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Ecological changes caused by the continued pollution of the aquat ic  
envi ronment  by chemicals  through industrial e f f luents  and domes t ic  
sewage and emanat ions  set t l ing into wa te r  pose grave  concern.  Synthe-  
t ic  de te rgen ts  a re  one of the most  impor tan t  in this respec t  since 
they find their  way into aquat ic  ecosys tems  thereby a f fec t ing  the 
food chain. Our ear l ier  studies with diverse aquat ic  fauna and f lora 
suggested the potent ia l  ecotoxicological  impac t  of synthet ic  de te r -  
gents (Lal et  al.  1983; Misra e t  al. 1985, 1987a; Chawla e t  al. 1987). 
Fish are  nekton in an aquat ic  envi ronment  and are  the pr imary,  
secondary or even the top consumer in an aquat ic  ecosys tem.  A 
large number of repor ts  a re  avai lable  on the pol lutants  toxic  to 
fish (Bromage and Fuchs 1987; Mc Kim et  al. 1975). Evans (1987) 
se lec ted  fish gill, a site of act ion and model for toxic  e f f e c t  of 
pollutants  and these  pollutants  also can in te r fe re  with the develop-  
ment  of the aquat ic  organisms by disrupting metabol ic  processes.  
Fish are  known to accumula te  mercury  by vi r tue  of e f f ic ien t  uptake 
and slow ra te  of el imination (Rouhtula and Miett inen 1975). Mercury 
also causes  morphological  and physiological de fec t s  with consequent  
behavioral  abnormal i t ies  in fish (Gill and Pant  1985). Passino and 
Kramer (1982) studied the subcellular distr ibution of mercury  by 
measuring the labelled mercury  in cent r i fuged f rac t ions  of disrupted 
tissue cells.  Even though in ac tual  si tuation,  of ten the s t ress  to 
the ecosys tem is caused by a mixture  of pol lutants ,  the in te rac t ive  
e f f e c t  of two or more pollutants  present  t oge the r  a t  present  poorly 
understood. Also, in the presence  of one toxicant ,  the capac i ty  or 
the ecosys tem to deal with others  can be impaired  so tha t  even 
biodegradable  wa te r  pol lutants  may tend to accumula t e  (Misra and 
Viswanathan 1987b). 

Therefore, an attempt has been made to study the uptake and distri- 
bution of mercury in presence and absence of detergent to test 
for any combined effects, 

MATERIALS AND METHODS 

Fish fingerlings (Cirrhina mrigala) of 5.2-5.5 cm size were  obtained 
f rom the S ta te  Depar tment  of Fisheries,  Gomti  Nagar ,  Lucknow 

Send repr int  requests  to Virendra Misra a t  the above address.  
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(~Uttar Pradesh), India and acc l ima t i zed  for 2 wk to the labora tory  
conditions in aged tap wa te r  (tap wa te r  lef t  uncovered for 3 days). 
Chemicals  u~c~ in the study were  f rom BDi-I Analar or E. Merck 
ex t ra  pure.  Hg was procured f rom Bhabha Atomic  Research Centre ,  
Isotopic Division, Bombay,  India. LAS (Linear alkyl benzene sulphonate) 
was obtained direct ly  f rom the Indian Pe t rochemica l s  Ltd. ,  Baroda, 
India. The aged tap wa te r  used in the study had the following cha rac -  
ter is t ics :  pH 7.2-7.4, DO 6.7-7.2 rag/L, alkal ini ty 95-100 rag/L, hard- 
ness 116-122 mg/L as CaCo a a t  25 + I~ as measured by the method 
of APHA (1975) using a C~ntury Digital Por table  Kit, Century Ins- 
t rumen t s  Ltd. ,  Chandigarh (India). 

203 2O 3 
Fo[ prepara t ion  of Hg solution, 0.02 mL Hg with counts 7.6 x 
10 /rain was tagged  with 3 rag/L, 7.6 mL HgCI^.  LAS solution of con- 
cen t ra t ion  0.005 mg/L (25% LCs^)  was prepareZd by the method of Lal 
e t  al. (1983). During acclimatiz~iUcion, fish were  provided with Shalimar 
synthet ic  diet  and tubifex worms. Fish were  not fed during exper iments  
because  feeding could have increased the r a t e  of metabol i sm and 
exc re to ry  substances  which may influence the toxic i ty  of the t es t  
solutions. Af te r  acc l imat iza t ion ,  6 jars of 5-L capac i ty  were  taken 
and filled with 2.5-L of aged tap wate r .  Out of 54 fish, 9 fish were  
t r ans fe r r ed  into each jar. Three jars served as control  and 3 as 
exper imenta l s .  One mL of 203Hg solution was added to each exper i -  
men ta l  and control  jar. LAS solution of 0.005 mg/L was introduced 
in exper imenta l  jars whereas  control  was devoid of de te rgen t .  

The fish fingerling f rom e a : h  jar were  taken  at  intervals  of 12, 
24, 36 and 48 hr. Various t issues were  excised,  weighed and kept  
in tubes for ' r=count ing on L KB Wallac U l t rog ramma II 1280, Pharmacia ,  
Sweden. In case  of whole fish fingerlings, the fingerlings were  taken 
out washed and weighed and kept  in tubes as above for procedure.  
The s tudent ' s  ' t '  t e s t  described by Fisher (1950) was employed to 
ca lcu la te  the s ta t i s t i ca l  s ignif icance be tween  control  and exper imenta l  
values. 

RESULTS AND DISCUSSION 

The uptake  and distr ibution of rad ioac t ive  mercury  by fish fingerlings 
is given in Table 1. T ~ 3 t a b l e  shows tha t  the presence  of de te rgen t  
enhanced the up/~anl~e of Hg in the order gi l l> l iver> brain> muscles.  
The increase in ~VOHg conten t  in gill was found to be (120-140%) 
p <0.001,  in liver (51-88%) p Z.0.001, in brain (33-42%) p /. 0.001 and 
decrease  in muscle  (31-15%) p Z. 0.01 to p ~ . 0 . 0 2  on exposure f rom 
12 to 48 hr. The amount  of mercury  taken  up by the individual 
fish in exper imen ta l  group was 70% higher in 12 hr (p <0.001), 74% 
in 24 hr (p<0.001),  78% in 36 h~^(DQ0.001) and g6% in 48 hr (p ~.0.001). 
The increase in the content  o f - U ~ H g  from 12 to 48 hr in gill, brain 
and liver suggested its accumula t ion  with the t ime  of exposure whereas  
decrease  in Hg in case  of muscles  f rom 12 to 48 hr suggested its 
slow el imination,  

Fish like other  aquat ic  organisms can accumula te  ce r ta in  pol lutants  
f rom,  and re lease  them to their  envi ronment  thus playing an impor tan t  

140 



T
ab

le
 

1.
 U

pt
ak

e 
an

d 
di

st
ri

bu
ti

on
 o

f 
20

3H
g 

by
 f

is
h 

fi
ng

er
li

ng
s 

(C
ir

rh
in

a 
m

ri
ga

la
) 

in
 p

re
se

nc
e 

an
d 

ab
se

nc
e 

of
 l

in
ea

r 
al

ky
l 

be
nz

en
e 

su
lp

ho
na

te
 

C
ou

nt
s/

g 
ti

ss
ue

 

O
rg

an
s 

12
 h

-r
 

2g
 h

~-
 

36
 h

~r
 

4g
 h

*r
 

G
il

l 
54

54
.+

,5
3.

10
 

(2
08

3.
+-

26
.4

0)
 

p<
 0

.0
01

 

L
iv

er
 

41
16

.+
,4

9.
30

 
(2

72
2.

+-
38

.7
0)

 
p<

0.
00

1 

B
ra

in
 

22
65

_+
43

.1
3 

(1
69

9_
+2

5.
43

) 
p 

< 
0.

00
1 

M
us

cl
es

 
10

52
_+

35
.8

0 
(8

00
.+

-4
4.

70
) 

p<
0.

01
 

R
em

ai
ni

ng
 t

is
su

e 
33

9_
+ 

12
.4

5 
(2

70
.+

-8
.9

6)
 

p<
0.

00
1 

W
ho

le
 f

is
h 

14
20

0.
+-

32
5.

60
 

(8
32

7.
+,

15
7.

00
) 

p<
0.

00
1 

48
75

.+
,5

1.
28

 
(2

00
0.

+-
30

.2
3 

p<
 0

.0
01

 

60
25

+_
57

.3
8 

(3
20

0.
+-

40
.3

2)
 

p 
<

0.
00

1 

21
00

.+
,2

2.
19

 
(1

46
6.

+,
29

.9
2)

 
p<

0.
00

1 

11
49

.+
,2

5.
80

 
(9

06
+_

46
.4

1)
 

p<
0.

00
1 

38
9.

+-
 1

1.
79

 
(3

10
.+

,1
9.

37
) 

p<
0.

01
 

14
97

9.
+-

42
2.

58
 

(8
56

3.
+,

17
5.

30
) 

p<
0.

00
1 

D
at

a 
ar

e 
ex

pr
es

se
d 

, 
S.

D
. 

of
 s

ix
 c

on
tr

ol
 a

nd
 s

ix
 e

x
p

er
im

en
ta

l 
fi

sh
 f

in
ge

rl
in

gs
. 

gi
ve

n 
in

 b
ra

ck
et

s.
 

R
ad

io
ac

ti
v

it
y

 i
s 

m
ea

su
re

d 
in

 c
ou

nt
s/

g 
ti

ss
ue

. 
p<

0.
00

1,
 

H
ig

hl
y 

si
gn

if
ic

an
t;

 p
<

0.
01

, 
M

or
e 

si
gn

if
ic

an
t;

 p
<

0.
02

, 
S

ig
ni

fi
ca

nt
. 

56
04

.+
_6

6.
60

 
60

1L
~

• 
(2

31
2•

 3
3.

91
) 

(2
50

0+
 3

1.
79

) 
p<

 0
.0

01
 

p<
 0

.0
01

 

6l
 1

7
+

_
6

2
.3

4
 

6
5

2
7

+
7

2
.7

9
 

(3
30

0_
+A

 2
.8

9)
 

(3
~6

5_
+r

41
 .g

O
) 

p<
 0

.0
01

 
p 

<0
.0

01
 

2
2

4
3

+
_

1
3

.2
6

 
26

45
• 

( 1
60

0.
+-

 31
.1

2)
 

( 1
86

2 
+: 2

3.
36

) 
p<

0.
00

1 
p

<
0

.0
0

t 

12
25

_+
_4

1.
80

 
11

 ~
 5

_+
 38

.9
0 

(9
98

 +
. 3

9.
56

) 
(9

95
 +

- 3
8.

35
) 

p<
0.

01
 

p<
0.

02
 

35
0.

+-
 1

2.
72

 
37

2+
_ 1

5.
12

 
(2

72
.+

- 1
3.

40
) 

(2
92

+_
 1

1.
91

 )
 

p<
0.

01
 

p<
0.

01
 

15
70

0.
+-

48
5.

39
 

17
01

2.
+-

 5
05

,2
7 

(8
82

0 
+_

 lg
7.

50
) 

(9
12

5.
+,

 1
 g0

.3
0)

 
p<

0.
00

I 
p<

0.
00

1 

C
o

n
tr

o
l 

va
lu

es
 (

ab
se

nc
e 

o
f 

LA
S

) 
a

re
 



role in the envi ronmenta l  f a t e  of the substance.  The path through 
which the pol lutants  en te r  fish body may be d i rec t ly  through uptake 
of water ,  or may be indirect ly through the food chain. Surfac tants  
decrease  the sur face  tension and a l te r  the permeabi l i ty  of biological 
membranes  to wa te r  and ions and could the re fo re  modify the uptake 
of heavy meta ls  in fish. Liver is the organ involved in the b io t ransfor-  
mat ion of mercury  (Olson et  al. 1978) but the s i te  of b io t ransformat ion  
is unknown. Baatrup et  al.  (1986) found mercury  within the lysosomes 
of the hepa tocy tes  in the fish. The excre t ion  of mercury  is much 
slower in fish than in mammals  but the exc re to ry  route  of the mercury  
compounds has not been thoroughly elucidated.  It is well known tha t  
mercury  has high a f f in i ty  for -SH groups and prac t ica l ly  all mercury  
in t issues is bound to proteins (Routhula and~Mietinen 1975). Most of 
the mercury  is absorbed in the form of Hg z+, but it is likely tha t  
some may be conver ted  by the organisms or mucosal  react ions  and 
absorbed by fish as organic mercury .  The ecotoxicological  proper t ies  
of mercury  depends principally on its capac i ty  to complex with f ree  
radicals  or with macromolecu les  (Boudou et  al. 1980). 

The enhanced uptake  of 203Hg in presence  of de te rgen t  by d i f ferent  
t issues in fish as evident  f rom Table 1 depends upon the concent ra t ion  
of mercury  in water ,  t ime  of exposure,  r a t e  of el imination,  valence 
s t a t e  of mercury  and solubility. An addi t ive  toxic i ty  was noticed 
in rainbow trout  for mixture  of anionic de te rgen t s  AISS and LAS 
and cop~er and m~rcury and it was also found tha t  the divalent 
ions Ca z+ and Mg z+ promoted  the uptake  and tissue re tent ion  of 
anionic de te rgen t  in rainbow t rout  (Calamar i  and Marchet t i  1973). 
Earlier studies f rom this labora tory  showed tha t  under scanning e lec-  
t ron microscopy,  gills were  found to be covered  with mucus in case 
of fish exposed to de te rgen t  (Misra e t  al. 1985). An increase in the 
fluidity of mucus sec re ted  by the  epidermis  of the fish a f t e r  conta-  
minat ion with HgC!2 showed tha t  mercur ic  chloride has higher capac i ty  
for accumula t ion  xn the bronchial mucus (Lock and Vanoverbreeke 
1981). As de te rgen t  and mercury  both enhance the secre t ion of mucus, 
the higher concent ra t ions  of l-Ig in the gill in the exper imenta l  cases 
may be due to its capac i ty  to complex with glycoprote in  of the 
mucus or due to ~.hange of redox potent ia l  a t  the surface  of the 
gill during the process of osmoregulat ion.  

The concent ra t ion  of Hg in liver, brain and muscles may be due to 
its in te r fe rence  with the  enzymat i c  iunct ions and chemical  speciat ion 
oi mercury  leading to some favourable  conformat iona l  changes.  For 
mix ture  of meta ls  (Cu and Hg) and sur fac tan t s  (LAS), Calamar i  and 
Marchet t i  (1973) suggested tha t  anionic su r fac tan t s  bind the divalent 
heavy me ta l  ion in a non-polar complex containing two su r fac tan t  
molecules  and one me ta l  ion. The non-polar complex would be expec ted  
to be more  f ree ly  avai lable  to fish than the components  individually. 
Thus, the sunergist ic  e f f e c t  by de te rgen t  and mercury  in the  present  
suty may be indicat ive of some specif ic  addit ional responses.  
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