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Mercury (Hg) compounds are extensively used in agriculture 
as seed-dressers and pesticides, in hospitals as disinfectants 
(Summer and Silver 1978), in sewage treatment and in indus- 
tries including pulp and paper and chloro-alkali industries 
as chemical catalysts. Several thousand millions of tons of 
mercury are dispersed into the environment every year 
(Summers and Silver 1978). Rain water washes mercury from 
soils and rocks. In aquatic environments sediments are the 
richest deposits of mercury compounds (Summers and Silver 
1978). The mutagenicity and teratogenicity of these Hg-contain- 
ing compounds are well-documented (Mix 1986; Summers and 
Silver 1978). 

In r ecen t  y e a r s  h y d r o p h o b i c  organic  chemica l s  have  con t a -  
minated numerous a q u i f e r s ,  Gasoline f rom underground  s to rage  
t a n k s ,  pe t ro leum p r o d u c t s  from r e f i n e r i e s  and c h l o r i n a t e d  
solvents from cleaning operations in various industries are 
some examples of sources of groundwater contamination. In 
addition, there is always the risk of new contamination from 
accidental spills and discharges. Many of these compounds 
are also carcinogenic and enhancers of mutagenicity (Mix 1986; 
Sato e~ a%. 1983). Both mercury compounds and hydrophobic 
aromatic compounds have contaminated several aquatic environ- 
ments and caused damage to the indigenous biota (Cocchieri 
s c/. 1993). The potential damage to water bodies necessitates 
that attention be directed to developing methods for removing 
these contaminants from aquifers. 

Seve r s /  Gram pos i tLve  and nega t ive  b a c t e r i a  can e f f e c t i v e l y  
d e t o x i f y  m e r c u r y  compounds t h rough  the  sequen t i a l  act ion 
of mercur i c  r e d u c t a s e  and o r g a n o m e r c u r i a l  l y a s e  as r e v i e w e d  
by Summers and S i l v e r  (1978) .  In many cases  b a c t e r i a l  r e s i s -  
tance of m e r c u r y  compounds is  p l a s m i d - m e d i a t e d  (Scho t t e l  e t  a~. 
1974; S i l v e r  and Misra 1988).  Aromat ic  compounds a re  a lso  
d e g r a d e d  and u t i l i z e d  as a sole  source  of ca rbon  by  d i f f e r e n t  
p l a s m i d - b e a r i n g  b a c t e r i a l  s t r a i n  (Oong e t  a~. 1992).  Of the  many 
opt ions  a v a i l a b l e  for  the  r emed ia t ion  of p o l l u t e d  wa te r  s o u r c e s ,  
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exploitation of microorganisms to scavenge these pollutants 
has been suggested in many studies (Bury and Miller 1993; 
Summers and Silver 1978). 

We previously isolated a broad-spectrum, Hg-resistant BacChus 
paA~:zurii strain (DR2) that volatilized Hg-compounds, including 
organomercurials from its growth media and utilized, differe~nt 
aromatic compounds as the sole source of carbon (Pahan e~ at. 
1990; Pahan et as 1991a). This strain can also degrade and 
utilize fluorescein mercuric acetate and merbromine (Pahan s 
:ai. 1992). Its growth was also stimulated in the presence 
of benzene and phenylmercuric acetate due to facilitated 
transport of the nutrients across the cell wall (Pahan e~ as 
1993a). The objective of the present study was to utilize 
the dual characteristics of the organism, elimination of Hg- 
compounds and utilization of aromatic compounds, in natural 
conditions. We report the increased rate of the elimination 
of HgCI 2 by this strain from natural river water in the 
presence of organic compounds. 

MATERIALS AND M~JrHODS 

All chemica l s  and r eagen t s  used in t h i s  s t u d y  were  of a n a l y -  
t i c a l  g rade  (E .  Merck,  U . K . ) .  Water samples  were c o l l e c t e d  
from the  r i v e r  Ganges w h i c h  is  r e p o r t e d  to  contain  0.11+-0.01 
ppm mercu r y  (Pahan e t  a~. 1990b) .  B a c t e r i a l  s t r a in  B. pa6~eu~s 
DR2 was grown in nu t r i en t  b r o t h  media  containing 10 )aM HgC1 z 
and 30 /aM b e n z e n e .  HgC1 z was added  to  induce  mercu r i c  r e d u c -  
t a s e  and o r ganomercu r i a l  l y a s e  (Pahan 6~ a~. 1990a) and benzene 
was a d d e d  to s t imula te  g rowth  (Pahan e~ a~. 1993a) .  Flasks  
were  k e p t  o v e r n i g h t  in a r o t a r y  s h a k e r  at  200 rpm at  32~ 
This  b a c t e r i a l  cu l tu re  was d i l u t e d  1:100 wi th  s t e r i l e  r i v e r  
wa te r  to a t o t a l  volume of 200 ml to  maintain 1.7 X 10 ~ 
b a c t e r i a l  c e l l s / m l .  Af ter  s t e r i l i z a t i o n  of the  w a t e r ,  so lu t ions  
of benzene and pe t ro leum e t h e r  (bo i l ing  range  60~176 were  
a d d e d  to s e p a r a t e  f l a s k s  to a concen t ra t ion  of 1 raM. Solut ions  
of t h e s e  a romat i c  compounds were made in 90% e thano l  and 
t h e s e  so lu t ions  were not s t e r i l i z e d .  The wate r  sample  was 
s t e r i l i z e d  by  au toc lav ing  a f t e r  cot ton p lugg ing .  Cont ro l  f l a s k s  
conta in ing the  organisms  only  were a l so  r u n .  To some f l a s k s  
HgClz was a d d e d  a t  a concen t r a t ion  of 10 pM and PMA at 
30 /aM. A s i m i l a r  o v e r n i g h t  cu l tu re  was also d i l u t e d  wi th  
s t e r i l e  r i v e r  wa te r  wh ich  r e c e i v e d  a f t e r  s t e r i l i z a t i o n ,  
d i f f e r e n t  concen t ra t ions  of benzene (1 to 10 raM). All the  
f l a s k s  were  k e p t  in a B .O.D.  i ncuba to r  at  20~ At i n t e r v a l s  
of s e v e r a l  d a y s  p o r t i o n s  of t he  samples  were  taken  out a s e p t i -  
c a l l y  and d i l u t e d  s e r i a l l y  wi th  s t e r i l e  po tass ium p h o s p h a t e  
bu f f e r  (0 .1  M, pH 7.0)  and b a c t e r i a l  counts  were  d e t e r m i n e d  
by  s p r e a d i n g  the  d e f i n i t e  volumes of the  d i l u t e d  b a c t e r i a l  
suspens ion  on a nu t r i en t  a g a r .  An a v e r a g e  of s ix  s e p a r a t e  
de t e rmina t ions  were  taken in each c a s e .  The b a c t e r i a l  cu l tu re  
t r e a t e d  wi th  10 )aM HgClz was added  to a f ina l  concen t r a t ion  
of 100 pM. Benzene and pe t ro leum e t h e r  was a d d e d  to s e p a r a t e  
s t e r i l e  f l a s k s  at  1 mM c o n c e n t r a t i o n .  Cont ro l  f l a s k s  were  
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a l s o  run;  one f l a s k  c o n t a i n e d  on ly  s t e r i l e  r i v e r  w a t e r ,  
a n o t h e r  f l a s k  con ta ined  on ly  o r g a n i s m s  and no HgC1 z and the  
t h i r d  f l a s k  con ta ined  on ly  HgClz .  In s i m i l a r  e x p e r i m e n t s ,  
HgClz -~ rea t ed  b a c t e r i a l  c u l t u r e s  we re  a l s o  d i l u t e d  1:100 wi th  
n o n - s t e r i l e  r i v e r  w a t e r  conta in ing  1 mM benzene  and 100 )aM 
HgClz .  R e s p e c t i v e  con t ro l  f l a s k s  were  a l so  r u n .  All  t h e  f l a s k s  
were  i n c u b a t e d  a t  20~ and the  m e r c u r y  conten t  was m e a s u r e d  
using co ld  v a p o u r  a tomic  a b s o r p t i o n  s p e c t r o m e t r y  ( B r a d e n b e r g e r  
and Bader  1967) .  Conten ts  of the  f l a s k s  w e r e  d i g e s t e d  w i th  
equa l  vo lumes  of c o n c e n t r a t e d  HNO3 and c o n c e n t r a t e d  HzSO 
a t  60~176 f o r  2 h r .  The d i g e s t i o n  m i x t u r e  was then  d i l u t e d  
w i th  d i s t i l l e d  w a t e r  f o l l o w e d  b y  the  a d d i t i o n  of KMnOe (5~ 
w / v )  and the  m i x t u r e  was k e p t  o v e r n i g h t  a t  room t e m p e r a t u r e .  
On the  n e x t  day  5~ h y d r o x y l a m i n e  h y d r o c h l o r i d e  was a d d e d  
un t i l  a l l  t h e  brown MnO z and e x c e s s  KMnOe were  r e d u c e d .  
Mercury  conten t  was m e a s u r e d  by  co ld  v a p o u r  a tomic  a b s o r p -  
t ion s p e c t r o m e t r y .  

RESULTS AND DISCUSSION 

The survival of the organisms in natural water is a prerequi- 
site f o r  i t s  a b i l i t y  to  r e m o v e  t o x i c a n t s  f rom the  s y s t e m .  
In our  e a r l i e r  s t u d i e s ,  we found t h a t  H g - d e t o x i f y i n g  enzymes  
of Hg-resistant bacterial strains isolated from different 
aqua t i c  e n v i r o n m e n t s  were  most  s t a b l e  a t  20~ wh ich  i s  the  
amb ien t  t e m p e r a t u r e  of t he  w a t e r  b o d i e s  (Pahan  es a~. 1993b) .  
In t h e s e  s t u d i e s  the  f l a s k s  conta in ing t h e  b a c t e r i a l  s t r a i n s  
w e r e  k e p t  a t  20~ f o r  s e v e r a l  d a y s .  From Fig.  1A and 1B 
i t  i s  c l e a r  t h a t  in s t e r i l e  r i v e r  w a t e r  t h i s  b a c t e r i a l  s t r a i n  
s u r v i v e d  f o r  30 d a y s .  The  p r e s e n c e  of 1 mM benzene  or  
p e t r o l e u m  e t h e r  i n c r e a s e d  i t s  s u r v i v a l  r a t e  c o m p a r e d  to t he  
c o n t r o l .  As B. pa~tr DR2 u t i l i z e d  a r o m a t i c  compounds  as 
t he  so le  s o u r c e  of c a rbon  f rom i t s  g r o w t h  medium (Pahan  e~ as 
1991a) ,  t h i s  i n c r e a s e  in g rowt h  in s t e r i l e  r i v e r  w a t e r  in 
t h e  p r e s e n c e  of benzene  and p e t r o l e u m  e t h e r  was p r o b a b l y  
due to t he  u t i l i z a t i o n  of t h e s e  compounds  as n u t r i e n t s .  
The  number  of b a c t e r i a  i n c r e a s e d  s i g n i f i c a n t l y  in t h e  p r e s e n c e  
of t h e s e  compounds  a f t e r  7 d a y s  ( F i g .  1A) and was not  s i g n i -  
f i c a n t l y  a f f e c t e d  in t he  p r e s e n c e  of e i t h e r  100 )uM HgC1 z or  
30 )aM PMA a f t e r  7 d a y s .  C o n v e r s e l y ,  t h e  p r e s e n c e  of PMA 
i n c r e a s e d  the  b a c t e r i a l  number  ( F i g .  1B) .  Th i s  i n c r e a s e  in 
g rowth  of t he  b a c t e r i a l  s t r a i n  i n  t he  p r e s e n c e  of PMA may 
h a v e  been due to  the  f a c i l i t a t e d  t r a n s p o r t  of n u t r i e n t s  t h r o u g h  
the  c e l l  m e m b r a n e  (Pahan  e~ a l .  1993a) ,  to t h e  u t i l i z a t i o n  of 
benzene  m o i e t y  r e l e a s e d  f rom PMA t h r o u g h  the  ac t ion  of 
o r g a n o m e r c u r i a l  l y a s e  p r e s e n t  in t he  o rgan i sm (Pahan  e~ as 
1991b) ,  or  b o t h .  H o w e v e r ,  w i th  t he  i n c r e a s e  in i ncuba t ion  
p e r i o d ,  the  b a c t e r i a l  number  g r a d u a l l y  d e c r e a s e d .  I n c r e a s i n g  
concen t r a t i on  of benzene in the  range  of 1.6 mM in s t e r i l e  
r i v e r  w a t e r  s t i m u l a t e d  t h e  g r a d u a l  i n c r e a s e  in t he  number  
of o rgan i sms  a f t e r  15 d a y s ,  i n d i c a t i n g  t h a t  t h i s  compound 
was be ing  u sed  as a n u t r i e n t  ( F i g .  2 ) .  H ighe r  c o n c e n t r a t i o n s  
of benzene  were  i n h i b i t o r y .  Th i s  H g - r e s s i s t a n t  a q u a t i c  i s o l a t e  
v o l a t i l i z e d  Hg-compounds  f rom i t s  g r o w t h  medium and u t i l i z e d  
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Figure 1.  S u r v i v a l  of B. pas~eu.~i. DR2 in s t e r i l e  r i v e r  wa te r  
(A) in p r e s e n c e  of benzene and pe t ro leum e t h e r ;  
and (B) in p r e s e n c e  of HgClz and p h e n y l m e r c u r i c  
a c e t a t e .  I n i t i a l l y  3.4 X 10 e b a c t e r i a l  c e l l s  were 
a d d e d  to 200 ml s t e r i l e  r i v e r  water  to maintain 
1.7 X 107 c e l l s / m l .  The r e s u l t s  a re  the  ave rage  
of two s e p a r a t e  d e t e r m i n a t i o n s .  

a romat ic  compounds  as the  s o l e  source  of ca rbon  (Pahan e~ 
a~. 1991a). Figure 3 shows that this bacterial strain was 
ab le  to e l imina te  HgC1 z from s t e r i l e  r i v e r  wa te r  as compared  
to the  con t ro l  e x p e r i m e n t  and i t  is  a lso  no t ewor thy  t h a t  the  
p r e s e n c e  of benzene and pe t ro l eum e t h e r  at  1 mM concen t ra t ion  
enhanced this rate of mercury volatilization. Addition of the 
same concen t r a t ion  of benzene  or  pe t ro leum e t h e r  to the  
con t ro l  in absence  of the  organism d i d  not i nc rease  the  r a t e  
v o l a t i l i z a t i o n  (da ta  not  s h o w n ) .  Hg-vo la tL l iza t ion  r a t e  was 
s l i g h t l y  h i g h e r  in the  p r e s e n c e  of benzene  than pe t ro leum 
e t h e r  and t h i s  v o l a t i l i z a t i o n  from s t e r i l e  wa te r  i n d i c a t e s  t h a t  
i t  was med ia t ed  by  only t h i s  o r g a n i s m .  Similar  e x p e r i m e n t s  
were conduc ted  wi th  n o n - s t e r i l e  r i v e r  wa te r  where  the  
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Figure 3. Volatilization of HgCl z by B. pa,5~eu~s DR2 from 
sterile river water in presence of benzene and 
petroleum ether (0 O, without organism ; 0----11, 
with organism; O---O with organism and I mM 
benzene; H with organism and 1 mM petroleum 
ether). 200 ml sterile river water initially con- 
rained 0.025 mg mercury and 100 )aM HgClz equi- 
valent to 4 mg mercury was added to each flask. 
I% (v/v)_ inoculum was added initially to maintain 
I.? X l0 T cells/ml. Average of two separate deter- 
minations is presented. 

addition of I.? X 107 cells of this bacterial strain per ml 
of water increased volatilization of HgCI z (Table I). Of greater 
interest is the comparison between the volatilization rate in 
the presence of this organism and that in the presence of 
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b o t h  o rgan i sm and 1 mM benzene ;  the  r a t e  of v o l a t i l i z a t i o n  
be ing  h i g h e r  in t he  l a t t e r  case  ( T a b l e  1 ) .  In a l l  c a s e s  the  
r a t e  of v o l a t i l i z a t i o n  was h i g h e r  in t he  f i r s t  s even  d a y s  
t han  in t h e  n e x t  s even  d a y s .  

The d a t a  p r e s e n t e d  h e r e  d e m o n s t r a t e  c l e a r l y  t h a t  t h i s  b r o a d -  
s p e c t r u m  H g - r e s i s t a n t ,  h y d r o c a r b o n - u t i l i z i n g  and s p o r e f o r m i n g  
B. pa6tew%~ DR2 i s o l a t e d  f rom w a t e r  can s u r v i v e  in b o t h  
s t e r i l e  and n o n - s t e r i l e  r i v e r  w a t e r  and a t  the  same t ime  can 
e l i m i n a t e  HgC12 f rom b o t h .  The a r o m a t i c  compounds  s e r v e d  
as i t s  n u t r i e n t s  and f a c i l i t a t e d  i t s  s u r v i v a l  and the  r a t e  of 
e l im ina t i on  of m e r c u r y .  Remova l  of m e r c u r y  f rom w a s t e - w a t e r  
and f rom m e r c u r y - p o l l u t e d  so i l  s a m p l e s  h a v e  been s t u d i e d  
by  s e v e r a l  w o r k e r s  ( C a m p a n e l l a  e t  a f .  1986; Rogers  and James  
1979) and b a c t e r i a - m e d i a t e d  r e m o v a l  of a r o m a t i c  compounds  
f rom so i l  and w a t e r  h a v e  a l so  been r e p o r t e d  (Mahmood and 
Rama Rao 1993; Bury and Mi l le r  1993) .  Our r e s u l t s  i n d i c a t e  
t h a t  b a c t e r i a  h a v e  the  p o t e n t i a l  of r e m o v i n g  bo th  m e r c u r y  
con taminan t s  and organic  p o l l u t a n t s .  F u r t h e r  e x p e r i m e n t s  a r e  
needed  to o p t i m i z e  the  cond i t i ons  and to s t u d y  the  p a t h o -  
g e n i c i t y  of t he  s t r a i n .  
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