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Abstract: Tilapia (Oreochromis mossambicus) was studied for the uptake and elimination of single
metals namely Copper (Cu), Zinc (Zn) and Lead (Pb) under laboratory conditions. Tilapia was
acclimatised at 25 + 2°C for 4 days. The dissolved oxygen and pH of water samples were maintained
at 6 - 7mg/L and 7.6 £ 0.1 respectively. The exposures to Cu (0, 5, 10, 15 and 20 mg/l), Zn (0, 10,
15, 20 and 25 mg/L) and Pb (0, 1, 2, 3 and 4 mg/L) over a period of 4 days were followed by 4
days of depuration. The accumulation and depuration patterns of Cu and Zn were not apparent and
statistical analysis (z-test) did not show any significant difference (p>0.05) for both phases. The
results indicate that tilapia can be used as a biomonitor for Pb as there was significant difference
(p<0.05) between accumulation and depuration of Pb, particularly for higher exposures (3 mg/L and
4 mg/L Pb).
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Introduction

Among many aquatic organisms, fish have been appreciated as valuable biomonitors of
bioaccumulation of toxic compounds. An ideal bioindicator should be sessile or sedentary, thus
being representative of the study area, hardy, can tolerate high concentrations of pollutants and large
ranges of salinity, permitting laboratory studies and profuse in-study areas, can be identified easily
and sampled and should provide adequate tissue for analysis (Gay and Maher, 2003).

Tilapia (Oreochromis spp.), a native freshwater fish of Africa, can survive at adverse
environmental conditions. Their respiratory demands are slight so they can tolerate low oxygen and
high ammonia levels (Trewavas, 1983). Some freshwater tilapias are able to survive and grow over
a wide range of salinities (Watanabe et al., 1987). Tilapia are considered as an easily grown fish
species since they eat a variety of foods and grow well in poor-quality water with low dissolved-
oxygen level (Mair and Roberts, 1988).

Metals, one of the commonly-studied contaminants, can be taken up by fish from water, food,
sediments, and suspended particulate material. Studies have revealed that accumulation of heavy
metals in tissue is dependent upon concentrations and exposure period, and other environmental
factors such as salinity, pH, hardness and temperature (Canli and Atli, 2003). Investigations of
metals accumulation and assessment of fish as potential biomonitors under field and experimental
conditions have been done on various species of fish such as Rainbow Trout (Oncorhynchus mykiss),
Catfish (Clarias gariepinus), Grey Mullet (Mugil cephalus L.), Sea Bream (Sparus aurata L.) and
other types of fish (Hansen et al., 2002; Olaifa et al., 2004; Yilmaz, 2005). Researches pertaining
to tilapia species, among others, include determination of heavy metals in various tilapia species in
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order to examine the safety of these fish for consumption (Zhou et al., 1998; Allinson et al., 2002;
Begum et al., 2005). Metals were also found to accumulate in different levels in different organs of
tilapia.

Toxicity tests were also performed on various species of tilapia, such as Nile tilapia
(Oreochromis niloticus), Tilapia mossambica and Tilapia zillii. Pelgrom et al. (1995a) exposed
mature female tilapia to single Cu and Cd and studied the interaction between Cu-Cd. The study
indicated that distribution of Cu and Cd was metal and organ specific. Toxicity studies on Tilapia
mossambica and Nile tilapia have been conducted to evaluate the potential of these tilapia species as
biomonitors and also to study the impact of the exposed metals (Almeida et al., 2001; Suhendrayatna
et al., 2001; Richard and Benjamin, 2005). Accumulation patterns of contaminants in fish depend
both on uptake and elimination rates (Hakanson, 1984). Heavy metals were accumulated in tilapia
after they were fed with metal-contaminated sludge (Wong and Chiu, 1993).

In Malaysia, tilapia are considered as one of the commercial fish for both the fisheries
and the local inhabitants as a potential source of food. Yap et al. (2005) have reported that tilapia
Oreochromis mossambicus, collected from a pond receiving semi-untreated domestic wastes,
did not possess health effects for the consumer. Genetic structure of Oreochromis spp. (Tilapia)
populations was studied by Bhassu et al. (2004). Reports and scientific data on the capability of
tilapia as biomonitors in Malaysia are still limited.

This study aims to investigate the accumulation and depuration patterns of Cu, Zn and Pb
in tilapia at different exposed concentrations and to evaluate whether tilapia can be used as a suitable
biomonitoring species.

Materials and Methods
Sample Collection

Tilapia were obtained from Agriculture Research Centre, Semenggok, Kuching. Wet weights of
the samples were determined. Prior to exposure test, 9 individuals were analysed for background
metals.

Experimental Design

In the laboratory, a total of 175 individual specimens were acclimatised in a holding tank for 4 days.
All fish were fed with a control diet based on a commercial feed. After acclimatisation, similar size
(length: 3-4 cm, weight: 10-15 g) of tilapia was placed in 5 different experimental tanks (n=35
individuals per tank). Test solutions (20 L) were poured into the tanks which were constantly aerated
at 25 + 2°C. Dissolved oxygen and pH were maintained at 6 - 7 mg/L and 7.6 £ 0.1 respectively.

The accumulation study consisted of single exposure with three different single elements,
namely Cu, Zn and Pb. These metals were chosen considering the fact that they are commonly found
in freshwater systems and widely discharged from various industrial activities. The experiment
was designed to allow 4 days of metals uptake and 4 days of elimination period in metal-free water
tank with clean water. Metal solutions were prepared using dechlorinated tap water as diluents from
stock solutions (1000 mg/L) of copper sulfate (CuSO,.5 H,0), Zn sulfate (ZnSO,.7 H,0), and Pb
(IT) nitrate [Pb(NO,),]. Experimental tanks with metal solutions were allowed to equilibrate for
48 hours before the experiment started to minimise adsorption and consequent loss of the metals
(Suhaimi-Othman and Pascoe, 2007). Exposure treatments consisted of 4 different concentrations of
metals and 1 control. Table 1 shows the concentrations of Cu, Zn, and Pb used in the test. Sampling
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was conducted at 24, 48, 72 and 96 h for metal analysis. None of the fish were fed during the
accumulation and depuration period in order to empty the gut. Fish were monitored from the test
iniation to the ending of test for mortality.

Table 1: Concentration of metals (mg/L) used in the toxicity test

Cu Zn Pb
Treatment1 (Control) 0.0 0.0 0.0
Treatment 2 5.0 10.0 1.0
Treatment 3 10.0 15.0 2.0
Treatment 4 15.0 20.0 3.0
Treatment 5 20.0 25.0 4.0

Chemical Analysis

Water samples were taken after 96 hours (at the end of the accumulation test) and filtered using
0.45 pm membrane filter. Samples were acidified with concentrated nitric acid until pH<2. After
acidification, the water samples were analysed for Cu, Zn and Pb by direct injection with Flame
Atomic Absorption Spectrophotometer (FAAS).

Tilapia samples were taken out every 24 h throughout the uptake and depuration phases for
metals analysis. Flesh samples were separated from the fish and were kept in freezer. The samples
were freeze-dried and ground with pestle and mortar to a fine powder. Powdered samples were
digested according to the procedures proposed by Dalziel and Baker (1983). Tissue samples of
0.5 g were weighed and placed in beakers and 10 mL of freshly-prepared nitric acid and hydrogen
peroxide (1:1) v/v were added and set aside till the initial reactions subsided. A beaker was placed
on a hot plate and gently boiled at a temperature not exceeding 120°C for about 2 hours to reduce
the volume to 3-4 mL. Next, it was cooled, filtered and transferred to a 25 mL volumetric flask and
made up to volume with deionized water. Then, samples were tested for Cu, Zn, and Pb using FAAS.
All metal concentrations are expressed in dry weight (mg/kg).

Statistical Analysis

Two-way ANOVA without replication and paired comparison using Student’s #-test (p < 0.05) were
used to test for differences of Cu, Zn and Pb accumulation and depuration between treatment groups.

Results and Discussion
Accumulation and Depuration of Cu, Zn and Pb

Figures 1-3 shows the accumulation and depuration of Cu, Zn and Pb in tilapia respectively. The
mean concentrations of Cu, Zn and Pb in tilapia prior to exposure were 3.12 mg/kg, 30.84 m/kg
and 1.52 mg/kg respectively. The mean measured copper concentration in the flesh of tilapia (with
standard deviation) for 0.0 mg/L, 5.0 mg/L, 10.0 mg/L, 15.0 mg/L and 20.0 mg/L Cu exposures
were 5.92 mg/kg (0.68), 63.44 mg/kg (2.99), 67.92 mg/kg (2.38), 81.10 mg/kg (2.40), and 92.73
mg/kg (2.52) respectively. In general, accumulation of Cu in tissues of tilapia increased up to 96
h for 5 mg/L to 20 mg/L (Figure 1). Depuration rate of Cu was slow and did not significantly (p >
0.05) decrease for all the exposure treatments. This indicates that Cu was not completely eliminated
from tilapia. Furthermore, statistical analysis (#-test) did not show any significant difference (p >
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0.05) between accumulation and depuration phases of Cu for treatments 2, 3, 4 and 5. This shows
that accumulation and depuration of Cu did not occur in the tilapia. Study by Richard and Benjamin
(2005) showed that Nile tilapia does not recover quickly from dietary Cu exposure and accumulated
excess Cu in the liver and intestine. Cu is known as an essential metal which can be regulated by
fish in their bodies. Study by Pelgrom et al. (1995b) demonstrated that tilapia were more Cu-tolerant
fish when compared to the Cu-sensitive rainbow-trout. Tilapia collected from ponds in Hong Kong
also indicated to be Cu-resistant based on comparison made between 96-h LC, values for tilapia
and common carp (Lam et al., 1998). Several studies have been devoted to study the exposure of Cu
in order to relate the biological function of Cu in tilapia and other fish species (Hansen et al., 2002;
De Boeck et al., 2004). Statistical analysis (ANOVA) showed significant difference (P<0.05) in the
accumulation and depuration of Cu in tilapia compared to that in control for each treatment.
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Figure 1. Accumulation and depuration of Cu in tilapia with different exposure
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Figure 2. Accumulation and depuration of Zn in tilapia with different exposure
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Figure 3. Accumulation and depuration of Pb in tilapia with different exposure

Figure 2 represents the concentrations of Zn in tilapia at different time of exposures. Mean
measured concentrations of Zn were 41.85 + 4.50 mg/kg (for 0.0 mg/L), 185.08 + 1.70 mg/kg (for
10.0 mg/L), 205.96 + 0.75 mg/kg (for 15.0 mg/L), 226.38 = 1.20 mg/kg (for 20.0 mg/L), and 261.35
+ 1.25 mg/kg (for 25.0 mg/L). The accumulation of Zn in tilapia increased with increasing exposure
concentrations except for treatment 5 (25.0 mg/L) where the concentration of Zn slightly decreased
from 48 h to 72 h exposure time. However, after 72 h the concentration of Zn rose until 96 h.

The concentration of Zn in tilapia at 192 h was found to be higher than the concentrations
of Zn in tilapia at 24 h for all the exposure concentrations. There was no significant difference (#-test,
p > 0.05) before and after exposure for Zn in all the treatments. This is an indication to show that
there was no accumulation and depuration occurring in the tilapia. Spiked concentrations of Zn were
retained and were not cleared from the tissues of tilapia throughout the exposure and elimination
duration. The differences in elimination of Zn may be attributed to the differences in regulation
of Zn in tilapia. This result showed that tilapia was unable to regulate Zn effectively. Laboratory
bioassay conducted on Tilapia zilii revealed that tilapia were more susceptible to Zn and resistant to
Zn toxicity at lower temperature (9.3 + 1.5°C) compared to higher temperature (25 + 1°C) studied
(Hilmy et al., 1987).

The concentrations of Pb in tilapia for 0.0 mg/L, 1.0 mg/L, 2.0 mg/L, 3.0 mg/L and 4.0
mg/L Pb exposures is depicted in Figure 3. The concentrations of Pb in tilapia for 1.0 mg/L, 2.0 mg/L
and 3.0 mg/L increased gradually during accumulation and decreased gradually during depuration
period. For 4.0 mg/L Pb exposure, the concentration of Pb in tilapia have drastically increased
during accumulation period and rapidly decreased during depuration period. The mean measured
concentrations of Pb were 4.38 + 0.83 mg/kg for 0.0 mg/L, 13.88 +2.12 mg/kg for 1.0 mg/L, 23.54
+2.24 mg/kg for 2.0 mg/L, 35.19 £ 4.65 mg/kg for 3.0 mg/L, and 60.73 + 15.50 mg/kg for 4.0 mg/L.

The concentration of Pb in tissues of tilapia increased with increasing exposure time,
except for 2.0 mg/L Pb exposure. Elimination of Pb was slow for all the exposed concentrations
with increasing elimination time. The accumulation and depuration were significant (p<0.05) for
treatments 4 (p=0.075) and 5 (p=0.018). But, treatments 2 and 3 did not show any significant
differences (#-test, p > 0.05). This shows that tilapia can accumulate high concentrations of Pb and
tilapia can be highly resistant to Pb. Even though previous authors have carried out toxicity studies
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of Cu and Zn on tilapia, there is lack of knowledge about the effects of Pb. Patel et al. (2006)
reported that kidney of rainbow trout acts as a high-capacity sink for Pb under short-term acute
exposures. Statistical analyses (ANOVA) showed significant difference (P<0.05) in Pb accumulation
and depuration of tilapia compared to that of tilapia in control water for all the exposures.

Uptake of metals at 96 hour

Figures 4 - 6 shows the accumulation of metals in tilapia versus mean concentrations of metals in
water at 96 h. The ranges of Cu, Zn and Pb uptake at 96 h were 67 - 97 mg/kg, 201 - 297 mg/kg and
16 — 88 mg/kg respectively. There was direct accumulation of Pb by tilapia as shown in Figure 6.
Accumulation of Pb in tilapia was proportional to the concentration of Pb in water (r=0.94). There
was no direct accumulation of Cu and Zn in water compared with that of the metals in tilapia at 96
h (Figures 4 and 5).

Metal uptake by aquatic organisms is a two-phased process, which involves initial rapid
adsorption or binding to the surface, followed by a slower transport into the cell interior (Foulkes,
1988). Mechanisms of uptake, bioconcentration and relationship between body concentration and
observed toxicity are vital when addressing the effects of pollutants (Suhaimi-Othman and Pascoe,
2007). During the accumulation test, concentrations of copper, Zn and Pb in tissues increased with
exposure to levels greater than those recorded in fish collected from the control tanks. However, for
depuration phase in clean water, concentrations of copper, Zn and Pb in tissues showed discrepancies
in their elimination pattern.
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Figure 4: Mean concentration of Cu versus mean concentration of Cu in tilapia at 96 h
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Figure 5: Mean concentration of Zn versus mean concentration of Zn in tilapia at 96 h
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Figure 6: Mean concentration of Pb versus mean concentration of Pb in tilapia at 96 h

This study demonstrated that the short-term exposure (maximum up to 96 hours) of
fish to the metal resulted in significant bioaccumulation, with significantly higher Cu, Zn and Pb
concentrations in tilapia tissues when compared to the control levels. The differences in accumulation
and depuration of metals probably related to the differences in regulation of these elements in tilapia
and also their highly resistant nature against metal toxicity. Whether the metal levels exposed
caused toxic effect on tilapia, can be concluded using hematological values. Ishikawa et al. (2007)
revealed that mercury concentrations exposed was not toxic to tilapia based on their hematological
values.

Conclusion

Based on the outcomes of this study, it can be concluded that tilapia could be a useful biomonitor for
Pb at high levels. Although tilapia showed ability to accumulate Cu and Zn, the accumulation and
depuration patterns were fluctuating and not significant. Continuous study should be undertaken to
establish tilapia as indicator in the local environment as tilapia fulfilled the criteria as a biomonitor.
Hematological parameters should be taken into account for future studies in order to further elucidate
the effects and changes resulting from the metal exposure.

Acknowledgement

We are grateful to Agriculture Research Centre, Semenggok, Kuching for providing the samples
needed for this study.

References

Allinson, G. Nishikawa, M., De Silva, S. S., Laurenson, L. J. B., De Silva, K. (2002). Observations
on metal concentrations in Tilapia (Oreochromis mossambicus) in reservoirs of South Sri
Lanka. Ecotoxicol. Environ. Saf- 51:197-202.

Almeida, J. A., Novelli, E. L. B., Dal Pai Silva, M., Alves Junior, R. (2001). Environmental cadmium
exposure and metabolic responses of the Nile Tilapia, Oreochromis niloticus. Environ. Pollut.
114:169-175.

Begum, A., Nurul Amin, Md., Kaneco, S., Ohta, K. (2005). Selected elemental composition of the
muscle tissue of three species of fish, Tilapia nilotica, Cirrhina mrigala and Clarius batrachus,
from the fresh water Dhanmondi Lake in Bangladesh. Food Chem. 93:439-443.

Journal of Sustainability Science and Management 2009 Volume 4 (2): 44-52



Devagi Kanakaraju et al. 51

Benneth, W. A., Sosa, A., Beitinger, T. L. (1995). Oxygen tolerance of fathead Minnows previously
exposed to copper. J. Environ. Cont. Toxicol. 55:517-524.

Bhassu, S., Yusoff, K., Panandam, J. M., Embong, W. K., Oyyan, S., Tan, S. G. (2004). The genetic
structure of Oreochromis spp. (Tilapia) populations in Malaysia as revealed by microsatellite
DNA analysis. BioChem. Genet. 42:217-229.

Canli, M., Atli, G. (2003). The relationship between heavy metal (Cd, Cr, Cu, Fe, Pb, Zn) levels and
the size of six Mediterranean fish species. Environ. Pollut. 121:129-136.

Dalziel, J., Baker, C. (1983). Analytical methods for measuring metals by atomic absorption
spectrometry. FAO Fish Tech. 212:14-21.

De Boeck, G., Meeus, W., De Coen, W., Blust, R. (2004). Tissue-specific Cu bioaccumulation
patterns and differences in three freshwater fishes: rainbow trout (Oncorhynchus mykiss),

common carp (Cyprinus carpio) and gibel carp (Carassius auratus gibelio). Aquat Toxicol.
70:179-188.

Foulkes, C. (1988). On the mechanism of transfer of heavy metals across cell membranes. Toxicol.
52:263-272.

Gay, D., Maher, W. (2003). Natural variation of Copper, Zn, Cadmium and Selenium concentrations
in Bembicium nanum and their potential use as a biomonitor of trace metals, Water Res.
37:2173-2185.

Hakanson, L.(1984). Metals in fish and sediment from the River Kolbacksan water system, Sweden.
Arch. Hydrobiol. 101:373-400.

Hansen, J.A., Lipton, J., Welsh, P.G. (2001). Relative sensitivity of bull trout and raibow trout to
acute copper toxicity. J. Aquat. Toxicol. 58:175-188.

Hansen, J.A., Lipton, J., Welsh, P.G., Morris, J., Cacela, D., Suedkamp, M. J. (2002). Relationship
between exposure duration, tissue residues, growth, and mortality inrainbow trout (Oncorhynchus
mykiss) juveniles sub-chronically exposed to copper. Aquat. Toxicol. 58: 175-188.

Hilmy, A. M., El-Domiaty, N. A., Daabees, A. Y., Abdel Latife, H. A. (1987). Toxicity in Tilapia zilli
and Clarias lazera (Pisces) induced by Zn, seasonally. Comp Biochem and Physiol C. 86:263-
265.

Ishikawa, N. M., Ranzani-Paiva, M. J. T., Lombardi, J. V., Ferreira, C. M. (2007). Hematological
parameters in Nile Tilapia, Oreochromis niloticus exposed to sub-letal concentrations of
mercury. Braz. Arch. Biol. Technol. 50:619-626.

Lam, K.L., Ko, P. W., Wong, J. K-Y., Chan, K. M. (1998). Metal toxicity and metallothionein gene
expression studies in common carp and tilapia. Marine Environ. Res. 46:563-566.

Mair, J. F., Roberts, R. J. (1988). Recent advances in aquaculture. Aquaculture. 23:407-409.

Olaifa, F. E., Olaifa, A. K., Onwude, T. E. (2004). Lethal and sub-lethal efects of copper to the
African Catfish (Clarias gariepinus) Juveniles. African J. Biol Res. 7:65-70.

Oronsaye, J. A. O., Ogbebo, F. E. (1995). The acute toxicity of copper to Clarias gariepinus in soft
water. J. Aquat Sci. 10:19-23.

Patel, M., Rogers, J. T., Pane, E. F., Wood, C. M. (2006). Renal responses to acute Pb waterborne
exposure in the freshwater rainbow trout (Oncorhynchus mykiss). Aquat Toxicol. 80:362-371.

Journal of Sustainability Science and Management 2009 Volume 4 (2): 44-52



PRELIMINARY STUDY ON ACCUMULATION AND DEPURATION 52

Pelgrom, S. M. G. J., Lock, R. A. C., Balm, P. H. M., Wendelaan Bonga, S. E. (1995a). Interactions
between copper and cadmium modify metal organ distribution in mature tilapia, Oreochromis
mossambicus. Environ. Pollution. 90:415-423.

Pelgrom, S. M. G. J., Lock, R. A. C., Balm, P. H. M., Wendelaan Bonga, S. E. (1995b). Integrated
physiological response of tilapia, Oreochromis mossambicus to sublethal copper exposure.
Aquat Toxicol. 32:303 — 320

Richard D. H., Benjamin J. S. (2005). Dietary copper exposure and recovery in Nile tilapia,
Oreochromis niloticus. Aquat Toxicol. 76:111-121.

Suhaimi-Othman, M., Pascoe, D. (2007). Bioconcentration and depuration of Copper, Cadmium and
Zn mixtures by the freshwater Amphipod Hyalella azteca. J. Ecotox. Environ. Safety. 66:29-35.

Suhendrayatna., Akira O., Tsunenori N., Shineru M. (2001). Studies on the accumulation and
transformation of arsenic in freshwater organisms and tilapia mossambica. Chemosphere.
46:325-331.

Trewavas, E.(1983). Tilapiine fishes of the genera Sarotherodon, Oreochromis and Danakilia.
London: British Museum (Natural History).23-26.

Watanabe, W. O., Ellingson, L. J., Wicklund, R. 1. (1987). The effects of salinity on growth. Food
consumption and conversion in Juvenile, Monosex mal Florida red tilapia. In the 2™ Int.
Symp. on tilapia in Aquacult, ed. R. S. V. Dullin., T. Bhukaswas. K., Tonguthai.; J. L. Maclean.
ICLARM. Thailand. 32-52.

Wong, M. H., Chiu, S. T. (1993). Feasibility studies on the use of sewage sludge as supplementary
feed for rearing tilapia. Environ. Tech. 20:375-384.

Yap, C. K., Ismail, A., Chiu, P. K. (2005). Concentrations of Cd, Cu and Zn in the Fish Tilapia
Oreochromis mossambicus Caught from a Kelana Jaya Pond. Asian. J. Wat. Environ. Pollut.
2:65-70

Yilmaz, A. B. (2005). Comparison of heavy metal levels of grey mullet (Mugil cephalusL.) and sea
bream (Sparus auratal.) caught in Skenderun Bay (Turkey). Turk J. Anim Sci. 29: 257-262.

Zhou, Y., Cheung, R. Y. H., Chan, K. M., Wong, M. H. (1998). Metal concentrations in sediments
and tilapia collected from inland waters of Hong Kong. Water Res. 32:3331-3340.

Journal of Sustainability Science and Management 2009 Volume 4 (2): 44-52





