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Abstract

Cadmium is known to be an extremely toxic cumulative poison and has been defined as a stock
pollutant. The present study investigated the effect of cadmium on rate of oxygen consumption and
behavioral response in Indian major carp, Labeo  rohita exposed to three sublethal cadmium concentra-
tions for 15 days. Short-term static toxicity test was run to determine LC50   (96 hours) of cadmium in Labeo
rohita, which was 1.799 ppm ;  30%,  60%  of LC50 and LC50 were selected for experimental purposes which
corresponded to 0.5397, 1.0794 and 1.799 ppm, respectively. Rate of oxygen consumption was deter-
mined by Winkler’s method.  Schooling behavior was observed and documented once in 5 days. Control
group  was also run. Student’s  t-test (paired) was employed to find the effect of sublethal  toxicity of
cadmium on rate of oxygen consumption. In the control group there was significant increase in rate of
oxygen consump-tion. But, significant decrease in rate of  oxygen consumption was observed in all the
fishes exposed to all the sublethal concentrations of cadmium. The normal schooling behavior of the fish
was disrupted on exposure to sublethal concentrations of cadmium. Thus the study demonstrates that
sublethal concentrations of cadmium ranging from 30% of LC50  to LC50 deplete oxygen consumption and
impaired behavio-ral  responses in  Labeo  rohita.
Key words : Sublethal cadmium toxicity, Oxygen consumption, Schooling  behavior,  Labeo
rohita.

Water  pollution   is a problem of great concern
all over the globe. Increased human activity by way
of  industrialization has resulted in eco-physiological
stress  on the aquatic  environment (1).  Cadmium
(Cd) is relatively a rare element that occurs naturally
in ores together with zinc, lead and copper, became
commercial in 20th century due to agricultural and
industrial applications (2). Together with other heavy
metals such as lead, mercury and arsenic it has been
considered a main  threat to human health  (3, 4).
Cadmium is mainly used in electroplating  industries,
production  of pigments and in the manufacture of
thermoplastic stabilizers. The indiscriminate and wide-
spread discharge of these industrial  wastes ultimately
reaches the aquatic environment and affects the life.
Heavy metals such as cadmium are concentrated in
the surface micro-layer by transport of particle asso-
ciated bubbles (5).  Since most of the materials be-
come trapped in the sediments and incorporated
mainly into organic matter, most of the cationic forms

have very little chance of leaving an estuarine and
coastal area in solution. The varied concentration of
cadmium is reported to be present in lakes and sea
water. The concentration observed in tropical lake
Karaiba, Zimbabwe was 1.9 ppm (6). In Bay of Bengal
concentration of cadmium ranged from 4.5 to 9.2   ppm
(6).  In the Arabian Sea much higher concentration of
cadmium is reported. The level of cadmium reported
in    Arabian  Sea  measured  at  Pakistan  was   440
ppm  (7).
Table 1.  Mean  variation in rate of oxygen consumption
following  15 days exposure to sublethal concentration of
cadmium in Labeo rohita. * = Increased ;  ** = Decreased.
                  Change in rate of oxygen consumption
                                (mean difference ± SD)
Control 30% 60% LC50of LC50 of LC502.18±0.01* 0.43± 9.42 20.32±0.01**

0.006** ±0.02**
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Table 2.  Behavioral  response  on  0  day  in  control and
experimental group.  + = Present ;  – = Absent.

Exposed fish
Behavioral Con- 30% 60%
response trol LC50 LC50 LC50

Normal active
movement + + + +
Escape reflex – – – –
Floating on its
lateral – – – –
Sluggish movement – – – –
Curved tail
movement – – – –
Surfacing behavior – – – –
Peeling of scale
and appearance of
skin lesions – – – –
Opercular  move-
ment (coughing) – – – –

Table 3.  Behavioral response on day 5 in control and ex-
posed fish. + = Present ;  – = Absent ;  * = Slightly  decreased
;   **=Appreciably  decreased.

Exposed fish
30% 60%

Behavioral Con- of of
response trol LC50 LC50 LC50

Normal active
movement + * * * *
Escape  reflex – + + +
Floating  on
its lateral – – + +
Sluggish movement – – + +
Curved tail
movement – – + +
Surfacing
behavior – – + +
Peeling of scale and
appearance of skin
lesions – – + +
Opercular move-
ment (coughing) – – + +

Figure 1.  Effect of 15-day exposure to sublethal concen-tration of cadmium  on rate of oxygen consumption in  Labeo
rohita.   Values are mean ± SD. Sample size in each group n=6.
A=control before experiment ;  B = After experimental pe-
riod—control ;  C = After  experimental  period —30%  of
LC50 ;  D = After experimental period —60%   of LC50 ;   E =
After experimental period—LC50.  P value for group B, C, D
and E compared to group A.

Table 4.  Behavioral response on day 10 in control and ex-
posed fish. + = Present ;  – = Absent ;   * =  Slightly   decrea-
sed ;  ** = Appreciably  decreased ;  *** = Very much de-
creased.

Exposed  fish
30% 60%

Behavioral Con- of of
response trol LC50 LC50 LC50

Normal active
movement + * ** ***
Escape  reflex – + + +
Floating  on its
lateral – – + ++
Sluggish movement – – + ++
Curved tail
movement – – + ++
Surfacing  behavior – – + ++
Peeling of scale and
appearance of skin
lesions – – + ++
Opercular movement
(coughing) – + ++ ++

Fishes are generally sensitive to cadmium poi-
soning. For fish, the lethal concentration of cadmium
in water is known to range from 0.01 to 10 ppm de-
pending on many factors (8). In sufficient concentra-
tions, cadmium exerts its toxic effects on fish by co-
agulating  external gill mucus causing anoxia and al-
tered salt balance (9). In recent years, the emphasis
on toxicity testing in marine organisms has been mov-
ing towards sublethal tests, as they can provide  much

more relevant   information in assessing the long term
effects of pollutants imposed on the ecosystem. Ear-
lier, we demonstrated that significant depletion in to-
tal protein, glycogen and lipid content occurs in
Labeo rohita on 15-day exposure to sublethal cad-
mium toxicity ranging from 0.5397 to 1.799 ppm  (10).
The present study was undertaken to investigate the
effects of sublethal concentration of cadmium toxic-
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Table 5.  Behavioral response on day 15 in control and ex-
posed fish.  – = Absent ;  + = Present ;  ++ =Appreciably
present ;  +++ = Very much present. ** = Appreciably de-
creased ;    *** = Very much decreased.

Exposed fish
30% 60%

Behavioral Con- of of
response trol LC50 LC50 LC50

Normal active
movement + * * *** ***
Escape  reflex – + + +
Floating  on its
lateral – + ++ +++
Sluggish  move-
ment – + ++ +++
Curved tail
movement _ + ++ +++
Surfacing
behavior – + ++ +++
Peeling of scale
and appearance
of skin lesions _ + ++ +++
Opercular move-
ment (coughing) – ++ +++ +++

ity on rate of oxygen consumption and behavioral
responses in a major Indian  carp namely Labeo
rohita. We chose Labeo rohita  as a model species
because it is a cultivable Indian major carp, economi-
cally important and is widely used for human con-
sumption. A small dose of this metal in fishes will lead
to  bio-magnification in human body due to continu-
ous consumption.

Methods
This work was carried out in the Department of

Applied  Zoology, Mangalore University after get-
ting approval from the concerned ethical committee
of the institution. Fingerlings of  Labeo rohita, rang-
ing in size from 2.80—3.20 cm were obtained from the
Department of Fisheries, Karkala and maintained in
glass aquarium of size 1.2 × 1.5 m under laboratory
condition. Then fingerlings were transferred and ac-
climatized for 4 days in the aquarium containing  the
tap water at pH 7.5. The water was renewed daily to
avoid contamination.  Fish were fed  once  in  24
hours.

The toxicant used was cadmium chloride. Since
cadmium is fairly stable ;  its solution was prepared
once in 10 days.

The tests were done after 96 hours for finding
toxic range of the metal to fingerlings. Lethal concen-
tration was determined by short term static bioassay
(11). About 30 liters of the test medium with concen-
trations of cadmium at 0.1, 1, 5, 10 and 50 ppm were
taken in each of the five aquariums  (of size 0.6 × 0.3
m.) Ten acclimatized  fish were introduced into each
of the aquarium. The water was renewed every 24
hours and mortality was recorded at every 12-hour
intervals for 96 hours.

The LC50 value was calculated using the method
of Spearman- Karber (11).

Sublethal toxicity tests were conducted in six fin-
gerlings of Labeo rohita exposed to cadmium con-
centrations at LC50,  at 30% and 60% of the LC50  value
for a period of 15 days to assess effect on oxygen
consumption. The behavioral responses of the fish
were recorded on days 0, 5, 10 and 15.  The observa-
tion  on  control  fish  was  also  made simultaneou-
sly. The tests were conducted in duplicate along with
the control set. The rate of oxygen consumption was
estimated before and at the end of 15 days.  The rate
of oxygen content was determined by Winkler’s
method  (12).

On day 0 about 10 liters of stored tap water pre-
measured for dissolved oxygen content was taken in
a jar and fresh fingerlings were introduced.  After one
hour dissolved oxygen content was measured.  From
the difference in oxygen content, rate of oxygen con-
sumption was calculated. At the end of 15 days of
study period, rate of  oxygen consumption was  esti-
mated once again by introducing control and experi-
mental fish into fresh tap water for one hour.

Data were analyzed by Student’s paired t-test.
Statistical significance was assessed at 1% of prob-
ability.

Results
All fish died within 2 hours of exposure to cad-

mium at 5 ppm. The LC50 was found to be 1.799 ppm.
The sublethal toxicity at 30% and 60% of  LC50  were
0.5397 ppm and 1.0794 ppm respectively.

Average rate of oxygen consumption in water
before and after experimental period is shown in Fig-
ure 1. Mean difference in rate of oxygen consumption
in control and exposed fish is shown in Table 1.  In
the control fish, rate of oxygen consumption increased
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significantly (P<0.01,  Fig. 1). In the exposed fish,
there was significant decline in oxygen consumption
on exposure to all the sublethal concentrations of
cadmium (P<0.01, Fig. 1).

The control fish maintained more or less com-
pact schooling behavior. The fish exposed to all the
sublethal concentrations of cadmium showed disrup-
tion in schooling behavior. With the increase in con-
centration and duration of exposure to cadmium dis-
ruption in schooling behavior was more severe. The
various behavioral responses recorded on day 0, 5,
10 and 15 are given in Tables 2 to 5.

Discussion
Oxygen is important for all biological oxidations,

especially for the formation of ATP by oxidative phos-
phorylation. It is an important reactant in carbohy-
drate, lipid and protein metabolism (13).  Oxygen con-
sumption is a valuable indicator of sublethal stress.
In the present study, increased oxygen consumption
was observed in the control group. In contrast to
this, in exposed fish oxygen consumption declined
significantly  following 15-day exposure to sublethal
concentration of cadmium. Further, this decline in
oxygen consumption was found to be greater in fish
exposed to higher concentration of cadmium. Thus
the study demonstrates the toxic effect of cadmium
on oxygen consumption in Labeo rohita. Decrease
in oxygen consumption could be due to the reason
that the cadmium might inhabit respiration by caus-
ing excess mucus production, which reduces the effi-
ciency of gaseous exchange (14).

The control fish maintained more or less com-
pact schooling behavior during the experimental pe-
riod. But the disrupted schooling behavior was ob-
served in exposed fish. Restlessness,  surfacing,  in-
creased opercular beats and loss of balance observed
in the present study were similar to the toxic effect
reported in Labeo rohita treated with an organophos-
phate insecticide, dimethyl-parathion (15).

Fish come to the surface of water more frequently
for the purpose of breathing air. Therefore, the in-
creased surfacing behavior along with engulfment of
air observed in the present study could be regarded
as an indication of oxygen deficiency and enhanced
rate of respiration. The experimental fish occasion-
ally tried to jump out of water. Moreover, increased

cadmium toxicity caused increased rate of opercular
movement (coughing), slimy body and fish progres-
sively became sluggish and lethargic. They exhibited
abnormal swimming movements including loss of
orientation. Coughing in treated fish might serve in
clearing the gills off the mucus debris for proper
breathing. The peculiar behavior of trying to jump
out of the medium could be an escape phenomenon
(16). These behavioral responses could be the indi-
cation of their fight against stress, which could have
resulted from hypersensitivity of the neural mecha-
nisms and the hyper secretion of stress hormones
(17).

Results demonstrate the toxic effect of cadmium
in sublethal concentration on rate of oxygen consump-
tion and schooling behavior of Labeo rohita, an im-
portant aquatic fauna.  The abnormal behavior exhib-
ited by the exposed fish could be taken as a useful
indicator in assessing  the extent of pollution by the
metal.
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