4

n_„ 0 0 0 0 0 0 0 0 0 8 8 0
H N N ^ U J v O t - C O c n H M t aI I I I I
r l  rH r t  r l  H

HI I I I 1 I
rl rt rl rt rH r-1

Hrs.
8 0  o  o o

H N t O ^ W O E - C D a > H W W  I I I I I I I I I I I I
r t  r t  H H r l r l H H r l r l H H

24 4 4 4 4 4 4 4 4 4 4 24
E. o o li 48 4 4 4 4 4 4 4 4 4 4 E. o o li 48 All Tuhes P o sitiv e

72 4 + 4 4 4 4 72
24 r| 4 + 4 4 4 4 + 4 4 + 24

S. paratyphi B 48 fi + 4 4  + 4 4 4 4 4 4 Igepon AP S. paratyphi B 48 All Tubes P o sit iv e
72 4 + 4 4 4 + 4 4 4 4 72
24 1 t  4 4 4 + 4 4 4 4 24

S. aureus 48 ± 1 4  4 4 4 4 4 4 4 S. aureus 48 Ail Tubes P o sitiv e
72 ± ± 4 4 4 4 4 t 4 4 72

0 O O O O |R R R Eh0  ' o 0 0  0 RO EH
0

rt C] ttt 10 to jH W W ^ 10 U)
rH H rl H H H |rl H r !  r-1 rt H

24 I
E. oo li 48 Turbid

72 1
24

S. paratyphi B 48 Turbid 1

72 1
24 I 4 4

S. aureus 48 ' Granular t 4
72 1 4 4

T ergito l 7

Hrs. 0 0 O O O  O
R
0

R
O g

R
O

R
O 8

r l Cl Pi to to r l Cl Pi <*• 10 <0

H rt rl. r l r l  r l rl H r l r l r l r l

24 + + 4 + i
E. c o li 48 + + 4 + 4 +

72 4 4 4 + + +
24 + i t 4 4  4

S. paratyphi B 48 4 4 1 4 + +
72 + 4 4 ■1 t  4
24 - - - + 4 4

S. aureus 48 - - - t 4 4
72 - - - t 4 t

Hrs. 0rl 0w 8
O<41 Oto 0<0 RH Rto

ROH
RCw SO

T R
O Hrs. 0

H
OCl

0
to O O10 O

to S
Rto

R
O
rl

RO
Cl

R
Oto

R
O
*

rl rt
1

rt
1

rl rl rt
1

rt rl
1

rl r t
1

rl rl rt H H rl rl H rt rl rl rl H r t

24 4 4 4 t t + 24 4 4 4 4 4 +
E. o o l l 48 4 4 + t + t E. o o l l 48 4 4 4 4 4 4

72 + 4 f 4 4 72 4 i 4 t 4 4

24 4 4 f + 4 4 24 4 4 4 4 4 +
S. paratyphi B 48 4 4 + 4 4 + N a o o o n o l  IfflSP S. paratyphi B 48 4 4 4 4 4

72 + 4 4 + f j 72 4 4 4 * 4 4
24 - - - - 4 T 24 - - - 4 4

3. aureus 49 - - - 4 4 S. aureus 48 * - - - 4 4
72 " - - - 4 i 72

— i
. 4

Hrs. O O O O O  O . R  R  Eh O  O  O

< 1 1 1 1 1 , 1 1 1 1 1 1
r t r t r t r t r t r l l r l r l r t r t r t r l

Hrs* o oCl «
J A

0 o 10 <01
H 1 l 1 

r t  I r l

R Rto © 1 1
r l  r l

24 . . . 4 + +1 24 . . . 4 4 4 i
E. o o li 48 . . . 4 4 4 j E. c o li 48 . . . 4 4 4 1

72 . . . 4 4 4 1 72 . . . 4 4 4 I
24 -  -  4 4 4 + 1 24 -  -  t 4 + 4

S. paratyphi B 48 -  .  1 4 4 4 | Hekal BX S. paratyphi B 48 -  -  4 * 4 *
7« -  -  4 4 4 +1 72 -  -  4 4 4 4
24 1 24 1- -  -  t  4 4

S.  aureus 48 I - . .  .  .  4 S.  aureus 48 | -  . . .  + +
72 1 - .  .  .  + 72 1........................... t
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TABLE 14
DATA FROM BACTERIOSTATIC TESTS

pH 5.2 pH 7

lauryl Pyridiniuni Chloride

Hrs.

ooll

Original/ S. paratyphi

ooli

SubtransfgrfS. paratyphi B

. aureua

Roooal

ooll

Or iginal/ S. paratyphi B

.3. aureus

ooll

Subtransfer/S. paratyphi

S. aurens

E. ooll

Original, paratyphi B

Subtranafer/S. paratyphi B

■S. aureus



4 8

No b a c t e r i o s t a t i c  e f f e c t s  w e r e  o b s e r v e d  i n  p r e l i m 

i n a r y  t e s t s  w i t h  t h e  n o n - i o n i c  a g e n t s .

Under t h e  l i m i t a t i o n s  im p o s e d  b y  t h e  t u r b i d  and  

g r a n u l a r  a p p e a r a n c e  i n  s o l u t i o n  o f  some o f  t h e  a n i o n i c  a g e n t s ,  

a s  w e l l  a s  b y  t h e  n a t u r e  o f  t h e  t e s t  e m p l o y e d ,  i t  i s  i m p o s s i 

b l e  t o  make an y  a b s o l u t e  s t a t e m e n t  c o n c e r n i n g  t h e  g e n e r a l  e x 

t e n t  o f  b a c t e r i o s t a t i c  a c t i v i t y  o f  t h e s e  a n i o n i c  c o m p o u n d s .

The r e s u l t s  w i t h  N e k a l  BX, N a c c o n o l  NK8F, and I g e p o n  AP i n d i 

c a t e  t h a t  no s t a t i c  e f f e c t  was a p p a r e n t  a g a i n s t  t h e  g ra m -  

n e g a t i v e  o r g a n i s m s .  H o w ev er ,  t h e  r e s u l t s  i n  T a b le  5 i n d i c a t e  

t h a t  T e r g i t o l  7 m ig h t  p o s s i b l y  h a v e  e x e r t e d  a b a c t e r i o s t a t i c  

e f f e c t  on B.  c o l i . The s t r o n g e s t  e v i d e n c e  o f  h a c t e r i o s t a s i s  

was d i s p l a y e d  b y  IP k a l  BX a g a i n s t  S .  a u r e u s .

A l l  t h e  c a t i o n i c  a g e n t s  ( s e e  T a b le  1 4 )  e x h i b i t  b a c -  

t e r i o s t a s i s  a g a i n s t  S .  a u r e u s , t h e  m o s t  marked e f f e c t  a l w a y s  

o c c u r r i n g  a t  pH 8 .  T h e se  compounds s i m i l a r l y  a f f e c t  E.  c o l i . 

a l t h o u g h  no g e n e r a l i z a t i o n  c o n c e r n i n g  t h e  pH r a n g e  can be  

m ade. With t h e  e x c e p t i o n  o f  LPO a t  pH 5 . 2 ,  no c a t i o n i c  a g e n t  

d i s p l a y e d  b a c t e r i o s t a t i c  a c t i v i t y  a g a i n s t  S .  p a r a t y p h i  B .

H o o g e r h e i d e  ( 5 1 ) ,  i n  h i s  e x p e r i m e n t s  w i t h  CTAB i n  

t h e  p r e s e n c e  o f  s e r u m ,  o b s e r v e d  t h a t  ,rA c o n c e n t r a t i o n  o f  two 

t o  f i v e  t i m e s  t h e  c r i t i c a l  b a c t e r i o s t a t i c  d i l u t i o n  w as  f o u n d  

t o  b e  b a c t e r i c i d a l . 1' T h i s  o b s e r v a t i o n  i s  s u b s t a n t i a t e d  ( s e e  

T a b l e  1 4 )  by  r e s u l t s  w i t h  S .  a u r e u s  a l o n e  when e x p o s e d  t o  a l l  

t h r e e  c a t i o n i c  a g e n t s  a t  pH 8 and w i t h  N e k a l  BZ a t  pH 5 . 2  

( t h e  o n l y  pH r a n g e  a t  w h ic h  N e k a l  BX was s u b j e c t e d  t o  b a c 

t e r i o s t a t i c  t e s t s ) .
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A c o m p a r i s o n  o f  t h e  g r o w t h  r e s u l t s  i n  t h e  " s u b -  

t r a n s f e r "  t u b e s  w i t h  t h e  2 4 - h o u r  c o u n t s  i n  t h e  g r o w t h  c u r v e s  

( T a b l e s  5 t o  1 0 )  i n d i c a t e s  no s t e a d f a s t  c o r r e l a t i o n .  In  

t h o s e  i n s t a n c e s  w h ere  i t  was p o s s i b l e  to  o b s e r v e  g r o w t h  i n  

t h e  " o r i g i n a l "  a n i o n i c  t u b e s t t h e  r e l a t i o n s h i p  i s  n o t  c l e a r -  

c u t .  The c a t i o n i c  a g e n t s  a r e  l i k e w i s e  v a r i a b l e . *  In  e v e r y  

i n s t a n c e  w i t h  OTAB, t h e  r e s u l t s  from t h e  " o r i g i n a l "  t u b e s  

more c l o s e l y  p a r a l l e l e d  t h e  r e s u l t s  i n  t h e  g r o w t h  c u r v e s  t h a n  

d i d  r e s u l t s  from t h e  " s u b t r a n s f e r "  t u b e s .  T h i s  was a l s o  t h e

c a s e  f o r  E .  c o l i  e x p o s e d  t o  R o c c a l  and LPO. On t h e  o t h e r

h a n d ,  f o r  S .  a u r e u s  r e a c t i n g  w i t h  R o c c a l  and LPC, r e s u l t s  

from " s u b t r a n s f e r "  t u b e s  p a r a l l e l e d  g r o w t h - c u r v e  r e s u l t s  

more c l o s e l y  than d i d  r e s u l t s  from " o r i g i n a l "  t u b e s .

P e r h a p s  t h i s  a p p a r e n t  l a c k  o f  p o s i t i v e  c o r r e l a t i o n  

can p a r t i a l l y  be a t t r i b u t e d  to  t h e  l a c k  o f  a g r e e m e n t  among 

v a r i o u s  a u t h o r s  a s  t o  w h at  c o n s t i t u t e s  b a c t e r i o s t a s i s .  The 

t er m  " b a c t e r i o s t a s i s "  was  f i r s t  i n t r o d u c e d  t o  i n d i c a t e  t h a t  

t h e  a c t i o n  o f  c e r t a i n  d y e s  on b a c t e r i a  was more i n h i b i t o r y  

t h a n  g e r m i c i d a l .  S i n c e  t h a t  t i m e , an a t t e m p t  h a s  b e e n  made  

t o  a r r i v e  a t  a more s p e c i f i c  d e f i n i t i o n .  T h i s  was n e c e s s a r y  

b e c a u s e ,  i n  s t u d y i n g  t h e  e f f e c t  o f  c h e m i c a l s  on b a c t e r i a ,  no

s p e c i f i c  l i n e  o f  d e m a r c a t i o n  c o u l d  b e  drawn b e t w e e n  t h e  i n 

h i b i t i o n  o f  b a c t e r i a l  m u l t i p l i c a t i o n  and g e r m i c i d a l  a c t i v i t y  

(49  ) .

Hoffmann and Rahn ( 2 9 )  s t a t e d  t h a t  b a c t e r i o s t a s i s  

i s  m a n i f e s t e d  b y  a l o n g  l a g  p e r i o d ,  f o l l o w e d  by  a n o r m a l

* S i n c e  S .  p a r a t y p h i  B w as  u s e d  m a i n l y  f o r  p u r p o s e s  o f  com
p a r i s o n  w i t h  S .  c o l i . t h e  f o r m e r  o r g a n i s m  d o e s  n o t  e n t e r  
i n t o  t h i s  p a r t i c u l a r  d i s c u s s i o n .
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r a t e  o f  m u l t i p l i c a t i o n .  H o w e v er ,  e x t e n d e d  s t a s i s  l e a d s  t o  

d e a t h .  R o b e r t s  and Rahn ( 5 3 )  p o i n t  o u t  t h a t  r e t a r d a t i o n  o f  

b a c t e r i a l  g r o w th  may h a v e  l i t t l e  o r  no e f f e c t  on enzyme a c 

t i v i t y .  T h i s  o b s e r v a t i o n  i s  i n  a g r e e m e n t  w i t h  t h e  r e p o r t  o f  

S e v a g  and R o s s  ( 5 5 ) .  S l y  ( 1 8 ) ,  a t t a c k i n g  t h e  m a t t e r  from  

t h e  o p p o s i t e  d i r e c t i o n ,  showed t h a t  i n h i b i t i o n  o f  r e s p i r a t i o n  

had no  e f f e c t  on b a c t e r i a l  n u m b ers .

P r e s e n t  s t u d i e s  on q u a t e r n a r y  ammonium compounds  

e m p lo y  m e t h o d s  c o m p a r a b le  t o  t h e  S h ip p e n  m o d i f i c a t i o n  o f  

t h e  P . D . A .  P h e n o l - C o e f f i c i e n t  M ethod .  In  t h i s  m e t h o d ,  a s  

w e l l  a s  i n  th e  method o u t l i n e d  by  K o lm e r ,  no  v i s i b l e  g r o w th  

i n  t h e  o r i g i n a l  tu b e  f o l l o w e d  by  v i s i b l e  g r o w t h  i n  a s u b -  

t r a n s f e r  t u b e  i n d i c a t e s  t h a t  t h e  c h e m i c a l  a g e n t  e x e r t e d  

b a c t e r i o s t a t i c  r a t h e r  t h a n  b a c t e r i c i d a l  a c t i o n .  The a ssum p

t i o n  i s  t h a t  b y  s u f f i c i e n t l y  d i l u t i n g  out t h e  c h e m i c a l  a g e n t ,  

t h e  b a c t e r i o s t a t i c  e f f e c t  can be  m i t i g a t e d .  .Another method  

u t i l i z e s  o r i g i n a l  t u b e s  o n l y .  I f  t h e s e  t u b e s  f a i l  t o  show 

g r o w th  i n  1 o r  2 d a y s ,  b u t  do show v i s i b l e  g r o w th  i n  3 ,  4 ,  

o r  5 d a y s ,  t h e  t e r m  b a c t e r i o s t a s i s  i s  a p p l i e d .  A c t u a l l y ,  

t h e  d e f i n i t i o n  b y  Hoffmann and Rahn a p p e a r s  t o  be  m o st  p r a c 

t i c a l  a t  p r e s e n t .

P .  S u r f a c e  T e n s i o n  and pH C o n t r o l s

The d i l u t i o n s  o f  s y n t h e t i c  a g e n t s  s e l e c t e d  f o r  t h i s  

s t u d y  r e p r e s e n t e d  th e  c o n c e n t r a t i o n s  w h ic h  f i r s t  p e r m i t t e d  

g r o w th  o f  E .  c o l i  and S .  a u r e u s  r e s p e c t i v e l y  a t  t h e  pH l e v e l s  

i n v e s t i g a t e d  i n  t h e  g r o w t h - c u r v e  s t u d i e s .
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E r le n m e y e r  f l a s k s  c o n t a i n i n g  t h e  d e s i r e d  c o n c e n 

t r a t i o n s  o f  s x t r f a c e - a c t i v e  a g e n t  w e r e  p r e p a r e d  i n  t h e  same  

manner a s  t h a t  d e s c r i b e d  u n d e r  t h e  s e c t i o n  e n t i t l e d  "Growth  

C u rves  and R e l a t e d  P henom ena ."  H ow ever ,  o n l y  1 h o u r  e l a p s e d  

b e t w e e n  t h e  t i m e  t h e  s u r f a c e - a c t i v e  a g e n t s  w e re  a d d ed  t o  t h e  

b r o t h  i n  t h e  f l a s k s  and t h e  s o l u t i o n  a d j u s t e d  t o  t h e  d e s i r e d  

pH, and t h e  t im e  t h e  "O-hour" r e a d i n g s  w e re  t a k e n .

A l l  f l a s k s  w e r e  i n c u b a t e d  a t  37  d e g r e e s  0. P r i o r  

t o  t a k i n g  s u r f a c e - t e n s i o n  m e a s u r e m e n t s *  w i t h  t h e  du Houy  

T e n s i o n o m e t e r , a l i q u o t  p o r t i o n s  o f  t h e  s y n t h e t i c  a g e n t  s o l u 

t i o n  w e r e  t r a n s f e r r e d  i n t o  t e s t  t u b e s  im m ersed  i n  a w a t e r  

b a t h  a t  37 d e g r e e s  C, The m e a s u r e m e n t s  w ere  made a t  37 d e 

g r e e s  0 . ,  s i n c e  t h a t  was t h e  t e m p e r a t u r e  a t  w h i c h  t h e  o r g a n 

i s m s  w ere  grown i n  a l l  t h e  p r e v i o u s  t e s t s  p e r f o r m e d .  Read

i n g s  w e re  t a k e n  a p p r o x i m a t e l y  '10 s e c o n d s  a f t e r  t h e  s o l u t i o n  

was p l a c e d  i n  t h e  s t a n d a r d  w a t c h  g l a s s .  The r e m a i n d e r  o f  

t h e  a l i q u o t  p o r t i o n  was e m p lo y e d  f o r  pH d e t e r m i n a t i o n s  i n  

a Beckman pH m e t e r .

The r e s u l t s  o f  t h e  s u r f a c e - t e n s i o n  and pH c o n t r o l  

t e s t s  a r e  p r e s e n t e d  i n  T a b l e s  1 5 ,  1 6 ,  and 1 7 .

* The f o r m u l a  f o r  s u r f a c e - t e n s i o n  c a l i b r a t i o n  was a s  f o l l o w s :

Mg
  x  R

X  = -------------

2L

w h er e  O' i s  t h e  s u r f a c e  t e n s i o n  i n  d y n e s  p e r  c e n t i m e t e r ,
M i s  t h e  t o t a l  w e i g h t  i n  grams a d d ed  t o  t h e  r i n g ,
g  i s  t h e  a c c e l e r a t i o n  o f  g r a v i t y ,
r  i s  t h e  r e a d i n g  on t h e  s c a l e  o f  t h e  ab ov e  w e i g h t s ,
R i s  t h e  r e a d i n g  on t h e  s c a l e  o f  t h e  unknown s o l u t i o n ,

and L i s  t h e  mean c i r c u m f e r e n c e  o f  t h e  r i n g .
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TABLE 15

ME ASUHEMEN T S OP SURE AGE TEUSIOIT* MD pH WITH COIJTROL BROTH

S u r f a c e  T e n s i o n  
i n  d y n e s  p e r  c e n t i m e t e r

PH

H r s . pH 7 pH 5 . 2 pH 8 H r s . - pH 7 pH 5 . 2 pH 9

0 5 6 . 0 4 5 4 . 4 5 5 6 . 2 7 0 7 . 0 5 5 . 2 5 8 . 0 5

4 5 6 . 0 4 5 4 . 4 5 5 6 . 2 7 4 7 . 1 5 . 3 8 . 1

7 56.04- 5 4 . 4 5 56.2-7 7 7 . 1 5 . 3 8 . 1

10 5 6 . 0 4 5 4 . 4 5 5 6 . 2 7 10 7 . 1 5 . 3 8 . 1

24 5 6 . 0 4 5 4 . 4 5 5 6 . 2 7 24 7 . 1 5 . 3 8 . 1

30 5 6 . 0 4 5 4 . 4 5 5 6 . 2 7 30 7 . 1 5 . 3 8 . 1

48 5 6 . 0 4 5 4 . 4 5 5 6 . 2 7 48 7 . 1 5 . 3 8 . 1

* The s u r f a c e - t e n s i o n  r e a d i n g  o f  s i n g l y  d i s t i l l e d  w a t e r  
(pH 5 . 5 )  a t  07 d e g r e e s  0 .  was 7 0 . 0 4  d y n e s  p e r  c e n t i m e t e r .

The p u r p o s e  o f  t h e  s u r f a c e - t e n s i o n  and pH c o n t r o l  

t e s t s  was t o  o b s e r v e  any p o s s i b l e  r e l a t i o n s h i p  b e t w e e n  t h e  

s t a b i l i t y  o f  t h e  s o l u t i o n s  o f  s y n t h e t i c  a g e n t s  and t h e i r  

e f f e c t s  on b a c t e r i a l  g r o w t h  a s  n o t e d  i n  t h e  g r o w t h - c u r v e  

e x p e r i m e n t s .

The r e s u l t s  i n  T a b l e s  16  and  17  i n d i c a t e  t h a t  t h e  

t im e  r e q u i r e d  f o r  a s o l u t i o n  o f  a s u r f a c e - a c t i v e  a g e n t  t o  

r e a c h  e q u i l i b r i u m  i s  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  

t h e  a g e n t ,  i . e . ,  t h e  t i m e  r e q u i r e d  i n c r e a s e s  a s  t h e  c o n c e n 

t r a t i o n  d e c r e a s e s .  T h i s  i s  i n  a g r e e m e n t  w i t h  t h e  f i n d i n g s  

c o n c e r n i n g  s u r f a c e  t e n s i o n  b y  Adam and S h u te  ( l ) .  The  

a n i o n i c  a g e n t s  ( i n  c o n c e n t r a t i o n s  g r e a t e r  t h a n  1 - 7 0 0 )  and  

t h e  n o n - i o n i c  a g e n t s  r e a c h e d  e q u i l i b r i u m  i m m e d i a t e l y ,  w h e r e a s
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fiBIS 16

1-50 1-fOO 1-50 
pE7 pH 7 pH 6.!

26,96 20,65 28,65

28,26

28,56 28,66

Jpol OS 

1-81 I1-50

0,82 29.04 

22,04

28,56

28,66

60.15

50.15

28.56

28.56

23.04

23.04

50.15 22,04 23,62

50.15

23.62

22.62

fergltol 7 HacWl IBS!

1-50 1-

22,51

.50 I 1-60 1-50
'S.OnH S.9 »JT A

1-50 !■;

29,22

29,72

29.04

29.04

29.51

29.51 29,72

29.72 29,04

29.72

29,44

29,72 1) 27,52: 

27,52

29,04

5 27,56 

5 27,56 

j 27,56

55.71 27,56

27.52 56,71 27,56

27.52

55.71 27,56

56,75

56,57 27.25 56

27.25 55,05

27.25 56,05 

’7,25 55,05

17.25 55,05

i 58,04 51, 

i  50,04 51,75

1-50 I 
pE 5,

51.75 59,55

31.75 39,01

58,56 

51,75 58,41 51,75

31.75 35,25

31.75

55.04

35.04

44,62 51,52 

51,62 45,54 51,52

51.52 46,60 51,52

51.52 45,77 51,52 

51,52

51,52 40,21

51.62 40,21 

45,17 31,62 41,12 

42,92

51.62 40,66

1-60 1-700 1-50 
7 pE 5,2

8 ,0

8 ,0

1-50 
pi 7

1-60 1-50 1-50
pE 7 pE5,2pE5,2pE8 

5,2 , 5,2

Jefgitol 7 

1-50IMOI ll-SI)
iff E.P Bff B.0 r f f  0

5,25

8,0

; 1-50 1-401 1.60 1-301 1-50 1-201 1-50 11-501 1-60 1-201 1-59 1-101
;pE7 pE 7 pi 5, pH 5i pi 8 pH e pH 7■pH 7 pH 5, pH 5,1pH BpES

■ 7,0 7,0 5,2 5,2 8,0 0,0 7,0 7,0 5,25 5,2 9,0 8,0

7,0 7,0 5,2 5,25 9,25 8,2 7,05 7,06 6,3 6,2 8,0 8,0

' 7,0 7,0 5,2 5,25 8,25 8,2 7,06 7,05 5,3 5,2 0,0 8,0

7,0 7,0 5,2 5,25 8,2 8,1 7,05 7,05 5,3 5,2 8,0 j |§

7,0 7,0 5,2 5,25 8,15 8,1 7,05 7,05 6,3 6,2 6,0 6,0

7,0 7,0 5,2 5,25 8,15 0,1 7,05 7,05 6,3 5,2 8,0 8,|v

7,0 7,015,2 5,25 ,1 8,1 7,06 7,05 6,3 6,2 5,0 8, f f
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Eoocal

1*41 
pi 7

46,84

43,52

1*601 
pH 7

64,90

1*61

46,89

46,02

46,2654,91

44.61 55,36 46,02

44.61

44.61 64,36

44.61 54,36

1-i
pH

53,66

1*61

47,76

1*701

57,19

53,62

52,02

47,49 56,04

47,81

45,66

45.66 55,69

56,50

55,91

56,96

56,46

SDMCMSSIOf00IR013

IPO

1-301 
pH 7

1*8

44,17

45,38

44,74

42,87

43,81

42,66

56.58 

57,17

56.58 

56,49 

54,82 

57,16 

56,39

44,01

43.74

42.74 

42,38 

43,72 

44,49

1*20011*4011*3001 1*2011*11 1*301 1*90031*303 1*11
2 pH 5,2pH 8 pH8 pH 7 pH 7 pH 5,2pH 5,2pH 8 pH 8

52,64 47,3355,58 37,9757,6937,84 53,01 37,9756,35

51,23 46,5153,30 37,4757,7838,20 54,28 37,6157,13

52,90 46,6554,08 37,4256,8736,69 53,91 37,5256,35

50,73 46,9652,84 37,7455,3138,29 54,31 37,8456,29

52,38 47,3452,38 37,3854,3137,52 55,20 37,5255,31

51,15 45,4754,67 37,3857,6537,52 54,31 37,5256,87

53,39 45,32 55,83 37,3856,2937,52 52,44 37,5255,66

38,87

1*50 
pH 7

1*20 
pH 5,

1*20 
2 pH 8

7 38,8 38,87 38,87

7 38,8 38,87 38,87

7 38,8 38,87 38,87

38, er38,87 38,87

38,8738,87 38,87

38,8738,87 38,87

38,8738,87 38,87

Bmlpiior ffl

1-50 
pH 7

1*20 
pH 5,2

1*20 
pH 8

7,0 5,2 8,0

7,0 6,2 8,0

7,0 5,2 8,0

7,0 5,2 8,0

7,0 5,2 8,0

7,0 5,2 8,0

7,0 5,2 8,0

1*20 
pH 7

32,2

32,2!

32.21

32.21

Eoooal 

1*311*61 
pH 5,2

5,2

5.3

5.3

6.3

5.3

5,3

pH 5,2:

5.2

5.3

5.2

5.2

5.2

5.2

5.2

1*6!

8,2

8 , 2

8 , 2

8 ,2

8 ,2

8,1

8,1

0.1

8,1

8,1

8,1

1*30! 
iH 7

7.0

7.1

7.1

7.1

7.1

7.1 

7,0

1*800! 
pH 7

7,0'

7.1

7.1

7.1

7.1

7.1 

7,0

1*30! 
pH 5,2

5,2

5.15 

'5,15

5.15

5.15

5.15

5.15

IPO

1-i

5.2

5.2

5.2

5.2

5.2

5.2

5.2

8.05

8.05

8.05

8.05

8.05 

7,95

1*300
pH 8

8 ,0

8,1

8,1

8 ,0

8 , 0

8 , 0

7,95

M

1*201 
pH 7

7.0

7.0

7.0

7.0

7.0

7.0

7.0

1*11
pH 7'

7.0

7.1

7.1

7.1

7.1

7.1 

7,0

1*301 
pH 5,2

5.2

5.2

5.2

5.2

5.2

5.2

5.2

5.2

5.2

5.2

5.2

5.2

5.2

5.2

1*1 1*11
pH 5,2 pH 8 pH 8

8,1

8,1

7,9.

8 , 0

7,9

1*20 
pi 7

7.0

7.0

7.0

7.0

7.0 

7,0'

7.0

7.0

7.0

7.0

7.0

7.0
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t h o s e  a n i o n i c  compounds i n  c o n c e n t r a t i o n s  o f  1-10T or l e s s  

rea c h e d  e q u i l i b r i u m  i n  from 10 ho u rs  t o  beyond t h e  l i m i t  o f  

the  t e s t  p e r i o d .

R o c c a l  (T a b le  1 7 )  s e r v e s  a s  a good exam ple  o f  t h e  

r e l a t i o n s h i p  between c o n c e n t r a t i o n  o f  s y n t h e t i c  a g e n t  and 

r a p i d i t y  o f  r e a c h i n g  e q u i l i b r i u m .  At a c o n c e n t r a t i o n  o f  

1 - 4 T ,  e q u i l i b r i u m  was rea c h e d  i n  10 h o u r s ;  a t  1 - 5 T , e q u i l i b 

rium was a t t a i n e d  i n  24 h o u r s ;  w h ereas  a t  1 - 6 T ,  e q u i l i b r i u m  

was reached  i n  SO h o u r s .  I t  i s  i n t e r e s t i n g  t h a t  a t  a con

c e n t r a t i o n  o f  1 -50T e q u i l i b r i u m  was a l s o  a c h i e v e d  i n  30 

h o u r s .  However, a t  a 1-70T d i l u t i o n  no e q u i l i b r i u m  was a t 

t a i n e d  i n  48 h o u r s .  An e x p l a n a t i o n  f o r  t h i s  l a s t - m e n t i o n e d  

phenomenon might p o s s i b l y  be found i n  t h e  paper  b y  Lundgren  

( 4 4 ) .  He r e p o r t s  t h a t  i n  h i g h l y  d i l u t e  s o l u t i o n s ,  l o n g -  

ch a in  hydrocarbon  s a l t s  be h a v e  a s  s i n g l e  i o n s ,  w h e r e a s  i n  

more c o n c e n t r a t e d  s o l u t i o n s  t h e s e  s a l t s  form m i c e l l e s  w i t h  

c o l l o i d a l  d im e n s io n s .  He a r r i v e d  a t  t h e s e  c o n c l u s i o n s  by  

t a k i n g  m easurem ents  o f  c o n d u c t i v i t y  and o s m o t i c  c o e f f i c i e n t s .  

Gonick and McBain (2 5 )  p o i n t  out  c r i t i c a l  c o n c e n t r a t i o n s  f o r  

m i c e l l e  fo r m a t io n  w i t h  n o n - i o n i c  a g e n t s .  Adam and Shute  ( l )  

l i k e w i s e  r e f e r  t o  c r i t i c a l  c o n c e n t r a t i o n s .  They i n d i c a t e  

t h a t  above a c r i t i c a l  c o n c e n t r a t i o n  o f  0 . 0 0 1  IT f o r  a 1 6 - 0  

and 0 . 0 1  IT f o r  a 12-C hyd rocarbon  c h a i n ,  i o n i c  m i c e l l e s  b e 

g i n  t o  form . They a l s o  add t h a t  e q u i l i b r i u m  o f  s u r f a c e  t e n 

s i o n  i s  r e a c h e d  a lm o st  im m e d ia t e ly  a t  t h e s e  c o n c e n t r a t i o n s .

In  o th e r  w o r d s ,  i t  i s  q u i t e  p o s s i b l e  t h a t  between t h e  R o c c a l  

c o n c e n t r a t i o n s  o f  1-50T and 1 -7 0 T ,  t h e  a l k y l  d i m e t h y l  b e n z y l  

ammonium c h l o r i d e  m o l e c u l e s  may b e  d i s s o c i a t e d  i n t o  s im p le
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i o n s ,  t h e r e b y  d e s t r o y i n g  th e  s t a b i l i t y  o f  t h e  s o l u t i o n .

OTAB, at  c o n c e n t r a t i o n s  o f  1-20T and 1 -3 0 T ,  a t 

t a i n e d  e q u i l i b r i u m  i n  24 h o u r s ,  w h ereas  the  lo w e r  con cen 

t r a t i o n s  o f  OTAB and a l l  the  c o n c e n t r a t i o n s  o f  IPG t e s t e d  

d id  n o t  s u c c e e d  i n  r e a c h i n g  e q u i l i b r i u m  d u r in g  t h e  4 8 - h o u r  

t e s t  p e r i o d .  Under t h e  c o n d i t i o n s  o f  t h e s e  c o n t r o l  t e s t s  

i t  i s  n o t  p o s s i b l e  to  o f f e r  an e x p l a n a t i o n  f o r  th e  b e h a v i o r  

o f  IPO. However,  i f  Adam and Sh ute  are c o r r e c t  i n  t h e i r  

c o n t e n t i o n  c o n c e r n i n g  th e  c r i t i c a l  c o n c e n t r a t i o n  f o r  a 12-C  

hydrocarbon c h a i n ,  then i t  i s  q u i t e  a p p a ren t  t h a t  th e  con

c e n t r a t i o n s  o f  IPC u sed  i n  t h e s e  t e s t s  were f a r  be low  t h e

0 . 0 1  N r a n g e ,  and c o n s e q u e n t l y  t h e  s o l u t i o n  was i n  an un

s t a b l e  c o n d i t i o n .  The w r i t e r  has  not s e e n  any l i t e r a t u r e  

on t h e  r e l a t i o n s h i p  b e tw e en  t h e  p y r i d i n e  s t r u c t u r e  i n  a s y n 

t h e t i c  s u r f a c e - a c t i v e  ag ent  and the  s u r f a c e - t e n s i o n  s t a b i l i t y .

On t h e  b a s i s  o f  the  s u r f a c e - t e n s i o n  and pH c o n t r o l  

t e s t s ,  t h e  pH o f  the  medium seemed to  have  l i t t l e  e f f e c t  on 

t h e  r a p i d i t y  w i t h  which s u r f a c e - t e n s i o n  e q u i l i b r i u m  was a t 

t a i n e d .  With t h e  e x c e p t i o n  o f  H acc o n o l  IJRSP at  pH 8 ,  a l l  

th e  s u r f a c e - a c t i v e  a g e n t s  p r e s e n t e d  u n i form  s t a b i l i t y  i n  the  

pH c o n t r o l  t e s t s .  There was no s h i f t  in  pH t o  compare w i t h  

th e  s h i f t s  ta lc ing p l a c e  i n  s u r f a c e  t e n s i o n .  M oreover ,  OTAB 

s o l u t i o n s  (1 -3 0 T )  a t  b o th  pH 5 . 2  and pH 8 a c h i e v e d  s u r f a c e -  

t e n s i o n  e q u i l i b r i u m  w i t h i n  24 h o u r s .  T h is  i n d i c a t e d  t h a t ,  

w i t h i n  th e  pH r a n g e s  t e s t e d ,  t h e  pH e x e r t e d  l i t t l e  i n f l u e n c e  

on t h e  a t ta in m e n t  o f  s u r f a c e - t e n s i o n  e q u i l i b r i u m .  A d m it te d ly ,  

h ow ever ,  t h e  pH r a n g e s  t e s t e d  were too  narrow to  j u s t i f y  mak

i n g  a broad  g e n e r a l i z a t i o n .
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As f o r  t h e  r e l a t i o n s h i p  betw een  s u r f a c e - t e n s i o n  

s t a b i l i t y  and b a c t e r i a l  g r o w th ,  t h e  o n ly  g e n e r a l i s a t i o n  t h a t  

can be  made, on t h e  b a s i s  o f  t h e  r e s u l t s  i n  T a b le s  16 and 1 7 ,  

i s  t h a t  a s t a b l e  s o l u t i o n  o f  a s y n t h e t i c  s u r f a c e - a c t i v e  a g e n t  

i s  n o t  n e c e s s a r y  f o r  g e r m i c i d a l  a c t i v i t y  a g a i n s t  S. a u r e u s * 

T h i s  s t a t e m e n t  i n  no way c o n t r a d i c t s  t h e  f i n d i n g s  o f  some 

a u t h o r s  ( 6 2 ) ( 3 3 )  t h a t  t h e  u n d i s s o c i a t e d  m o l e c u l e s  o f  t h e  

s u r f a c e - a c t i v e  a g e n t  ( c o n c e n t r a t e d  s o l u t i o n s )  a r e  more g e r 

m i c i d a l  th a n  t h e  i o n i z e d  m o l e c u l e s  ( d i l u t e  s o l u t i o n s ) .  How

e v e r ,  i t  would b e  d e s i r a b l e  t o  a s c e r t a i n  th e  p o s s i b l e  p o t e n c y  

o f  t h e  d i s s o c i a t e d  hyd rop ho b ic  p o r t i o n  o f  t h e  m o l e c u l e .

Quisno and F o t e r  ( 5 0 )  r e p o r t e d  t h a t  Oeepryn ( c e t y l  p y r id in iu m  

c h l o r i d e )  i n  a 1-2T c o n c e n t r a t i o n  was a s  e f f e c t i v e  a germ i

c i d e  a t  pH 3 a s  i t  was a t  pH 8 .  S in c e  Oeepryn would most  

l i k e l y  be d i s s o c i a t e d  at  pH 3 ,  i t  i s  q u i t e  p o s s i b l e  t h a t ,  

w i t h  th e  proper  c o n c e n t r a t i o n  of  the  s y n t h e t i c  a g e n t ,  t h e  

d i s s o c i a t e d  c a t i o n  m ight  a l s o  be g e r m i c i d a l .
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V I .  GENERAL DISCUSSION

A th o r o u g h  r e v i e w  o f  t h e  l i t e r a t u r e  p e r t a i n i n g  t o  

th e  b a c t e r i c i d a l  or  b a c t e r i o s t a t i c  e f f e c t i v e n e s s  o f  s y n t h e t i c  

s u r f a c e - a c t i v e  a g e n t s  i n d i c a t e s  t h a t  th e  m a j o r i t y  o f  r e s e a r c h 

e r s  u sed  a m o d i f i c a t i o n  o f  th e  P h e n o l - C o e f f i c i e n t  Method ( 5 4 ) .  

i n  t h e i r  s t u d i e s .  T h is  t e c h n i c  was u s e d  m a in ly  as  'a means o f  

a s c e r t a i n i n g  t h e  p o t e n t i a l  q u i c k - k i l l i n g  power o f  t h e  v a r i o u s  

compounds under t e s t ,  and to  conform w i t h  p r e v i o u s  p r e s e n t a 

t i o n  o f  d a t a  i n  t h e  l i t e r a t u r e .  In 1 9 4 5 ,  Anderson and M a l l -  

mann ( 2 )  p o i n t e d  out  t h a t  t h e  E .D .A .  Method ( P h e n o l - C o e f f i 

c i e n t  Method) o f f e r s  a f a i r  means o f  comparing p h e n o l i c  p r e p 

a r a t i o n s  b u t  i s  n o t  a p p l i c a b l e  when o t h e r  t y p e s  o f  g e r m i c i d a l  

p r e p a r a t i o n s  a r e  u s e d .  R e d d is h  (5 2 )  r e a f f i r m e d  t h i s  l i m i t a 

t i o n ,  and s t r o n g l y  warned a g a i n s t  u s e  o f  t h e  P h e n o l - C o e f f i c i e n t  

Method i n  t e s t i n g  q u a te r n a r y  ammonium compounds. H o t c h k i s s  

( 3 2 ) ,  Klarraann and U r ig h t  ( 3 5 ) ,  and DuBois  and D i b b l e e  ( 1 4 )  

l i k e w i s e  p o i n t  out d i s c r e p a n c i e s  a r i s i n g  from u se  o f  t h i s  

m ethod.

I t  was n o t  s u r p r i s i n g  t o  s e e  a s e r i e s  o f  p a p e r s  

r e c e n t l y  p u b l i s h e d  d e a l i n g  w i t h  s u g g e s t i o n s  f o r  m o d i f y i n g  

t h e  overworked F .D .A .  t e c h n i c .  The p u rp ose  o f  a l l  t h e s e  

p a p e r s  was to  a r r i v e  a t  a more c o r r e c t  e v a l u a t i o n  o f  t h e  

g e r m i c i d a l  e f f e c t i v e n e s s  o f  t h e  q u a ter n a r y  compounds under  

p r a c t i c a l  c o n d i t i o n s .  R edd ish  s u g g e s t e d  th e  U s e - D i l u t i o n  

Method ( 4 6 )  a s  t h e  most  p r o m i s i n g  a t  p r e s e n t .  Quisno e t  a l  

( 5 1 )  and Armbruster and Ridenour  ( 4 )  have p r o p o s e d  methods  

f o r  a v o i d i n g  m i s i n t e r p r e t a t i o n s  due t o  b a c t e r i o s t a s i s .
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However, i n  a l l  t h e s e  m eth o d s ,  t h e  s h o r t  p e r i o d  o f  

e x p o su r e  l i m i t s  a c l e a r  u n d e r s t a n d in g  o f  t h e  g r a d u a l  e f f e c t s  

t h a t  are  e x e r t e d  by the s y n t h e t i c  a g e n t s  on b a c t e r i a .  With 

th e  e x c e p t i o n  o f  t h e  U s e - D i l u t i o n  t e c h n i c ,  a l l  t h e  m o d i f i c a 

t i o n s  o f  t h e  F.35. A. Method m er e ly  d e s c r i b e  t h e  a l l - o r - n o n e  

r e s u l t ,  i . e . ,  c o m p le te  h i l l  or s u r v i v a l .  Even t h o s e  p a p e r s  

d e a l i n g  w i t h  t h e  r e l a t i o n s h i p  o f  s u r f a c e - a c t i v e  a g e n t s  t o  

m e ta b o l i s m  o f  b a c t e r i a  ( 1 8 ) ( 6 )  have l i k e w i s e  employed m eth

ods  i n v o l v i n g  an e x p o s u r e  p e r i o d  o f  o n ly  1 or 2 h o u r s .

Another l i m i t i n g  f a c t o r  i n  t h e  e v a l u a t i o n  o f  t h e s e  

compounds i s  t h e  a r b i t r a r y  c h o i c e  o f  c o n c e n t r a t i o n s  a t  w h ich  

to o b s e r v e  th e  e f f e c t s  on grow th  or m e ta b o l i s m  o f  b a c t e r i a .

In many c a s e s ,  su ch  c h o i c e s  r e p r e s e n t  t h e  e x tr e m e  r a n g e s  o f  

a c t i v i t y  o f  th e  s y n t h e t i c  compound, i . e . ,  com p lete  k i l l  or 

c o m p le te  i n e f f e c t i v e n e s s ,  l e a v i n g  u n r e p o r t e d  th e  p o t e n t i a l  

a c t i v i t i e s  o f  a w h o le  s e r i e s  o f  d i l u t i o n s  be tw een  t h e s e  e x 

t r e m e s .  One o f  t h e  main p u r p o s e s  o f  t h e  s t u d y  un d erta k en  

h e r e  was t o  f i l l  i n  su c h  gaps  and a t  t h e  same t i m e  t o  de

f i n e  a s  many o f  t h e  t e s t  c o n d i t i o n s  as  p o s s i b l e ,  i . e . ,  t i m e ,  

pH, s u r f a c e  t e n s i o n ,  c o n c e n t r a t i o n  o f  s y n t h e t i c  a g e n t ,  and 

i n i t i a l  numbers o f  o r g a n ism s .

The one p o i n t  on w h ic h  most o f  t h e  i n v e s t i g a t o r s  

i n  t h i s  f i e l d  a g r e e  i s  t h e  im p or ta n ce  o f  pH. I t  i s  now 

known t h a t  t h e  mere r e p o r t i n g  o f  a k i l l i n g  c o n c e n t r a t i o n  o f  

a p a r t i c u l a r  s y n t h e t i c  compound i s  n o t  s u f f i c i e n t .  ?/hereas  

i t  i s  g e n e r a l l y  a c c e p t e d  t h a t  a n i o n i c  a g e n t s  a r e  most e f f e c 

t i v e  a g a i n s t  b a c t e r i a  i n  an a c i d  range and t h e  q u a tern a ry  

ammonium compounds i n  an a l k a l i n e  r a n g e ,  th e  l a t t e r  compounds
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do not  a lw a y s  f o l l o w  su ch  a  s im p le  r u l e .  These  compounds 

are  d e f i n i t e l y  most g e r m i c i d a l  a g a i n s t  S. a u reu s  i n  t h e  

a l k a l i n e  range;  however,  c e r t a i n  o f  t h e  more c o n c e n t r a t e d  

s o l u t i o n s  o f  R o c c a l  and OTAB e x e r t  n e a r l y  a s  e f f e c t i v e  a 

b a c t e r i c i d a l  and b a c t e r i o s t a t i c  a c t i o n  on th e  g r a m - n e g a t i v e  

organ ism s at  pH 5 . 2  as  t h e y  do a t  pH 8 .  L a u ry l  p y r id in iu m  

c h l o r i d e  f o l l o w s  t h e  g e n e r a l  r u le  o f  b e i n g  more a c t i v e  i n  

an a l k a l i n e  ra n g e  f o r  a l l  t h r e e  o r g a n i sm s .  -As f o r  th e  non

i o n i c  compounds, t h e  o p t im a l  pH l e v e l s  v a r i e d  w i t h  t h e  gram 

n a t u r e  o f  t h e  organ ism ,  and w i th  t h e  compounds t h e m s e l v e s  

( s e e  s e c t i o n  e n t i t l e d  " N o n -Io n ic  Compounds1' ) •

The im p o r ta n t  p a p e r s  by G e r s h e n f e ld  e t  a l  ( 2 2 )  ( 2 3 )  

(24)  have d e f i n i t e l y  t i e d  maximum b a c t e r i c i d a l  e f f i c i e n c y  o f  

s y n t h e t i c  s u r f a c e - a c t i v e  a g e n t s  to  t h e  optimum pH a t  which  

t h e y  a re  em p loyed .  An h i s t o r i c a l  r e v i e w  o f  t h e  r e l a t i o n s h i p  

o f  pH t o  g e r m i c i d a l  a c t i v i t y  i s  p r e s e n t e d  i n  t h e  l a s t -  

m en t io n ed  pap er  by G e r s h e n f e l d .  As t o  th e  e x p l a n a t i o n  fo r  

the  e f f e c t  o f  pH on t h e s e  g e r m i c i d a l  a g e n t s ,  t h e  l i t e r a t u r e  

o f f e r s  many t h e o r i e s .  S te a r n  and S te a rn  ( 5 8 )  s u g g e s t  t h a t ,  

a t  optimum pH l e v e l s  f o r  g e r m i c i d a l  a c t i o n ,  t h e  b a c t e r i a l  

membrane or  p r o to p la sm  i s  so a l t e r e d  a s  to  make t h e  b a c t e r i a  

more s u s c e p t i b l e  t o  th e  a c t i o n  o f  the  c h e m i c a l .  H a r t l e y  ( 2 8 )  

d em o n stra ted  th e  fo r m a t io n  o f  m i c e l l e s  as  a r e s u l t  o f  hydrogen  

i o n  c o n c e n t r a t i o n .  B ak er ,  H a r r i s o n ,  and M i l l e r  (6 )  s u g g e s t e d  

t h a t  pH a c t i v a t i o n  ( f o r  maximum g e r m i c i d a l  e f f e c t )  was i n  t h e  

d i r e c t i o n  w hich  fa v o r e d  fo rm a t io n  o f  u n d i s s o c i a t e d  m o l e c u l e s  

p o s s e s s i n g  g r e a t e r  a b i l i t y  to  p e n e t r a t e  i n t o  c e l l s .  G ershen

f e l d  and M i l a n i c k  (2 4 )  p r e s e n t  th e  h y p o t h e s i s  t h a t  t h e  pH
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e f f e c t  may be r e s p o n s i b l e  f o r  a l t e r a t i o n s  o f  t h e  s o l u b i l i t y  

o f  t h e  r e d u c in g  a g e n t s  i n  s o l u t i o n .  U n f o r t u n a t e l y ,  v e r y  

l i t t l e  i s  known o f  t h e  r e l a t i o n s h i p  b e tw een  t h e  change i n  

pH o f  t h e  l i v i n g  b a c t e r i a l  p r o t o p la s m  and t h e  pH cha ng es  

t a k i n g  p l a c e  in  the  medium.

The im p o r ta n c e  o f  t h e  i n f l u e n c e  o f  d i s s o c i a t e d  

and u n d i s s o c i a t e d  m o l e c u l e s  o f  s u r f a c e - a c t i v e  a g e n t s  upon 

b a c t e r i a l  growth and i n h i b i t i o n  h a s  r e c e n t l y  o c c u p ie d  th e  

a t t e n t i o n  o f  a l a r g e  number o f  w orkers  in  th e  f i e l d  o f  sy n 

t h e t i c  s u r f a c e - a c t i v e  compounds. I t  i s  now f a i r l y  w e l l  

e s t a b l i s h e d  t h a t  th e  u n d i s s o c i a t e d  m o lec u le  n o t  o n l y  has  

g r e a t e r  p e n e t r a t i n g  a b i l i t y  ( 4 8 ) ,  but  t h a t  i t  a l s o  a c c o u n t s  

f o r  th e  g e r m i c i d a l  n a t u r e  o f  c o n c e n t r a t e d  s o l u t i o n s .  T his  

t h e o r y  i s  f u r t h e r  s t r e n g t h e n e d  by  t h e  f a c t  t h a t  d i s s o c i a t e d  

m o l e c u l e s  in  d i l u t e  s o l u t i o n s  e x h i b i t  l e s s  e f f e c t i v e  b a c t e r i  

c i d a l  and b a c t e r i o s t a t i c  a c t i o n .  P h y s i c a l - c h e m i c a l  m easure

ments on s o l u t i o n s  c o n t a i n i n g  v a r y in g  c o n c e n t r a t i o n s  o f  s y n 

t h e t i c  s u r f a c e - a c t i v e  a g e n t s  have l e d  t o  t h e  a c c e p t a n c e  o f  

a c r i t i c a l  c o n c e n t r a t i o n  f o r  m i c e l l a r  f o r m a t i o n .  I t  has  

l i k e w i s e  been  e s t a b l i s h e d  t h a t  above t h i s  c r i t i c a l  con cen 

t r a t i o n  l i e  th e  most g e r m i c i d a l  l e v e l s  o f  the  s y n t h e t i c  com

pou nd s .  However,  t h e  r e p o r t  by Quisno and F o t e r  ( 5 0 )  and 

th e  r e s u l t s  o f  R o cca l  and Of AB a g a i n s t  t h e  g r a m - n e g a t iv e  

o r g a n i s m s ,  p r e s e n t e d  i n  f a b l e s  8 and 1 0 ,  i n d i c a t e  t h e  n e c e s 

s i t y  f o r  a more com prehens ive  knowledge  o f  th e  b a c t e r i c i d a l  

or  b a c t e r i o s t a t i c  r o le  o f  th e  d i s s o c i a t e d  m o l e c u l e s  in  a c id  

r a n g e s .



62

Many a t t e m p t s  have  been made t o  c o r r e l a t e  c h e m ic a l  

s t r u c t u r e  o f  s y n t h e t i c  compounds to  b a c t e r i c i d a l  e f f i c i e n c y .  

The m ost  s u c c e s s f u l  r e s u l t s  have been  a t t a i n e d  w i t h i n  an 

homologous s e r i e s  o f  a p a r t i c u l a r  s y n t h e t i c  a g e n t .  The im

p o r t a n t  f a c t o r  in  such s t u d i e s  has  been t h e  l e n g t h  o f  t h e  

h y d rop h o b ic  carbon c h a i n .  H o o g erh e id e  ( 3 1 )  and S h e l t o n  e t  

a l  ( 5 6 ) ,  working  w i t h  q u a te r n a r y  ammonium s a l t s  o f  the g en 

e r a l  ty p e  P.-fGBj )s -H-Br found t h a t  as  t h e  s t r a i g h t - c h a i n  

a l k y l  group (R) was i n c r e a s e d  from 0< t o  0 /Jt g e r m i c i d a l  

a c t i v i t y  l i k e w i s e  i n c r e a s e d ,  w i t h  t h e  maximum p o t e n c y  a t  0 , 6 . 

In  a s e r i e s  o f  a l k y l  p y r id in iu m  c h l o r i d e s ,  t h e  same g e r m i 

c i d a l  r e l a t i o n s h i p  e x i s t e d  w i t h  t h e  i n c r e a s e  i n  the  s t r a i g h t -  

c h a in  a l k y l  group from Cg to  0,* ( 5 7 )  ( 3 6 ) .  S i m i l a r  r e s u l t s  

were o b t a i n e d  from s t u d i e s  w i th  d i a l k y l  m e t h y l b e n z y l  ammon

ium c h l o r i d e s  ( 4 1 ) .  The work w i t h  a n i o n i c  a g e n t s  l i k e w i s e  

s u b s t a n t i a t e d  the  c o r r e l a t i o n  b e tw e en  c a r b o n - c h a i n  l e n g t h  

and b a c t e r i c i d a l  e f f i c i e n c y  ( 1 0 ) ( 5 9 ) .  However, t h e  a t t e m p t s  

t o  c o r r e l a t e  t h e  s t r u c t u r e s  o f  d i f f e r e n t  t y p e s  o f  s u r f a c e -  

a c t i v e  a g e n t s  to  b a c t e r i c i d a l  pow ers  were n o t  e n t i r e l y  s u c 

c e s s f u l .  H o t c h k i s s  ( 3 2 )  summarizes t h e s e  e f f o r t s  a s  f o l l o w s :  

TfNo u n iq u e  a c t i v e  c h e m ic a l  groups  have b e e n  r e c o g n i z e d .  

In d e e d ,  two a c t i v e  s u b s t a n c e s  may b e a r  d i s s i m i l a r  g r o u p s ,  and 

y e t  o t h e r  s u b s t a n c e s  b e a r i n g  t h e s e  groups may be r e l a t i v e l y  

i n a c t i v e ,  n e v e r t h e l e s s ,  w i t h i n  a homologous s e r i e s ,  t h e r e  

i s  a t e n d e n c y  f o r  an o p t i m a l l y  b a c t e r i c i d a l  s u b s t a n c e  t o  

e x i s t . . . "
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However,  t h e  l i t e r a t u r e  i s  i n  agreem ent  on t h e  

■ b a c t e r i c i d a l  n a t u r e  o f  c e r t a i n  s y n t h e t i c  compounds. Baker  

e t  a l  ( 7 )  and G e r s h e n f e ld  (24 )  r e p o r t  t h a t  T e r g i t o l  7 and 

T e r g i t o l  4 ,  r e s p e c t i v e l y ,  were t h e  most  a c t i v e  g e r m i c i d e s  

of  a s e r i e s  o f  a n io n s  t e s t e d .  Domagk (1 3 )  and Baker e t  a l  

( 7 )  p o i n t e d  out t h e  b a c t e r i c i d a l  e f f i c i e n c y  o f  t h e  a l k y l -  

d i m e t h y l - b e n z y l  ammonium c h l o r i d e  s t r u c t u r e .  The r e s u l t s  

i n  t h e  g r o w t h - c u r v e  t a b l e s  s u b s t a n t i a t e  t h e  f i n d i n g s  men

t i o n e d  ab o v e .  Baker e t  a l  (7 )  s u g g e s t  t h a t  t h e  e f f e c t i v e 

n e s s  o f  T e r g i t o l  7 can be  e :zp la ined  on t h e  b a s i s  t h a t  i t  

i s  d e r i v e d  from a b r a n c h e d - c h a i n ,  s e co n d a r y  a l c o h o l ,  whereas  

most o f  th e  o th e r  a n i o n i c  compounds are  d e r iv e d  from s t r a i g h t -  

c h a i n ,  pr im ary  a l c o h o l s .  They a l s o  s u g g e s t  t h a t  t h e  e f f e c t 

i v e n e s s  o f  t h e  a l k y l  d im e t h y l  b e n z y l  ammonium c h l o r i d e  com

pounds i s  b a s e d  on t h e i r  p o s s e s s i o n  o f  a b e n z y l  group a t t a c h e d  

t o  t h e  qu atern ary  n i t r o g e n .  I t  s h o u l d  be n o t e d  t h a t  in  the  

c o n c e n t r a t i o n s  employed i n  t h i s  s t u d y ,  N eka l  BZ was t h e  o n ly  

a n i o n i c  a g e n t  which was b a c t e r i c i d a l  f o r  a l l  t h r e e  t y p e s  o f  

o r g a n ism s .  A p o s s i b l e  e x p l a n a t i o n  a s  to  why t h e  b a c t e r i c i d a l  

a c t i v i t y  o f  t h i s  p a r t i c u l a r  compound h a s  been g i v e n  v e r y  

l i t t l e  a t t e n t i o n  i n  t h e  l i t e r a t u r e  i s  t h a t  o n l y  r e c e n t l y  has  

i t  been m anu factu red  i n  a v e r y  h ig h  c o n c e n t r a t i o n .  However,  

on t h e  b a s i s  o f  p e r c e n t a g e  o f  a c t i v e  i n g r e d i e n t ,  T e r g i t o l  7 

was f a r  more e f f i c i e n t  a g a i n s t  E. c o l i  and S. a u r e u s  than  

was N ek a l  BZ.

The a t t e m p t s  to  c o r r e l a t e  c u r t a i l m e n t  o f  b a c t e r i a l  

m e ta b o l i s m  w i t h  g e r m i c i d a l  a c t i v i t y  have  l i k e w i s e  f a i l e d  t o  

produce  e x a c t  r e l a t i o n s h i p s .  Contrary  t o  the c o n c l u s i o n s
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drawn by  Baker e t  a l  ( 6 )  c o n c e r n i n g  t h e  p o s i t i v e  r e l a t i o n 

s h i p  be tw een  r e s p i r a t o r y  and g l y c o l y t i c  i n h i b i t i o n  and g e r 

m i c i d a l  a c t i v i t y ,  a number o f  p a p e r s  ( 5 5 ) ( 5 3 ) ( 1 8 )  have i n d i 

c a t e d  the  l a c k  o f  c o r r e l a t i o n  b e tw e en  t h e s e  phenomena. Bata  

were r e p o r t e d  by S l y  (1 8 )  showing  a s  much as  50 p e r c e n t  i n 

h i b i t i o n  o f  r e s p i r a t i o n ,  w i t h  no d i m i n u t io n  o f  b a c t e r i a l  

numbers. Only at c o m p le te  c e s s a t i o n  o f  r e s p i r a t i o n  are  a l l  

b a c t e r i a  k i l l e d .

Although t h i s  w r i t e r  h a s  n o t  found any s t e a d f a s t  

r e l a t i o n s h i p  be tw een  the s h i f t  i n  pH and b a c t e r i a l  growth  

a t  s i m i l a r  t ime i n t e r v a l s ,  a s  e v id e n c e d  i n  f a b l e s  3 t o  1 0 ,  

t h e r e  s t i l l  e x i s t  s u f f i c i e n t  e xa m p les  o f  d e v i a t i o n s  from  

t h e  normal pH tr e n d  to  m e r i t  f u r t h e r  c o n s i d e r a t i o n .

I t  i s  c o n c e i v a b l e  t h a t ,  i n  a medium which  i s  f a i r 

l y  w e l l  d e f i n e d ,  a c o n t r o l  curve  o f  pH r e a d i n g s ,  s i m i l a r  t o  

a c i d i t y  c u r v e s  i n  m i c r o b i o l o g i c a l  a s s a y s ,  can s e r v e  a s  a 

p a r t i a l  i n d i c a t i o n  o f  b a c t e r i a l  m e t a b o l i s m .  With t h e  medium 

used  i n  t h i s  s t u d y ,  i t  became a p p a ren t  t h a t  t h e  normal t e n 

d e n c i e s  o f  t h e  t h r e e  b a c t e r i a l  t y p e s  were t o  approach neu

t r a l i t y  when i n i t i a l l y  grown at  pH 5 . 2 ,  to remain f a i r l y  

s t a b l e  and th en  r i s e  g r a d u a l l y  toward a l k a l i n i t y  when grown 

i n  th e  medium a t  pH 7 ,  and t o  drop toward n e u t r a l i t y  o n l y  

t o  r i s e  a g a in  in  th e  a l k a l i n e  d i r e c t i o n  when s u b j e c t e d  t o  

t h e  medium a t  pH 8 .  These s h i f t s  i n  pH might g a i n  i n  im

p o r t a n c e  i f  t e s t s  had been conducted  t o  d e ter m in e  t h e  e x t e n t  

o f  b a c t e r i a l  breakdown o f  t h e  p e p t o n e  under normal c o n d i t i o n s  

and a f t e r  e x p o s u r e  t o  s y n t h e t i c  s u r f a c e - a c t i v e  a g e n t s .  I t
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i s  q u i t e  l i k e l y  t h a t  i n  t h e  n e a r  f u t u r e  such  c o n c u r r e n t  

e x p e r i m e n t s  w i l l  b e  made i n  order  t o  e x p l o r e  more t h o r o u g h 

l y  th e  d i f f e r e n c e s  b e tw een  b a c t e r i o s t a t i c  and b a c t e r i c i d a l  

a c t i o n ,  a s  w e l l  as  th e  s i g n i f i c a n c e  o f  such r e l a t e d  phenom

ena a s  l o n g  l a g  p e r i o d s  and t o x i c  e f f e c t s .
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V I I .  SUMMARY

A s y s t e m a t i c  s t u d y  was made o f  the  e f f e c t s  o f  c e r 

t a i n  a n i o n i c  a g e n t s  (Duponol 0 S t Igepon AP, T e r g i t o l  7 ,  N ac-  

c o n o l  URSF, U ek a l  BZ),  c a t i o n i c  a g e n t s  ( R o c c a l ,  OTAB, 1PC),  

and n o n - i o n i c  a g e n t s  (Emulphor OH, T r i t o n  Z -1 0 0 )  on t h e  

growth o f  E .  c o l i , S . p a r a t y p h i  B . and S. a u r e u s .

An a t tem p t  was made t o  e s t a b l i s h  t h e  r e l a t i o n s h i p s  

o f  pH, s u r f a c e  t e n s i o n ,  b a c t e r i o s t a s i s ,  and c o n c e n t r a t i o n  o f  

s y n t h e t i c  a g e n t ,  to  b a c t e r i a l  grow th .

G row th -cu rve  s t u d i e s  o v e r  p e r i o d s  o f  0 ,  4 ,  7 ,  1 0 ,  

and 24 hou rs  showed t h e  f o l l o w i n g :

1 .  C o n c e n t r a t io n s  o f  1 - 5 0  o f  U ek a l  3X and T e r g i t o l  7 

c o m p l e t e l y  k i l l e d  E. c o l i  i n  24 h o u r s .  H ekal  BZ r ed u ced  t h e  

count  o f  S .  p a r a t y p h i  B by more th a n  99 p e r c e n t  i n  t h e  same 

p e r i o d .  T h is  g e r m i c i d a l  a c t i v i t y  o f  a n i o n i c  a g e n t s  a g a i n s t  

f a i r l y  r e s i s t a n t  g r a m - n e g a t i v e  organ ism s  m e r i t s  a d d i t i o n a l  

i n v e s t i g a t i o n .  T here  i s  v e r y  l i t t l e  l i t e r a t u r e  d e a l i n g  w i t h  

t h i s  r e l a t i o n s h i p ,  and t h a t  which d o e s  e x i s t  i s  i n c o n c l u s i v e .

2 .  The q u a te r n a r y  ammonium compounds d i s p l a y e d  g e rm i

c i d a l  a c t i v i t i e s  a g a i n s t  a l l  t h r e e  t y p e s  o f  o r g a n ism s  i n  

a cco r d a n ce  w i t h  t h e  a c c e p t e d  g e n e r a l i z a t i o n s  a p p ea r in g  in  

th e  l i t e r a t u r e .  These  g e n e r a l i z a t i o n s  d e a l  w i t h  optimum 

b a c t e r i c i d a l  a c t i v i t y  a t  a l k a l i n e  r a n g e s ,  g r e a t e r  k i l l i n g  

power a g a i n s t  g r a m - p o s i t i v e  o r g a n ism s ,  and g e r m i c i d a l  

e f f i c i e n c y  a t  low c o n c e n t r a t i o n s .  However,  i t  was n o t e d  

t h a t ,  in  c e r t a i n  i n s t a n c e s ,  the  g e r m i c i d a l  a c t i v i t i e s  o f
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H ocoa l  and GTjiB a g a i n s t  t h e  g r a m - n e g a t i v e  o r g a n ism s  were  as 

marked a t  pH 5 . 2  as  a t  pH 8 .

3 .  The o o n c e n t r a t i o n s  o f  a l l  s u r f a c e - a c t i v e  a g e n t s  

used  i n  t h e s e  s t u d i e s  a r r e s t e d  growth o f  th e  t h r e e  b a c t e r 

i a l  c u l t u r e s  when compared w i t h  normal grow th  c o u n t s .

4 .  D e t e r m in a t io n s  o f  pH made c o n c u r r e n t l y  w i t h  g r o w th -  

curve  p l a t i n g s  showed a r r e s t e d  d e v i a t i o n s  from t h e  normal  

t r e n d  i n  pH s h i f t .  These  d e t e r m i n a t i o n s  might s e r v e  a s  an 

a d ju n c t  t o  t h e  i n d i c a t i o n  o f  i n t e r f e r e n c e  w i t h  t h e  normal  

m e t a b o l i c  a c t i v i t i e s  o f  t h e  o rg a n ism .

T e s t - t u b e  b a c t e r i o s t a t i c  t e s t s  w i t h  t h e  a n i o n i c  

a g e n t s  i n d i c a t e d  no a b s o l u t e  p r o o f  o f  s t a s i s  a g a i n s t  t h e  

g r a m - n e g a t i v e  o r g a n i s m s ,  a l t h o u g h  b a c t e r i o s t a s i s  was n o t e d  

a g a i n s t  S. a u r e u s . Turbia  and p a r t i c u l a t e  n a t u r e  o f  some 

o f  t h e s e  s o l u t i o n s  p r e v e n t e d  e x a c t  c o n c l u s i o n s .  The t h r e e  

c a t i o n i c  a g e n t s  e x e r t e d  s t a t i c  e f f e c t s  a g a i n s t  E.  c o l i  ana

S .  a u r e u s , whereas  o n l y  LPO a t  pH 5 . 2  e x e r t e d  b a c t e r i o s t a s i s  

a g a i n s t  S .  p a r a t y p h i  B .

S u r f a c e - t e n s i o n  c o n t r o l s ,  w i t h  t h e  m a j o r i t y  o f  t h e  

compounds, s u b s t a n t i a t e d  t h e  g e n e r a l  t h e o r y  t h a t  r a p i d i t y  o f  

a t t a i n i n g  e q u i l i b r i u m  i s  a f u n c t i o n  o f  c o n c e n t r a t i o n .  S o lu 

t i o n s  o f  LPO d id  n o t  a t t a i n  e q u i l i b r i u m  i n  any o f  t h e  con cen 

t r a t i o n s  t e s t e d  w i t h i n  48 h o u r s .
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