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Abstract

This study investigates the effects of Cadmium (Cd) on fry of the Mozambique Tilapia Oreochromis
mossambicus using standard toxicity tests. Fry were repeatedly exposed to five concentrations (0.002 —
2.0 mgl-1) of Cd and survival, growth and swimming activity were monitored over 10 days. These trials
revealed that all the tested concentrations significantly enhanced mortality of the fry with concentrations
above 1.0 mgl-1 resulting in 100% mortality. Mortality was. positively related to the exposure level
indicating dose-dependency. The LC50 1-10days ranged from 0.02 t07.26 mgl-1. Fry exposed to Cd
* also exhibited an increase in swimming activity in comparison to those that were not exposed indicating
abnormal behaviour. Nevertheless, there was no apparent growth retardation and gross morphological
defects during the brief exposure period. These findings are significant because the lethal and sublethal
effects in fry were also apparent at Cd concentrations 0£0.001 — 0.2 mgl-1, which are typically recorded
in fresh waterbodles in Sri Lanka.
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1. Introduction

Pollution of freshwater bodies is an issue that is being addressed extensively throughout the globe,
heavy metals being one of the identified causes (Shazili et al, 2006). The heavy metal Cadmium (Cd)
assumes particular importance since it has been shown to reach undesirable levels in freshwater ecosystems
such as reservoirs, streams and wetlands in many parts of the world. For instance, Saeed ahd Shaker
(2008) has recorded high levels of Cd in water and sediment in Nothern Delta Lakes, Egypt, while
similarly high levels have been recorded by Harikumar et al (2009) in wetland ecosystems in Vembanad,
India. As is the case elsewhere, in Sri Lanka too Cd has become a frequent pollutant. Bandara et al
(2008) revealed that high Cd concentrations were recorded in water and sediment in many of the cascade
irrigation systems in Sri Lanka. Anthropogenic activities such as metal production, the Nickel-Cadmium
battery industry, electroplating and phosphorus fertilizer used in agriculture are responsible for the
release of Cd to the natural environment (Kneip and Hazen, 1979; Yilmaz, 2009).

Cd contamination in fresh water is particularly alarming because it is known to be highly toxic to the
exposed organisms leading to lethal and sublethal damage. Cd causes direct morality in fish and other
aquatic fauna (Brown et al, 1994; Irwin et al, 1997; Joel and Amajuoyi, 2009), reduces hatching rates
(Lugowska, 2007), retards growth and development (Sharma and Patino, 2009) and causes deformities
and behavioural abnormalities. Cd is known to disrupt physiological and biochemical processes in fish
and amphibians (Sehgal and Saxena, 1987; Zhang et al., 2007). Cd also accumulates in organs and
tissues (Zyadah and Baky, 2000; Yilmaz, 2009) and therefore often results in biomagnification (Dallinger
et al., 1987).

Thus, assessing the toxicity of Cd on aquatic fauna is of particular importance for Sri Lanka which
supports many species of indigenous and endemic aquatic fauna. In the present study we investigate the
impact of Cd on the survival, growth and swimming activity of the fry of the Mozambique Tilapia
Oreochromis mossambicus. Studies that assess the toxicity of heavy metals are important for a developing
country such as Sri Lanka where water pollution has currently become a national issue. Tilapia was
selected as the study species because of its known tolerance to environmental stresses, availability as an
aquarium species and the ease of rearing. The toxicity levels exhibited by this will enable us to predict
hazards posed to other more sensitive species. Toxicity will be assessed using three end points, i.e.
mortality, growth and swimming activity.

2. Materials and Methodology

2.1 Collection of larvae

Fry aged two weeks were obtained from the National Aquaculture Development Authority, Sri Lanka
located in Dambulla. The collection of the fish from these breeding sites ensured that the experimental
animals were free from exposure to heavy metals.

2.2 Selection and preparation of test concentrations of Cd

The selection of the test concentrations were based on two factors. The field levels of Cd in the
water bodies of Sri Lanka was considered to be of primary importance since this would reflect the
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general levels that aquatic organisms are exposed to in the long run. However, since the present study
involved empirical trials, it was also considered necessary to consider levels and durations of exposure
used in previous exposure trials. Accordingly, five test concentrations of Cd, i.e-0.002, 0.02, 0.2, 1 and
2 mgl! were selected. Although much higher levels have been previously tested on fish (e.g. Svecevieius,
2007), we considered it more relevant to ascertam effects induced by low Cd concentratlons since it
better simulates field conditions.

Cadmium chloride (CdCl,) was used in the present study following previous exposure experiments
by Garcia et al. (1999), Sarnowski and Witeska (2008), and Vinodhini and Narayanan (2008). Hydrated
cadmium chloride with the formula of CdCl,.2.5H,0 = 228.34 [BDH laboratory reagents (99% purity),
Poole, England] was used to prepare a stock solution with distilled water. Appropriate volumes of the
stock solution were then used to prepare the required test concentrations.

2.3 Experimental set up

Glass tanks of 22x15x15 cm size containing 2 L of tap water were used for the exposure trials’ 'Tap
water was aged for 24 hours prior to filling the tanks to allow for the dissipation of chlorine. Different
volumes of the CdCL, stock solution was then added to each tank to obtain the relevant concentrations
and mixed well using a glass rod to ensure homogeneity. Each of the treatments and control (without the
heavy metal) were maintained in triplicate.

Subsequently, 18 fry of O. mossambicus were randomly assigned to control or treatment tanks.
Standard body lengths of the fry were measured before they were placed in the tanks. The fry were taken
on to a petri dish one at a time with a few drops of water and measured within about 30 seconds using a
digital vernier caliper (COMECTA, Electronic digital vernier caliper, Barcelona, Spain).

The fry were fed daily with commercially available fish food pellets (San Aquarium, Colombo).
The amounts of food added were determined by preliminary observations. An equal amount of the food
was initially added to each tank (fifteen pellets: 30 + 1 mg, n=10) but this was increased (to thirty
pellets: 58 + 0.9 mg, n=10) as fry grew. In subsequent additions, allowances were made for mortality
with the amount of food being determined by the number of live individuals in each tank on a given day.
The tanks were kept at room temperature (27.4 + 0.04 °C) and exposed to the natural photoperiod of 12
hr light: 12 hr darkness. Exposure trails were conducted for a period of ten days with Cd concentrations
being renewed every other day following modifications of the methods used by Garcia et al. (1999), Al-
Attar (2005) and Alwan et al. (2009). |

1

All tanks were aerated with a constant flow rate ensuring a continuous supply of oxygen for the fish
throughout the trial. Light intensity (LI-250A light meter, Biosciences, Nebraska, USA), pH, temperature
(HANNA, Woonsocket, USA) and dissolved oxygen levels (HANNA HI 9142, CluJ-Napoca, Romania)
of the tanks were measured every other day following water renewal.

2.4 Monitored endpoints

* Mortality of the fry was monitored daily. Readings were taken at the same time on each day between
0900 - 1000 hrs. The dead fry were removed from the tanks. The surviving fry were closely observed to
_detect morphological aberrations such as tail curvatures or behavioural abnormalities such as alteration
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in speed of swimming, spinning and orientation. The initial (before exposure) and final (on day 10)
body lengths were measured to monitor growth. The activity of fry was measured using a specific
experimental set up used by Sumanadasa ez al., 2008, to record swimming activity. Here the swimming
activity of the fry was assessed using the number of crossings per animal in each tank. Activity was
recorded every other day (i.e. on days 2, 4, 6, § and 10) between 0830 to 1030 hrs. '

3. Results
3.1 Effect on Mortality

Overall the results show that the Tilapia fry suffered high levels of mortality due to the exposure to
Cd. Mortality at concentrations of 0.002 mgl-1 and above were significantly higher than that of the
control (one-way ANOVA and post hoc tests: F5,12 = 65.39, p<0.05). At the end of the 10 day exposure
the fish in the two highest concentrations (1.0 and 2.0 mgl-1) suffered 100 % mortality (Figure 1). Fry in
control tanks also suffered 20 % mortality. Mortality was positively correlated with concentration
indicating a significant dose-dependent response (Pearson’s correlation r = 0.672, p<0.005). The LC,,
values obtained for Tilapia fry over the 10 days were highly variable and ranged from 0.02 to 7.26 mgl-
1. The LC  values for 24, 48 and 96 hrs (standard) and 8 and 10 days were 7.26, 3.22, 0.09, 0.03 and
0.02 mgl-1 respectively. There was also a difference in the patterns of mortality over time i.e. the peak
morality levels at the five concentrations occurred at different durations (two-way ANOVA time *
concentration; F45,120 = 2.76, p<0.05). Interestingly, there were no gross morphological aberrations in
any of the Cd treated fry and control fry.
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Figure 1: Cumulative mbrtality (= S.E.) of O. mossambicus fry, exposed to five concentrations of Cd
during a 10 day repeated exposure trial.
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3.2. Effect on larval growth

The present study showed that exposure to the tested concentrations of Cd (0.002 — 2.0 mgl') did
not significantly affect the growth of O. mossambicus fry over a ten day period (Table 1). The one-way
ANOVA confirmed that there was no significant difference in the initial or final lengths of fry between
the control and treatment tanks (one-way ANOVA: Initial length F, , . = 0,07, p>0.05; Final length F,
= 0.95, p>0.05). Growth impairments in larvae exposed to the two highest concentrations (1.0 and 2.0

mgl!) could not be recorded due to 100 % mortality.

Table 1: Mean body lengths (+S.E.) of O. mossambicus fry repeatedly exposed to five concentrations of
Cd over a period of 10 days. :

Concentration (mgl)

0 ~0.002 0.02 0.2 1 2
Initial body 9.80 10.31 10.14 . 10.35 9.83 10.28
length (mm)  +0.13 +0.18 +020  +0.18 +0.15 +0.17
(n=54) (n=54) (n=54) (n=54) (n=54) (n=54)
Final body 10.78 10.85 10.54 9.95 - -
length(mm) +021 =+0.36 +028 °  +040 |
(n=41) (n=21) (n=25) (n=8) - - -

3.3 Effect on larval activity

- Unlike in the case of growth, exposure to Cd altered the swimming activity of O. mossambicus fry to
some extent. A two way ANOVA confirmed that there was a significant enhancement in activity levels
over time across the different treatments and control (two-way ANOVA: time * concentration; F , , =
32.49, p<0.05). The fry that were not exposed showed a near constant and low rate of activity throughout
the trial as indicated by the mean number of crossings per individual (Figure 2). Further, none of the Cd
treated fry exhibited spinning and alteration in orientation.

4. Discussion

The present study has shown that Cd induces lethal and sub lethal toxicity in fry of the Mozambique
Tilapia Oreochromis mossambicus. This was apparent for two end points mortality and activity, but was
not obvious for the third end point, growth. These results are particularly noteworthy given that the
environmentally relevant levels of Cd are capable of inducing high levels of mortality in fry of the tested
species. In fact a concentration of 1.0 mgl-1 and above was capable of causing 100 % mortality of the
fry, at least under empirical conditions. The findings of the present study are in agreement with those of
others on amphibians and fish. For instance, in a similar study with. Cnesterodon decemmaculatus fry,
Cd concentrations of (.05 and 0.1 mgl-1 respectively induced 86 % and 96 % mortality as a result of a
seven day exposure to Cd (Garcia et al., 1999). As observed in the present study many authors have
shown that heavy metal-induced mortality is also dose-dependent (e.g. Heath, 1995; Garcia et al., 1999).
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Figure 2: Effect of Cd on swimming activity (mean number of crossings) of O. mossambicus fry
repeatedly exposed to five different concentrations of Cd during a ten day period. Note: Values show
mean number of crossings per individual for 10 minutes.

The LC,, values in the present study were similar to those recorded in other studies. For instance, the
96h LC,; of O. mossambicus was 0.05 mgl-1 (Formicki et al., 2008) while a value of 0.09 mgl-1 was
recorded in the present study.

In fish, gills are the primary site of damage when exposed to high concentrations of Cd over a short
period. Chung, 1983 has reported that respiratory failure and suffocation occurs due to the deposition of
dead cellular material on gill surfaces. Histopathological studies have confirmed this in the fresh water
fish Macropsobrycon uruguayanae exposed to 1.5 mgl! of Cd for 15 days (Randi et al., 1996). Ionic
imbalances have been recorded by Heath (1995) which might have also contributed to the observed
mortality in the fry. With regard to dose-dependency, a progressive decrease in plasma Na has been
shown to occur in Tilapia exposed to Cd (Heath, 1995) which most likely induces dose-dependent
mortality as that observed in the present study. Since Cd has the potential to accumulate within organs
(e.g. Nebeker et al., 1995) this factor might also trigger mortality at relatively high concentrations or
over a relatively long exposure period. Accumulation rates might be partly responsible for the variation
in mortality rates in different concentrations of the heavy metal, with time. Fry exposed to the two
highest concentrations (1 and 2 mgl") suffered instant mortality, i.e within 24 hrs, while mortality was
delayed in those exposed to lower concentrations probably because accumulation to lethal levels take
longer.

As opposed to mortality, Cd exposure had no apparent effect on growth of O. mossambicus fry. In
the case of Tilapia growth impairments may not be very evident considering the brief period over which
the trial was conducted. In fact other studies on fish conducted over a longer duration have shown that
Cd has the potential to cause growth reductions in fish. Sarnowski and Witeska (2008) demonstrated
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that larvae of Cyprinus carpio L. which were exposed to 0.2 mgl' of CdCI, and monitored for 30 days
were shorter compared to those of the control. In another study, Shalaby (2007) has shown that 10
mgl! of Cd induced growth retardation was observed in a 45 days trail with O. niloticus.

With regard to alteration in activity levels by Cd in the present study, all tested concentrations of Cd
induced hyperactive behaviour or accelerated swimming activity in the fry. Such observations have also
been made by Giusi et al. (2005) for Thalassoma pavo with Cd exposure. It has been shown that 3 mgl-
! of Cd induces elevations in blood glucose levels in O. nilloticus (Al-Attar, 2005) most likely resulting
in hyperactive behaviour. The brain has been identified as one of the target organs for Cd in vertebrates
(Minami et al., 2001). Thus it is possible that Cd may have stimulated the cerebellum, which is responsible
for the coordination of skeletal muscle movements (Ganong, 1983). |

5. Conclusion

The present study highlights the fact that Cd at environmentally relevant concentrations of 0.02 —
0.20 mgl-1 has the potential to induce lethal and sublethal damage in fry of Oreochromis mossambicus.
This is particularly significant because the Tilapia is considered to be a relatively hardy species. In the
light of these findings it is necessary to strongly emphasize the need to have stringent measures for the
discharge of contaminated effluents, from industries in particular, to the inland freshwater bodies of Sri
Lanka so as to ensure that the concentrations of these harmful substances do not reach undesirable
levels.
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