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The toxicity of heavy metals is manifested in 
multifarious forms. The metals cause alterations in 
various metabolic activities like protein synthesis 
(Hart and Scaife 1977), carbon assimilation and 
chlorophyll content (Rebhum and Ben-Amotz 1984; 
Azeez and Banerjee 1986) and so on. Factors like 
illumination influence the inhibitory effect of 
heavy metals on chlorophyll metabolism and 
photosynthetic activities (Cedano-Maldonado and 
Swader 1972; Colbert et al. 1983; Baker 1984; Wu and 
Lorenzen 1984). 

The present study was undertaken to explore the 
effect of light on the chlorophyll A (Chl A) content 
of blue green algae. This is in continuation of 
heavy metal toxicity and accumulation studies on 
cyanobacteria reported earlier by the present 
authors. 

MATERIALS AND METHODS 

Blue-green algae Anacystis nidulans and Spirulina 
platensis were grown in an aquous medium containing 
per liter NaHC03 (18.0 gm); K2H P04 (0.5 gm); NAN03 
(2.5 gm); K2SO4 (I.0 gm); NaCI (I.0 gm); MgSO4 (0.2 
gm); CaCI2 (0.04 gm); FeS04 (0.01 gm) and i mL A5 
solution (containing per liter H3B03, 2.9 gm; MnCI2, 
1.8 gm; ZnCI2, 0.Ii gm; CuSO4, 0.08 gm and 
(NH4)Mo04, 0.18 gm) (Azeez 1986). They were treated 
with Cu, Cd, Ni and Cr. These metals were added as 
aquous solutions of CuSO4.5H20, 3CdSO4.8H20, 
NiSO4.5H20 and K2Cr207, for Cu, Cd, Ni and Cr 
respectively in concentrations of 0.01; 0.i; 1.0 and 
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i0.0 ppm in each case. i0 ml cultures of the 
experimental species were taken in screw cap tubes 
and the metals were added singly as well as in 
combinations of twos (CuxCd; CuxNi; CuxCr; CdxNi; 
CdxCr and CrxNi) in all the above mentioned 
concentrations. Half of the tubes were covered with 
black paper and aluminium foil completely so as to 
prevent exposure to light and kept along with the 
others under a light hood (light intensity ~ 2500 
lux; room temperature 27 + 2 ~ C). For each 
concentration of metal 4 replicates were run. 
Controls were also run for both dark and light 
conditions. After the algae had been exposed to the 
metals for 6 hrs under light or dark conditions, 
they were harvested by filtration. Chl A content in 
the algal samples was extracted with 80% acetone and 
optical densities of the extract were determined 
(at 663 nm and 645 nm) by a Bausch & Lomb Spectronic 
i001 spectrophotometer. The optical densities were 
converted to Chl A contents following the relation 
given by Venkataraman (1983). This measurement 
provides data on the net balance of the synthesis 
and degradation of Chl A. 

RESULTS AND DISCUSSION 

The unicellular species Anacystis contains more Chl 
A than the filamentous Spirulina. It was observed 
that the Chl A contents of these two species were 
0.74 + 0.02% and 0.42 + 0.01% of the total dry 
weight-respectively. Exposure of the algae to the 
metals for 6 hrs reduced the Chl A content. This 
reduction in Chl A content varied with the metal and 
also with the experimental species. The decrease in 
Chl A content when Anacystis and Spirulina were 
treated with Cu and Cd has been reported earlier by 
the present workers (Azeez and Banerjee 1986). When 
Anacystis was treated with the metals, under 
illuminated conditions, i0.0 ppm Cu resulted in the 
highest reduction in Chl A content. In terms of 
percent reduction it was 40.5%. The same treatment 
under dark conditions resulted in the reduction of 
Chl A content by 24.2%. In case of Spirulina the 
highest reduction in Chl A content was observed when 
treated with i0.0 ppm Ni. In this case, Chl A 
content was reduced by 57.4% and 52.7% under light 
and dark conditions respectively. The decrease in 
Chl A content in the presence of Cu, Cd, Ni and Cr 
followed the general relation, Chl A = K § nln C (C 
= concentration of metal in ppm; K and n = intercept 
and slope respectively). The slopes of this 
equation provide good indices for comparing the 
reduction of Chl A content by the metals. Based on 

1063 



T
a
b
l
e
 

I
.
 

C
o
n
s
t
a
n
t
s
 

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

r
e
d
u
c
t
i
o
n
 
o
f
 
C
h
l
 
a
 
c
o
n
t
e
n
t
 
o
f
 

t
h
e
 

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

d
i
f
f
e
r
e
n
t
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
.
 

(
L
 
a
n
d
 
D
 
d
e
n
o
t
e
 
l
i
g
h
t
 
a
n
d
 
d
a
r
k
,
 
r
e
s
p
e
c
t
i
v
e
l
y
)
 

A
n
a
 c
y
s
t
 i
 s
 

S
p
i
 r
u
l
i
n
a
 

M
e
t
a
l
s
 

I
n
t
e
r
c
e
p
t
 

S
l
o
p
e
*
 

I
n
t
e
r
c
e
p
t
 

S
l
o
p
e
*
 

L
 

D
 

L
 

D
 

L
 

D
 

L
 

D
 

0
%
 

4
~
 

C
u
 
x
 

X
 

X
 

X
 

C
d
 
x
 

X
 

C
u
 

5
.
3
8
5
 

5
.
6
5
0
 

-
0
.
4
4
7
3
 

-
0
.
3
0
4
0
 

3
.
0
7
0
 

3
.
1
6
0
 

-
0
.
2
2
1
5
 

+
0
.
0
2
0
 

+
0
.
0
2
0
 

+
0
.
0
0
9
 

C
d
 

5
.
6
4
9
 

5
.
8
2
0
 

~
0
.
2
8
9
7
 

~
0
.
1
7
8
1
 

2
.
9
3
0
 

3
.
0
1
0
 

~
0
.
2
5
6
2
 

+
0
.
0
0
6
 

+
0
.
0
0
9
 

+
0
.
0
0
9
 

N
i
 

5
.
8
4
0
 

5
.
9
3
4
 

~
0
.
2
9
1
0
 

~
0
.
2
3
5
4
 

2
.
4
2
7
 

2
.
4
9
2
 

~
0
.
2
7
6
2
 

+
0
.
0
0
6
 

+
0
.
0
0
5
 

+
0
.
0
0
5
 

C
r
 

6
.
0
4
0
 

6
.
0
1
7
 

~
0
.
2
0
4
1
 

~
0
.
1
8
3
7
 

3
.
3
3
0
 

3
.
3
9
0
 

~
0
.
1
4
7
1
 

+
0
.
0
1
1
 

+
0
.
0
0
6
 

+
0
.
0
1
5
 

0
.
0
1
 
p
p
m
 
C
d
 

5
.
0
5
5
 

5
.
1
7
7
 

-
0
.
4
5
1
7
 

-
0
.
4
2
6
0
 

3
.
6
6
8
 

3
.
6
5
6
 

-
0
.
2
7
9
7
 

+
0
.
0
0
7
 

+
0
.
0
2
0
 

+
0
.
0
1
6
 

0
.
I
 

p
p
m
 
C
d
 

4
.
5
1
7
 

4
.
7
0
7
 

~
0
.
3
7
1
8
 

~
0
.
3
6
9
6
 

3
.
0
2
3
 

3
.
1
6
2
 

~
0
.
2
8
6
2
 

+
0
.
0
1
1
 

+
0
.
0
0
9
 

+
0
.
0
0
7
 

1
.
0
 

p
p
m
 
C
d
 

3
.
7
7
8
 

4
.
0
3
0
 

~
0
.
3
7
7
4
 

~
0
.
3
8
2
2
 

2
.
3
9
2
 

2
.
5
2
5
 

~
0
.
3
3
0
5
 

+
0
.
0
1
3
 

+
0
.
0
0
2
.
 

+
0
.
0
0
4
 

i
0
.
0
 
p
p
m
 
C
d
 

3
.
2
1
3
 

3
.
2
8
2
 

~
0
.
3
4
6
6
 

~
0
.
3
7
1
8
 

1
.
9
8
6
 

2
.
0
2
9
 

~
0
.
3
1
8
3
 

+
0
.
0
1
1
 

+
0
.
0
1
0
 

+
0
.
0
1
0
 

0
.
0
1
 
p
p
m
 
C
u
 

5
.
5
7
3
 

5
.
7
2
0
 

-
0
.
3
1
4
4
 

-
0
.
2
8
6
6
 

3
.
8
7
8
 

3
.
9
2
2
 

-
0
.
2
1
4
5
 

+
0
.
0
0
7
 

+
0
.
0
0
6
 

+
0
.
0
0
9
 

0
.
1
 

p
p
m
 
C
u
 

4
.
7
3
6
 

4
.
9
0
4
 

~
0
.
3
0
1
0
 

~
0
.
3
0
9
2
 

3
.
2
2
1
 

3
.
2
8
4
 

~
0
.
2
3
1
5
 

+
0
.
0
0
2
 

+
0
.
0
0
1
 

+
0
.
0
0
9
 

-
0
.
1
8
6
7
 

+
0
.
0
0
6
 

~
0
.
2
3
8
9
 

+
0
.
0
0
8
 

~
0
.
2
5
6
7
 

+
0
.
0
0
3
 

~
0
.
i
1
7
3
 

+
0
.
0
0
6
 

-
0
.
2
1
6
3
 

+
0
.
0
1
2
 

~
0
.
2
7
8
4
 

+
0
.
0
0
3
 

~
0
.
3
1
9
2
 

+
0
.
0
0
5
 

~
0
.
3
2
6
6
 

+
0
.
0
1
5
 

-
0
.
1
6
5
5
 

+
0
.
0
0
7
 

~
0
.
2
1
3
7
 

+
0
.
0
1
1
 



O~
 

T
a
b
l
e
 
1
 
c
o
n
t
i
n
u
e
d
.
 

x
 
1
.
0
 

p
p
m
 
C
u
 

3
.
7
4
6
 

x
 
i
0
.
0
 
p
p
m
 
C
u
 

2
.
9
9
8
 

3
.
9
1
5
 

3
.
1
3
4
 

C
u
 
x
 
0
.
0
1
 
p
p
m
 
N
i
 

5
.
3
0
5
 

5
.
3
7
7
 

x
 
0
.
I
 

p
p
m
 
N
i
 

4
.
4
9
2
 

4
.
6
4
4
 

x
 
1
.
0
 

p
p
m
 
N
i
 

3
.
8
2
3
 

3
.
9
7
9
 

x
 
i
0
.
0
 
p
p
m
 
N
i
 

3
.
0
0
6
 

3
.
1
2
0
 

•
 
0
.
0
1
 
p
p
m
 
C
u
 

5
.
9
4
3
 

6
.
0
0
4
 

x
 
0
.
i
 

p
p
m
 
C
u
 

4
.
8
7
2
 

4
.
9
9
2
 

x
 
1
.
0
 

p
p
m
 
C
u
 

3
.
7
3
7
 

3
.
8
5
8
 

x
 
i
0
.
0
 
p
p
m
 
C
u
 

2
.
7
2
1
 

2
.
8
7
7
 

N
i
 

x
 
0
.
0
1
 
p
p
m
 
C
r
 

6
.
4
9
7
 

6
.
5
3
8
 

x
 
0
.
i
 

p
p
m
 
C
r
 

5
.
7
4
8
 

5
.
8
9
1
 

x
 
1
.
0
 

p
p
m
 
C
r
 

5
.
2
1
8
 

5
.
3
6
5
 

x
 
i
0
.
0
 
p
p
m
 
C
r
 

4
.
6
5
9
 

4
.
7
7
1
 

C
u
 

-
0
.
 

+
0
.
 

~
0
.
 

+
0
.
 

-
0
.
 

+
0
.
 

~
0
.
 

+
0
.
 

--
0.
 

+
0
.
 

--
0.
 

+
0
.
 

-
0
.
 

+
0
.
 

--
0.

 

+
0
.
 

--
0.

 

+
0
.
 

--
-0
. 

+
0
.
 

-
0
.
 

+
0
.
 

~
0
.
 

+
0
.
 

--
0.
 

+
0
.
 

~
0
.
 

+
0
.
 2
9
2
3
 

0
1
0
 

2
3
1
9
 

0
1
4
 

5
3
8
5
 

0
2
1
 

5
0
6
4
 

0
1
3
 

4
5
9
9
 

0
0
6
 

4
3
9
9
 

0
0
5
 

4
0
7
8
 

0
2
1
 

3
5
0
0
 

0
1
0
 

3
2
1
8
 

0
0
9
 

3
0
3
1
 

0
1
0
 

2
8
9
2
 

0
2
1
 

2
6
6
7
 

0
0
6
 

2
3
4
1
 

0
0
1
 

2
0
0
6
 

0
0
3
 

-
0
.
2
9
9
7
 

+
0
.
0
0
3
 

~
0
.
2
3
9
7
 

+
0
.
0
0
5
 

-
0
.
4
2
3
9
 

+
0
.
0
1
0
 

~
0
.
4
5
0
4
 

+
0
.
0
2
2
 

~
0
.
~
z
Z
~
 

+
0
.
0
0
6
 

~
0
.
4
5
6
0
 

+
0
.
0
1
0
 

-
0
.
2
9
6
2
 

+
0
.
0
2
2
 

~
0
.
3
1
1
0
 

+
0
.
0
1
1
 

~
0
.
3
3
4
0
 

+
0
.
0
0
6
 

~
0
.
3
2
8
3
 

+
0
.
0
0
9
 

-
0
.
2
1
8
9
 

+
0
.
0
0
8
 

~
0
.
2
4
8
9
 

+
0
.
0
0
9
 

~
0
.
2
3
2
3
 

+
0
.
0
0
2
 

~
0
.
2
1
1
9
 

+
0
.
0
0
5
 

2
.
5
6
6
 

1
.
7
0
4
 

3
.
5
0
0
 

3
.
1
8
2
 

Z
.
8
6
4
 

2
.
4
8
9
 

3
.
6
9
5
 

3
.
2
8
7
 

2
.
8
7
7
 

2
.
3
7
8
 

3
.
7
0
0
 

3
.
6
0
0
 

3
.
5
6
0
 

3
.
4
0
0
 

2
.
5
9
8
 

1
.
8
2
8
 

3
.
7
3
0
 

3
.
3
6
3
 

3
.
0
1
4
 

2
.
5
2
7
 

3
.
8
4
3
 

3
.
4
5
9
 

2
.
9
0
5
 

2
.
6
6
4
 

3
.
7
3
0
 

3
.
4
9
0
 

3
.
6
4
6
 

3
.
4
9
0
 

-
0
.
2
4
4
5
 

+
0
.
0
0
9
 

~
0
.
2
6
3
6
 

+
0
.
0
1
1
 

-
0
.
2
6
0
6
 

+
0
.
0
1
3
 

~
0
.
2
1
7
6
 

+
0
.
0
0
3
 

~
0
.
1
8
1
1
 

+
0
.
0
1
1
 

~
0
.
1
6
3
7
 

+
0
.
0
0
5
 

-
0
.
2
3
2
3
 

+
0
.
0
1
1
 

~
0
.
1
6
3
3
 

+
0
.
0
0
4
 

~
0
.
i
I
1
2
 

+
0
.
0
1
1
 

~
0
.
1
4
0
7
 

+
0
.
0
1
7
 

-
0
.
2
6
0
6
 

+
0
.
0
0
5
 

~
0
.
1
9
5
4
 

+
0
.
0
1
9
 

~
0
.
1
4
3
3
 

+
0
.
0
0
6
 

~
0
.
0
8
6
9
 

+
0
.
0
0
9
 

-
0
.
2
2
9
7
 

+
0
.
0
0
8
 

-
0
.
2
8
4
0
 

+
0
.
0
1
8
 

-
0
.
2
1
2
8
 

+
0
.
0
2
0
 

~
0
.
2
1
2
4
 

+
0
.
0
0
4
 

-
0
.
2
2
0
2
 

+
0
.
0
2
0
 

-
0
.
1
7
6
4
 

+
0
.
0
0
7
 

-
0
.
1
9
5
0
 

+
0
.
0
0
9
 

~
0
.
1
9
4
1
 

+
0
.
0
0
8
 

-
0
.
1
3
6
8
 

+
0
.
0
0
6
 

-
0
.
1
8
1
1
 

+
0
.
0
2
0
 

-
0
.
2
4
9
1
 

+
0
.
0
0
4
 

~
0
.
2
3
3
2
 

+
0
.
0
1
0
 

~
0
.
1
2
9
4
 

+
0
.
0
0
7
 

~
0
.
i
0
6
8
 

+
0
.
0
1
0
 



T
a
b
l
e
 
1
 
c
o
n
t
i
n
u
e
d
.
 

C
r
 
•
 
0
.
0
1
 
p
p
m
 
C
u
 

x
 
0
.
i
 

p
p
m
 
C
u
 

x
 
1
.
0
 

p
p
m
 
C
u
 

•
 
i
0
.
0
 
p
p
m
 
C
u
 

C
d
 
x
 
0
.
0
1
 
p
p
m
 
N
i
 

x
 
0
.
 i
 

p
p
m
 
N
i
 

x
 
1
.
0
 

p
p
m
 
N
i
 

x
 
i
0
.
0
 
p
p
m
 
N
i
 

N
i
 

6
.
3
1
7
 

5
.
7
2
8
 

5
.
2
5
0
 

4
.
6
9
0
 

C
d
 

5
.
5
3
2
 

5
.
1
4
2
 

4
.
8
1
6
 

4
.
3
2
7
 

6
.
3
9
2
 

5
.
8
7
1
 

5
.
3
4
7
 

4
.
8
3
1
 

5
.
5
7
6
 

5
.
1
8
6
 

2
.
9
0
5
 

4
.
3
8
6
 

x
 
0
.
0
1
 
p
p
m
 
C
d
 

6
.
0
5
9
 

6
.
0
8
9
 

•
 
0
.
i
 

p
p
m
 
C
d
 

5
.
4
2
5
 

5
.
4
6
9
 

•
 
1
.
0
 

p
p
m
 
C
d
 

4
.
7
5
3
 

4
.
8
0
8
 

x
 
i
0
.
0
 
p
p
m
 
C
d
 

4
.
1
1
7
 

4
.
1
8
9
 

x
 
0
.
0
1
 
p
p
m
 
C
r
 

x
 
0
.
i
 

p
p
m
 
C
r
 

x
 
1
.
0
 

p
p
m
 
C
r
 

6
.
3
6
0
 

5
.
6
6
6
 

4
.
9
9
7
 

6
.
3
8
8
 

5
.
7
2
3
 

5
.
1
2
7
 

-
0
.
3
1
7
5
 

+
0
.
0
1
1
 

~
0
.
2
9
4
9
 

+
0
.
0
0
8
 

~
0
.
2
7
1
4
 

+
0
.
0
0
5
 

~
0
.
2
2
5
8
 

+
0
.
0
0
6
 

-
0
.
3
1
1
0
 

+
0
.
0
0
9
 

~
0
.
2
9
7
9
 

+
0
.
0
0
8
 

~
0
.
2
7
2
1
 

+
0
.
0
0
4
 

~
0
.
2
7
6
2
 

+
0
.
0
0
2
 

-
0
.
2
0
2
8
 

+
0
.
0
0
5
 

~
0
.
1
7
3
7
 

+
0
.
0
1
7
 

~
0
.
1
7
1
1
 

+
0
.
0
0
2
 

~
0
.
1
5
6
8
 

+
0
.
0
0
3
 

-
0
.
2
7
7
9
 

+
0
.
0
1
3
 

~
0
.
2
7
4
9
 

+
0
.
0
0
9
 

~
0
.
2
7
1
9
 

+
0
.
0
0
4
 

-
0
.
2
5
4
5
 

+
0
.
0
1
2
 

-
0
.
2
6
1
9
 

+
0
.
0
0
7
 

~
0
.
2
6
1
0
 

+
0
.
0
0
3
 

~
0
.
2
4
2
3
 

+
0
.
0
0
9
 

-
0
.
2
8
7
9
 

+
0
.
0
1
0
 

~
0
.
2
7
2
7
 

+
0
.
0
1
0
 

~
0
.
2
6
4
9
 

+
0
.
0
0
5
 

-
0
.
2
8
3
6
 

+
0
.
0
0
1
 

-
0
.
1
7
2
4
 

+
0
.
0
1
1
 

~
0
.
1
6
8
1
 

+
0
.
0
0
9
 

-
0
.
1
6
6
8
 

+
0
.
0
0
2
 

-
0
.
1
6
5
9
 

+
0
.
0
0
2
 

-
0
.
2
0
8
0
 

+
0
.
0
0
7
 

~
0
.
2
3
8
4
 

+
0
.
0
0
9
 

~
0
.
2
5
4
5
 

+
0
.
0
0
4
 

4
.
1
7
0
 

3
.
8
3
0
 

3
.
5
7
0
 

3
.
1
6
0
 

3
.
5
4
0
 

3
.
2
1
7
 

2
.
9
5
7
 

2
.
6
8
8
 

3
.
7
9
0
 

3
.
3
8
5
 

2
.
9
6
7
 

2
.
5
3
4
 

4
.
0
8
9
 

3
.
8
5
2
 

3
.
6
8
5
 

4
.
2
7
0
 

3
.
9
2
0
 

3
.
5
5
0
 

3
.
2
0
5
 

3
.
6
8
0
 

3
.
4
3
2
 

3
.
1
4
5
 

2
.
6
9
3
 

3
.
8
5
0
 

3
.
5
1
0
 

3
.
0
7
1
 

2
.
6
6
9
 

4
.
1
1
1
 

3
.
9
8
5
 

3
.
8
0
0
 

-
0
.
1
5
6
3
 

+
0
.
0
1
0
 

-
0
.
0
8
2
5
 

+
0
.
0
0
8
 

-
0
.
0
6
9
5
 

+
0
.
0
1
7
 

T
0
.
0
3
0
4
 

+
0
.
0
1
1
 

-
0
.
2
4
7
5
 

+
0
.
0
0
6
 

~
0
.
2
2
8
4
 

+
0
.
0
1
0
 

~
0
.
1
8
9
4
 

+
0
.
0
0
5
 

-
-
0
.
1
3
6
4
 

+
0
.
0
0
9
 

-
0
.
2
0
4
1
 

+
0
.
0
2
0
 

~
0
.
1
5
4
2
 

+
0
.
0
0
5
 

~
0
.
I
i
1
2
 

+
0
.
0
1
1
 

~
0
.
0
9
4
2
 

+
0
.
0
0
6
 

-
0
.
1
3
7
7
 

+
0
.
0
1
0
 

~
0
.
1
4
5
9
 

+
0
.
0
0
6
 

~
0
.
1
3
2
5
 

+
0
.
0
1
 

-
0
.
1
1
2
9
 

+
0
.
0
0
9
 

~
0
.
i
0
8
1
 

+
0
.
0
0
6
 

~
0
.
0
3
5
6
 

+
0
.
0
0
4
 

T
0
.
0
5
8
6
 

.
0
.
0
1
3
 

-
0
.
1
4
7
7
 

+
0
.
0
2
2
 

~
0
.
1
9
0
2
 

+
0
.
0
0
9
 

~
0
.
1
8
6
7
 

+
0
.
0
0
3
 

~
0
.
1
6
0
3
 

+
0
.
0
1
6
 

-
0
.
1
3
0
3
 

+
0
.
0
0
9
 

~
0
.
1
4
3
3
 

+
0
.
0
0
2
 

~
0
.
1
4
2
4
 

~
0
.
0
0
3
 

-
0
.
1
4
2
0
 

+
0
.
0
1
3
 

-
0
.
1
0
3
4
 

+
0
.
0
0
5
 

~
0
.
1
3
4
6
 

+
0
.
0
0
2
 

-
0
.
1
3
4
6
 

+
0
.
0
0
9
 



O~
 

T
a
b
l
e
 
1
 
c
o
n
t
i
n
u
e
d
.
 

x
 
i
0
.
0
 
p
p
m
 
C
r
 

4
.
3
5
0
 

4
.
4
3
5
 

C
r
 
x
 
0
.
0
1
 
p
p
m
 
C
d
 

6
.
2
2
8
 

6
.
2
5
8
 

x
 
0
.
i
 

p
p
m
 
C
d
 

5
.
6
2
3
 

5
.
6
5
9
 

x
 
1
.
0
 

p
p
m
 
C
d
 

5
.
0
0
3
 

5
.
1
0
3
 

x
 
I
0
.
0
 
p
p
m
 
C
d
 

4
.
4
0
0
 

4
.
5
1
0
 

C
r
 
•
 
0
.
0
1
 
p
p
m
 
N
i
 

6
.
0
6
0
 

6
.
0
4
8
 

x
 
0
.
i
 

p
p
m
 
N
i
 

5
.
2
7
2
 

5
.
4
1
4
 

x
 
1
.
0
 

p
p
m
 
N
i
 

4
.
6
1
0
 

4
.
6
7
9
 

•
 
I
0
.
0
 
p
p
m
 
N
i
 

3
.
9
5
3
 

4
.
0
1
5
 

N
i
 
x
 
0
.
0
1
 
p
p
m
 
C
r
 

6
.
1
1
4
 

6
.
1
1
4
 

x
 
0
.
I
 

p
p
m
 
C
r
 

5
.
4
0
2
 

5
.
4
3
6
 

x
 
1
.
0
 

p
p
m
 
C
r
 

4
.
6
6
8
 

4
.
7
4
1
 

x
 
i
0
.
0
 
p
p
m
 
C
r
 

3
.
8
3
1
 

3
.
9
4
1
 

-
0
.
 

+
0
.
 

-
0
.
 

+
0
.
 

~
0
.
 

+
0
.
 

~
0
.
 

+
0
.
 

--
0.
 

-
0
.
 

+
0
.
 

--
-0
. 

+
0
.
 

--
-0
. 

+
0
.
 

~
0
.
 

+
0
.
 

-
0
.
 

+
0
.
 

~
0
.
 

+
0
.
 

~
0
.
 

+
0
.
 

--
0.

 

+
0
.
 2
5
1
9
 

0
0
8
 

3
1
0
1
 

0
2
1
 

2
9
2
7
 

0
0
6
 

2
9
4
9
 

0
0
7
 

2
8
2
3
 

3
4
0
9
 

0
1
4
 

3
5
2
2
 

0
1
0
 

3
2
1
4
 

0
0
2
 

3
2
0
9
 

0
0
5
 

3
2
4
4
 

0
2
1
 

3
0
8
8
 

0
3
1
 

3
0
1
4
 

0
0
2
 

2
9
6
6
 

0
0
7
 

-
0
.
2
6
9
3
 

+
0
.
0
0
7
 

-
0
.
2
3
4
1
 

+
0
.
0
1
3
 

~
0
.
2
7
2
3
 

+
0
.
0
0
7
 

~
0
.
2
7
9
7
 

+
0
,
0
0
2
 

-
0
.
2
9
7
5
 

-
0
.
2
6
4
5
 

+
0
.
0
1
6
 

~
0
.
3
0
2
7
 

+
0
.
0
1
3
 

~
0
.
3
1
1
4
 

+
0
.
0
0
3
 

~
0
.
3
3
2
2
 

+
0
.
0
0
6
 

-
0
.
2
5
7
1
 

+
0
.
0
1
1
 

~
0
.
2
0
8
6
 

+
0
.
0
1
1
 

~
0
.
2
9
8
8
 

+
0
.
0
0
3
 

~
0
.
3
1
8
3
 

+
0
.
0
1
1
 

3
.
4
5
3
 

4
.
2
6
0
 

3
.
9
7
0
 

3
.
6
3
2
 

3
.
3
8
2
 

3
.
9
0
0
 

3
.
5
6
3
 

2
.
2
3
4
 

3
.
0
3
0
 

3
.
7
4
4
 

3
.
5
3
9
 

3
.
2
8
5
 

3
.
0
5
0
 

3
.
5
8
6
 

4
.
3
7
5
 

4
.
1
0
7
 

3
.
7
4
0
 

3
.
5
0
4
 

3
.
9
2
0
 

3
.
7
4
9
 

3
.
5
3
0
 

3
.
2
2
0
 

3
.
8
8
4
 

3
.
6
8
8
 

3
.
4
6
4
 

3
.
3
2
0
 

-
0
.
 

+
0
.
 1
1
4
7
 

0
0
6
 

-
0
.
0
4
9
9
 

+
0
.
0
0
2
 

~
0
.
I
0
2
1
 

+
0
.
0
0
6
 

~
0
.
0
8
7
3
 

+
0
.
0
0
2
 

~
0
.
0
7
2
1
 

+
0
.
0
0
7
 

-
0
.
 

+
0
.
 

~
0
.
 

+
0
.
 

~
0
.
 

+
0
.
 

~
0
.
 

+
0
.
 

-
0
.
 

+
0
.
 

-
0
.
 

+
0
.
 

-
0
.
 

+
0
.
 

-
0
.
 

+
0
.
 0
9
9
0
 

0
0
9
 

1
2
7
7
 

0
1
1
 

0
9
4
2
 

0
0
9
 

0
9
1
2
 

0
1
2
 

1
5
2
9
 

0
1
1
 

1
3
1
2
 

0
1
0
 

1
4
3
3
 

0
1
0
 

1
3
0
3
 

0
0
8
 

-
0
.
1
2
9
4
 

+
0
.
0
0
7
 

-
0
.
0
4
7
8
 

+
0
.
0
0
2
 

~
0
.
0
8
0
8
 

+
0
.
0
0
5
 

~
0
.
0
9
1
3
 

+
0
.
0
0
2
 

~
0
.
0
7
0
4
 

+
0
.
0
0
6
 

-
0
.
0
6
9
5
 

+
0
.
0
0
4
 

~
0
.
0
7
9
0
 

+
0
.
0
1
0
 

-
0
.
0
5
0
8
 

+
0
.
0
1
1
 

~
0
.
0
9
1
2
 

+
0
.
0
1
3
 

-
0
.
1
0
6
4
 

+
0
.
0
0
9
 

~
0
.
0
7
3
4
 

+
0
.
0
0
6
 

~
0
.
i
0
0
8
 

+
0
.
0
0
6
 

~
0
.
I
1
2
9
 

+
0
.
0
0
6
 

*
+
 
9
5
%
 
c
o
n
f
i
d
e
n
c
e
 
l
e
v
e
l
.
 



the slopes (n) of the above equation the order of 
toxicity was found to be Cu> Ni> Cd> Cr in case 
of Anacystis and Ni> Cd> Cu> Cr in case of 
Spirulina (Table i). The slopes were more for 
experiments under illumination than under darkness. 
This held true for both sets of observations, one 
with the single metals and the other with the 
combination of two metals. Exceptions to this 
general observation were noted in the presence of 
any one metal along with i0.0 ppm of any other 
metal. In these cases the slopes of metal 
concentration vs. Chl A content plots, of the 
illuminated samples were equal to or lesser than 
those under dark conditions. Results of Chi-square 
test conducted on all the observations (Table I) are 
X2 = I0 45; df = i; p<0.01. Steeman-Nielsen and 
Wium-Andersen (1971), Cedano-Maldonado and Swader 
(1972), Tripathy et al. (1981) and Baker et al. 
(1982) have discussed about the light dependent 
inhibition of metals on photosynthetic processes. 
Some processes involved in the synthesis as well as 
degradation of chlorophyll molecule are to a great 
extent light dependent (Baker 1984). The possible 
reason for lesser reduction of Chl A by heavy metals 
under dark may be the light dependent inhibition of 
enzymes and other factors which get activated by 
illumination. The displacement of Mg from 
chlorophyll molecules by metal atoms (Wu and 
Lorenzen 1984) leading to a change in the functional 
characteristics may also be a possible reason. 
These processes result in alteration of the 
metabolic turnover of chlorophyll in the presence of 
toxic metals. 
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