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ABSTRACT
Concenlrations of copper (Cu), zinc (Zn), cadrr'um (Cd), lead (Pb) and mercury (Hg) in Cot
tilapia, lagocn snail (tissue and shell) and water from Brenu Lagoon in the Central Region of san
the Republic of Ghana have been measured in this study. The resulis of ihe study are us or
Jollows: for tilapia, the concentrations of Zn, Cu, Cd, Pb and Hg are: 1038.8 relkg, che
667.0ug/kg, 0.200ug/kg, 0.500 puglkyg and 2113 uglky respeclively, whereas  the rof
concentration of Zn, Cu, Cd, Pb and Hg in the tissues of the lagoon snail are: 803.3 ug/kg, ihe
870.5 pglkg, 2.500 pg/kg, 19.50 pglkg and 4.142 pg/kg respectively. Similarly, Zn, Cu, Cd, dif
Pb and Hg concentrations in the shells of the siail obtained from the Brenu Lagoon are: : inc
576.8 pglky, 449.3 pglkg, 5.500 pglkg, 0.500 wug/kg and 4.990ug/kg, respectively.  The | are
concentrations of Zn, Cu, Cd, Pb and Hg in the wa[er f“om the lagoonare; 144.9 pg/L, 1117 | Co
pe/L, 0.750 g/l 4.50 pg/L and 2.761 pg/L respectively, Comparing the resull with that of fie
the World Bank Health Safery Guidelines of 30Gug/kg, 1000ug/kg, 600ug/s, 100ug/kg and /
2.0ug/ky for Cu, Zn, Pb, Cd and Hy respectively, all the sumples except waler hud values Ti
above the limit for Cu and Hg. However the black-chin tilapia:had higher. Zn content than the | he
acceplable levels. The level of mercury pollutior: is alarming and therefore effort should be ce
made 1o stop further additions. ) ch
, le
KEY WORDS: Esuaku, Obuahu, Asenche, Asosi, Burabin, Brenu. Lagoon, Sarotherodon th
melanothercn, Tympanotonus fuscatus, Bakatue
T
INTRODUCTICN

Along the West Africa coast, like any other coast, efﬂuems from all sources ﬁndlly find their |
way into the sea (Binney, 1985). In recent tl,mes,‘pollunon of marine environment has |
_become a significant problem facing countries which lie along the coast. This situation has
risen as a result of the rapid growth in population, increased urbanization and expansion of
industrial aclivilies, exploration and mining of minerals like gold, aluminium, and so on.
Pesticides, weedicides and herbicides may be ‘washed into rivers/streams which eventually |
end up into the sea. '
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Some of the chem1cals such as organo ‘ch! orine and heavy metals get into the tissue of
dlfferent hfe orms - such as ﬁsh mollusc and pecome bio accumulated (not biodegradable)
Jnd ‘may aCeumulate in' human tissue and can cause cancer, tumour, physical and mental
lldlldl(,apb in human bemgs who consume them.

ll.c e\(tent of pollutlon m a marine env1ronment can be determined by the use of biological
ur;,dmsm living in the ‘marine envnronment Bivalves are widely used as bio-indicators of
heavy metals DOUUUOI‘I in coastal areas because they are known to concentrate these elements,
pruvxdmg a lime — mtegrated mdxcatlon of environmental contamination (Philips, 1976). In
comparfson to fish and crustaceans, bivalves have a very low level of activity of enzymes
syslems capable of metabolizing persistent organic pollutant (POP’s) such as a polycyclic
ar omgne _hyd rqcagbpns an_d biphenyls.

Concer: Lratmns of heavy metals and non—m tals in aquatic orgamsms such as mollusc at the
same logation differ between different species and individuals due to species — specific ability
or the eapamty of the’ orgamsm to regulate or accumulate trace metals and other toxic
chemicals. Therefore contaminants concentrations in tissue of bivalves more accurately
reflect ttie mag mtude of env1ror1mental coriamination (Philips, 1990). Different animals in
the same community af the same trophic level could accumulate pollutants differently due to
differences in habitat/niche’s physical and chemical properties.: The choice of biological
mdledtor for the study of trace metals must possess some special properties. The properties
are that; the orgamsms should be able to aecumulate metals to some appreciable levels and

considérably higher than in the water column, sediments and in some cases to indicate
fluctuations in levels.

Tilapia and lagoon snail were chosen for this study because they are able to bio-accumulate
heavy metals from marine environment and they help to make concrete observation and
conclusion on pollution levels for a pamcular locality (Pillar, 1985) The other reason for the
choice of the lag,oon snail is the relatively low movement nature of the organism so that the

levels of poliutants in the body can be used as a fair representation of pollution taking place at
the locality. '

The méin thrust of this study is to:

", Determine the concentrations of Cu, Zn, Pb, Cd and Hg in black-chin, lagoon snail
" (tissue and shell) and water from the Brenu Lagoon in the Central Region of the
Republic of Ghana.

o Determine the extent of marine pollution using the concentrations of Cu, Zn, Pb, Cd

:
and Hg in black-chin tilapia, lagoon snail (tissue and shell) and water from Brenu |

Lagpoon as bio-indicators for the exient of marine pollution in Ghana.

STUDY AREA

Brenu lagoon where the study was conducted is located about 13km west of Cape Coast I

\1°76 W and 5°04'N) in the Central Region of Ghana. It is a classical lagoon (Yankson and
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Obodai. 1999) fed by five small streams iiame!v Esuaku. Obuahu. Asenche. Asosi and
Burabin (Figure 1). Most of the stre,“ms dry out during the dry season. The
consclidated sand

.

bar between the lagoon and the sea is breached by the local inhabitants during the rainy
season ii the lagoon threatens to flood the rearby villages.

At spring tides, sea water enters the lagoca and during an annual festival (Bakatue) of

the area the inhabitants remove the sand bar manually to connect the lagoon to the sea.

The Brenu la<rdon has fringing mangrove vegetation. which' is heavily exploited for
tuel. wood ¢ 1 cut to create space for corstruction of salt ponds. The bamples taken
from the lagoon were snails. black-chin ti lapxa and water. : e
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Figure1 Location of Brenu Lagoon
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;MA fERlALS AND METHODS

o
' P B B

' 'f‘Fleld s.rmplang

fThe san 1ples were co'lected randomly from Brenu lagoon. The lagoon does not flow directly
into the sea except when there is a heavy flood. The black-chin tilapia Sarotherodon
.mc/(mmheron samples. were obtamed from the landmgs of the local fishermen that fished in
;thc lagoon, the same day and time that the other samples were taken. The snails
Tympanotonus fuscatus were collected from various parts (sampling sites labeled station 1-4

in Flg 1 abo Je) of the lagoon for the analysis of trace metals. The water samples were taken
randomlx at:four different sxtes (sites labeled station 1+4 in Fig. 1 above) by means of small

clean. bottles Sa'npnng was done on monthly basis for four months from February to May
2005 :

Sample preparatmns
.Snazl shell and lissue - s
The snaxls were,,t_‘rorougqu rmsed wrth drsnlled water and the shells of 40 equally srzed snails

lorceps. The "hells were agam rmsed to remove any tissue attached to them. The shells were
then ground nrto brnaller partrcles by means of mo*tar and pestle and sample taken for trace

Sarotherodon me/anolheron :
Black-chm tilapia catght from the laﬂoon were washed and dried in the oven at a temperature

of 75°C The dried fish were’ ‘then ground gently into powder using mortar and pestle for the

trace metal analybrs Thrs was done carefully to ﬁVOld any contamination by the mortar and
pestle ' :

Waier e

Standard methods were used to take samples of brackish water from the lagoon for the trace
metal analysrr

Dlgcstlon pmcedure for samples

Sample dzgeshon for Mercury

Small -amount (1.0g) of dried powdered fish was weighed into a clean beaker. 4mL
concentrated HzSOq and ‘1mL HNOj3 acid was added to the sample. The mixture was then
placed ona v ater bath 80°C for 30 minutes after which it was removed and then cooled to
4°C in an ice bath. 15mL KMNO, and 8mL corcentrated Potassium persulphate, (K3S:03)

were added to oxidize all alkyl mercury in the fish to the +2 state. The mixture was again

heated on' water bath for another 30 minutes and then removed and cooled. 6ml of
Hydroxylamine Hydrogen chioride was added to remove excess KMNOy. The solution was
then filtered tato 50mL volumetric flask and diluted to the mark with distilled water. This
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‘procedure was repe:ved for the snail snell and the ussue All reagents used in the analyslx
were of the analytical grade supplied by BDH UK (AWWA 1998). -

[

Sample dzgestlon for Cu, Cd, Pb, and Zn

The shells of 40 equally sized snails were crack :d gently’ (The use of mortar requ1res :
additional control of analytical quality as it is a well known source;of: s‘amples contamination

so it was done'gently) by means of mortar and pestle and the tissues gently removed with
cleaned forceps. The tissues were rinsed with distilled water to removeshell particles attached
to them. 10g of the sample was weighed into a thoroughly cleaned 100mL beaker. The wet
ashing method was employed in the digestion. A solution made up of 1:1 v/v concentrated
perchloric acid and nitric acid (20mL each) were added to the content of the beaker.-

This was then covered with watch glass and allowed to stand overnight in a fume chamber to

ensure complete digestion. This was then placed on a hot plate and allowed to boil gently until
the volume reduced to 7-10mL.

The resulting solution was then allowed to cool and then filtered into a 25mL voluretric flask
and diluted to the mark with distilled water. The same sample procedure was used to digest

25mL of the water sample, 10g of dried ﬁsh snarl anu shells (USEPA (2003 Method 7061)
USEPA (2003 Method 3050B). , .

Digestion of water samples for the analy s of mereury

100mL of water samples were transferred into différent ZSOmL comcal ﬂask a'ld Tabeled:.

SmL concentrated sulphurrc acid were added to each flask. Additional 2.5mL of concentrated

Nitric acid were added to each flask and thoroughly mixed after each" additioh! lSmL of -

Potassium permanganate were added to each flask and allowed for the purple colour to" pelSISt
for at least 15 minutes. 8mL of Potassium persalpnate was added to ‘éach ﬂask ‘and‘then
heated on a water bath for 2 hours at a temperature cf 95°C The samples were ¢ool _and 6ml
of 12% w/w Hydroxylamine hydrochloride added (0} each of the samples to' reduc _j"‘the excess
permanganate. Quantities of the samples were poured mto small bottles for analysrs -

Ty o

The concentration of the heavy metals under study was detertnined at ‘Water Research

Institute (Environmental chemistry laboratory) usrng Atomrc Absorptrou Spectrometry (AAS-

Flame) (I. U. P. A. C, 1988).

oy, ) .
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RESULTS AND DISCUSSION

Vahdatxon of the mcthod used

Reproducibility and recovery studies were done to'V llrdate thc various ‘methiods used in ‘the
analysis. The recovery studies for 2ug/L in double distilled Water for ten’ readmgs of Copper; .

Zinc, Lead, Cadmium and Mercury gave the: following results Mean = between . 1.860 and
1.960, percentage recovery between 95 and 98%,: standard - deviation between 0.020 .and

0.035, standaru error between Q. 005 and O Ol and Coefﬁcrent of Vanatlon l 602% and
1.687% S o
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l" he reproducxbﬂlty studles for 2pg/L solutxons of Copper, Zinc, Lead, Cadmium and Mercury
in double distilled water for ten readings gave the following results: Mean = between 1.901
and 1.994. percentage’ recovery, between 96 and 98%, standard deviation between 0.019 and
0.032, standard error between 0.005 and 0.01 and Coefficient of Variation 1.662% and
1. 792% e T e T

Flom the above results 1t is e]mr that Ehe met‘xod employed for the chemical analysns was
rchable ‘ S

‘The results of thlS study have been presented in hble 1 below.. The mean concentration of Cu,

Zn, Pb, Cd and:Hg in water samples from the lagoon is: 111.7ug/L, 144.9ug/L, 4.500ug/1..

0. 7‘50;153/L, and 2 761ug/L respeetwel e\Fab e 1)

Thucmcentratmn iof Cu;<Zn, Pb;Cd and Hg in tilapia from the lagoon is: 66.7ug/kg
i 1,038.8p<r/kg, O.SOOug?/ kg; 0.200ug/kg, and 2.113pg/ke respectively.

Tah!e Mean Concentrations of Cu, Zn, Pb, Cd and Hg in the samples from Brenu
: Lagoon and Aquanc ‘Biota Standards

by RIS

coner e Mean Cencentrations £ S.E j
Samples o I Cd | Zn Pb Cd He |
Water (pg/L) T TTITIT T 1446 | 0045 | 0,008 | 0.003
‘Black-chin tilapia (pg/kg) 667.0 1038.8 0.500 0.200 2113
Lazoon Snail Tissue(ug/kg) 870.5 805.3 19.50 2.500 4.142
' Lagoon Snail Shell (pg/kg) . |- 4493 576.8 0.500 5.500 4.950
.LAouatxc Biota Standards (ug/kg) - 300 1000 600 100 2

So uce of Aquatlc Biota Standards I‘he World Bank policies and guidelines, supplemented
. with information from OL:CD sources‘and the proposed revisions to the World Bank

L guidelines. (converted to mg/l(g) (The World Bank policies and guidelines) 5
L \wpeu\gu1delns\cunent\word6\m1n _pit.doc

As_am from table I, it can been seen that the concentration of Cu, Zn, Pb, Cd and Hg in t I

tissue of Lagoon snail was 870.5pg/kg, 805.3ug/ke, 19.50pg/kg, 2.500pg/kg and 4.142pg/k ! .

- respectively, whilst the concentrations of Cu, Zn, Pb, Cd and Hg in the shells of lagoon st
were; 449, 3%,/1(5, 576.8ug/kg, 0. SOOug/Kg, 5.500ug/kg and 4.990ug/kg respectively.

The._result of conccntranon of copper in the tissues of lagoon snail was 870.5ug/kg, at |
'449.3pg/kg in the ‘shells were found in the Brenu Lagoon. The tissue of the snail contains tl
“highest concentration of copper. This v:an be attributed to mode of feeding and also lack -

dlgestwe mechanism to dlgest the ingesied copper, which also bioaccumulate over a penod
tlme in the txssues of the sna1 The copper concentration in the shells of the mollusc was




~ ‘ood and suggests some level of zinc pollution ofthe la"oon R
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about half the concentration in the mollusc tissue indicating some level of correlation’in térms.

of accumulated copper. The concentration of copper in the tissues of lagoon snail was 7.79
times higher than the concentration of copper in water from the lagoon, which suggests that
mollusc accumulate a significant amount of copper from its environment. The water samples
from the Brenu Lagoon showed smaller concentrations of eor)pex ‘as compared (o, the snail
tissue and tilapia as shown in Table 1 above. Comparing the concentration of copper in the
tissue of the mollusc and tilapia species with the World Bank Environment, Health and Safety
guideline (The World Bank policies and guidelines), value of 300ug/kg, it can be said that the
lagoon is polluted with copper and that re51dents axound the lagoon who reed on the snall and

 tilapia from the lagoon are at risk.

o

The concentration of zinc in tilapia was the highest (1,03 8. 8ng/kg). The concentration of ziie
in the tissues of lagoon snail was 805.3ng/kg whrls* zine concemrauon in the shells of
mollusc was also 576.8ug/kg. Comparing the conccntratrons of zinc'in the niollusc obtained

in this study to the World Bank Environment, Health apd Safety valuc of lOOOusc/k;: shows
that the value obtained in this study falls within the acceptable range.

However, zinc concentration in tilapia was found to be above the World Bank Envnonmcnt
Health Safety value. The concentration of zinc in water from the Brenu laooon was
1.449ug/L. This would have accumulative effect on humans as they tar/e in these specxes as

P
i

lhe mollusc tissue has the highest concentration  of lead (19.50pg/kg) and lowest
‘oncentration in snail shell (0.500pg/kg). These values fall within the World Bank
invironment, Health Safety value of 600ug/kg. The primary source of lead in. the lagoon
night be from the previous use of leaded fuel by vehicles which ply along roads around the
agoon. Most of the vehicles that ply the road to the villages surrounding the lagoon are over
.ged vehicles and therefore their exhausts release alotof f pollutants into the atmosphere,  The
tmospheric lead is deposited on leaves, soils, rivers and streams mcludmﬂ lagoons, From the
ssults of the study, it is clear that lead pollutlon is nota srg,mﬁcant health problem resxdents
/ho feed on tilapia and moliusc in the lagoon run the'risk of accumulated lead in the1r body
ssues ‘and this could pose significant health problems over a, lonfr perlod ol ume
t

rom the results of the study, the highest concentratlon of cadzmum was found in the shell of
ollusc (5. 500ug/.(g) the least concentration of cadmlum were found in the water samples
om the lagoon and tilapia species in the lagoon. ‘Sour ces of cadmlum mclude air pollutlon
‘om incineration and exposures from anthropogenic sources ‘and dlsposal of eddmlum
Atteries into the lagoon. The concentration of cadmium in the. shell of the mollusc is about
7ice that in the tissue of the mollusc by comparism. The h1ghest concemrauon of mercury
as found in the shell of the molluse (4.990ug/ke) in the lagoon. This is attrrbuted to the
oaccumulation 01 mereury in the shell and tissue of molluse due to 1ts feedmg pattem
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['inally, it can be said that the levels of trace metals in fishes (e.g. shell fishes) and mollusc in
contaminated rivers, streams and lagoons van be used as bio-indicalors o monitor the levels
of pollution.. Shell fish and, other benthic feeders; in particular mollusc contain excessive
concentration of cadmlum copper, mercury, lead and zinc in the study area.
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