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Microorganisms con t r ibu te  s i gn i f i c an t l y  to the  eco logy  and b io t i c  
popula t ion  in natural  aqua t i c  env i ronments .  Microbes are the  
f i r s t  among the  aquat ic  b io ta  to be a f f ec t ed  by  any va r i a t ion  
in the qua l i t y  of water  in which they  i n h a b i t .  The m i c r o b i a l  
s u r v i v a l  is  v e r y  much dependen t  upon the  t r o p h i c  s ta te  and 
concent ra t ion  of va r ious  organic  a n d / o r  inorganic  po l lu t an t s  
of munic ipa l ,  i n d u s t r i a l  a n d / o r  a g r i c u l t u r a l  or ig in  along with 
o t h e r  macrob io t i c  popu la t i on .  It  f u r t h e r  depends  on the  a b i l i t y  
to to l e ra t e  an al ien se t  of b io log i ca l ,  p h y s i c o - c h e m i c a l  and 
envi ronmenta l  cond i t ions .  

With inc reas ing  u rban i za t i on ,  the d i s p o s a l  of munic ipa l  sewage 
containing feca l  was tes  from homeotherms  causes  fecal  contami-  
nation of aquat ic  env i ronment s .  The p r ime  member of en te r i c  
b a c t e r i a  is E s c h e r c h i a  co l i ,  an o p p o r t u n i s t i c  pa thogen  with 
wide d i s t r i b u t i o n  in na ture .  Most of the  feca l  b a c t e r i a  are  
usua l ly  gene t i ca l ly  man ipu la t ed ,  p a r t i c u l a r l y  for  metal  and 
an t i b io t i c  r e s i s t ance  along with v i r u l e n c e .  Hence t h e y  are  
impor tan t  from pub l ic  h e a l t h  poin t  of v iew.  Severa l  in v i t r o  
and d i f fus ion  chamber  as well  as microcosm s tud ies  on e f fec t  
of va r ious  envi ronmenta l  f a c to r s  and po l lu t an t s  on the  s u r v i v a l  
of E. co l i  and o t h e r  i n d i c a t o r  o rgan isms  in d i f f e r e n t  natura l  
wa te r  have  been done (F l i e rmans  1978; McFeters  et a l .  1974; 
F l in t  1987; Shannon et a l .  1989). However ,  more s tud ies  are  
r e q u i r e d  in t h i s  f i e l d ,  The p r e s e n t  s t udy  is an a t t empt  to 
a s s e s s  the e f fec t  of aqua t i c  po l lu tan t s  on the  s u r v i v a l  of r e s i s t a n t  
as well  as s u s c e p t i b l e  s t r a i n s  of E. col i  in the microcosm 
(mic ro -env i ronmen t )  of l e s s  po l lu ted  a n d  h i g h l y  po l lu t ed  water  
of r i v e r  Gomati in India  at  h o u r l y  i n t e r v a l s .  

MATERIALS AND METHODS 

Rive r  water  samples  were co l l ec t ed  in g la s s  bo t t l e s  from ups t ream 
(Gaughat)  and downst ream ( P i p r a g h a t )  of r i v e r  Gomati in v i c i n i t y  
of Lucknow c i t y  s i tua t ed  at  26~ l a t i t ude  and 80~  long i -  
tude  (Fig.  1). I t  is a medium s ized  pe renn ia l  r i v e r  in Gangetic 
p l a i n s  of Ut tar  P r a d e s h ,  Ind ia ,  pass ing  th rough  Lucknow c i t y .  
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F i g u r e  1. Map of r i v e r  Gomati  in v i c i n i t y  of Lucknow a r e a  
showing  s am p l i ng  s t a t i o n s  (0) and ma jo r  s o u r c e s  
(0 and X) of r i v e r  p o l l u t i o n .  X = Sewage d i s c h a r g e  
p o i n t s .  

I t  r e c e i v e s  m u n i c i p a l  s e w a g e ,  i n d u s t r i a l  e f f l u e n t s  and a g r i c u l t u r a l  
r u n - o f f  a long i t s  c o u r s e  of 940 km b e f o r e  jo in ing  w i th  t he  
Ganges nea r  V a r a n a s i .  

R i v e r  w a t e r  s a m p l e s  f rom b o t h  t he  s t a t i o n s  were  s t e r i l i z e d  
b y  f i l t e r i n g  t h r o u g h  m e m b r a n e  f i l t e r  (Maxf low L t d . ,  I nd i a )  
wi th  0.45 pm p o r o s i t y  to  a v o i d  d e n a t u r i n g  of na tu r a l  p o l l u -  
t a n t s  due  to  h i g h  t e m p e r a t u r e  in a u t o c l a v e .  S t e r i l i z e d  w a t e r  
(100 mL) were  a s e p t i c a l l y  t r a n s f e r r e d  in to  a s t e r i l e  E r l e n m e y e r  
f l a s k s  (250-mL c a p . )  s e p a r a t e l y .  

Two s t r a i n s  of E.  co l i  i s o l a t e d  f rom Gomati  r i v e r  w a t e r ,  w e r e  
t a k e n  as t e s t  o r g a n i s m s .  One s t r a i n  (No.2)  was r e s i s t a n t  to 
a m p i c i l l i n ,  c h l o r a m p h e n i c o l ,  s t r e p t o m y c i n  and t e t r a c y c l i n e  a long 
wi th  t o l e r a n c e  f o r  m e r c u r y  and c h r o m i u m ,  w h i l e  o t h e r  s t r a i n  
(No. 28) was s u s c e p t i b l e  to t h e s e  a n t i b i o t i c s  and m e t a l s .  

For  s u r v i v a l  s t u d i e s ,  0.1 mL of f r e s h  c u l t u r e  of b o t h  s t r a i n s  
in n u t r i e n t  b r o t h  a f t e r  18 h r  i ncuba t i on  were  i nocu l a t ed  s e p a r a t e l y  
in to  the  f l a s k s  w i th  mic rocosm,  i . e .  100 mL of s t e r i l i z e d  r i v e r  
w a t e r .  Af t e r  gen t le  s h a k i n g  the  i n i t i a l  b a c t e r i a l  count was  
t a k e n  b y  us ing  d r o p p e r  (50 d r o p s / m L )  on M a c C o n k e y ' s  a g a r  
p l a t e  f o l l o w e d  b.y 18 h r  i ncuba t i on  a t  35~ t e m p e r a t u r e .  
The  v i a b l e  b a c t e r i a  xn m i c r o c o s m s  of r i v e r  w a t e r  w e r e  enu-  
m e r a t e d  b y  d r o p  p l a t i n g  a s  e a r l i e r  a t  1, 2, 3, 6, 12, 24, 
48, 96 and 120 h r  w i th  i ncuba t i on  a t  room t e m p e r a t u r e  (30-  
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35~ dur ing  s t u d y ) .  The g rowth  c u r v e s  were p l o t t e d  a f t e r  
I010 transformation of viable counts of E.coli per mL. 

All the bacteriological media and antibiotics were obtained 
from Hi-Media Pvt. Ltd., Bombay, India. Mercury and chromium 
were used as mercuric chloride (Glaxo Lab. (India) Ltd, Bombay) 
and potassium dichromate (IDPL, India), respectively. 

The temperature and pH of water samples were measured by 
using electronic probes with the portable kit (Century Instru- 
ments Ltd., Chandigarh, India). BOD was determined by dilution 
water check method. COD was measured by open reflux method. 
Chloride was estimated by the argentometric method. Alkalinity, 
total nitrogen, phosphate, sulfate and hardness were measured 
titrimetrically by using methyl orange, phenoldisulphonic acid, 
stannous chloride, barium chloride and ethylene diamine tetra- 
acetic acid, respectively according to standard methods (APHA, 
1989). 

For metal ana ly s i s  100 mL of each r i v e r  water  samDie was 
a c i d i f i e d  with 5 mL of concen t r a t ed  n i t r i c  ac id  (Glaxo Lab. 
( India)  Ltd .  Bombay) and bo i l ed  to concen t ra te  upto 20 mL. 
Levels  of zinc,  c o p p e r  and cadmium were de t e rmined  by  d i r e c t  
a s p i r a t i o n  of concen t ra ted  sample  into an a i r - a c e t y l e n e  flame 
of Direct  Current  Plasma (DCP) S p e c t r o p h o t o m e t e r  (Beckman 
Model, Spec t roscan  V, Geneva) at  206.2,  327.5 and 228.8 @m 
wave l eng th ,  r e s p e c t i v e l y .  Double d i s t i l l e d  de ion ized  wate r  
was a lso  p r o c e s s e d  and read  s imul taneous ly  as b l ank .  The 
instrument was caliberated by using appropriate standards 
(Aldrich Chem. Co. USA). 

RESULTS AND DISCUSSION 

Variation in physico-chemical, biological and/or any other 
qualities in an aquatic environment have a significant effect 
on survival and phenotypic as well as genotypic characteristics 
including pathogenicity and resistance phenomenon among the 
microorganisms. The qualitative observations reveals that 
there is a considerable difference in most of the physicochemical 
qualities and metal levels in water from Gaughat and Pipraghat 
stations of river. This difference in water qualities is obviously 
due to the discharge of municipal sewage and industrial eflquents 
from urban area in downstream zone of river. As this river 
mostly receives agricultural land run-off in upstream zone, 
phosphate, sulfate and total nitrogen were found at higher 
levels (Table I). 

The viable counts of both the test strains of E.coli in microcosms 
of upstream and downstream stations at hourly intervals signi- 
ficantly exhibited adverse effect of pollutants on bacterial 
survival. Tzhe initial cou~ts of resistant and sensitive E.coli 
were 2.8xi0 and 1.4x10-/mL, respectively. The variation 
in viability could be observed only after 6 hr of incubation 
because the viable counts of resistant and sensitive strains 
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2 
at  t h i s  p e r i o d  were  1.8x10 and 1.2x102 /mL, r e s p e c t i v e l y , w h i c h  
was v e r y  c lose  to i n i t i a l  counts .  The maximum, v i a b l e  counts  
of r e s i s t a n t  s t r a in  were  2.7x105 and 21.2x10 4 /mL and of 
s e n s i t i v e  s t r a in  i t  was 5.2x10 3 and 2 .8x10 / mL in mic rocosms  
of ups t ream and downs t r eam ,  r e s p e c t i v e l y  a f t e r  48 h o u r s  i ncuba -  

Table  1 .  P h y s i c o - c h e m i c a l  q u a l i t i e s  inc lud ing  metal  l e v e l s  
in wa te r  from ups t r eam and downs t ream of r i v e r  Gomati r e l a t i v e  
to Lucknow c i t y .  Each va lue  is  ma themat i ca l  mean of  a t  l e a s t  
t h r e e  o b s e r v a t i o n s .  All the  p h y s i c o - c h e m i c a l  p a r a m e t e r s ,  e x c e p t  
t e m p e r a t u r e  and pH, have  been e x p r e s s e d  as rag/L,  wh i l e  metal  
l e v e l s  have  been e x p r e s s e d  as @g/L. 

P a r a m e t e r s  Ups t ream Downstream 
Mean+-SD Mean_+SD 

Tempera tu re  ~ 28.6+4.5 29.1+6.4 

pH 8.3+0.2  8 .5+0.4  

DO 8.2_+2.3 6.2_+1.6 

BOD 7.0_+2.6 8 .2+0 .8  

COD 16.6+4.6 21.0-+5.9 

A l k a l i n i t y  204.4+34.7 208.9+32.4 

P h o s p h a t e  0.1-+0.05 0.1_+0.01 

Su lpha te  9.2-+0.4 8.3-+2.3 

C h l o r i d e  7.9_+3.0 10.4+_4.4 

Total  n i t rogen  3.7-+1.0 3 .3+1.3 

Hardness  181.2-+22.6 185.3-+37.1 

Cadmium 18.0+2.6 23.0-+8.2 

C o p p e r  173.3-+145.0 350.0+222.7 

Zinc 180.0-+42.4 385.0-+49.5 

DO = Di s so lved  OXygen: BOD = Biochemica l  Oxygen Demand: 
COD = Chemical  Oxygen Demand and SD = S tanda rd  Devia t ion .  

t ion (F ig .  2 ) .  I t  shows tha t  the  s u r v i v a l  of s e n s i t i v e  and 
r e s i s t a n t  s t r a i n s  was 18.6 and 22.5 t imes ,  r e s p e c t i v e l y ,  h i g h e r  
in mic rocosms  of ups t r eam than t h a t  of downs t r eam.  A s ign i -  
f i can t  dec l ine  of 55.6% and 94.6% in s u r v i v a l  of r e s i s t a n t  and 
s e n s i t i v e  s t r a i n s ,  r e s p e c t i v e l y  has  been o b s e r v e d  in mic rocosm 
of downs t ream w a t e r .  Thus ,  t h e s e  o b s e r v a t i o n s  i n d i c a t e  t h a t  
the effect of pollution is more on survival of the sensitive 
organisms. 
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F i g u r e  Z- Mean log~ counts  of two s t r a i n s  of E . c o l i  (No.20 
& 28) =~0 hourly intervals in microcosms of river 
water from upstream - Gaughat (GG) and downstream- 
Pipraghat (PG). c.f.u. = colony forming units. 

Since the  m i c r o c o s m s ,  used  in t h i s  s t u d y ,  were  f r ee  f rom p a r t i -  
cu l a t e  m a t e r i a l s  and b a c t e r i a ,  t he  dec l i ne  in g rowth  r a t e  of 
E. co l i  in mic rocosm of d o w n s t r e a m  may be  a t t r i b u t e d  to d i s s o l v e d  
p o l l u t a n t s  of munic ipa l  a n d / o r  i n d u s t r i a l  o r i g in .  The s i gn i f i c an t  
d i f f e r e n c e s  could be seen in v i a b l e  counts  of both  the  s t r a i n s  
in mic rocosms  of u p s t r e a m  and downs t r eam dur ing  the  p e r i o d  
of 12 to 96 h r .  F l in t  (1987) a l s o  o b s e r v e d  a s i gn i f i c an t  d e c r e a s e  
in s u r v i v a l  of E. co l i  in sewage  po l l u t ed  r i v e r  w a t e r .  E n v i r o n -  
menta l  s t r e s s  due to v a r i a t i o n s  in t e m p e r a t u r e ,  pH,  t r o p h i c  
s t a t e  and concen t ra t ion  of v a r i o u s  c h e m i c a l s  a s s o c i a t e d  wi th  
aqua t i c  po l lu t ion  h a v e  been found to be  r e s p o n s i b l e  fo r  the  
v a r i a t i o n  in m i c r o b i a l  s u r v i v a l  in a na tu r a l  aqua t i c  mic rocosm 
(B i s sonne t t e  e t  a l .  1975; Gorden  and F l i e r m a n s  1978; Mancini 
1978; Klein and Alexande r  1986).  McFete rs  e t  a l .  (1974) h a v e  
r e a l i z e d  t h a t  co l i fo rms  a re  more  s u s c e p t i b l e  to e n v i r o n m e n t a l  
s t r e s s  than  o t h e r  aqua t i c  b a c t e r i a .  

Al though Jana  and B h a t t a c h e r j e e  (1988) found t h a t  h e a v y  me ta l s  
i n h i b i t  t he  growth  of E . c o l i  in na tu ra l  w a t e r ,  low l e v e l s  of 
c e r t a i n  me t a l s  such as i r on ,  zinc and p o t a s s i u m  in aqua t i c  
e n v i r o n m e n t s  were  found to enhance  the  g rowth  of some na tu ra l  
aqua t i c  m i c r o o r g a n i s m s  (S ta t e s  e t  a l .  1985).  Var ia t ion  in q u a n t i t y  
of c h e m i c a l  p o l l u t a n t s  in w a t e r  h a v e  a l so  been found to a f f e c t  
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the  pa thogen ic i ty  and o the r  p l a s m i d - m e d i a t e d  t r a i t s  of en te r i c  
o rgan isms ,  eg. Vibr io  cho le rae  (Tamplin and Colwell  1986). 
The inc reased  s u r v i v a l  of an t ib io t i c  r e s i s t a n t  E .co l i  may a l so  
be due to its R-plasmids (Bennette and Linton 1986). 

T h e r e f o r e ,  i t  is obvious  from the se  obse rva t ions  t ha t  so luble  
chemical  po l lu tan ts  above ce r ta in  concentrat ions have an a d v e r s e  
e f fec t  on natural  aquat ic  b a c t e r i a .  The growth and s u r v i v a l  
of sucep t ib l e  organisms are more af fec ted  by pol lu tants  than 
those  r e s i s t a n t  to an t ib io t i c ,  metal  and /o r  o the r  aauat ic  po l lu -  
t an t s .  The s u r v i v a l  of such r e s i s t a n t  and p a r t i c u l a r l y  pathogenic  
organisms in natural  aquat ic  environments  with f requent  pub l ic  
use ,  is  a ser ious  m a t t e r ,  as  an t ib io t i c  r e s i s t a n t  pathogens  
may pose r i s k  to aquat ic  fauna and publ ic  hea l t h .  
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