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ABSTRACT KEYWORDS
Heavy metal pollution in aguatic ecosystem impacts negatively on the Heavy metals,;
organisms that depend on the water. Concentrations of some heavy metals Sediment;

Bioaccumulation;
Target hazard quotient.

in water, fish and sediment samples from Lake Bosomtwi in Ghana were
determined to assess the extent of pollution in the lake. Concentrations
of Fe, Zn, Cu, Mn and Ni in the lake were within the permissible levels
recommended by World Health Organization. However, Cd and Pb
exhibited higher concentrations possibly due to pollution events. The
accumulation pattern in the study is in the order of
Ni>Fe>Cu>Mn>Pb>Zn>Cd. Concentration of heavy metals in tilapia
samples were all below the WHO guidelines. The sediment samples
registered pollution load index of 3.317 indicating the sediment was pol-
luted. Bioaccumulation in fish relative to the water was less than unity for
all the metals except Mn. With respect to the sediments, bio-concentration
factor for Cu was the highest (2.40) followed by Mn (1.72). All other
metal srecorded values < 1 indicating the fish species have not accumul ated
significantly from the environment. Except for Pb that registered a target
hazard quotient of 1.030, all other metals had quotients well below 1.
Consumption of tilapia from the lake can therefore be said to constitute
no health risks so far as the heavy metals investigated are concerned.
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INTRODUCTION geochemical structure, mining activities and ero-

sionil.

Heavy metals are very important in
ecotoxicologybecause of theirhigh toxicities (even
at lower concentrations<1 mg/L), high enrichment
(accumulation capacities),and slow removal rates?.
Most heavy metals are released into aquatic sys-
temsasaresult of anthropogenic (industrial and do-
mestic) activities!?, atmospheric depositiont®,

In the aguatic ecosystem, the water bed sedi-
ments serve as sinks for contaminants from diverse
sources and provide valuable information on the
pollution situation of the water body. Sediments of
aquatic environment play vital rolesinthe uptake of
heavy metal % and can also be apotentia source of
metal pollution by releasing adsorbed metalsduring
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re-suspension episodes®. The sedimentsreflect the
geochemical composition of the bedrock aswell as
human activitiesin the surrounding areas. Levels of
contaminantsin thewater, sediments and organisms
revea theextent of contamination in an aquatic eco-
system(”.

Accumulation of heavy metalsin water, organ-
isms and bed sediments can result in ecological
changes which may pose risks to human health®,
Concentration of apollutant insidean organismisa
good indicator of the pollutant’s bioavailability!®.
Fish and other aquatic life forms are constantly ex-
posed to pollutants released into water bodies. Fish
species occupying the top half of the aquatic food
chain may bio-concentrate large amounts of contami-
nants (including heavy metals) from the water bod-
ies and have thereforebeen found to be a good bio-
indicator of heavy metal contamination in aquatic
systemd'?. In thisthe work, we used the concentra-
tion of heavy metalS(Cd, Cu, Fe, Mn, Ni, Pband Zn)
accumulated in the muscles of tilapia (Tilapia
busumana) to assessthelevel of heavy metal pollu-
tion in the lake. The possibility of heath risks to
humansthrough consumption of tilapiafromthelake
was model ed using estimated dietary intake and tar-
get hazard quotient.

M onitoring the contamination of heavy metal in
water systems by the use of fish tissues helpsto as-
sessthequality of aguatic ecosystemsd™*2, Informa-
tion on the level of contaminants in the lake will
help in assessing the health risks that the consump-
tion of fish and water from the lake may pose to
human hedlth. It will asoinform policy on the proper
management of the lake and others water resources
nearby.

MATERIALSAND METHODS

Sudy site

Lake Bosomtwi isthelargest natural lakein West
Africa. Thelake islocated in the west central part
(06° 32 N and 01° 25 W) of Ghana’s Ashanti Re-
gion, 35 km south-east of Kumasi — Ghana’s second
largest city. The lake is one of the six major mete-
oric lakes in the world and has recently been the
focus of international paleoclimate research(*34, |t
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has a rim diameter of 10.5 km with four streams
flowing into it; but the lake lacks an outlet!*¥. It is
also the youngest and best-preserved medium-sized
impact structure on Earth(*¢17, The lake servesas a
recreational spot and tilapiain thelakeisan essen-
tial part of human diet in theregion. Theinhabitants
around the lake are predominately vegetable crops
farmers who use the lake’s water for domestic ac-
tivities including cooking. In spite of the high de-
pendence of thetilapiafishinthelake asasource of
protein, thereis little information available on the
levels of heavy metalsin the lake. Thisisthe first
time the biota, sediment and water samples are be-
ing determined simultaneously to find out extent of
metal contaminationinthelake.

Reagentsand equipment

Freshly prepared doubly distilled water was
used throughout. All solutions were prepared from
analytical grade reagents or were used as received.
Standard solutions of Fe, Pb, Zn, Cd, Cu, Ni, and
Mn were prepared by appropriate dilution of stock
solutions (Merck, Germany). All glassware were
thoroughly washed with detergent, soaked in 10%
HNO, solution overnight and finally rinsed with dis-
tilled water and dried at 105 °C in an oven
(Gallenkamp, UK) beforeuse. Dissolved oxygen was
measured using dissolved oxygen meter [model:
H19142]. Hannaportable conductivity meter [Moddl :
HI 8733] and amicroprocessor pH meter equipped
with glass electrode were employed for conductiv-
ity and pH measurements.

Sampling

Two batches each of water, sediment and fish
samples were collected from 4different stations
around thelake. A total of 180 samples, consisting
of 60 sampleseach of water, fish and sedimentswere
analysed for 7 heavy metas. At the sampling sites,
sample bottles were rinsed three times with stream
water before filling. Water samplerwas used to col-
lect surface water from the depth of about 0.3 minto
1L pre-cleaned plastic bottles and was immediately
acidified with 5 mL of 0.5% concentratedHNO, to
control biologica activities. Sediment sampleswere
collected from the bottom layers of thelakeinto clean
polyethylene bags using Peterson sample grabber
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(WHL 15). The sampleswere kept in ice boxesand
trangported to the laboratory wherethey were stored
in the refrigerator at about 4 °C prior to analysis.
Temperature, pH and conductivity of the water
samples were measured on-site. Total dissolved
solids, and suspended solids were measured gravi-
metrically after drying in an oven at 105 °C to a
constant weight!8l,

Samplepreparation

In thelaboratory, sedimentswere spread on plas-
tic trays in fumehood and allowed to dry at room
temperature. After air drying for 3 days, the samples
were ground in amortar to homogenize and repre-
sentative samplestaken after sieving through 2 mm
mesh*®l, Fish samples were thoroughly washed in
distilled water to remove debris. The non-edible
parts such as scal es, gut contents and the boneswere
removed before a representative portion of the ed-
ible muscle,reflecting the portion consumed by hu-
mans, wastaken for analysis.

Digestion procedures

An open-beaker digestion procedure was em-
ployed®21, A 5 mLaiquot of concentrated HNO,
was added to 50 mL of water sample in a 100 mL
beaker. Thiswas heated gently on ahotplateuntil the
volume got to about 20 mL. Another 5 mL portion of
concentrated HNO,was added and the beaker cov-
ered with a watch glass and the heating continued
for 10 more minutes. The solution waspoured into a
50 mL volumetric flask and topped up with distilled
water to the mark.

Fish samples(0.5 g of crushed muscle tissue)
were weighed into 100 mL glass beaker. A 5
mLaliquot of concentratedHNO, was added and the
mixture heated gently on a hotplate for 30 min. A 3
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mL portion of distilled water + 10 mL HNO, was
added to the beaker and heated gently. The solution
was then filtered into a50 mL volumetric flask and
made to the volume using de-ionized watert?223,

For sediment samples, 5 g of the sieved sample
was placed in 250 mL glass beakerand 3 mL of 30%
H,O, added. Thiswas|eft to stand for about 60 min
until the vigorous reaction ceased. 75 mL of 0.5 M
HCI solution was added and the content gently heated
on a hotplate for 2 h. The digest was allowed to
cool toroom temperature, filtered through awhatman
42 filter paper and finaly brought to 100 mLwith
HCI24,

Metal analysis

Perkin Elmer (5100) atomic absorption spectro-
photometer equi pped with a deuterium background
corrector was used. Determinationsof heavy metals
were carried out in air/acetylene flame using hol-
low cathode lamps of each metal as the radiation
sources. Prior to analysis, the instrument was cali-
brated according to the manufacturer’s manual. Cali-
bration curves were constructed using internal and
external standards. Limitsof detection of theanaysed
metals were determined as thrice the standard de-
viation of the lowest detectable concentrationsfrom
the mean of three replicate analyses. Procedural
blanks and triplicates were run alongside as part of
the quality assurance scheme.

RESULTSAND DISCUSSION

Physical characteristicsof thelake

The physical parameters of the lake during the
sampling period arerecorded in TABLE 1. The av-
erage temperature of the surface water samples
ranged from 23.6 to 28.3°C, typical of tropical wa

TABLE 1 : Some physical parameters of the lake during sampling period

Physical parameter Mean Range
Temperature (°C) 24.5 23.6-28.3
pH 9.3 8.96 - 9.32
Conductivity (uS/cm) 356.2 310 - 400
Turbidity (NTU) 48 33-54
TSS (mg/L) 23.8 16-385
Dissolved O, (mg/L) 6.4 3.2-104
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ters. Theaverage pH of thelake during the sampling
period was 9.30. The pH recorded ishigher than the
natural background value of 7 and the WHO range
for drinking and potable water of 6.5 to 8.51°. The
high pH of the water body may be dueto the lake’s
carbonaceous bedrock!*® and soaps that are washed
intoit. Electrical conductivity (EC) reflectsthe cur-
rent-carrying capacity of the water body and is a
useful indicator of the mineralization in a water
sample?®!, The average value of 356.2 uS/
cmobtained in this study islessthan the WHO limit
of 700 uS/cm for drinking water'®!, At high pH, solu-
bility of inorganic substances?”islow and may ac-
count for the low EC values measured in the water.
Total suspended solid level recorded (23.8 mg/L)
isglightly higher than the WHO maximum limit (20
mg/L) for drinking water. The high turbidity of the
water may be due to run off from the streams that
shed into the lake and aso fishing and swimming
activitiesthat continuously go oninthelakethrough-
out the year. Average amount of dissolved oxygenin
the surface waters was 6.4 mg/Lvarying from 3.2
mg/Lto 10.4 mg/L. Therewasno correlation (p<0.5)
between the physical parameters measured.

Quality assurance

Recovery vaues, based on 1 mg/g spiking lev-
elsinfish and sediment samples, were nearly quan-
titative (>95%) for al the metals. The mean recov-
eries of the metalsranged from 78.9% for Fein wa-
ter to 97.5% for Znin sediments (TABLE 2).

The high recovery values show that the diges-
tion method used is reproducible. Detection limits
ranged from 0.002 mg/g for Cd, Ni, and Cuinwater
to 0.095 mg/g for Fe in water. This was indicative
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that theinstrument was sensitiveto the analytes. Re-
peatability studies yielded a relative standard de-
viation lower than 10% in all cases.

Heavy metalsin samples

Concentrationsof heavy metalsin water, fish and
sediment samplesfromthelakeareshownin TABLE
3.

Concentrationsof the metalsat thedifferent sam-
pling point did not show significant differences
(p<0.5). Concentration of Fe ranged from 0.085-
0.395 mg/L in water samples, 0.013-0.048 mg/gin
fish samples and 0.015-0.050 mg/g in sediment
samples. The average concentration of Fe in the
water samples were very close to the WHO recom-
mended limit of 0.3 mg/L for drinking water'®!. The
concentration of Fefound in the sedimentsis|ower
than 54+9 g/kg found in Lake Dianchi in China/®
and 12587 mg/kgin LakeAtaturk in Turkey[28]. The
results on fish (tilapia) was however comparable to
that obtained on a couple of fish species sampled
from Turkey and Pakistan[29]. Iron helps the body
in many important processes. For example, itisan
essential part of haemoglobin, the red pigment in
our blood that allowsit to carry oxygen around the
body. Presence of appropriate concentrations of Fe
in food itemsistherefore desirable.

Concentration of Pb ranged from 0.118 - 0.148
mg/L in water, 0.017-0.303 mg/g in fish and 0.50-
0.85mg/g in sediment. Concentration of Pb in sedi-
ment was higher than that in water and fish hencethe
sediment could be an influential factor on the level
of Pb in the water body. Water samples contained
Pb which was dlightly higher than (10 pg/L) safe
limit for consumption recommended?®. Chronic ex-

TABLE 2 : Quality assurance parameters (n=3)

Water Fish Sediment
Rec (%) RSD (%) LD(mg/lg) Rec(%) RSD (%) LD (mg/lg) Rec(%) RSD (%) LD (mg/g)
Fe 78.9 0.4 0.095 89.6 2.0 0.097 90.4 1.0 0.012
Pb 87.5 1.0 0.005 96.4 16 0.050 935 0.2 0.050
Zn 67.8 0.5 0.050 79.8 0.3 0.050 97.5 0.8 0.020
Cd 934 0.3 0.002 92.3 5.1 0.003 89.6 5.3 0.040
Ni 96.2 0.2 0.002 94.2 12 0.002 97.3 12 0.030
Cu 95.0 0.2 0.002 83.9 6.0 0.016 88.6 3.2 0.010
Mn 94.5 1.0 0.040 91.6 0.9 0.006 92.3 0.8 0.020

Mean recovery (%), relative standard deviation (RSD) (%), limits of detection (LD)
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TABLE 3 : Concentrations heavy metals in water, sediment and fish from Lake Bosomtwi

Fe Pb Zn Cd Ni Cu Mn

Mean  0.247 0.129 0.081 0.003 0.210 0.194 0.142

(vagﬁr) sD 0.135 0.013 0.013 0.001 0.064 0.048 0.061
Range 0.085-0.395 0.118-0.148 0.061-0.107 0.003-0.004 0.110-0421 0.126-0.243 0.016-0.216

. Mean  0.02 0.052 0.016 0.001 0.040 0.060 0.210

(n'i'i‘]]) sD 0.010 0.018 0.008 0.000 0.016 0.010 0.020
Range 0.013-0.048 0.017-0.303 0.008-0.038 0.001-0.002 0.008-0.320 0.006-0.045 0.006-0.555

_ Mean  0.032 0.628 0.129 0.025 0.101 0.025 0.254

S?ﬂg;g)”t sD 0.020 0.320 0.007 0.012 0.048 0.011 0.122
Range 0.015-0.050 0.500-0.850 0.050-0250 0.001-0.100 0.025-0.240 0.010-0.200 0.100-0.400

posure to Pb has been linked to growth retardation
and infant mortality concentration of Pb greater than
0.1mg/L isdetrimental to foetuses and children®.

The concentrations of Cd ranged from 0.003-
0.004 mg/L in water, 0.001-0.002 mg/g in fish and
0.001-0.100 mg/g in sediment. The concentration
range obtained from water was|ower than thetenta-
tive South African Target Water Quality Range
(TWQR) guideline of 0-0.005mg/L inwater for do-
mestic use®! and also lower than the 0.005mg/Lfor
USA maximum contaminant level®2, However, the
concentration of Cd in water was considerably higher
than the permissible levels recommended for con-
sumption(?,

A highlevel of Cdinthelake’s waters is of great
concern. Cd is extremely toxic. Cd interferes with
metabolic processesin plantsandbio accumulatesin
aguati c organisms and then entersthefood chainl,
CdreplacesZninthe arteries causing inflammation
and hardening of the arteries. Concentration of Cd
infishwassdlightly lower than that in water and sedi-
ments. Fishfrom the lake had lower amount of Cd
than the safe limits proposed by Food and Agricul-
ture Organisation[ 34]. Levelsof Cd obtained in sedi-
ment samples were within the TWQR for both do-
mestic and irrigation purposes. A similar level of
Cd(0.01-0.260 mg/g) hasbeen reported for sediment
samplesfrom Umtatal®?.

Concentration of Zn ranged from 0.061-0.107
mg/L in water, 0.008-0.038 mg/g in fish and 0.050-
0.250 mg/g in sediment samples. Concentration of
Zn inwater was lower than the US-EPA limits of 5
mg/L and TWQR for domestic use of 3.0 mg/L.
Hence the water has no detrimental effects with re-

gards to the concentration of Zn, at the prevailing
pH.

Concentration of Ni ranged from 0.110-0.421 mg/
L inwater, 0.008-0.032mg/gin fish and 0.025-0.240
mg/g in sediment. Sincethe concentration of Ni de-
termined was|ower than the WHO limit of 20 mg/L,
thewater can be said to be safefor drinkingin terms
of its Ni concentration. Concentration of Ni deter-
mined was higher than 1-6 pg/L in Lake Diorani, 1-
12 pg/L in Lake Texoma and 500-900 pg/L in Lake
Ataturk!®l, Fish samples contained the lowest lev-
elsof Ni as compared with water and sediments.

Levelsof Cu ranged from 0.126 -0.243mg/L in
water, 0.006-0.045 mg/g in fish and 0.100-0.400 mg/
g in sediments. South African Guideline for Cu in
domestic water supply is0to 1.0mg/LB whilstl?34
and US-EPA limitsfor Cuinwater are 2, 10and 1mg/
L respectively. Concentration of Cu in water of the
lake was lower than the set values, hence adverse
effects from domestic use of the water are not ex-
pected asfar as copper is concerned. The mean con-
centration of Cu in fish was lower compared with
water and sediments. The fish samples aso had Cu
concentrations below permissiblevalues®!. TheCu
determined in thesediment is within the acceptable
range of 30 mg/g.

The levels of Mn ranged from 0.016-0.216
mg/Lin water, 0.006-0.555mg/g in fish and 0.100-
0.400 mg/g in sediments. Water contained the low-
est levels of Mn compared with fish and sediment.
TheWHO limitsfor Mninwater is0.1mg/L®!. Since
the concentrations of Mn in water sampled from
Bosomtwi is below theset valuethe water is suit-
able fordomestic use with respect to Mn.
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In the present study, tilapiafishisused asabio-
assay organism for sensitivity to traceand toxic ele-
ments effects. The order of accumulationin Tilapia
busuman is Mn>Fe>Cu>Zn>Ni>Pb>Cd. All the
heavy metals determined in the tilapia were below
the set value recommended by the Food and Agri-
culture Organisation4,

Bio-concentration factor

Bio-concentration factor (BCF) was used to
evaluate the extent of metal bio-accumulation’®? in
the fish samples. Bio-concentration factor isthera-
tio of the concentration of a metal in organism to
that in water environment. The BCF of fish relative
to the water was less than unity for all the metals
except Mn (0.08, 0.40, 0.20, 0.33, 0.19, 0.31 and
1.48for Fe, Pb, Zn, Cd, Ni, Cuand Mnrespectively).
With respect to the sediments, BCF for Cu was the
highest (2.40) followed by Mn (1.72). All other met-
als recorded values < 1 indicating the fish species
have not accumulated significantly from the envi-
ronment. It is known that inorganic species such as
heavy metal s do not bio-concentrate as much asthe
organic contaminantg®!,

Pollution load index (PL1)

Pollution load index, defined as the nth root of
themultiplicity of the presumed contaminants, isused
to determine the quality of the sediment samples.
ThePLI tellshow polluted the sediment is- an indi-
cation of the overall toxicity of the soil®. PLI is
computed using therelationship

PLI = 8/(p, PPy oo P.) (1)
Where p is the ratio between the mean concentra-
tions of each metals determined and their basdline
concentrations in the sediment. The baseline con-
centration wastaken asthe minimum.
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While PLI value of zero is an idea and repre-
sents uncontaminated sediment, avalue of oneindi-
catesthemetalsare only present at their background
levels and a value greater one shows a progressive
level of contamination. The PLI computed for the
metals under investigation was 3.317 whichshows
that the sediment is somehow contaminated. The
value is aso higher than 1.85 recorded for Lake
Veeranamin India®.

Estimated daily intake of metals (EDI)

The daily intake of each of the metals was esti-
mated as
E, XxXE; xF, xC, xC,

W, xT,

where E_isthe exposurefrequency (365 days/year),
E, is the exposure duration, equivaent to average
lifetime (70 years); F,, isthe fish ingestion rate (g/
person/day), which was considered to be 20 g/per-
son/day’®; C. is the conversion factor (0.208) to
convert fresh weight to dry weight considering 79%
of moisture content;C_ isthe concentration of heavy
metal infish (mg/kg); W, isthe average body weight
(average adult body weight was considered to be
60 kg); and T isthe average exposuretime for non-
carcinogens (which is equal to E_ x E )i*.

Target hazard quotient (THQ)

The THQ, which is aratio of the estimated ex-
posure (EDI) to the oral reference dose (RD), is
used to assessthe potential non-carcinogenic risk of
the consumers of the perceived contaminated food.
THO =T )
Wherethe RD for Cu, Zn, Ni, Pb, and Cd are 0.04,
0.3, 0.2, 0.0035 and 0.001 mg/kg/dayrespectivel y:*7.

Health risk assessment of consumers from the

EDI =

x 107 2)

TABLE 4 : Estimated dietary intake, food reference dose and target health quotient of tilapia fish from Lake

Bosomtwi

EDI RD THQ
Fe 0.002
Pb 0.004 0.004 1.030
Zn 0.001 0.300 0.004
Cd 0.000 0.001 0.069
Ni 0.003 0.200 0.014
Cu 0.004 0.040 0.104
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intake of metal-contaminated fish was characterised
by usingthe THQ. THQ <1 meansthe exposed popu-
lation is unlikely to experience some non-carcino-
genic adverseeffectsduring thelifetime. Otherwise,
THQ> 1 meansthat thereis achance of non- carci-
nogenic effects, with an increasing probability as
the value increases. Except for Pb that registered a
THQ greater 1 (1.030), al other metals had THQ
well below 1 (TABLE 4).

Consumption of tilapiafrom the lake can there-
fore be said to constitute no health risks so far as
the heavy metalsinvestigated are concerned. This
is based on the assumption that the individual ob-
tains all their fish supplies from the lake and that
food processing (such as cooking) has no effects
on thelevels of heavy metals present in the fish.

CONCLUSION

Because of the closeness of the laketo amajor
city, it is possible that anthropogenic activities re-
lated to industrialization and urbanization have im-
pacted negatively on the quality of the lake. The
concentrations of Fe, Zn, Cu, Mn and Ni in Lake
Bosomtwi are within the permissible levels rec-
ommended by WHO. However, Cd and Pb exhib-
ited higherconcentrations. The accumulation pat-
tern in the study is in the order of
Ni>Fe>Cu>Mn>Pb>Zn>Cd. Possible sources of
these heavy metals in water may be attributed
toanthropogenic sources.Generally, the concentra-
tion of heavy metals in sediments was found to be
higher than in water and fish with the exception of
Ni and Cu. Sediments play a vital role in the ad-
sorption of heavy metals in aquatic environment.
Accumulation pattern insediments in the lake is
Pb>Mn>Zn>Ni>Cu>Cd>Fe. With referenceto the
concentrations of heavy metals obtained in this
study, water from thelake isunsuitable for domes-
tic and irrigation purposes. Consumption of tilapia
fish from thelakewasfound to pose no health risks
to humans. The data provides an insight into the
potential impact of heavy metals in the environ-
ment and estimate the contamination levels of fish
tissues with regards to metals.

ESAIJ, 11(3) 2015

ACKNOWLEDGEMENT

We are grateful to KNUST, Kumasi, Ghanafor
allowing us use their facilities.

REFERENCES

[1] M.Ebrahimpour, I.Mushrifah; Seasona variation of
cadmium, copper, and lead concentrations in fish
from a freshwater lake., Biol.Trace Elem.Res.,
doi:10.1007/s12011-009-8596-2, 138, 190-201
(2010).

[2] N.A.M.Shazili, K.Yunus, A.S.Ahmad, N.Abdullah,
M.K.A.Rashid; Heavy metal pollution statusinthe
Malaysian aquatic environment,
Aquat.Ecosyst.Health Manag., doi:10.1080/
14634980600724023, 9, 137-145 (2006).

[3] SKamaaKannan, B.PrabhuDassBatvari, K.J.Lee,
N.Kannan, R.Krishnamoorthy, K.Shanthi et al.;
Assessment of heavy metals (Cd, Cr and Pb) in
water, sediment and seaweed (Ulvalactuca) in the
Pulicat Lake, South East India., Chemosphere.,
doi:10.1016/j.chemosphere.2007.12.004, 71, 1233~
40 (2008).

[4] A.R.Karbassi, S.M.Monavari, GR.Nabi Bidhendi,
J.Nouri, K.Nematpour; Metal pollution assessment
of sediment and water in the Shur River.,
Environ.Monit.Assess., doi:10.1007/s10661-007-
0102-8, 147, 107-16 (2008).

[5] A.Mohammed, T.May, K.Echols, M.Walther,
A.Manoo, D.Margj et a.; Metalsin sediments and
fishfrom SeaLotsand Point LisasHarbors, Trinidad
and Tobago., Mar.Pollut.Bull., doi:10.1016/
j-marpolbul.2011.10.036, 64, 169-73 (2012).

[6] S.Zheng, PWang, C.Wang, J.Hou, J.Qian; Distri-
bution of metal sinwater and suspended particulate
matter during the resuspension processesin Taihu
Lake sediment, China, Quat.Int., doi:10.1016/
j-quaint.2012.09.003, 286, 94-102 (2013).

[7] PWeber, E.R.Behr, C.D.L.Knorr, D.S.Vendruscolo,
E.M.M.Flores, V.L.Dressler et a.; Metas in the
water, sediment, and tissues of two fish speciesfrom
different trophic levels in a subtropical Brazilian
river, Microchem.J., doi:10.1016/j.microc.
2012.05.004, 106, 61-66 (2013).

[8] G.Suresh, P.Sutharsan, V.Ramasamy,
R.Venkatachal apathy; Assessment of spatial distri-
bution and potential ecological risk of the heavy
metals in relation to granulometric contents of

Snvironmental Science (=
b Dudian W



ESAIJ, 11(3) 2015

(9]

[10]

[1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Veeranam lake sediments, India., Ecotoxicol.
Environ.Saf ., doi:10.1016/j.ecoenv.2012.06.027, 84,
117-24 (2012).

E.Olatunji Ayotunde, B.Obeten Offem, F.Bekeh
Ada; Heavy metal profile of water, Sediment and
freshwater cat fish, Chrysichthys nigrodigitatus
(Siluriformes: Bagridae), of Cross River, Nigeria,
Rev.Biol.Trop., 60, 1289-1301 (2012).

S.Zhao, C.Feng, W.Quan, X.Chen, J.Niu, Z.Shen;
Roleof living environmentsin the accumul ation char-
acteristicsof heavy metalsinfishesand crabsinthe
Yangtze River Estuary, China., Mar.Pollut.Bull.Bull.,
doi:10.1016/j.marpolbul .2012.03.023, 64, 1163-71
(2012).

F.E.Asuquo, |.Ewa-Oboho, E.F.Asuquo, PJ.Udo;
Fish species used asbiomarker for heavy metal and
hydrocarbon contamination for crossriver, Nigeria,
Environmentalist., doi:10.1023/
B:ENVR.0000046344.04734.39, 24, 29-37 (2004).
R.Van Der Oost, J.Beyer, N.P.Vermeulen; Fish
bi oaccumul ation and biomarkersin environmental
risk assessment: a review,
Environ.Toxicol.Pharmacol., doi:10.1016/S1382-
6689(02)00126-6, 13, 57-149 (2003).

C.Koeberl, B.Milkereit, J.T.Overpeck, C.A.Scholz,
P.Y.O.Amoako, D.Boamah et al.; An international
and multidisciplinary drilling project into ayoung
complex impact structure: The2004 |CDP Bosumtwi
Crater Drilling Project-An  overview,
Meteorit.Planet.Sci., doi:10.1111/j.1945-
5100.2007.tb01057.x, 42, 483-511 (2007).
L.Ferriére, C.Koeberl, F.Brandstitter, D.Mader;
Large Meteorite Impacts and Planetary Evolution
IV, Geological Society of America, doi:10.1130/978-
0-8137-2465-2, (2010).

D.Boamah, C.Koeberl; Thelake bosumtwi impact
structure in Ghana: A brief environmental assess-
ment and discussion of ecotourism potential,
Meteorit.Planet.Sci., doi:10.1111/j.1945-
5100.2007.tb01061.x, 42, 561-567 (2007).
W.A.Morris, H.Ugalde, C.Clark; Physical property
measurements: |CDP boreholes LB-07A and LB-
08A, Lake Bosumtwi impact structure, Ghana,
Meteorit.Planet.Sci., doi:10.1111/j.1945-
5100.2007.tb01076.x, 42, 801-809 (2007).
C.Koeberl, J.Peck, J.King, B.Milkereit, J.Overpeck,
C.Scholz; The ICDP Lake Bosumtwi Drilling
Project: A First Report, Sci.Drill., doi:10.2204/
iodp.sd.1.04.2005, 23-27 (2005).

APHA, Standard methods for the examination of

[19]

[20]

[21]

[22]

[23]

[24]

[23]

[26]

[27]

[28]

[29]

Godfred Darko et al. 81

—==  Qurrent Research Peaper

water and wastewater part 1000 standard methods
for the examination of water and wastewater, Wash-
ington, DC, (1999).

0O.Akoto, T.Bruce, GDarko; Chemical and biologi-
cal characteristics of streams in the Owabi water-
shed, Environ.Monit.Assess., doi:10.1007/s10661-
009-0757-4, 161, 413422 (2010).

O.S.Fatoki, N.Lujiza, A.O.Ogunfowokan; Trace
metd pollutioninUmtataRiver, Water SA., 28, 183
190 (2002).

D.Kar, PSur, SK.Mandai, T.Saha, R.K.Kole; As-
sessment of heavy metal pollutionin surface water,
Int.J.Environ.Sci.Technol.,  doi:10.1007/
BF03326004, 5, 119-124 (2007).

O.Awofolu, Z.Mbolekwa, V.Mtshemla, O.Fatoki;
Levels of trace metalsin water and sediment from
Tyume River and its effects on an irrigated farm-
land, Water SA. doi:10.4314/wsa.v31i1.5124, 31,
87-94 (2005).

Y.Li, Z.Yu, X.Song, Q.Mu; Trace metal concentra-
tions in suspended particles, sediments and clams
(Ruditapes philippinarum) from Jiaozhou Bay of
China, Environ.Monit.Assess,, doi:10.1007/s10661-
005-9149-6, 121, 491-501 (2006).

F.Jabeen, A.S.Chaudhry; Environmental impacts of
anthropogenic activities on the mineral uptake in
Oreochromismossambicusfrom Indus River in Pa-
kistan., Environ.Monit.Assess., doi:10.1007/s10661-
009-1029-z, 166, 641-51 (2010).

WHO, Guidelines for Drinking, 3 ed., Geneva,
2004.http://books.google.com.gh/books?id=
SJ76COTm-nQC& dg=radioactivity+ water+world+
health+ organization& source=gbs navlinks s.
PJian, PJain, J.D.Sharma, D.Sohu, P.Sharma;
Chemical analysis of drinking water of villages of
Sanganer Tehsil, Jaipur District,
Int.J.Environ.Sci.Technoal., 2, 373-379 (2006).
GDuLaing, R.DeVos, B.Vandecasted e, E.Lesage,
FM.GTack, M.GVerloo; Effect of salinity on heavy
metal mobility and availability inintertidal sediments
of the Scheldt estuary, Estuar.Coast.Shelf Sci.,
doi:10.1016/j.ecss.2007.10.017, 77, 589-602
(2008)..

H.Karadede, E.Unlu; Concentrations of some heavy
metalsin water, sediment and fish speciesfromthe
Atatiirk Dam Lake (Euphrates), Turkey, Chemo-
sphere., doi:10.1016/S0045-6535(99)00563-9, 41,
1371-1376 (2000).

M.B.Arain, T.GKazi, M.K.Jamali, N.Jalbani,
H.I.Afridi, A.Shah; Total dissolved and bioavailable

ey Snoivonmental Science
An Judian Jowrual



82 Distribution and potential risks of heavy metalsin fish, water and sediment

Current Research Peper o=

elements in water and sediment samples and their
accumulation in Oreochromis mossambi cus of pol-
luted Manchar Lake., Chemosphere., doi:10.1016/
j.chemosphere.2007.08.005 70, 1845-1856 (2008).

[30] M.Shannon; Severe Lead Poisoning in Pregnancy,
Ambul .Pediatr., doi:10.1367/1539-
4409(2003)003<0037:SLPIP>2.0.CO;2, 3, 37-39
(2003).

[31] DWAF, Water quality guidelines, Aquatic ecosys-
tem use, Pretoria, http://cfpub.epa.gov/ncedliris/
index.cfm?fuseaction=iris.showSubstancelL ist (ac-
cessed June 13, 2014), (1996).

[32] USEPA, Risk assessment guidancefor superfund/
: Processfor Conducting Probabilistic Risk Assess-
ment, 3, 1-87 (2001).

[33] D.C.Adriano; Traceelementsinterrestrial environ-
ments: Biogeochemistry, Bioavailability, and Risks

ESAIJ, 11(3) 2015

[34]

[35]

[36]

[37]

of Metals, Springer, (2001).

C.E.Nauen; Compilation of legal limitsfor hazard-
ous substances in fish and fishery products., FAO
Fish.Circ.(FAO).No.764., (1983).
A.Mountouris, E.Voutsas, D.Tassios;
Bioconcentration of heavy metalsin aguatic envi-
ronments: the importance of bioavailability,
Mar.Pollut.Bull., doi:10.1016/S0025-
326X(02)00168-6, 44, 11361141 (2002).

N.Saha, M.R.Zaman; Eval uation of possible health
risksof heavy metalsby consumption of foodstuffs
available in the centra market of Rajshahi City,
Bangladesh., Environ.Monit.Assess., doi:10.1007/
s10661-012-2835-2, 185, 3867-78 (2013).
I.US-EPA, Integrated Risk Information System, 1—
18 (1997).

Snvironmental Science (E=—
b Dudian W


http://cfpub.epa.gov/ncea/iris/

