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Sal ts  of v a r i o u s  meta ls  a re  being r e l e a s e d  in e v e r  inc reas ing  
amounts into the  aqua t i c  envi ronment  from mining o p e r a t i o n s ,  
metal  p r o c e s s i n g  f a c i l i t i e s ,  chemica l  i n d u s t r i e s  and o t h e r  s im i l a r  
sources  (Goldberg  1976). Al though t h e r e  has  been c o n s i d e r a b l e  
s t u d y  of the  acute and ch ron i c  t o x i c i t i e s  of meta ls  to f r e s h w a t e r  
f i s h e s  (Doudoroff  and Katz 1953; Leland and Kuwabara ,  1985), 
c ru s t aceans  (Hale 1977; Khangarot  and Ray 1989) and sna i l s  
(Khangarot  and Ray 1988), l i t t l e  in format ion  is  a v a i l a b l e  on 
the  e f f ec t s  of meta ls  to t u b i f i c i d  worms (Jones  1938; B r k o v i c -  
Popov ic  and Popov i c  1977a,b)  wh ich  are  w i d e l y  d i s t r i b u t e d  
in the  aqua t i c  env i ronment .  T u b i f i c i d  worms a re  useful  i n d i -  
c a t o r s  of v a r y i n g  d e g r e e s  of aqua t i c  po l lu t ion  (Auston 1973). 
It  i s  sugges ted  t h a t  t u b i f i c i d  worms a re  an impor t an t  element 
in the  aqua t i c  envi ronment  and t h e r e f o r e  t h e i r  use as  a b i o -  
a s s a y  organism is  log ica l  one.  The impor t ance  of using aqua t i c  
o l i g o c h e a t e s  as t e s t  o rgan i sms  were  d e s c r i b e d  in de t a i l  b y  
Chapman et a l .  (1982) .  The p r e s e n t  s t u d y  was under t aken  
to de te rmine  the  acute t o x i c i t i e s  of v a r i o u s  meta ls  to a f r e s h -  
wa te r  t u b i f i c i d  worm, Tubi fex  t u b i f e x  (Mul le r ) ,  wh ich  form 
an impor t an t  l inke  in aqua t i c  food c h a i n ( s ) .  

MATERIALS AND METHODS 

Tubificid worms, Tubifex tubifex, were collected from Gheru 
Campus of ITRC, Lucknow, from natural sources and acclimatized 
to laboratory conditions for 7 days prior to experiments. All 
test chemicals were at least reagent grade in quality. The 
chemical formulae of the 32 metal salts used in the present 
study are shown in Table 2. Stock solutions were prepared 
in distilled water. During the preparation of stock solutions 
from the metal salts it was observed that copper sulphate, 
zinc sulphate and ferrous sulphate were less soluble, therefore, 
few drops of dilute HCI were added to the stock solution to 
dissolve the salts. Sodium arsenite, antimony trioxide, and 
sodium tungstate were boiled in a small amount of dilute HCI 
to dissolve them. A concentration gradient series from each 
respective stock solution was prepared in tubewell water. 
Final concentrations were based on the results of preliminary 
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acute s t a t i c  b i o a s s a y s .  Test  concen t r a t i ons  were  s e l e c t e d  
on a l o g a r i t h m i c  sca le  as  ou t l ined  in s t a n d a r d  me thods  (APHA 
et a l .  1981). Tes ts  were  conduc ted  in 200 ml b e a k e r s  con ta in -  
ing 100 ml of t e s t  wa t e r .  Ten t u b i f i c i d  worms were  e x p o s e d  
to each  concen t r a t ion ,  and each concen t r a t ion  was t e s t e d  in 
r e p l i c a t e s  of t h r e e .  The concen t r a t ions  were  g iven as mg/L 
of metal  ion.  Test  worms were  c o n s i d e r e d  dead  when t h e r e  
was comple te  immobi l i za t ion  and no r e s p o n s e  to p r e s s i n g  wi th  
a blunt  g l a s s  r o d .  Death was f u r t h e r  conf i rmed  b y  t r a n s f e r r i n g  
worms b a c k  to f r e s h  con t ro l  t ubewe l l  w a t e r .  The dead  s p e c i -  
mens were  r emoved  and r e c o r d e d  at  i n t e r v a l s  of 30 rain and 
1 , 2 , 4 , 8 ,  14_+2, 24, 33+3, 48 and 96h.  Test  wa te r  was renewed  
e v e r y  24 h r s .  

EC50 ( e f f e c t i v e  concen t ra t ion  at  wh ich  50% immobi l i za t ion  r e s -  
ponse was r e c o r d e d )  va lues  and 95% conf idence  l imi t s  were  
ca l cu l a t ed  b y  the  moving ave rage  angle method  (Har r i s  1959). 
The p h y s i c o c h e m i c a l  p r o p e r t i e s  of t e s t  wa te r  were  de t e rmined  
by  rou t ine  p r o c e d u r e  (APHA et a l .  1981). 

RESULTS AND DISCUSSION 

The p h y s i c o - c h e m i c a l  c h a r a c t e r i s t i c s  of t u b e w e l l  w a t e r  used 
in the  p r e s e n t  s t udy  are  shown in Table  1. The t e s t  so lu t ions  
of Ba, Fe ,  Cd, Zn and Sn showed p r e c i p i t a t i o n  a f t e r  2-3 hou r s  
of the  a d d i t i o n  of metal  s a l t s .  

Table  1: P h y s i c o - c h e m i c a l  p r o p e r t i e s  of t ubewe l l  wa te r  used  
for  worm t o x i c i t y  t e s t s .  

C h a r a c t e r i s t i c s  Unit Mean Range 

Water t e m p e r a t u r e  ~ 30 29.5-31 
pH 7.6 7 . 5 - 7 . 7  
D i s so lved  oxygen  mg/ L 5.8 5 . 2 - 6 . 0  
Total hardness mg/L as CaCO~ 245 230-250 

alkalinity mg/L as CaCO~ Total 400 390-410 
Calcium mg/ L 160 151-167 
Magnesium mg/ L 90 80-98 
C h l o r i d e  mg/ L 10 7-12 

In control tests, tubificid worms remained active during the 
test period. They were clustered at the bottom of the test 
container and showed typical tubificid movement. In the 
higher concentrations of heavy metals, e.g., Ag, Hg, Cu, 
Pt, Pd and Zn, test animals remained separated at the beginn- 
ing of the experiment and showed rapid twisting movement. 
The later phase of the intoxication was the reduced tactile 
movements of the worm. Segmentation and degeneration of 
the body took place and death appeared without other noticable 
signs. At the lethal concentrations of many metals after 24h 
of exposure, the haemoglobin content disappeared and the 

907 



Ta
bl

e 
Z:
 

Ac
ut

e 
to

xi
ci

ty
 
of

 
va

ri
ou

s 
me

ta
l 

io
ns

 
to
 
Tu

bi
fe

x 
tu

bi
fe

x.
 

Me
ta

l 
Sa

lt
 
us

ed
 

E
C
5
0
 
an

d 
95

% 
24

h 
co

nf
id

en
ce

 
li

mi
ts

 
(
m
g
/
L
 

48
h 

of
 
me

ta
l)

 96
h 

O
r 

Os
 

O
s
O
 4
 

0.
01

4 
0.

00
9 

0.
00

67
 

(0
.0

09
-0

.0
21

) 
(0

.0
07

-0
.0

12
1)

 
(0

.0
05

1-
0.

00
72

) 
A

g 
A

gN
O

 3 
0.

04
1 

0.
03

9 
0.

03
1 

(0
.0

35
-0

.0
48

) 
(0

.0
33

-0
.0

46
) 

(0
.0

21
-0

.0
55

) 
P
b
 

P
b
(
N
O
3
)
 2
 

0.
23

7 
0.

14
2 

0.
04

2 
(0

.1
83

-0
.3

16
) 

(0
.1

07
-0

.1
84

) 
(0

.0
33

-0
.0

52
) 

H
g 

H
gC

12
 

0.
18

2 
0.

12
1 

0.
05

1 
(0

.2
t8

-0
.1

52
) 

(0
.0

90
-0

.0
61

) 
(0

.0
32

-0
.0

61
) 

Pt
 

Pt
CI

 2
 

0.
09

5 
0.

08
6 

0.
06

1 
(0

.0
86

-0
.1

63
) 

(0
.0

73
-0

.0
92

) 
(0

.0
50

-0
.0

79
) 

P
d
 

P
d
C
l
 2
 

0.
23

7 
0.

14
2 

0.
09

2 
(0

.1
83

-0
.3

16
) 

(0
.I

07
-0

.1
84

) 
(0

.0
33

-0
.0

52
) 

Cu
 

C
u
S
O
4
.
5
H
2
0
 

0.
50

6 
0.

28
2 

0.
15

8 
(0

.4
37

-0
.5

97
) 

(0
.2

49
-0

.3
23

) 
(0

.1
39

-0
.1

82
) 

Cr
 

K
2
C
r
2
0
7
 

0.
34

8 
0.

19
6 

0.
19

0 
(0

.2
89

-0
.4

05
) 

(0
.1

61
-0

.2
23

) 
(0

.1
49

-0
.2

25
) 

Bi
 

B
i
(
N
O
B
)
3
.
S
H
2
0
 

14
.7

9 
14

.7
9 

0.
66

2 
(1

3.
11

-1
7.

20
) 

(1
3.

11
-1

7.
20

) 
(0

.5
35

-0
.7

93
) 

U 
U
O
2
(
C
H
3
C
O
O
)
2
.
2
H
2
0
 

8.
61

 
7.

89
 

2.
05

 
(7

.4
6-

10
.1

8)
 

(6
.3

6-
8.

67
) 

(1
.7

2-
2.

26
) 

Se
 

N
a
H
S
e
O
 3
 

14
.8

3 
7.

94
 

7.
71

 
(1

2.
41

-1
8.

35
) 

(6
.4

3-
9.

73
) 

(6
.5

0-
9.

16
) 

Li
 

L
i
S
O
4
.
H
2
0
 

44
.7

7 
11
.2
2 

9.
34

 
(3

5.
90

-5
6.

12
) 

(9
.8

0-
12

.9
4)

 
(8
.9
1-
11
.2
6)
 

As
 

N
a
3
A
s
O
 3
 

13
.0

1 
8.

87
 

8.
87

 
(1
1.
17
-1
4.
62
) 

(8
.0

1-
9.

93
) 

(8
.0

1-
9.

93
) 

Be
 

B
e
S
O
 4
 

25
.9

? 
18

.2
2 

10
.2

5 
(2

1.
80

-2
9.

33
) 

(1
5.

50
-2

0.
88

) 
(8

.4
0-

14
.4

0)
 

Zn
 

Z
nS

O
4.

7H
20

 
22

.1
8 

21
.1

3 
17

.7
8 

(1
8.

95
-2

5.
54

) 
(1

7.
58

-2
4.

49
) 

(1
3B

2-
25

.6
6)

 

(c
on

td
 .
..
..
 ) 



S
n
 

M
o 

L
a 

B
a 

G
d 

N
i 

A
1 

F
e 

G
o 

T
e 

M
g 

M
n 

Z
r 

S
r 

C
a 

Sb
 

N
a 

K
 

S
nC

I2
.2

H
20

 

N
a2

M
oO

4.
2H

20
 

L
a(

O
H

) 3
 

B
aS

O
 4 

C
dC

12
.6

H
20

 

N
iC

12
 �9

 6H
20

 

A
I(

N
H

4S
O

4)
 2

" 1
2H

20
 

F
eC

13
.6

H
20

 

C
oG

12
.6

H
20

 

K
2T

eO
 3 

M
gS

O
4.

7H
20

 

M
nS

O
4,

2H
20

 

Zr
OC

l 
2 

S
r
G
I
2
.
6
H
2
0
 

C
a
C
l
2
.
2
H
2
0
 

S
b
2
0
3
 

Na
Cl

 

K
C
I
 

15
7.
76
 

(1
32
.3
7-
19
7.
53
) 

56
.1
1 

(4
4.
42
-7
5.
44
) 

33
.5
0 

(2
7.
86
-3
8.
87
) 

44
.9
8 

(3
4.

20
-5

7.
71

) 
75

.8
6 

(6
9.

50
-8

5.
78

) 
12

0.
5 

(1
06

.7
-1

34
.9

7)
 

69
.8

2 
(6

1.
82

-8
0.

54
) 

11
2.

98
 

(1
02

.5
0-

12
3.

68
) 

44
7.

71
 

(3
58

.9
9-

56
1.

20
) 

51
0 

(4
80

.2
0-

59
0.

82
) 

30
2.

79
 

(2
65

.2
6-

35
0.

81
) 

30
1.

3 
(2

64
.9

3-
35

0.
81

) 
40

3.
30

 
(3

80
.4

1-
44

0.
41

) 
54

0 
(5

11
.5

-6
20

.4
) 

81
4.

40
 

(7
50

.6
6-

91
0.

16
) 

10
8 

(9
26

-1
33

0)
 

12
50
 

, 

20
00

 

14
0.
28
 

(1
13
.0
7-
16
6.
47
) 

52
.1
2 

(4
2.
48
-6
5.
64
) 

33
.5
0 

(2
7.
86
-3
8.
87
) 

33
.6
5 

(2
8.
61
-3
8.
03
) 

59
.4
3 

(5
1.

44
-7

1.
18

) 
96
.3
8 

(8
2.
95
-1
12
.1
0)
 

55
.8
5 

(4
8.
45
-6
6.
89
) 

10
1.
84
 

(9
1.
83
-I
II
.5
7)
 

44
7.
71
 

(3
58
.9
9-
56
1.
20
) 

32
0 

16
4.
82
 

(1
49
.6
0-
19
1.
36
) 

20
8.
06
 

(2
48
.1
6-
33
5.
71
) 

33
1.
81
 

(3
20
.0
6-
36
6.
24
) 

32
0 

(3
08
.4
-3
84
.1
) 

38
9.
05
 

(3
26
.6
6-
44
6.
52
) 

92
0 

(8
40
-I
18
1)
 

I0
16

 
(9

20
-1

10
8)

 
13

20
 

(I
02

6-
16

71
) 

21
.2

3 
(1

8.
23

-2
3.

87
) 

28
.9
1 

(2
6.
30
-3
4.
72
) 

29
.3
8 

(2
4.
45
-3
6.
39
) 

33
.6
5 

(2
8.
61
-3
8.
03
) 

47
.5
3 

(4
0.

15
-5

6.
70

) 
66
.7
5 

(4
0.
15
-5
6.
70
) 

50
.2
3 

(4
0.
96
-6
4.
32
) 

10
1.
84
 

(9
1.
83
-1
11
.5
7)
 

13
9.
32
 

(1
13
.1
4-
14
8.
79
) 

12
5.
60
 

(1
02
.1
9-
15
8.
73
) 

15
8.
13
 

(1
39
.4
8-
18
4.
91
) 

17
0.
61
 

(1
47

.1
7-

19
7.

76
) 

22
1.

18
 

(1
90

.6
1-

23
1.

27
) 

24
0.

8 
(2

11
.4

-2
90

.9
) 

28
1.

19
 

(2
49
.0
2-
32
6.
60
) 

67
8 

(6
10

-8
40

) 
78

1 
(6

60
-8

84
) 

81
2.
8 

(7
38
-9
37
) 

*9
5%

 c
on

fi
de

nc
e 

li
m

it
s 

ca
nn

ot
 

be
 

ca
lc

u
la

te
d

. 



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

The EC50 v a l u e s  and t h e i r  95% conf idence  l i m i t s ,  c h e m i c a l  
f o rmu lae  of t h e  me ta l  s a l t s  used  a r e  g iven  in T a b l e  2. The  
r e s u l t s  of  t h e  p r e s e n t  s t u d y  s u g g e s t e d  t h a t  Os and Ag w e r e  
t h e  most  t o x i c  and Na and K t h e  l e a s t  t o x i c  ions .  The r a n k  
o r d e r  t o x i c i t y  of  t h e s e  me ta l  ions  a r e  in good c o r r e l a t i o n  
w i t h  t h e  t o x i c i t y  of  h e a v y  m e t a l s  to some o t h e r  f r e s h w a t e r .  
For  e x a m p l e ,  t h e  r a n k  o r d e r  t o x i c i t y  of  s e l e c t e d  m e ~ l s  to 
Daphnia  magna was Hg Ag Cu Zn Cd Pb Co Cr As 
Ni Fe Mn Sn Ba W Sr  A1 Sb K Ca Na (Khanga ro t  
and Ray 1989) and f o r  a m p h i b i a n  t a d p o l e s  Bufo m e l a n o s t i c t u s ,  
i t  was  Ag Hg Cu Cd Zn Ni Cr  (Khangaro t  and Ray 1987).  
In g e n e r a l ,  Ag, Hg, Cu and Cd a r e  more  t o x i c  than  Na, K 
and Mg. The p o s i t i o n  of me ta l  ion in t o x i c i t y  sequence  may  
d e p e n d  l a r g e l y  on s e v e r a l  f a c t o r s ,  such  as  t h e  s a l t  used  and 
e x p r e s s i o n  of l e t h a l  v a l u e s  (Venugopal  and Luckey  1978).  The 
v a r i a t i o n  in r a n k  o r d e r  t o x i c i t y  in a q u a t i c  o rgan i sm  i s  a l s o  
r e l a t e d  to p h y s i c o - c h e m i c a l  p r o p e r t i e s  of  t e s t  w a t e r  of  t o x i c i t y  
among a q u a t i c  an i m a l s  f o r  Cd,  Zn, Cr and Ni m e t a l s  ( C a l a b r e s e  
and Nelson 1974). 

The acu te  t o x i c i t y  of  m e t a l s  to  t u b i f i c i d  worms  unde r  l a b o r a t o r y  
cond i t i ons  h a v e  been  r e p o r t e d  b y  few i n v e s t i g a t o r s .  Jones  
(1938) o b s e r v e d  t h a t  T . t u b i f e x  were  k i l l e d  w i th in  h o u r s  of  
e x p o s u r e  to Cu and Pb a t  1000 mg /L .  B r o k o v i c - P o p o v i c  and 
P o p o v i c  (1977a) d e t e r m i n e d  t h e  24h and 48h LC50 v a l u e s  of  
Cu, Cd,  Gr ,  Hg, Ni and Zn ions  in h a r d  and so f t  w a t e r .  
The 48h LC50 v a l u e s  in mg/L  w e r e :  Cu, 0 .006 -0 .89 ;  Zn, 0 .11 -  
60.2;  Cr ,  0 . 0 6 - 4 . 5 7 ;  Ni, 0 .08 -61 .4 ;  Cd,  0 . 0 3 - 0 . 7 2 ;  and Hg, 
0 . 0 6 - 0 . 1 .  The  t o x i c i t y  of  t e s t e d  me ta l s  d e p e n d s  on h a r d n e s s  
and a l k a l i n i t y  of  t e s t  w a t e r ,  e x c e p t  f o r  Hg. The r e s u l t s  
of  t he  p r e s e n t  s t u d y  a l so  s u g g e s t e d  t h a t  Hg, Cu and Gd a r e  
more  t o x i c  than  Gr ,  Zn and Ni. Whi t l ey  (1967) found t h e  
LC50 v a l u e s  of  49.0  mg/L f o r  Pb  and 46 mg/L f o r  Zn and 
he  h a s  a l so  s u g g e s t e d  t h a t  t o x i c  ac t ion  i s  due to f o r m a t i o n  
of mucus me ta l  coom pl ex  w h i c h  p r e c i p i t a t e s  on the  b o d y  w a l l  
of  worms  and b l o c k s  t h e  exchange  of oxygen  and ca rbon  d i o x i d e .  

The r e s u l t s  of  t h e  p r e s e n t  s t u d y  sugges t  t h a t  t h e r e  i s  a common, 
n o n - s p e c i f i c ,  t o x i c  ac t ion  f o r  mos t  meta l  c a t i o n s ,  wh ich  can 
be  r e l a t e d  to t h e i r  s t r e n g t h  of cova l en t  b i n d i n g  to t h e  iono-  
genic  g r o u p ,  f o r  e x a m p l e ,  w i t h  i m i d a z o l e ,  c a r b o x y l  and s u l -  
p h y d r a l  g r o u p s .  Thus ,  i t  s eems  r e a s o n a b l e  t h a t  most  of t h e  
h e a v y  me ta l  ions  a r e  t o x i c  to l i v i n g  o r g a n i s m s  b e c a u s e  t h e y  
combine  w i t h  some l i gends  of  enzy mes  w h i c h  a r e  n e c e s s a r y  
f o r  l i f e .  Howeve r ,  f o r  n o n - t r a n s i t i o n a l  me ta l  c a t i o n s ,  enzyme 
i n h i b i t i o n  i s  not l i k e l y  to  be  a p r i m a r y  f a c t o r  in t o x i c i t y .  
But o s m a t i c  or  o t h e r  c o l l i g a t i v e  f a c t o r s  o p e r a t i n g  t h r o u g h  
p h y s i c a l  r e a c t i o n s  cause  p h y s i c a l  damage  to  t h e  c e l l u l a r  s y s t e m .  
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T h e r e  i s  a need  to  u n d e r s t a n d  t h e  m e c h a n i s m s  of  me ta l  ion 
i n t e r a c t i o n s  a t  t h e  c e l l u l a r  and m o l e c u l a r  l e v e l s  in a q u a t i c  
o r g a n i s m s .  
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