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Abstract
An assessment was conducted on the concentratforiaa copper, manganese, iron, lead and cadmiuri0i different fish
species caught from some coastal and inland wateéshana, as part of a project on monitoring ofyga@n in water bodies in
Ghana. Shellfish specie€deria paradoxa galanatand Atya gabonensjscaught from inland waters had higher elemental
concentrations than those caught from coastal wadean concentrations of Fe and Mn were highét.iparadoxa galanata,
A. gabonensisnd Trachiurus trachiuruswhile Panulirus regiusand Sardinella ebahad higher mean concentrations of Cu.
trachiurus Dentex congoensiandT. ovatushad higher mean concentrations of Pb, whilérachiurusandS. ebahad higher
mean concentrations of Zn. Mean Cd concentrationghé fish species were relatively low, with meamaentrations of
Cynoglossus cadenaf. congoensiandT. ovatusbelow detection limits. The mean concentration€mf Cu, Pb and Cd for
shell fishes were comparable to those obtained fsimewious studies in Ghana. However, they were ftdhen those reported in
other areas of the sub-region. The mean concamigatf Zn, Cu, Pb and Cd in fin fishes were highen those obtained from
previous studies in Ghana. However, these value® wemparable to those obtained from other areathednsub-region.
Compared to WHO limits, the levels of Zn, Pb, Cu ad in the fish species were lower, and, therefeaée for human
consumption. The study also showed that all the $isecies excef®. eba Solar crumophthalmuandP. regiusare safe for
human consumption with respect to Zn, Cu and Fe.

Introduction
Some trace metals such as zinc and copper are tampan small quantities for biological processes i
plants and animals, and occur naturally in soilfewand the atmosphere. However, when they are
discharged in large quantities from sewage, inthlstr agricultural run-off, they ultimately finchéir
way into water bodies including the ocean and dnstan increasing hazard to humans through tbé fo
chain. Alongside increasing urbanization and indaigtation in the West and Central African Region,
there is increasing awareness of the need to domtrste discharges into the environment. In order t
properly formulate pollution control policies, & undoubtedly necessary to ascertain the actual aital
trend of pollution.

In connection with the Action Plan for the Protentand Development of the Marine Environment and
the Coastal Areas of the West and Central Regiodgiat FAO/IOC/WHO/IAEA/UNEP project on
Monitoring of Pollution in the Marine Environment the West and Central African Region (WACAF/2)
was established, with the view to generating dafardvide the basis for assessing the state ahtrine
environment and for developing legislation agamatine pollution. Within this framework, studiesree
initiated to assess the levels of trace metalsdrima and freshwater organisms (Biney, 1985; Kwakye
Khwaja, 1986; Bineyt al, 1987; Biney & Ameyibor, 1989; Biney & Beeko, 199 However, these
studies did not cover all commercially availabkhfspecies in the Ghanaian market and also tratssme
which, when discharged in large quantities intoim@environments, could constitute health hazard to
man.

It is against this background that the paper séelesses the current trend of trace metal pollution
some selected fin and shell fishes that are comniatigravailable in the Ghanaian market by determgni
the levels of zinc, copper, manganese, iron, leadl @dmium in these fish species from the coastal
waters of Accra, Tema and the Volta river at Sogakd he objective is to assess the state and tnd
contamination in comparison to previous studie§hmana and other countries in Africa where data is
available.

Materials and methods
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Study areas

The Greater Accra Region of Ghana lies withtn38- 5° 42 N and O 00-0° 20 W, which include
sampling sites in James Town, Salaha and Temangidtarbour. The Accra-Tema metropolis covers
less than 1% of the total area of the country lmtsks almost 60% of all industries in Ghana (Biney,
1987). The Region lies within the coastal savadamg of Ghana, where the topography varies fran fl
to gently rolling with elevation of about 75 m aleosea level. Temperatures within the Accra-Tema
metropolis are generally high, between 22 and@2with little variation throughout the year and a
relative humidity of 65-95%. The mean annual rdinfa846 mm and the dominant soils are ochrosols,
sodium soils and groundwater laterites, which ardedain by Accraian formations, largely consisting
sandstones and clay shales (Ahn, 1970).

About a dozen lagoons occur along the coast of t&reéeccra (Fig. 1) and most of these are open to
the sea, at least during the rainy season, or @maected to the sea by man-made structures (Biney,
1986). The most prominent include, the Korle anku& | lagoons fed by the Odaw and Densu rivers,
respectively.

The Volta Region of Ghana lies withind" N — 8 45 N and ? 14 E — @ 22 W which include the
sampling site in Sogakope, the capital of the Bduwngu District, and lies about 30 km upstrearnthef
mouth of the Volta river. The region covers an a£20,570 krirepresenting 8.6% of Ghana.

Sample collection

Three shell fish species were purchased, tge(ia paradoxa galanatandAtya gabonensjsfrom
Sogakope while the third specieBatapenaeopsis atlantitfawvas purchased from the Tema Fishing
Harbour (Fig. 1). Seven fin fish species were glsichased from James Town, Salaha and Tema Fishing
Harbour (Fig. 1). The samples were collected betwéevember 2003 and October 2004. Samples were
placed in polyethylene bags and transported inlgspyoene ice-chest to the laboratory, where theyew
washed with distilled water and stored in polyegind bags at -g. The total lengths (cm) and
weights (g) of the fish species were measured Hrateafter, samples were prepared for trace metal
analysis (UNEP, 1984a).
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Fig. 1. Map of the Accra- Tema Coastline and th&&d/River showing sampling sites.

Sample decomposition and analysis
A sub sample of 1 g of fish muscle tissue was heilinto a 60-ml Teflon vessel and digested under
pressure with 2 ml concen-trated nitric acid (HNQY slow heating to 11€C for 1 h followed by rapid

heating to 150C for 7 h. The samples were then allowed to cosbton temperature. Digested samples
were transferred to graduated polypropylene tulbesnaade up to 25 ml with double distilled water for
analysis [Canadian National Laboratory for Enviremtal Testing (CNLET), 1994]. Fe, Mn, Cu, Pb, Zn
and Cd were determined by flame atomization (UNEF84b) using a Unican 969 Atomic Absorption
Spectro-photometer. To ascertain the accuracyeofdhults, blanks were included in every batchimé n
samples analyzed. Analytical quality control measuadopted by the International Atomic Energy
Agency (IAEA-350) — the intercomparison run whictes tuna fish homogenate as a certified reference
material — was used. The detection limits for tHedknt elements were Zn (0.05), Cu (0.05), MrDg),

Fe (0.02), Pb (0.005) and Cd (0.05) pg/g fresh tgigw).

Results and discussion
Table 1 presents the types and numbers of fin helll fishes analysed, Table 2 presents the tohajthes
and weights and the corresponding ranges of tHerelift fish species, and Table 3 presentsntkan
trace metal concentrations (ug/g fresh weightjrofhd shell fishes.

TaBLE 1
Types and numbers of fin and shell fishes analysed
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Scientific name Common/Efmgtiame Number analysed

Shell fishes
Parapenaeopsis atlantica Guinea shrimp 34
Atya gabonensis Prawn 45
Egeria paradoxa galanata Bivalve (Clamps) 44
Fin fishes
Cynoglossus cadenati Ghanaian tonguesole 28
Dentex congoensis Congo dentex 39
Trachinotus ovatus Pompano 26
Trachiurus trachiurus Atlantic horse mackerel 33
Sardinella eba Flat sardine 49
Solar crumophthalmus Big-eye scad 35
Panulirus regius Royal spiny lobster 40
TABLE 2
Total lengths (cm) and weights (g) of fish species
Species Range (min. max.) Mean length Range fnaix.) Mean weight
(xSD) (xSD)
Shell fishes
Parapenaeopsis atlantica 8.50 - 17.82 12.04 £ 0.87 ND ND
Egeria paradoxa galanata 2.60 - 7.32 5.70+0.11 21-28 25.16+1.20
Atya gabonensis 9.60 - 14.30 11.00.69 15.23-19.32 16.00.43
Fin fishes
Cynoglossus cadenati 10.20 - 27.50 1890+2.14 24.4-50 31.18+4.71
Dentex congoensis 17.20-30.01 23.38 #41.2 100 - 200 140.00 + 6.83
Trachinotus ovatus 13.00 - 25.03 17.83+£0.85 26 - 37 31.50£4.20
Trachiurus trachiurus 25.40 - 48.12 35.28 +1.28 150 - 200 171.25+£7.75
Sardinella eba 20.70 - 36.51 29+11.96 70-180 1314#£3.23
Solar crumophthalmus 15.50-31.21 23.06 £2.12 70 - 105 93.0+11.96
Panulirus regius 13.20 - 26.20 17498.32 120 - 160 145.00 + 7.3
ND — Not determined, SD = Standard deviation
TABLE 3

Mean trace metal concentrations (ng/g wet weighfjroand shell fishes

Species Fe Mn Cu bP Zn Cd

Shell fishes

Parapenaeopsis atlantica9.68 + 1.72 7.27+1.27 0.87+£0.01 0.08+0.001 6.55+0.28 0.34+0.01
Egeria paradoxa galanat®5.04 + 2.54 16.74+1.29 7.73+0.470.42+0.01 16.09+0.17 0.33+0.16
Atya gabonensis 23.28+1.21  22.16 £0.083.30 £ 0.02 0.44 +0.02 13.68+0.98 0.17+0.01
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Fin fishes
Cynoglossus cadenati
Dentex congoensis
Trachinotus ovatus
Trachiurus trachiurus
Sardinella eba

Solar crumophthalmus

Panulirus regius

10.25+ 1.47
18.57+2.88
0.75+0.15
23.18+0.91
15.06 £ 0.01
7.62+0.46
9.24+0.11

0.49+0.22 0.10810. 0.76+0.16 6.63+0.15 ND
0.61+0.01 142215 0.90+0.11 6.20+0.31 ND
0.03+0.001 5430.01 0.90+£0.03 1.05%0.50 ez

19.37+281 7.68+1611.09+058 19.19+0.17 ND

1.70 +£0.53.23 +0.23 0.74+0.01 18.08+1.20 ND
1.51+0.80 11.91 #0.5 ND 16.73+1.06 0.14+0.09
1.06+0.23 1B+ 0.59 0.13+0.15 14.58 £1.05 Q801

ND - Not determined, SD = Standard deviation
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Trace metal in fin and shell fish

The patterns of mean trace metal occurrence (Tabia order of decreasing concentrations in the
muscle of shell and fin fish species were as fadlow

Iron. Shell fish:Egeria paradoxa galanata Atya gabonensis Parape-naeopsis atlantica
Fin fish: Trachiurus trachiurus> Dentex congoensis > Sardinella eba > Cynog-lossadenati >
Panulirus regius > Solar crumophthalmus > Trachin® ovatus.
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ManganeseShellfish: Atya gabonensis Egeria paradoxa galanata Parapena-eopsis atlantica
Fin fish: Trachiurus trachiurus > Sardinella eba > Solar crophthalmus > Panulirus regius > Dentex
congoensis > Cynoglossus cadenati > Trachinotuatus:

Copper.Shellfish:Egeria paradoxa galanata Atya gabonensis Parape-naeopsis atlantica
Fin fish: Panulirus regius > Sardinella eba > Solar crumopditihus> Trachiurus trachiurus > Dentex
congoensis > Trac-hinotus ovatus >Cynoglossus cafilen

Lead.Shell fish Atya gabonensis Egeria paradoxa galanata Parape-naeopsis atlantica
Fin fish: Trachiurus trachiurus > Dentex congoensis = Traakims ovatus > Cynoglossus cadenati >
Sardinella eba > Panulirus regius.

Zinc. Shell fish:Egeria paradoxa galanata Atya gabonensis Parape-naeopsis atlantica
Fin fish: Trachiurus trachiurus > Sardinella eba > Solar enophthalmus > Panulirus regius >
Cynoglossus cadenati > Dentex congoensis > Traathis ovatus.

CadmiumShell fish:Parapenaeopsis atlantica > Egeria paradoxa galanadya gabonensis
Fin fish: Solar crumophthalmus > Panulirus regius

As shown in Fig. 2 (a-j), the percentage mean e Mh and Cu contamination in all the fish species
were high relative to Pb and Cd, wilentex congoensi€68%), Solar crumophthalmu$20%); Solar
crumophthalmug45%), Egeria paradoxa galanaté21%); Atya gabonensi§35%), Trachinotus ovatus
(1%); Panulirus regius(36%), Cynoglossus cadenatl%); Trachinotus ovatu$29%), Parape-naeopsis
atlantica (0%) recording the highest and lowest percentagami-e, Zn, Mn, Cu and Pb, respectively.
Percentage mean Cd contamination in all the figttisg were zero, exceparapenaeopsis atlantica
(1%).

Mean trace metal concentrations (Table 3) wereegdly, higher inEgeria paradoxa galanatavith
respect to shell fishes. This could be due padlgifferences in body fat as a result of the retati
retention ability of the outer sheathEderia paradoxa galanatdt could also be due to the likelihood of
Egeria paradoxa galanathaving both dietary and contact exposure with atlen sediments, since
sediments have been described as ready sinks ewoés for pollutants including trace metals, wher
they concentrate according to the level of pollut{Beckeret al, 2001; Onyarket al, 2003). In the case
of fin fishes, metal concentrations Trachiurus trachiurusand Sardinella ebawere, generally, higher
relative toCynoglossus cadenati, Dentex con-goensis, Traalsnovatus Solar crumophthalmuand
Panulirus regius This may be due in part to the relatively larges of Trachiurusand Sardinella eba
species resulting in their abilities to store moreifietheir muscle tissues (Biney, 1991).

Generally, shell fishes had relatively higher metaicentrations than fin fishes, which could bdlpar
attributed to differences in body fat content. Therent result supports what has been reporteeveral
studies in the sub-region (Kakulu & Osibanjo, 19B@ékulu et al, 1987b; Institute of Aquatic Biology,
1990). Studies have shown that the levels of métalke environment have increased tremendously in
the past decades as a result of human inputs aivities (Merian, 1991). Two of the three shellhiés
analysed in this study were caught from inland vgawehich stretches over long distances, along which
several farming communities can be found. High inetatent in these shell fishes, therefore, cowd b
due to human inputs and activities.

Manganese, lead and cadmium

Manganese occurs in surface waters that are lawyigen and often does so with iron. When oxidised
in aerobic waters, the oxide builds up in distribaitto cause severe discolouration at concentrtion
above 0.05 mg/l (WHO, 2004). Mean Mn concen-tratioanged from 0.03 + 0.001 pg/g FW in
Trachinotus ovatuso 22.16 + 0.08 pug/g FW itya gabonensiélable 3). Comparative analysis for shell
fishes showed that, mean Mn concentration was highétya gabonensishan in Egeria paradoxa
galanata (16.74 1.29 ug/g FW) oParapenaeopsis atlantica (7.271.27 ug/g FW). This may be partly
due to differences in physiological requirementsni@r analysis showed thafrachiurus trachiurus
(19.37 + 2.81 ug/g FW) had the highest mean Mn eotmation relative to all the other fin fishes (Tab
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3). This may be due to the relatively large fatteah of Trachiurus trachiurus resulting in higher
accumulation of Mn.

Generally, there were significant variations irceranetal levels between fin and shell fishes. Ty
be due to the differences in physiology and feediiabits. The United States Environmental Protection
Agency has classified Pb as being potentially rdmas and toxic to most forms of life (USEPA, 1986a)
This metal has been found to be responsible faegunumber of ailments such as chronic neurolbgica
disorders especially in foetuses and children. M@laconcentrations ranged from 0.08 + 0.001 pug/g FW
in Parapenaeopsis atlantice 1.09 + 0.58 pg/g FW iftrachiurus trachiurugTable 3). In the case of
shell fishes, the mean Pb concentration was sagmifly higher inAtya gabonensi¢0.44 + 0.02 ug/g
FW) than inParapenaeopsis atlantic€0.08+0.001 pg/g FW) but almost comparable to #heell in
Egeria paradoxa galanatd0.42 + 0.01 pg/g FW). Comparative analysis far fishes showed that
Trachiurus trachiurug(7.68 + 1.61 pg/g FW) had relatively higher mednd@ncentration than all the
other fin fishes.

Generally, the mean Pb concentrations in fin fishege relatively higher than those in shell fishes
(Table 3). This could be due to the source of laad its mode of availability to the organisms; hil
most trace metals originate from land-based pdatielsources, Pb is mainly of atmospheric origiraas
result of emissions from automobile exhaust fun®sh sources of Pb could be more available to fin
fishes (caught from coastal waters, at the bankioth, there are vast trunks of roads stretchingise
km, i.e. Accra and Tema-beach roads, on which theeeheavy vehicular traffics) than to shell fishes
(caught from inland freshwaters, where there aseiade of roads), to which only sedimentary sources
are available. The relatively higher Pb contenfimffishes could also be due to the presence oflsma
bones embedded within the muscle tissue of fireBskhese bones may serve as repositories for & (N
et al, 2004).

Mean Pb concentration for fin fishes (Table 4)his tstudy (0.66 g/g FW) was relatively higher than
those reported from previous studies in Ghana 80109.36 pug/g FW), Senegal in 1998 (0.5 pg/g FW) or
Egypt in 1987 (0.07 pg/g FW); but lower than thoé&ligeria in 1991a (2.28 pg/g FW) or Cameroon in
1988 (1.83 pg/g FW). In the case of shell fishikesé reported from previous studies in Ghana ir0 199
(0.82 pg/g FW) or Nigeria in 1991a (5.10 ug/g FWarevrelatively higher than that reported in the
current study (0.43 pg/g FW). However, Senegabi®gl(< 0.5 nug/g FW) or South Africa in 1982b (0.08
pna/g FW) reported levels lower than this study. @arative analyses of Pb levels in fin and shelidis
reported in this study and those reported in Glrmrd®91 showed that Pb levels of fin fishes in #giisdy
were relatively higher while the levels in shebHes were on the contrary. This could be due to the
sources of Pb to the aquatic environment. Of tked 873 specimens of fin and shell fishes collecteer
the entire 1-year period, 149 (40%) had Pb conaBafrs above the WHO guideline of 2.0 ug/g FW
(Kakuluet al.,1987b).

Cadmium (Cd) is one of the most toxic elements wilported carcinogenic effects in humans
(Goeringet al, 1994). High concentrations of Cd have been fdonéad to chronic kidney dysfunction.
Cd may bio-accumulate at all levels of aquatic terdestrial food chains. Intestinal absorption af i€
low and bio-magnification through the food chainynmat be significant (Sprague, 1986). The mean Cd
concen-trations for the fish species ranged fromG02 pg/g FW inlrrachinotus ovatuso 0.34 + 0.01
pa/g FW in Parapenaeopsis atlanticéTable 3). For shell fishes, the mean Cd concgatrawas
significantly higher inParapenaeopsis atlantio®.34 + 0.01 pg/g FWas compared to the concentration
in Atya gabonensif0.17 + 0.01 pg/g FW). In the case of fin fish&slar crumophthalmug.14 + 0.09
pna/g FW)had relatively higher mean Cd concentration tRanulirus regiug0.08 + 0.01 pg/g FWor
Trachinotus ovatug< 0.002 pg/g FW), with the Cd levels in the otfiarfishes below detection limits.
Comparative analysis showed that mean Cd concemtsain shell fishes were relatively higher than
those in fin fishes (Table 3). This could be du¢h® bottom-dwelling and bottom-feeding habits e t
shell fishes which are likely to ingest and contamtsiderable Cd-laden sediment. However, nonbeof t
fish species analysed had Cd content higher thaWMthHIO guideline value of 2 pg/g (Kakut al.,
1987b). Marine biota from Ghana is, therefore, $afdnuman consumption with respect to Cd.
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Mean Cd concentration for fin fishes (Table 4)histstudy (0.19 pg/g FW) was relatively higher than
those reported from previous studies in Egypt i87.€0.004 ug/g FW), Cameroon in 1988, Ghana in
1990, Nigeria in 1991a, or Senegal in1998, — allloich reported < 0.10 pg/g FW — but lower tharstho
of Cote d’lvoire in 1988 (0.25 pg/g FW), or Cameroa 1988 (0.26 pg/g FW). In the case of shell
fishes, those reported from previous studies ire§ehin 1988 (< 0.10 pg/g FW), Cote d’lvoire in 898
(< 0.25 pg/g FW), Cameroon in 1988 (0.21 pg/g F@hana in 1990 (< 0.10 pg/g FW), or Nigeria in
1991a (0.18 pg/g FW) were relatively lower thart tiegoorted in this study (0.25 pg/g FW). However,
South Africa in 1982b (1.62 pg/g FW) reported aelenelatively higher than the level detected in the
current study.

Cd contamination in inland and coastal environmentdd be attributed to discharge of contaminants
containing Cd. Activities which may introduce Cddrthese environments include electroplating and
plastic manufacture. Cd is a constituent of songenpnts and significant quantities are releasechduri
the smelting of raw sulphide ores. Atmospheric défm from non-ferrous metal mines and refineries,
coal combustion and refuse incineration are othalogble sources of Cd. The levels of Cd contaronati
in fin and shell fishes in this study have bothrbebserved to be relatively higher than those tepan
1990, suggesting increased industrial and domastigities. Of the total 373 specimens of fin ahels
fishes collected over the entire 1-year period, (B38%6) showed no detection for Cd.

Zinc, copper and iron

Studies have shown that, Zn could be toxic to saquetic organisms such as fish (Alabaster & Lloyd,
1980). Although Zn has been found to have low fibxito man, prolonged consumption of large doses
can result in some health complications such dguiat dizziness and neutropenia (Hess & Schmidt,
2002).

Mean Zn concentrations in the current study rarfgea 1.05 + 0.50 pug/g FW ifirachinotus ovatus
to 19.19 £ 0.17 pug/g FW ifrachiurus trachiurugTable 3). For shell fishes, the mean Zn concéntra
was relatively higher irEgeria paradoxa galanatg16.09 + 0.17 upg/g FWhan in Atya gabonensis
(13.68 + 0.9 ug/g FW) dpParapenaeopsis atlantio@®.55 + 0.28 pg/g FW)Of all the fin fishes analysed,
Trachiurus trachiurusshowed the highest mean Zn concentration. Gegerdiere was not much
variation of Zn concentrations between fin and Isfishes. Zn concen-trations of all the fish specie
analysed in the current study were lower than thdOAguideline value of 1000 pg/g FW (Kakwdual.,
1987b). Marine biota from Ghana is, therefore, $afdhuman consumption with respect to Zn.

Mean Zn concentration for fin fishes (Table 4) liststudy (11.0 pg/g FW ) was higher than those
reported from previous studies in the sub-regigypEin 1987 (4.23 pg/g FW ); Senegal in 1988 64.5
pna/g FW); Cote d’lvoire in 1988 ( 4.86 pg/g FW); &ia in 1990 (4.63 ug/g FW); Cameroon in 1988
(5.55 pug/g FW), but lower than that reported iné\iig in 1991 ( 27.5 pg/g FW). In the case of shell
fishes, this study reported the same mean Zn ctratiam as from previous studies in Ghana in 1990
(14.9 ug/g FW), which was higher than that repoite&enegal in 1988 (13.9 ug/g FW) but relatively
lower than the levels reported from other studiethe sub-region, with Nigeria reporting the highas
1991a (240 pug/g FW). The relatively higher Mean&rel in fin fish reported in this study, as congzhr
to that reported in Ghana in 1999, could be duedeased human activity.

Copper is one of the metals classified as essdntlde due to its involvement in certain physigical
processes and metabolic activities in organismsveyer, elevated levels of Cu have been found to be
toxic (Spear, 1981). Mean Cu concentrations indineent study ranged from 0.10 + 0.01 pug/g FW in
Cynoglossus cadenatth 14.18 + 0.59 ug/g FW iRanulirus regiugTable 3). For shell fishes, the mean
Cu concentration was relatively higherBigeria paradoxa galanatér.73 = 0.47ug/g FW) compared to
Atya gabonensi€3.30 + 0.02 pug/g FW) dParapenaeopsis atlantig®.87+ 0.01 pg/g FW). Comparative
analysis of mean Cu concentrations showed thahidfigest mean concentration of Cu occurred in fin
fishes, with those ofolar crumophthalmug11.91 pug/g FW)Sardinella eba(13.23 pg/g FW) and
Panulirus regius(14.18 pg/g FW) exceeding the WHO guideline vadfiel0.0 ug/g FW (Kakulet

West African Journal of Applied Ecology - Volume 13



al.,1987b). This could be partly due to the likelihoofifin fishes having both dietary and contact
exposure with Cu-laden sediments as a result afbotom-feeding habits (Noret al, 2004). However,
mean Cu concentrations of the shell fishes werevbehe WHO guideline value of 10.0 pg/g FW
(Kakuluet al.,1987b).

Mean Cu concentration for fin fishes (Table 4) Wiststudy (6.19 ug/g FW) was higher than those
reported from previous studies in Egypt in 198B%3.19/g FW); Cote d’lvoire in 1988 (< 0.80 pg/g EW)
Cameroon in 1988 (0.75 pg/g FW); Senegal in 19883(fig/g FW) or Ghana in 1990 (0.46 ug/g FW)
but lower than that reported from Nigeria in 19914.3 pg/g FW). In relation to shell fishes, m&an
concentration detected from this study (5.52 ug/d) Rvas lower than those reported from previous
studies from Cameroon in 1988 (9.5 ug/g FW); GhHan®990 (6.16 ug/g FW); Nigeria in 1991a (23.6
pna/g FW) or Cote d’lvoire in 1998 (6.02 pg/g FW)t imigher than those reported from South Africa in
1982b (2.35 nug/g FW) or Senegal in 1988 (4.68 Wg).H he relatively higher and lower mean Cu levels
of fin and shell fishes, respectively, reportedtiis study as compared to that reported in Ghari®9®
could be due to the differences in the input ofioig matter deposited in the aquatic environmelnits &
because Das & Nolting (1993) reported that Cutisniately related to the aerobic degradation of piga
matter, and since fin and shell fishes have diffenghysiology and feeding habits, there could be
differences in the availability of Cu to fin andefitfishes.

Fe is found in natural fresh waters and has notindased guideline value, although high
concentrations in water give rise to consumer camd (WHO, 2004). Mean Fe concentrations detected
from the current study ranged from 0.75 + 0.15 g in Trachinotus ovatuso 35.04 + 2.54 ug/g FW
in Egeria paradoxa galanatérable 3). For shell fishes, the mean Fe conceotravas higher ifEgeria
paradoxa galanatan(35.04+2.54 pg/g FW}han in Atya gabonensig23.28 + 1.21 pg/g FW) or
Parapenaeopsis atlantic®.68 + 1.72 pug/g FW). This could be due to défares in dietary habits with
Egeria paradoxa galanatheing exposed to more Fe from sedimentary souhadghe case of fin fishes,
the highest mean Fe concentrations occurre@rachiurus trachiurus Comparatively, shell fishes had
relatively higher mean Fe concentrations thanifhds, suggestive of differences due to physiokryy
feeding habits.

TABLE 4
Comparison of mean trace metal concentrationsnirafid shell fishes from Ghana and other areas o€&{pg/g FW)

Location Fe Mn Cu Pb Zn Cd Refere

Shell fish

Senegal 468 <0.5 13.9 <0.10 Ba, 1988

Cote d’'lvoire 6.02 17.9 <0.25 Metongo, 898

Ghana 6.1 082 149 <0.10 Institutedafuatic Biology, 1990
Ghana 29.16 19.45 552 043 149 025 This study

Nigeria .83 5.10 240 0.18 Okoye, 1991a

Cameroon 95 - 40.4 0.21 Mbome, 1988

South Africa 235 0.08 213 1.62 Watlargd Watling, 1982b
WHO Limits - - 10.0 2.0 1000 2.0 Kakuéi al, 1987b

Fin fish

Senegal 0.7 0.5 4.55 <0.10 Bag88

Cote d’lvoire <0.80 - 4.86 <0.25 Mego, 1988

Ghana 0.46 0.36 4.63 <0.10 InstituteAafuatic Biology, 1990
Ghana 11.74 4.0 6.19 0.66 111 0.19 This stud

Nigeria 11.3 2.28 275 <0.10 O&p¥y991a

Cameroon - — - 0.26 Mbomet al,1985

Cameroon 0.75 1.83 555 <0.10 Mborh@388

Egypt 5.6 0.07 4.23 0.004 Nabawiet al.,1987
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Conclusion
Fish speciesHgeria paradoxa galanatand Atya gabonens)s caught from inland waters, had higher
elemental concentrations than those caught froratabavaters. Mean concentrations of Fe and Mn were
higher inEgeria paradoxa galanataitya gabonensiandTrachiurus trachiuruswhile Panulirus regius
and Sardinella ebahad higher mean Cu concentratiomsachiurus trachiurusDentex con-goensiand
Trachinotus ovatubad higher mean concentrations of Pkachiurus trachiurusandSardinella ebehad
higher mean Zn concentrations. Mean Cd conceretratdf the fish species were relatively low, with
mean concentrations afynoglossus cadenatDentex con-goensignd Trachinotus ovatusbelow
detection limits.

The study showed that, mean concen-trations ofZxinPb and Cd for shell fishes were comparable to
those obtained from previous studies in Ghana. Mewehey were lower than those for other areas in
the sub-region. The mean concentrations of Zn, Rtu,and Cd in fin fishes were higher than those
obtained from previous studies in Ghana. HoweVveséd values were comparable to those obtained from
other areas in the sub-region. Compared to WorldltHgOrganization limits, the levels of Zn, Pb, Cu,
and Cd in the fish species were within acceptabidéd for human consumption. The study also showed
that all the fish species, excepardinella ebaSolar crumophthalmuandPanulirus regiusare safe for
human consumption with respect to Zn, Cu and Fe.
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