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Abstract

Aim :

Methodology :

Results :

Interpretation :

Metal contamination in aquatic systems has been getting much attention during last few decades

because of its persistent and toxic nature. Since cadmium is one of the most toxic metals, this study was

carried out to investigate the tolerance, metal accumulation and growth on the fry of freshwater fishes

and .

The fry of and were collected from fish breeding ponds of

Kadiyam and Dwarapudi, East Godavari, Andhra Pradesh, India. The toxic effect of cadmium on fish fry

was determined by following static renewal

bioassay methods. Growth parameters such as

total length, wet weight and dry weight of fish fry

were measured when exposed to sub lethal

concentration (0.1998 ppm and 4.938 ppm for

and respectively) of

cadmium. Metal accumulation was estimated

with atomic absorption spectrophotometer.

Initially the LC concentrations of

cadmium for the fry of (0.994 ppm) and

(24.69 ppm) were determined by

exposing them to different concentrations of

metal. These studies revealed that the fry of

was more sensitive to cadmium than that

of . When exposed to their sub lethal

concentration, the response was different in the

fry of both fish. In maximum decrease

of 7.3%, 10.24% and 16.32% was observed in

mean length, wet weight and dry weight

respectively over their relevant controls at 20

days exposure. In comparison,

registered more decrease in mean length, wet

weight and dry weight (16.95%, 11.2% and

41.96%) under similar conditions as above.

These results were substantiated by metal

accumulation studies.

To determine the impact of

cadmium toxicity, larval phase (fry) should be

considered as an important stage. Cadmium is known to accumulate in tissues of and

fry resulting in reduction of growth significantly with respect to their control.
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major carps. Though investigations were carried out on
cadmium toxicity in and fry earlier
(Chattopadhyay ., 1995; Dutta and Kaviraj, 1996; Abedi

., 2012), the present study was different in that the size of the
fry was very small almost 1cm. This investigation also provides
basic data on exposure concentration of cadmium to the fry of
these fishes for physiological studies in relation to growth.
Growth measurements of fish such as changes in
morphometric traits, body shape, chemical and biochemical
composition can be used to provide information on fish
performance. In the present investigation, few of the standard
morphometric parameters like length, wet weight and dry
weight have been considered to evaluate growth in both the fish
fry exposed to sub-lethal cadmium in the laboratory.

The fry of and
were collected from fish breeding ponds of Kadiyam

(16°55'12”N & 81°49'59”E) and Dwarapudi (16°55'56”N &
81°55'26”E), East Godavari, Andhra Pradesh, India where there
was no contamination of heavy metal including cadmium and also
bacteria in fish rearing tanks as the farmers followed general bio-
security procedures. They were transferred into plastic
containers filled with freshwater and supplied with constant
aeration. Earlier experiments were conducted by maintaining the
fry under laboratory conditions for two days (Surya kumari .,
2017). The pH and temperature of water were maintained at ~7.5
to 8 and 29 ± 2 C respectively. The fish fry were fed with the
mixture of rice bran and groundnut oil cake powder twice a day.
Excess feed was removed by siphoning with a sterile plastic pipe
every day. Analysis was carried out in water and food used for the
experiment and there were no traces of cadmium.

The toxic effect of cadmium on fish fry
was determined by following the 'static renewable bioassay'
method (APHA, 2000). To evaluate the tolerance response of fish
fry, they were exposed to different cadmium concentrations for a
period of 96 hrs. Preliminary experiments on tolerance of the fry
were carried out to determine the final exposure concentrations.A
stock solution of cadmium (1%) was prepared from CdCl H O

(AR) in distilled water and required concentrations were prepared
from the stock by following the method of Bambang ., (1995).
Depending on the above range finding tests, five concentrations
were selected for each species. They were 0.25, 0.5, 1, 2 and 4
ppm for fry and 10, 20, 30, 40 and 50 ppm for

fry. Twenty five uniform-sized (0.8-1 cm) fry of
each species were exposed in each of the troughs containing 15l
of freshwater with the metal toxicant as mentioned above. Care
was taken to avoid chlorine contamination in freshwater by
storing water for several days with aeration. Parallel controls were
maintained without metal toxicant. Temperature (29 ± 2ºC) and
pH (7.5 to 8.0) were monitored in all control and exposed troughs.
The freshwater in each trough was renewed every 24 hrs with
respective concentration of the toxicant. Dead animals were
removed every 24 hrs and mortality rate was recorded.
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Materials and Methods

Collection of fish fry :

Acute toxicity studies :
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Introduction

Cadmium is one of the heavy metals that cause major
hazards because of its toxicity, persistence and bioaccumulation
in the food chain (Cardwell ., 2013). Its presence was
reported in the water samples of Kolleru Lake (Adhikari .,
2009) and Godavari River (Ray ., 2006) on east coast of India
where aquaculture is carried out predominantly and these are the
potential grounds for fish breeding and rearing ponds. As the
pollution levels are constantly increasing in the aquatic
environment due to organic wastes, paper mill effluents, wastes
from food units and heavy metals from nearby industries
(Amaraneni and Pillali, 2001), the aquatic organisms develop
safety mechanisms to safe guard themselves against pollutants
only up to a certain level. Hence, a study on the tolerance of a
particular species to a specific toxicant is a pre-requisite to
understand the nature of tolerance. The ability of biota to
safeguard themselves from pollutants differs in various species.
However, heavy metals are considered as a major source of
environmental pollution (Wood, 2001). It is well documented that
cadmium is a highly toxic metal for human and animal health
(Bressler ., 2004; Zaki ., 2009). Human mediated
activities have locally and episodically introduced numerous
potentially hazardous metals to the environment since the onset
of industrial revolution (Celik ., 2005; Yang and Rose, 2005;
Udosen, 2006). These metals after accumulating in the body of
aquatic organisms enters the food chain and causes deleterious
effects in humans. The amount of absorption and assembling
depends on ecological, physical, chemical and biological
condition of the organisms (Jaffar ., 1998). Most of these
metals show bio-magnification and have greater half-life periods
because of their non-biodegradability and persistence.
Therefore, they exert an extra stress on metabolically active
tissues and organs.

In recent years, there has been an increasing interest in
the utilization of fishes as bio-indicators to study the integrity of
aquatic environmental systems (Naigaga ., 2011). Fish can
be used as bio-indicators of trace metals, since they not only
accumulate metals in their bodies but also react to water
contamination with alterations of various vital functions. In the
absorption process, there are four possible routes for metals to
enter into the fish body: through food ingested, simple diffusion
of metallic ions through gill pores, through drinking water, and
by skin absorption (Sindayigaya ., 1994). Prolonged toxicity
studies are important in the aquatic environment as these
organisms generally encounter low metal pollutant
concentrations in their habitat for prolonged periods due to long
biological half-life of toxicants (Silvestre ., 2006). Hence,
fishes are widely used to evaluate the health of aquatic
ecosystems because pollutants build up in the food chain and
are responsible for adverse effects in the aquatic ecosystems
(Farkas ., 2002). Therefore, an attempt was made in the
present investigation to study the cadmium tolerance of

and fry and to make a comparison of
cadmium toxicity between these two species of freshwater
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be calculated as 1/100 of the 96 hrs LC value. Accordingly,

the safe concentration of cadmium was calculated for both the
species and they were 0.00994 ppm or 9.94 µg l for
fry and 246.9 µg l for fry of . Cadmium is a trace metal
that is potentially toxic to most freshwater organisms,
particularly fish (Akan ., 2009). The heavy metal
contamination definitely affects the aquatic life of
and . Hence, environmental monitoring of
aquaculture ponds is essential to improve the health of these
economic fish (Vinodhini and Narayanan, 2008). Farkas et al.
(2002) affirmed that the efficiency of food intake and digestion
may also be inhibited in the exposed fry leading to abnormality
in growth and metabolic activities. Acute toxicity test and LC

values are useful for assessing the safe level of toxicity and
future monitoring of the environment (Lloyd, 1977). The larval
stages, fry and fingerlings of various freshwater fishes such as

, , and
showed similar effects on exposure to

cadmium and other toxicants. Pandey and Saksena (1992)
reported 201-340 µg l as 96 hrs LC value for fry of

size 6.5 to 20 mm. The 96 hrs LC value observed in the present

investigation was 0.9964 µg l for fry of 1cm size,
which was intermediate between the two sizes indicating size-
dependent toxicity. fry having a size of 6.5-20 mm
showed 96 hrs LC value of 201 to 175000 µg l of cadmium

(Chattopadhyay ., 1995) whereas for Cyprinus carpio fry,
the LC values were between 165000 µg l for 96hrs and 27100

µg l for 48 hrs (Dutta and Kaviraj, 1996).

A gradual and significant (P<0.05)
increase in accumulation of cadmium was observed with
increasing exposure time in both the exposed fry when compared
to their respective controls at all the intervals. In fry, a
maximum accumulation of 12.58 g g dry weight was observed
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Cadmium accumulation :

μ

Sublethal toxicity studies :

Growth studies :

Cadmium accumulation studies :

Statistics :

Results and Discussion

Tolerance :

The design of the experiment
included two groups of fry (~500 Nos.) of and
(0.8 – l cm length). The first group served as acontrol (withoutmetal
toxicant) and the other groups as exposed. The exposed group was
subjected toasub lethal (1/5 of96hrsLC )cadmium concentration

of 0.1998 ppm for fry and 4.938 ppm for fry for a
period of 20 days. Samples (25 individuals) were taken from both
control and exposed at intervals of 24 hrs, 48 hrs, 96 hrs, 10 days
and 20 days for bioaccumulation as well as growth studies.

Fish fry (25) of each species from control and
exposed were isolated at each interval and they were blot dried to
remove adhered water. Their total length (from anterior snout tip
to the posterior tip of the caudal fin) and wet weights were
recorded. The fish fry were then dried individually in an oven at
60ºC for 48 hrs and their dry weights were taken. The total length
was measured in millimeters and digital balance of 0.1mg
sensitivity was used to determine the wet and dry weights. Daily
weight gain was calculated using the formulae described by
Winberg (1971).

At each interval, the control
and exposed fry of each species were sacrificed and dried in an
oven at 60°C for 48 hrs. The dried material was homogenized into
a fine powder with mortar and pestle. The powder was stored in
glass vials and preserved in desiccators prior to analysis. The
analysis of metal content was carried out with dried tissue
powder. A known quality of tissue powder of fish fry was taken in
Teflon crucibles and placed in the muffle furnace at 600°C for
about 4-5 hrs to make into ash (George and Kureishy, 1979). The
ash obtained was dissolved in a known amount of 0.01N HCl. The
final cleared colorless solution was used for metal estimation with
atomic absorption spectrophotometer (AAS, Zenith 700) and the
results were expressed as g g d.wt.

Experiments were repeated five times for
bioaccumulation and growth studies. Mean values and standard
deviations were calculated for each interval using standard
methods. Students 't' test was used to compare control with
exposed and also for interspecies comparison (Snedecor and
Cochran, 1967).

The results indicate that the mortality rates of both the
fish fry increased with the increase in concentration of metal. The
linear regression equation obtained for concentration of
exposure and Probit values of percent mortality was Y= 0.656 +
2.832X with a correlation coefficient of (r) 0.996 for fry
and Y= -1.096 + 4.377X with a correlation coefficient of (r) 0.953
for fry, respectively. Table 1 shows the different lethal
concentrations of cadmium calculated by Probit equation and
these values were found to be less for indicating more
sensitivity than . The 96 hrs LC value was 0.994 ppm for

fry and 24.69 ppm for fry of C. carpio. Kameswara Rao
(1974) suggested that the safe concentration of a toxicant can

L. rohita C. carpio

L. rohita C. carpio

log

L. rohita

C. carpio

L. rohita
C. carpio

L. rohita

th

-1

50

50

μ

Concentration (ppm)

fry fryL. rohita C. carpio

LC 0.26 ± 0.01 10. 42 ± 0.31

(0.25 - 0.28) (10.11 – 10.72)

LC 0.35 ± 0.01 12.60 ± 0.34

(0.33 - 0.37) (12.26 – 12.94)

LC 0.58 ± 0.011 17.36 ± 0.34

(0.55 - 0.59) (17.02 – 17.7)

LC 0.99 ± 0.02 24.69 ± 0.39

(0.96 - 1.03) (24.37 – 25.01)

LC 1.72 ± 0.03 35.12 ± 0.32

(1.66 - 1.79) (34.80 – 35.44)

LC 2.82 ± 0.07 48.41 ± 0.95

(2.67 - 2.96) (47.46 – 49.4)

5

10

25

50

75

90

Each value represents the concentration ± S.E. The values in the
parenthesis represent 95% fiducial limits

Table 1 : Lethal concentrations of cadmium for and
fry

Labeo rohita
Cyprinus carpio

Lethal
concentrations
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Fig.1 : Total length, wet weight and dry weight in fry of and exposed to sub-lethal concentrations of cadmium; *Significantly
different from their respective controls at P < 0.05
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on exposure to sub lethal cadmium for 20 days.
The relative toxicity of cadmium on various parameters was total
length < wet weight < dry weight < weight gain in fry of

and wet weight < total length < dry weight < weight gain in
fry of which means that the effect was more on
total length followed by wet weight, dry weight and weight gain in

whereas in the effect was more on
wet weight followed by total length, dry weight and weight gain.
The maximum growth reduction in the and

under short term exposure (96 hrs) to cadmium was 7.3%
and 10.1%, respectively and this could be due the deleterious
effect of cadmium on metabolic activity and decrease in food
intake and assimilation (Marr ., 1995; Waiwood and Beamish,
1978). Growth in the fry of and

might be also due to the interaction of metal toxicant
accumulated in the tissues of these fries with the enzymes of
metabolic pathway and inhibiting normal biochemical functions,
which ultimately increase metal stress and decrease energy
levels of the fry when compared with control. Cherian and Goyer
(1978) reported that cadmium binds irreversibly with sulphydryl
groups of catalytic proteins and inhibits normal biochemical
functions. Dhavale . (1988) suggested that the capacity of a
fresh water organism to resist metal stress, however, depends on
its energetic efficiency. Hansen . (2001) studied the toxic
effect of cadmium on juvenile bull trout ( )
and noticed 28% reduction in growth of fish exposed to 0.786 µg l
cadmium for 55 days. Rainbow trout ( ) also
showed growth retardation when exposed to higher
concentrations of cadmium compared to control fish
(Heydarnejad ., 2013). A recent study on
once again proved that cadmium could induce alterations in
survival and growth (Rita and Abhik, 2014). Pedram . (2011)
recorded low growth rate of exposed to 10, 50,
100 ppb of cadmium for 30, 60 and 90 days. Low concentrations

retardation

-1

at 20 days whereas fry showed an accumulation of
75.36 g g dry weight on exposure to 20 days. Though both the
fry exhibited accumulation on exposure to their respective sub
lethal concentration of cadmium, the accumulation was high in

fry than fry. Accumulation of cadmium in muscle
tissue of was noticed by Pedram . (2011)
while studying the effects of water borne cadmium. Similar
bioaccumulation of cadmium was also reported in

by Vinodhini . (2008). Jaffar . (1998) observed
heavy metal accumulation in some select local fishes of Pakistan.
Similar accumulation of cadmium in tissues of six freshwater
fishes was reported by Akan . (2009). According to Cardwell

. (2013) heavy metals like cadmium bioaccumulate and
magnify in the aquatic ecosystem causing deleterious effects.

The results on growth parameters such as
mean total length, wet weight and dry weight of exposed fish fry of

and against their respective controls are
presented in Fig. 1. The data indicate a significant decrease
(p<0.05) in all growth parameters from 96 hrs on wards in the
exposed fry of both and over their respective
controls. A maximum decrease of 7.3%, 10.24% and 16.32% was
observed in mean length, wet weight and dry weight respectively
over their respective controls on 20 days exposure of fry
to sub lethal cadmium. In comparison, fry registered
more decrease in mean length, wet weight and dry weight (16.85
%, 11.2 % and 41.96%) over their respective controls on 20 days
exposure. A significant decrease (P<0.05) in the daily weight gain
was noticed in the exposed fry over their respective controls from
24 hrs onwards in both the fish fry (Table 2). Further & higher
decrease in daily weight gain (52.45) was observed in
fry compared to fry (31.11%). A reduction in total length,
wet weight, dry weight and weight gain in exposed fry over their
respective controls was observed in the fry of and

C. carpio

C.
carpio L. rohita

Cyprinus carpio et al

Cyprinus
carpio et al et al

et al
et al

L. rohita C. carpio

L. rohita C. carpio

L. rohita
C. carpio

C. carpio
L. rohita

Labeo rohita

μ
-1

Growth parameters :

Weight gain (mg per day)

fry fry

Control Exposed Control Exposed

L. rohita C. carpio

24 hrs 0.137 ±  0.013 0.124 ±  0.014* 0.373 ±  0.102 0.117 ±  0.032*

(8.95) (68.40)

48 hrs 0.134 ±  0.03 0.105 ±  0.003* 0.399 ±  0.063 0.107 ±  0.017*

(21.82) (73.20)

96 hrs 0.114 ±  0.012 0.108 ±  0.001* 0.531 ±  0.076 0.327 ± 0.047*

(5.08) (66.20)

10 days 0.187 ±  0.017 0.172 ± 0.007* 0.465 ±  0.034 0.215 ± 0.021*

(7.98) (53.70)

20 days 0.318 ±  0.002 0.219 ±  0.018* 0.352 ±  0.022 0.167± 0.012*

(31.11) (52.40)

Each value represents mean S.D. The values in the parenthesis represent percent decrease over their respective controls. *Significantly different
from their respective controls at P<0.05

±

Table 2 : Comparison of weight gain in and fry on exposure to sub-lethal concentrations of cadmiumLabeo rohita        Cyprinus carpio

Period of
exposure
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of cadmium and lead (permissible) that are considered as safe, do
cause reduction on growth of a grass carp (

) (Ahmed ., 2012). quality was found
to decrease in terms of its protein and glycogen levels due to

toxicity (Sujata and Yashwant, 2015). Recently Pereira
. (2016) observed hepato-, nephro- and hematological

malfunction in catfish when exposed to low
levels of cadmium toxicity.

The present study on fry of and
provides a baseline data on tolerance levels of cadmium

and it is necessary for the aqua-culturists to monitor water for
toxic metals like cadmium before using for fish culture ponds.
Fish fry accumulate cadmium even though in sub-lethal
quantities and it further undergoes bio-accumulation in the
tissues. Hence, fish can be considered as bio-indicator for
monitoring the aquatic environment contaminated with
cadmium and other heavy metals. The experiments on
tolerance and growth also reveal that fry is more
susceptible to cadmium when compared to fry.
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