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This paper shows  how  a model  can  be  used  as  an  experimental  tool  to assess  the  processes  in aqua
chemistry  that  should  be  included  in  the  model.  The  STELLA  software  was  used  to  study  the  uptake  of
Cd,  Pb,  Cr,  Cu  and  Hg  from  sewage-fed  aquaculture.  Model  calibration  revealed  that  feeding  rate  of  15%
was  the best,  which  is  also in  accordance  to  the  fish  growth.  The  ratio of  fish  food  was  also  calibrated  to
be  70%  due  to a  food  chain  in the water  and 30%  due  to  a food  chain  in  the  sediment.  This  gave  the  lowest
uncertainty  of  the  model.  The  simple  metal  model  was  working  acceptably  well  for  Pb, Cu and  Cd but  not
working  properly  for chromium  and mercury.  Additional  processes,  including  precipitation  of  chromium
and  bio-magnification  of  methylmercury  were  introduced  to explain  concentration  of  chromium  and
mercury  in  fish.  Comparison  of  measured  and  predicted  metal  concentration  used  for  validation  gave  a
linear regression  with  an  R2 value  of 0.9  indicating  that  a  good  agreement  between  the model  predictions
and  the  experimental  measurements.  The  finding  suggests  that  the  simple  metal  model  is  an accurate
and  useful  for  predicting  uptake  and  chemical  processes  in  ecosystem.
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1. Introduction

Fish is a good indicator of heavy metal contamination in aquatic
systems because they occupy different trophic levels (Burger et al.,
2002). Heavy metal intake by fish in a polluted aquatic environ-
ment vary depending on factors such as ecological requirements,
metabolisms, salinity, and water pollution level. Fish accumulates
metals directly from water and through the food it feeds on. Sewage
treatment plants (STPs) are designed remove to heavy metals from
domestic and municipal wastewater through adsorption to sus-
pended matter and precipitation of hydroxides and carbonates
(Mara, 2000). Waste stabilization ponds (WSPs) are the most com-
mon  type of low-cost natural STPs and comprise of a series of
engineered basins through which the wastewater flows by gravity,
usually over a period of several weeks. In a properly functioning
system, the water in the tertiary (or maturation) ponds and the
final effluent should meet applicable standards for in situ aqua-
culture, and for discharge to the environment or cultivated land
(Von Sperling and Chernicharo, 2005; WHO, 2006). Reuse of treated
wastewater for aquaculture has been advocated recently due to
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scarcity of water resource (Drechsel et al., 2008). In India for exam-
ple, there are about 254 fisheries producing over 8000 tonnes of fish
per year using sewage effluent water also termed as sewage-fed
aquaculture (Nandeesha, 2002). Waste stabilization ponds often
emerge as the least costly wastewater and faecal sludge treatment
option (Mara, 2000). Converting WSPs into multiple-use facili-
ties for waste treatment and commercial fish farming has been
adopted in Ghana to justify their occupancy on scarce urban land
(Tenkorang et al., 2012). In Kumasi, the second largest city in
Ghana, for example, all of the government-owned and government-
operated facilities are stabilization ponds. These include three
community-scale WSPs (in Asafo, Ahensan and Chirapatre sub-
urbs) and a municipal-scale faecal sludge stabilization pond system
(in Dompoase). The maturation ponds of the two community-
scale WSP  at Ahensan and Chirapatre have been converted to
sewage-fed aquaculture. The treated wastewater will inevitably
contain contaminant including organic toxic compounds and heavy
metals. If the treated wastewater is used for aquaculture, then it is
obviously necessary to monitor the concentrations of toxic com-
pounds accumulated in the fish produced by the aquaculture. This
is crucial to avert possible health effect to consumer and because
the fish are sold for human consumption. This paper presents a
simple ecotoxicological model that relates the concentrations of
heavy metals in the treated wastewater with the concentrations in
the fish.
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Fig. 1. (a) Represent the map of Ghana indicating Ashanti region. (b) Shows the map  of Kumasi, the regional capital of Ashanti region and also shows Ahensan and Chirapatre
suburb, where the waste stabilization ponds have been indicated as pink spot. (c) Represents Chirapatre waste stabilization ponds and figure 1d, represent Ahensan waste
stabilization ponds.

2. Materials and methods

2.1. Location

The studied sewage treatment ponds are located in Kumasi
(Fig. 1a, b), a metropolis with a population of about 2 million
inhabitants (Ghana Statistical Service, 2012). The Chirapatre waste
stabilization ponds (Fig. 1c) are situated at latitude 6.65390 N;
longitude 1.58630 W and about 259 m above sea level. The Ahen-
san waste stabilization ponds (Fig. 1d) are situated at latitude
6.66908 N; longitude 1.58757 W and about 266 m above sea level.

The ponds are located in residential areas which are mainly
estate houses which use portable drinking water for their activi-
ties. Most wastewater is generated by households since there are
no major industrial activities around the respective areas. Main pol-
lution sources are soaps and detergents, oil and greases, human
excreta and solid wastes that are washed down the drains. Ahen-
san waste stabilization ponds (Fig. 2a) comprises of an anaerobic
pond and one facultative pond and two maturation pond. Chirap-
atre waste stabilization pond (Fig. 2b) comprises of an anaerobic
pond and two facultative pond and two maturation pond.

2.2. Sampling

Fish (n = 30) samples, water (n = 5) samples, and sediment (n = 5)
samples were collected from Chirapatre waste stabilization pond.

Fish (n = 13) samples, water (n = 4) samples, and sediment (n = 4)
samples were collected from Ahensan waste stabilization pond.
The fish samples were caught from the maturation pond of each
waste stabilization pond using dragnet by personnel from Faculty
of Renewable Natural Resources, KNUST. They were then trans-
ferred to the laboratory within an hour and frozen to −4 ◦C prior
to analysis. Water samples were collected into a disposable cup
into a 1 L plastic bottle and 5 mL  of nitric acid was added to acidify.
The samples were then kept in an iced chest containing iced blocks
and transported to the laboratory where they were kept in a deep
freezer at −4 ◦C prior to analysis.

2.3. Sample preparation

The frozen fish sample was thawed; small portion of mus-
cle tissue was cut, homogenized and dried on tissue paper. A
portion (0.5 g) of homogenized fish or sediment samples was
placed in 50 mL  digestion tube and 1 mL H2O, 2 mL  HCl, 5 mL
of 1:1HNO3:HClO4 were added. Samples were then heated in a
digestion block on a hot plate at 200 ◦C until a clear solution was
obtained. The digests were left to cool, filtered into 50 mL volumet-
ric flask and diluted to 50 mL  mark with distilled water (Akagi and
Nishimura, 1991).

Analysis of water samples was done in accordance to standard
methods (American Public Health Association, 2005). Aliquot of
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