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Abstract 

The aim of this study was to examine the availability, concentration levels and 
bioaccumulation of heavy metals namely; Mercury (Hg), Cadmium (Cd), Lead (Pb), Zinc (Zn) 
and Molybdenum (Mo) in the waste Stabilization Ponds of the University of Dar es Salaam. A 
total of 135 samples were analyzed, out of which 27 were samples of water, 27 of sediments 
and 81 samples of fish tissues. Two types of fishes were used namely; Oreochromis niloticus 
and Clarias gariepinus.  

Heavy metal concentration varied significantly between water, sediment, fish species and 
tissues. Hg, Cd, Zn and Mo concentrations in water and sediment were within WHO safe limits. 
However, Pb in water and Cd, Pb and Zn concentrations in sediments were found to be above 
WHO standards (p<0.05). Concentration levels for Cd, Pb and Zn were above acceptable levels 
in Oreochromis niloticus while Hg was found to be within safe limits in both fish species 
(p<0.05). Molybdenum was found to be below the detection limits in Oreochromis niloticus. 
While Cd was not detected, Pb, Zn and Mo were found highly accumulated in Clarias 
gariepinus (p<0.05). Oreochromis niloticus accumulated metals in the increasing order from 



Journal of Biology and Life Science 
ISSN 2157-6076 

2013, Vol. 4, No. 1 

www.macrothink.org/jbls 206

dorsal muscles < gills < liver while Clarias gariepinus accumulated metals in the decreasing 
order from dorsal muscle < gills < liver.  

Public awareness on the dangers to which fish consumers from the site are exposed is highly 
suggested and purposeful mitigation measures of stopping all fishing activities in these sites is 
needed, also animal feeding around the ponds should be forbidden. 

Keywords: Heavy metal, Pollution, Stabilization pond, Bioaccumulation. 

 

1. Introduction  

The contamination of aquatic environments is a public heath problem over the few last decades, 
pollutants include organic matters, heavy metals, and other inorganic matters (Dirilgen, 2001 
in Vinodhin & Narayanan, 2007). The increasing urbanization, industrialization, mining, 
agricultural and research activities have resulted in increased quantities of domestic and 
industrial effluents into the receiving water bodies causing heavy metal pollution and other 
pollutants. Intermittent storm runoffs from municipal and agricultural farms as well as 
transport activities significantly contribute to heavy metal load in aquatic environments (Zhang 
JinTun, 2000, Sheela et al., 2012).  

Heavy metals are defined as metallic elements that have a relatively high density (more than 
4g/cm3) and are toxic or poisonous in low concentrations (Karen, 2005), and thus, their 
presence in the environment is of major public health concern because of their toxicity to many 
life forms including human beings. Risk to human health associated with consumption of foods 
contaminated with heavy metals is estimated to be 20 to 40 times higher than the ingestion of 
contaminated water (Foran, 1990). This is because some aquatic organisms have the capacity 
to concentrate heavy metals up to 105 times the concentration present in water (Guimaraes et al, 
1985).  

In natural environments, heavy metals occur in a very low concentration, ranging from 
nanograms to micrograms per liter level (Biney et al., 2008). Additional amounts of such 
elements enter the environment from natural activities e.g. volcanic activities, continental 
weathering, forest fire etc. and anthropogenic sources (Karen, 2005). Sediments constitute the 
most important vehicle of heavy metals and other pollutants in aquatic environments.  

Most heavy metals carry positive charges (for example Lead, Zinc and Copper both carry a 2+ 

charge). The negative charges in soil particles tend to attract and bind the positive charges on 
metals cations to form salts or sometimes insoluble complexes, which cannot easily be 
dissolved in water (www.fairfaxcounty.gov/nvswcd/newsletter/heavymetal.htm).  

In acidic situations, the abundance of H+ occupy many of the negatively charged surfaces 
organic matters and clay as a result little room is left to bind metals, hence, more metals remain 
in the soluble phase becoming easily bio-available (Ibid) depending on the speciation or form 
of metal in water, soil or air hence more toxic at low pH (Anderson et al, 2000). Furthermore, 
temperature tends to elevate the solubility and toxicity of dissolved heavy metal salts and also, 
influence the conductivity of charged particles dissolved in water and their mobility (Tarimo, 
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2007). 

Several studies have shown that the adverse effects of heavy metals often occur more 
frequently in aquatic organisms because these elements are ingested by tiny organisms e.g. 
planktons and levels increase with each step of food chain, a process known as 
bioaccumulation (Patrick, 2007). Higher concentration levels of heavy metals such as Lead, 
Cadmium, Mercury, and Zinc have been observed in biological systems such as in aquatic 
animals or fish, and in aquatic plants or algae (Mamboya, 2000, Lyatuu, 2002, Lyimo, 2002) 
when compared to the concentration in their surrounding environments. 

In many parts of the world fish is used most as a source of nutrition, though fishes are very 
notorious in their ability to concentrate heavy metals in their muscles.  

In developing nations like Tanzania, human chronic exposure to heavy metal pollution is very 
common but it is difficult to notice because of inadequate knowledge on the symptoms and 
medical attention. In recognition of the public health effects associated with various heavy 
metals, WHO, (1993, 1998) recommended the acceptable concentration for levels of various 
heavy metals in drinking water, fish and other food items for human consumption to be 0.001, 
0.003, 0.1, 5 and 0.07 for Hg, Cd, Pb, Zn and Mo respectively. 

The University of Dar Es Salaam, Tanzania, has a number of laboratories and a Health Center 
all of which use varieties of chemicals for practical training, research works and investigating 
health problems of patients. Students, staff and other campus dwellers use cosmetics and other 
chemicals for beauty and/or as medicine. Some of these chemicals used at various points within 
the campus contain heavy metals whose residues find their destination into the environment 
directly or through sewage systems.  

Fish species like Oreochromis niloticus and Clarias gariepinus found in the receiving 
environment of the University of Dar es Salaam main campus’s waste stabilization ponds are 
illegally harvested and sold for human consumption within and outside the campus. Grass 
materials are harvested from various points within the campus for feeding dairy cattle and 
goats.  

This study therefore, investigated the availability and concentration of Hg, Cd, Pb, Zn and MO 
pollutants in water, sediment and bioaccumulation of these metals in different fish species from 
the receiving environment of the University of Dar Es Salaam main campus waste stabilization 
ponds.  

2. Methods 

2.1. Study Site 

This study was conducted in the receiving environment of the University of Dar es Salaam, 
main campus waste stabilization ponds. The university of Dar es Salaam is situated on the 
western side of the city of Dar Es Salaam around 6°48' South, 39°17' East (−6.8000, 39.2833), 
on the observation hill, 13 kilometers from the city centre. The main campus occupies 1,625 
acres, within Kinondoni district in Dar Es Salaam region, Tanzania. Samples were collected at 
S 06047.252′ and 039012.442′ E; S 06047.152′ and 039012.352′ E; and S 06047.035′ and 
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039012.388′ E along the river channel away from stabilization ponds. Fish (Oreochromis 
niloticus and Clarias gariepinus) samples were caught within this stretch of the stream. All 
samples were analyzed for heavy metals contamination at Southern & Eastern African Mineral 
center (SEAMIC), Dar Es Salaam. 

2.2. Sampling and Analysis of Samples 

A total of 135 samples were collected: 27 samples of water, 27 samples of sediments, 81 
samples of fish tissues i.e. liver, gills and dorsal muscles among which, 54 samples were for O. 
Niloticus and 27 for C. garipienus. Stratified random sampling technique was used to mark the 
sampling area and hence sampling points. The sample categories at each round were labeled as 
“A1 to A27” for water samples, “B1 to B27 for sediment samples and “C1 to C54 and D1 to 
D27” for Oreochromis niloticus and Clarias garipienus respectively. At points of sediment 
sample collections, water samples were also collected using a liter of sterile clean sterile bottles 
rinsed with nitric acid prior to utilization in order to reduce or remove heavy metal residues. 
The bottle was lowered into water deep enough to allow it to be filled up with water and then 
caped properly and transported to the SEAMIC laboratory for analysis. Sediment samples were 
collected using sediment sampler rinsed with nitric acid prior to usage and kept in a 0.25 liter 
clean self sealing wide mouthed plastic containers and transported to SEAMIC laboratory for 
analysis.  

The fresh fish samples were captured from the site and kept in clean white polyethylene bags 
previously washed with detergent, rinsed with de-ionized water and nitric acid in order to 
reduce or remove heavy metal residues, and then stored in cool containers and transported to 
Zoology laboratory of the University of Dar Es Salaam for surgical removal of gills, liver and 
dorsal muscles before they were analyzed for heavy metals at Southern & Eastern African 
Mineral center (SEAMIC). 

2.2.1. Digestion of Samples for Analysis 

2.2.1.1. Water Samples  

Water samples in the bottles were shaken sufficiently for thorough mixing, and then 50mls 
aliquots were filtered on Watman No. 41 filter papers and quantitatively transferred into 50mls 

volumetric flask before aspiring directly into the Inductively Coupled Plasms for analysis of 
heavy metals according to Varian (1986). 

2.2.1.2. Sediment Samples 

A sample of 0.5g of sun dried sediments were weighed into a graduated test tube, and then 
added with concentrated acids 1.5ml HCL and 0.5ml HNO3 digest on a hot plate reaching a 
temperature of 950C.  The contents were then left to cool at room temperature, and then 
diluted with de-ionized water to 10mls mark. The supernatant solution was then used for heavy 
metal analysis after 8hours according to Varian (1986). 

2.2.1.3. Fish Tissues  

A sample of 0.5g of fish tissues were weighed into culture tubes then added with 1ml conc. 
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HNO3 and digested in water bath set at 80oC. After sufficient cooling, samples were digested to 
20mls and then analyzed by Inductively Coupled Plasma Atomic Emission Spectroscopy 
(ICP-AES), using a Varian Liberty-100 Sequential Spectrometer as described by Varian, 
(1986). 

Metals like; manganese (Mn), chromium (Cr), zinc (Zn), copper (Cu), lead (Pb), nickel (Ni), 
cobalt (Co) and cadmium (Cd) were quantified directly. A multi-element instrument calibration 
standard was prepared at a concentration of 10 mg/l (matrix matched to the samples). The 
calibration was validated using a quality control standard, prepared from stock solutions of 
each reagent, at 8 mg/l. Samples exceeding the calibration range were diluted appropriately, in 
duplicate, and re-analyzed. Mercury (Hg) was determined using Cold Vapor Generation 
ICP-AES. Hg (2+) was reduced to Hg (0) i.e. a vapor, following reduction of the samples with 
sodium borohydride (0.6% w/v), sodium hydroxide (0.5% w/v) and hydrochloric acid (10 
molar). The vapor was carried in a stream of argon into the spectrometer. Two calibration 
standards were prepared, at 10µg/l and 100µg/l (matrix matched to the samples). Samples 
exceeding this range were again diluted and re-analyzed. The quality control standards were 
again prepared from different reagent stock at 80% of the calibration range (i.e.80 µg/l).   

3. Results 

3.1 Status of Hg, Cd, Pb, Zn and Mo in Water  

The concentration of Hg, Cd, Zn and Mo in water were significantly lower than WHO 

recommended standards, 2c for Hg, 2
0.05c  (8) =7.344; 2c = 

0.051923 for Cd, 2
0.05c  (8) =7.344; 2c = 2.7244E -05 for Zn, and 2

0.05c  (8) =7.344; 2c = 

0.01857 for Mo. But the concentration of lead was somehow higher than that recommended by 

WHO standards, 2
0.05c  (8) =7.344; 2c = 5.273E2. 

3.2 Status of Hg, Cd, Pb, Zn and Mo in Sediments 

The concentration of Hg and Mo in sediments were significantly lower than WHO 

recommended standards 2
0.05c  (8) =7.344; 2c = 0.001709 and 2c  

0.05 (8) =7.344; 

2c =0.019489.  However, the results indicate that the concentration of Cd, Pb and Zn were 

appreciably higher than WHO acceptable levels i.e. 2
0.05c  (8) =7.344; 

2c = 2.33E03,   2
0.05c  

(8) =7.344; 2c  =2.33E3, and x2
0.05 (8) = 16.919; 2c =45.1338 respectively (Figures1a & 1b).  
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Figure 1. Different Heavy metal concentrations (ppm) in receiving environment of the UDSM 
- WSP (a) heavy metal concentration in water (b) heavy metal concentration in sediments (c) 
Concentration of mercury in tissues of different fish species (d) Concentration of Cadmium in 

tissues of different fish species 

3.3 Trend in Metal Concentration with Increasing Distance from the Ponds 

It was observed that, the concentration levels of the analyzed elements in both water and 
sediments were decreasing with the increasing distances from the ponds (Figure 2a & 2b). 

 
 
 

Figure 2. Different Heavy metal concentration trend with the increasing distance from the 
UDSM-WSP (a) Hg, Cd and Mo (b) Pb and Zn. 

3.4 Concentration Levels of Heavy Metals in Fish Species 

Mercury exhibit appreciably low concentration in both O. niloticus and C. gariepinus ( 2
0.05c (30) 

a b 

a b 

c d 
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=28.336; 2c = 2.2-09 and 2
0.05c (26) =25.336; 2c =9.6-05 respectively when compared with 

WHO standards (Figure 1c).  

The concentrations of Cd, Pb and Zn in Oreochromis niloticus was above international 

recommended standards ( 2
0.05c (30) =29.336; 2c  =7781.32, 2

0.05c (30) = 29.336; 2c  

=247.901 and 2
0.05c (30) = 29.336; 2c = 1981.501 respectively. There was no detection of Mo 

in O. niloticus, however, in C. gariepinus,   the concentration level of Mo was found to be 

higher than recommended standards ( 2
0.05c  (26) =25.336; 2c  =374.5752. 

Cadmium concentration levels in C. gariepinus was below detection limits (Figure 2.a) while 

that of Pb, Zn and Mo were significantly greater than WHO recommended levels 2
0.05c (26) 

=25.336; 2c =55.086 and 2
0.05c (26) =25.336; 2c  =662.5697 respectively (Figures 3a to 3c).  

 

a b.  

c  

Figure 3. 

a. Lead (Pb) concentration in fish found from the receiving environment of the UDSM – WSP 

b. Zinc (Zn) concentration in fish found in the receiving environment of the UDSM – WSP 

c. Molibden (Mo) concentration in fish from the receiving environment of the UDSM – WSP 

Cd, Zn and Mo were significantly bio-accumulated in O. niloticus (80.62%), Zn in both O. 
niloticus and C gariepinus (30.29% and 23.49% respectively). While the accumulation of Mo 
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in C. gariepinus was 94.49%, there was no detection of Mo in O. niloticus (Fig 3a to 3c). 
Mercury and Pb reflected lower values in both fish species compared to those in their 
surrounding environment. 

The overall comparison of metal content between the two species indicates that O. niloticus has 
accumulated more Hg, Cd and Zn while C. gariepinus accumulated more Pb and Mo. However, 
the analysis of variance in metal concentration between the two species suggests insignificant 
difference t0.05 (4) = 0.73, t= 2.132, p= 0.503.  

3.5 Metal Concentration and Body Size/Weights 

3.5.1 Oreochromis Niloticus 

The body length of O. Niloticus and the concentration of heavy metals indicated a moderately 
positive correlation (-1<0.497>0.174) for Hg and negative modest correlations for Cd 
(-1<-0.256<0.506), for Pb (-1<-0.352<0.353) and for Zn (-1<-0.0329<0.388). No correlation 
was observed between species size (weight/length) with Mo (-1<0<1).The correlation between 
metal concentration and body weight in O. niloticus was found to be positive moderately 
associated for Hg (-1<0.499>0.171) and modest negative association for Cd (-1<-0.290<0.449), 
Pb (-1<-0.359<0.343) and Zn (-1<-0.357<0.346).  

3.5.2 Clarias Gariepinus 

In C. gariepinus the correlation between fish length and heavy metal concentration was weak 
positive (-1<0.078<0.842) for Hg, moderate negative for Cd, Pb and Mo (-1<-0.467<0.205), 
(-1<-0.451<0.223) and (-1<0.400>0.286) respectively. Modest positive correlation 
(-1<-0.256<0.506) was observed for Zn. However, metal content and species body weight 
suggested weak positive correlation for Hg (-1<0.131<0.738) and a negative moderate 
correlation for Cd (-1<-0.483<0.187) and Pb (-1<-0.458<0.215). A positive modest correlation 
(-1<0.369>0.328) was observed for Mo while Zn showed a negative modest correlation 
(-1<-0.294<0.443). 

3.6 Distribution Pattern of Hg, Cd, Pb, Zn and Mo in Fish Tissues 

Different concentration values of heavy metals (Hg, Cd, Pb, Zn and Mo) were recorded for in 
dorsal muscles, liver and gills of the analyzed fish (Figures 4 & 5). 

3.6.1 Metal Concentration in Tissues of Oreochromis Niloticus and Clarias Gariepinus 

The concentration of Zn in liver and gills samples from O. niloticus (Figure 5) was 
significantly greater compared to dorsal muscles from the same species (F2 (26) = 3.37; 
F=4.838. While the concentration of Cd and Pb were appreciably lower than the recommended 
levels, F2 (26) =3.37; F= 1.695 and F2, (26) =3.37; F= 1.216 respectively; the concentration of 
Hg and Mo were below detection levels (Figure 4). 
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Figure 4. Hg, Cd, Pb and Mo distribution in the tissues of fish found in the receiving 
environment of UDSM – WSP 
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Figure 5. Zinc distribution in tissues of fish found in the receiving environment of the UDSM – 
WSP 

4. Discussion 

4.1 Status of Heavy Metals Concentration in Water  

The receiving environment of the University of Dar Es Salaam waste stabilization ponds has 
different concentration levels of Hg, Cd, Pb, Zn and Mo.  Based on the results of this study, Hg, 
Cd, Zn and Mo concentration were found to be within safe limits as per WHO (1993) standards. 
This might have been due to the effect of sampling time. However, Pb concentration above 
WHO (1993) recommended standards suggests anthropogenic enrichment. This might have 
been caused by Pb use for various purposes within and outside the University e.g. in 
laboratories, health center and other residential houses and wastes find their way to WSP. 
Physical – chemical factors and biological processes occurring permanently in aquatic 
environments may also influence the availability of different metal elements in water. Because 
the receiving waters from WSP is used for different purposes like fishing, for livestock, 
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irrigating vegetables, and also such water goes to join some rivers or straight to the ocean, there 
is a greater public health risks. 

4.2 The status of Heavy Metal Concentration in Sediments 

A significant deposition of Cd, Pb and Zn observed in sediments suggests that there is an 
additional enrichment of the element into the area. Hg and Mo concentrations values were 
within the recommended standards suggesting that there is less discharges of the elements in 
the environment. These concentration values of Hg and Mo in sediment and water are in 
agreement with the findings by Patricia (2008) who finally concluded that Mo in sediment and 
water is usually found to be lowest in a more oxidizing condition. The fact that Zn and Mo are 
essential elements taking part in various metabolic processes and enzymatic reactions they may 
be naturally be occurring in abundance in the environment in line with the findings of Carlos et 
al, (2007). 

4.3 Concentration Levels in Fish 

Fish normally tend to concentrate pollutants especially heavy metals from water and/ or from 
what they consume (Mansour & Sidky, 2002). The accumulation of heavy metals in fish in this 
study (Figures 4 & 5) can therefore, be considered to be an index of such metals pollution in the 
studied site. The results in this study concur with that of Karadede –Akin & Unlo, (2007) and 
Farombi et al. (2007) who noted the presence of higher concentrations of Cd, Pb and Zn in O. 
niloticus thus suggested that those aquatic systems were exposed to higher concentration levels 
of those elements through water, food and sediments hence not suitable for human 
consumption.  

4.3.1 Distribution Pattern of Hg, Cd, Pb, Zn and Mo in Tissues of Fish 

Heavy metals accumulation in fish tissues appeared to be site specific corresponding with 
metallic toxicity. The higher concentration of Zn in the liver and gills reflects the functional 
roles performed by those tissues/organs. The gills of fish have the thinnest epithelium and are 
always in direct contact with all the contaminants found in water, as they act like filters, such 
that, through which metal ions can easily penetrate (Bols et al, 2001).  

In C. gariepinus, there was no significant difference in concentration of Cd, Pb and Zn in liver, 
gills and dorsal muscles F2 (26) =3.37, 4.22; F = 1.55. However, the lower concentration of the 
element in dorsal muscles indicates low affinity between the element and dorsal muscles 
possibly because muscles have low protein binding potential (Karadele & Unlo, 2000). The 
higher concentration of Pb in liver may be attributed to the affinity or strong coordination of 
metallothionein protein with these elements. The differences in metal contents in various 
tissues of the two species can be explained by considering aspects like concentration level of 
heavy metals in the environment, ecological needs, metabolism, feeding patterns of the species, 
exposure time and seasonal variations (Chettodbhay, 2002). 

Cd concentration values in O. niloticus tissues reflected a decreasing trend from liver, gills and 
finally in dorsal muscles while in C. gariepinus the trend was found to be in the opposite 
direction. The distribution pattern of Cd observed in liver, gills and dorsal muscles of fish can 
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be associated with the fact that the liver, just like in all animals and fish, functions as the organ 
for detoxication and storage of many types of toxins. These findings are in line with El-Nemr, 
(2003); Khaled, (2004); Mwashot (2003) who also in their studies found that, Cd concentration 
values in O. niloticus was highly accumulated in kidney and liver. Higher concentration of Cd 
in dorsal muscles of C. gariepinus may be associated with the life style of the species spending 
more time at the bottom and or muds. This may easily facilitate easy penetration of toxic metals 
through skin and gills.  Likewise, depending on the nature of the element, the absorbed 
toxicants can be distributed quickly to other tissues and organs instead of accumulating only in 
the liver. For example, in this study, the dorsal muscles and gills of C. gariepinus were found to 
have no significant differences in concentrations of Cd, Pb and Zn in different tissues of fish 
such as liver, gills and dorsal muscles F2 (26) =3.37, 4.22; F = 1.55. However, the concentration 
of Hg in dorsal muscles was significantly higher than in liver and gills F2 (26) =2.31; F = 2.77 
while Mo was found to be higher in gills and dorsal muscles F2 (26) =3.37; F = 5.428 (Figures. 
3c & 4). The differences in metal concentration which was observed between species and 
distribution in different tissues and the amount depend largely on the concentration in the 
surrounding environment, feeding habit and adaptability of the species to the chemicals and 
mechanisms developed by the species to excrete the toxicants.  

Heavy metal accumulation was found to be high in fish than in their surrounding environment 
(water and sediments) signifying bioaccumulation effect in upper trophic levels along food 
chain. These findings are in line with that of Rauf et al, (2009) which again revealed higher 
heavy metal accumulation in fish than in surrounding environment. 

5. Limitations 

Although this study revealed very interesting results, it yet had some limitations. For instance; 
the University of Dar Es Salaam, has some new laboratories (molecular labs) emitting a 
compound “Ethidium bromide” which is highly toxic and carcinogenic. Due to lack of 
reagents and financial constraints, the compound was not analyzed, and therefore, no one 
knows its concentration and the magnitude of the problem it may cause in the receiving 
environment or in the entire aquatic environment where such waste water flows. 

6. Conclusion  

The concentrations of Hg in fish have been found to be within acceptable limits for both O. 
niloticus and C. gariepinus. The concentration of Cd, Pb, Zn and Mo have been found to be 
above WHO recommended standards signifying that both O. niloticus and C. gariepinus from 
these waters are highly contaminated; hence not suitable for human consumption.  

The WSP of the University of Dar es Salaam represents many other areas countrywide with 
similar status from where people utilize water and biological resources. The problems 
associated with heavy metal intoxication are many but unfamiliar to many people especially in 
less developed countries because the knowledge of heavy metal pollution to human health is a 
relatively new agenda as well as the fact that the health problems are acquired slowly, 
unnoticed and diagnosis is difficult because their symptoms are always confused with those 
caused by biological agents.  
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It is important that the University improves the performance of waste stabilization ponds so as 
to reduce heavy metal loads entering the receiving environment. Public awareness campaign 
geared towards educating people on the health effects that can be acquired through the use of 
such water for irrigating crops and eating fish and other products from contaminated 
environments. 
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