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ABSTRACT

Increase in concentrations of heavy metals notably nickel, lead, copper, mercury and cadmium from the surface water to
organs and tissues of Ethmalosa fimbriata (Bonga fish) sampled from three locations of the Forcados River has been abserved.
The seasonal survey showed that increments in metal accumulations were higher in the dry season compared to the rainy season.
Increased temperature in the dry season could have fed to increase in metabolic rate, which eventually increase uptake of metal
from the surrounding water. There were notable significant differences in metal levels among the five organs and tissues (gills, liver,
gonads, muscle and gut). investigated (P < 0.05). This difference may be attributed to differences in physiological activities of the
different organs, and proximity of the tissue to the toxicant medium. The results of the present study has given the background
concentrations of these metals in the fish specie and their distributions in the different organs.
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INTRODUCTION

The Niger-Delta region of Nigeria has one of the
highest piant and animal species biodiversity in the world
(Moffat and Linden, 1995). The area encompasses over
20,100 square kilometers of vast flood plain and extensive
swamps built up by silt accumulation washed down the Niger
and Benue Rivers (Moffat and Linden, 1995). The Niger Delta
region is composed of four main ecological zones namely the
coastal barrier islands, mangroves, freshwater swamp forest,
and lowland rainforest whose boundaries vary according to the
patterns of seasonal flooding inundating the areas. The
mangrove forest of the Niger~Delta is the third largest in the
worid and the iargest in Africa (Moffat and Linden. 1995).
Along the shores of the Forcados rivers, are flow stations, oil
well heads, loading terminals, oil tank farms, agro-ailied and
thermal power generating industries each with its own
characteristics pollutant (Egborge et al., 1986; Fufeyin, 1988,
Onwudinjo, 1990).

Contamination of the marine environment by heavy
metals has risen in recent years due to the increase in global
population and industrial development. The estuarine and
littoral zones are more exposed to this problem than the
oceans because of their proximity to pollution sources. Metals,
which are natural constituents of the environment, are found in
varying levels in all underground and surface waters (Martin
and Coughtrey, 1982). Some of these metals are essential
elements required for the normal metabolism of organisms
while others are non-essential (Batley, 1983) The existence of
heavy metals in aquatic environment has led to much concern
over their influence on plant and animal life in these
environments and indeed on man's need for wholesome water
(Stephen, 1988). Metals are bioaccumulated by fish, either
directly from the water or by ingestion of food, since these
heavy metals are non-biodegradable (Patrick and Loutit,
1978). Fish exposed to high levels of trace metals in the water
can take up substantial quantities of these metals (Hampson,
1986, Nightingale, 1987). Studies have shown that mercury,
cadmium, lead, dnd copper are metals of concern in aquatic
toxicity and human health effects (Walker et al., 1997,
GESAMP, 1985). These heavy metals are considered
hazardous to aquatic life because of their extreme persistence,
high toxicity, tendency to bioaccumulate, and because they are
available through many and diverse anthropogenic sources
(Atchison et al., 1987).

Baseline surveys of the concentration of heavy

metals in selected fish species have been conducted an
several coasts around the world (Essink, 1989; Rainbow and
Philips, 1993} including rivers and some creeks of Nigerian
River (Okoro and Osakwe, 2005). Owing to the deletenous
effects of heavy metals on aquatic systems, it 1s imperative fo
monitor the bioaccumulation of metals in aquatic systems to
probably give an indication of the temporal and spatial extent
of heavy metal accumulation, as well as an assessment of the
potential impact on human heaith and organism health.
Furthermore, extensive work had been_carried out on the
concentration of heavy metals in fish organs and tissues, very
littie information is available on heavy metal concentration .in
fish organs and tissues from Nigeria coastal environments
such as those of Forcados River, hence the need for this
study. The objective is therefore to assess the different organs
and tissues essentially the gills, fiver, gonads, muscle and guts
in Bonga (Ethmalosa fimbriata) to ascertain the extent of

-heavy metal contamination of the fish specie. Bonga is the

most important clupeid fish specie in the coastal inshore
waters of Nigeria, widely consumed and it dominates the
pelagic fishery in the Forcados River (Ajayi et al/, 1986). it
rarely goes below 20m and it is limited to estuaries and the
adjacent coastal areas (Longhurst, 1960). The study shall also
produce baseline data on the levels of these metals in the
organs and tissues of the fish.

MATERIALS AND METHODS
Study area

The study was carried out on the Forcados River,
which is located on the western side of Niger-Delta area
(Figure 1)y Presently, along the Forcados River, there is
intense ofl exploratory and production activities taking place in
the river catchment area as well as location of several well-
heads and flow stations in close proximity to the river. The
river aiso serves the dual purpose of hosting one of the largest
crude oil processing and loading terminals in Nigeria. The
major activities of the Forcados oil terminal, which became
operational over 30 years ago include: crude oil gathering,
dehydration, storage and export. Also within the vicinity of the
Forcados terminal and along the northern and southern banks
of the Forcados estuary are a number of fishing ports, vtllages
and towns. After the initial recognizance survey of the study
area, three villages (locations) contiguous to Forcades River

‘were selected for the study These are Oguogbene (50 24 N

and 5° 19' E). Aboro (5° 23' N and 5° 22 E), and Yokri (&° 26"
N and 5% 16’ E) iocations.
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Figure 1° Map of Forcados River showing the Sampling Points (Insert' Map of Nigernia)
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Sampling Methods

Sampling of water and fish were carried out between
August 2004 and February 2005 Water samples were
collected from the designated locations on different sampling
days with the aid of a Friendinger water sampler. Each sample
collected was properiy labelled and preserved by addition of
5ml of concentrated nitric acid. The samples were then
transferred to the laboratory. The fish samples were collected
from local anglers at the mouth of each Forcados creek
(Oguogbene, Aboro and Yokri) same time with water sampling
campaigns. The size of the Ethmalosa fimbriata ranged
between 13.3 - 16.5 cm and the weight is between 12.4 -~
15.69. Pooled samples of five fish (liver, gills, muscle tissue,
gonads and stomach content) from each site were prepared
for the analysis. The fish were dissected on a polyethylene
work-surface using stainless steel tools while taking care to
prevent any contamination of the samples (Kiusek and Hext,
1982). Liver, gills, muscle tissue, gonads and stomach content
were removed from each fish and frozen until heavy metal
analyses were performed.

Laboratory Analysis

Concentrations of metals in the water samples were
analysed by direct injection into the AAS after filtration. The
organs and tissue samples were thereafter mineralized by
weighing about 1.00 g of homogenous blend into a Pyrex
conical flask and 15 mL of a mixture of three concentrated
acids, perchloric, nitric and sulphuric acid in the ratio of 1:2:2,

was used to digest the sample for 2 - 3 hours until brown
fumes ceased to evolve (Bursell, 1975). The content of the
flask after digestion was filtered through a Whatman GFK
giass filter and solution made up to 100 mL mark with de-
ionzed water and kept in a polythene bottie. The filtrate in
each case was analysed with Flame atomic absorption
spectrophotometer (Perkin-Elmer AAS, 31.000). Mercury was
analysed with graphite furnace AAS The descriptive statistics
and ANOVA were performed using Kyplot 2.0 statstical
sofiware. All statistical calculations were done within 85 %
confidence interval.

RESULTS

Dry Season

The results of heavy metal concentrations in surface
water of Aboro, Yokn and Oguogbene locations of Forcados
River during the penod of study are given in Table 1. Dunng
the dry season, it was observed that copper had the highest
concentration (0.730 2 0.159 ug/g) essentially in the Yokn
location of the river, while mercury had the lowest
concentration (0.001 £ 0.000 wg/g) at the same location of the
rver At the Aboro location of the nver, the degree of metal
concentrations in the surface water was found to be in the
following order: Cu > Ni > Pb > Cd > Hg. This trend was also
observed in the Yokri and Oguogbene locations of the
Forcados River
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TABLE 1. Heavy metals concentrations (ug/g) in surface water of three loactions in
Forcados River in the period of study. ’
December 2004 to February 2005 (Dry Season)
Mean £ SD
Range .
Location Ni Pb Cu Hg . i Cd
Aboro 0518 +[0185 + 0671 +[0001 +]0.006 +
0.242 0.007 0.138 0.000 0.001
(0300 -] (001 ~| (0.60 -~ | (0001 - | (0004 -
0600) 0007 0.90) 0.001) 0 00)
Yokri 0571 £ |0018 +|0730 . +|0002 + | 0.006 +0.00
0111 0.007 0 159 0002
(0400 - | (0.01 ~ | (060 ~ 1 (0 00 - | (0005 -
0.700) 0.030) 1.000) 0.007) 0.00)
Oguogbene | 0.600 + | 0.020 +]0723 t | 0.001% 0.007 +
0.119 0007 0.132 0.002 0.000
(0400 - | (0.010 -~ | (0.600 - | (0.000 - | (0.005 -
0.700) 0.030) 900) 0.001) 0.00)
FEPA, 1991 | <1 <1 1.0-15 0.001 <t
WHO, 1998 | 0.02 NA 2 0.001 0.05
August 2004 to October 2004 (Rainy Season)
Mean + SD
Range
Location Ni Pb Cu Hg Cd
Aboro 0471 +| 0074 + | 0.506 + | ND 0.002 +
0.025 0.017 0.032 . 0.001
(0.289 - | (0.009 ~ | (0.463 - | ND (0.001 -
0.591) 0.082 0.768) 0.002)
Yokri 0324 +]0009 + | 0432 + | 0.001 t+ | 0.003 +
0.144 0.002 0.033 0000 0.000
(0.273 - | (0.007 -1 {0.311 -1 {0.000 - | (0.001 -
0.452) 0.012) 0.673) 0.001) 0.004)
Oguogbene | 0411 £ | 0.007 t+ ] 0512 + | ND | 0.004 3
0.102 0.001 0.004 0.001
(0334 - | (0004 ~ (0432 - | ND (0.002 -
0.641) 0.008) 0573) 0.006)
FEPA 1991 [ <1 <1 1.0-15 0.001 <1
WHO, 1998 | 0.02 NA 2 0.001 0.05
SD = standard deviation; ND = non-detected; NA = not avaiiable

The results of the metal concentrations in organs and tissues of Ethmalosa fimbriata observed during the dry season survay in the
three locations of the Forcados River are given in Table 2.

TABLE 2. Heavy metals concentration (ug/g) in gills, liver, gonads, muscles and guts of Ethmalosa fimbnata from
Forcados River at Aboro, Oguogbene & Yokr between December, 2004 and February, 2005 (Dry Season).
Aboro -
Mean t SD
Heavy metals Range
(vg/g) . .
Gills Liver Gonads Muscle Guts P - value
0.831 £ 0.076 0.855+ 0 169 0.829+0.078 | 0.807 £+ 0.080 | 0.550 + 0.060 p>005
Ni (0.725 - | (0.615-1.015) | (0.720 - | (0.750 - | (0515 -0.650)
0.900) 0.900) 0.925)
0.045 £ 0.003 0.040 + 0.007 0.044 + 0.002 | 0.048 £ 0.002 0300 £ 0006 p>005
Pb (0 042 - | (0.035-0.050) | (0.042 - | {0.450 - | {0025 -0.350)
! 0.049) 0.051) 0.050)
1.001+£0.138 1.361+0.104 1.000+0.200 | 0.863 % 0.085 0.850 £ 0.003 p >0.05
Cu | (0.900 - 1.200 | (1.205 - 1.420) | (0.900 - | (0.750 - | (0.825 - 0.875)
‘ 1.200) 0.950)
0.002 £+ 0.002 0.001 £ 0.001 0.002 £ 0.001 | 0.002 £ 0.001 0.001 £ 0.000 p>0.05
Hg - | (0.001 - | (0.001 -0.002) | (0.001 -~ | (0.000 - | (0.000 - 0.001)
0.004) 0.002) 0.002)
Cd 0.007 £ 0.002 | 0.007 ¢+ 0.001 0.005 + 0.001 |} 0.007 3+ 0.000 0.006 ¢ 0.001 p>005
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| 10006 . - 1 (0006 ~0007; ' 0004 - (0005 - | (0.005-0.007) | i
. LJ.eeeey o Lo 1007y 0009 il
Oguogbene
; e e s .
| Heavy metals Range
Gills MLiver Gonads l Muscle f Guts P - value
T "] 0802:0088 | 0625+ 0050 | 0600%002 1”"!5“67”66 £0129 RD T <08
' Ni 0.710 - | (0.900 - 1000) | (0.600 -1 (0650 - ND
| 0.900) 0.850) 0 950) i ’
; 003740022 | 0038£0020 | 0.003+0.000 | 0.045+0.004 | MND | p<0Q0s
| Pp (0 004 ~ 1 (0.007-0.050) | (0002 - | (0.040 - I ND |
| 0.050) 0.004) 0 050 s
! 0963+0049 | 1.125:0.125 | 0.800+0.050 | 0775+ 0.155 | 0500+ 0.002 | p <0.05
1
| Cu (0900 --1.005) | {1000 - 1300) | (0 800 - | (0800 ~ 1 (0 500 - 0 600) ,
| 0 900) 0.500) ,‘
! 0.002+ 0001 | 0.002+0.000 | 0.001%0.000 00010001 | ND f p>005
§
| Hg (0 001 - | (0.002 - 0.002) | (0001 - | (0001 -0002) | ND
| 0 002) 0 001) l
i 0007+ 0001 | 0.007+0.000 | ND U008+0.002 | ND p>005
Cd (0.005 - | {0.006 ~0.008) | ND (0 006 - | ND
. 0.018) R 0009) o
Yokri
e e R |
Heavy | !
metals Range
Wg'9) Giis 7 Tuwer 7 [ Gonads  IMusce T outs TP-vale
. 0.851 £ 0.104 | 0.937 + 0.048 0.800+ 0100 | 0.763+0.107 | ND p<0.05
Ni (0.715-0.950) | (0.900 - 1.000) | (0.750 — 0.800) | (0.700 - 0.925) | ND
0.027 £+ 0.026 | 0.038 + 0.021 0.020 ¢ 0.001 0.043 + 0 003 ND p < 0.06
Pb (0.004 - 0.050) | (0.007 - 0.050) | (0.020-0030) | (0040-0045) | ND ‘
1 0,978 +0.052 1178+ 0.172 | 0.900+0.050 | 0795+ 0086 3 0650 + | p>005
0 001
. Cu (0.900 —1 008) ] (1.000 - 1 405) | (0.850 ~ 0 900) | (0.705-0.800) | (0750 ~
‘ 0 500)
0 001 £ 0.001 0002+0D000 | 0001+0.000 | 0002+0001 | ND p>005
Hg (0.001 -0.002) | (0.002 - 0.002) | (0.001~0.001) | (0.001-0.002) ! ND
! 0007 + 0 002 0.007 % 0 001 0.005 + 0.002 | 0.006  0.003 ND p>0.05
Cd (0005 -0009) | (0.006~0.008) | (0.001-003Q) | (0.001-0.029) [ ND
L S S0 = standard deviation; ND = non-detected . _

At the Aboro location, the highest value observed for
nickel was in the liver (0.855 + 0.169 ug/g) with the lowest
value being recorded in the gut of the fish (0.550 ¢+ 0.060
pg/g). The result of the Analysis-of variance (ANOVA) showed
that there was no significant difference in the levels of nickel
observed among the organs and tissues of the fish (P > 0.05).
Lead was observed o be highest in the alimentary canal (gut)
of fish with mean value of 0.300 t 0.006ug/g in the Aboro
location of the river while it was lowest at the liver with mean
value of 0.040 + 0.007ug/g. There was also no significant
difference amongst the organs and tissues of the fish for lead
in Aboro during the dry season survey The liver was observed
to contain the highest tevels of copper in Aboro with mean
value of 1.361 = 0104 pg/g. The accumulation order was
observed to be in the order liver > gils >gonads > muscle >
guts Levels of mercury and cadmium showed no significant
difference (P> 0.05) amongst the organs and tissues of the
‘fish at Aboro in this survey.

At the Oguogbene location during the same dry
season survey, the liver was also observed to contain the
highest levels of nickel (0.925 £ 0.050 pg/g) while the gut was
similarly observed to contain the lowest levels of nickel with a
non - detectable amount There was however, a statistically

significant difference amongst the organs and tissues of the
fish (p < 0.05) The degree of accumulation of nickel was as
follows. liver > gills > muscle > gonads > guts. Lead showed
more presence in the muscle with a mean value of 0.045 +
0.004 pg/g while its lowest level was observed in the gut (not
detected). There was also a significant difference among the
organs and tissue of the fish (P < 005) The degree of
accumulation of lead was thus muscle > liver > gills > gonads
> gut. The levels observed for copper was found to be
predominant in the liver with mean value of 1 125 + 0.125 ugflg
and lowest in the gut. There was also a significant difference
among the tevels of copper i the fish parts. Mercury showed
no statistically significant difference among the organs and
tissues and its mean value ranging from non - detected (gut)
to 0.002 + 0.001ug/g (gilis) There was no significant difference
in cadmium levels among the organs and tissues ( p > 0 05)
with its mean value ranging from non ~ detected (gonads and
gut) to 0.008 + 0.002 1.g/g {(muscle).

The survey in the Yokri location during the dry season
showed that nickel was observed to have its highest mean
levels in the liver with mean value of 0.851 £ 0.104 uyg/g while
its lowest level was observed to be in the gut with 8 non -
detected amount. There was a significant difference in mckel
levels among the organs and tissues of the fish The ranking of
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nicket accumulation was thus: liver > gills > gonads > muscle >
gut. The survey also showed that lead had mean values that

were statistically significant in differences among the organs
and tissue (p <0.05). The degree of lead accumulation was
thus: muscle > gonads > liver > gills > gut. There was no
significant difference in levels of copper., mercury and
cadmium among the organs and tissue of the fish (p > 0.05).

Rainy Season

Copper had the highest concentration (0 512 ¢ 0.004
pg/g) in surface water of the river during the rainy season
survey (Table 1). The highest value was observed in the
Oguogbene location of the river. The order of degree of metal
concentrations was observed to be similar to that of the dry
season. The mean concentrations and range of heavy metals
in organs and tissues of Ethmalosa fimbriata during the rainy

season are given in Table 3

Table 3: Heavy metals concentration (ug/g) in gills, liver, gonads, muscles and guts of Ethmalosa fimbriata from
Forcados River at Aboro, Oguogbene & Yokri between August, 2004 and October, 2004 (Rainy Season).
Aboro
Mean + SD
Heavy
metals (ug/g) i i Range
Gills Liver I " Gonads Muscle Guts P - value
0.523 +]0588+0064 | 0.800+ 0.060 0.740 ¢+ 0500+0.002 p>005
Ni 0.128 0.031 ; :
(0.445 - | (0515 - (0700-0850) | (0.705 - | (0 475-0600) |
0.700) 0.625) 0.765) 5 !
0.029 + | 0298+ 0.007 | 0.040+0.002 | 0316 * ] 03000006 | p>005
Pb 0.023 0.008
(0.004 - | (0.022 - 0.035) | (0.035-0.080) | (0.025 - | (0.025 - 0.315)
0.045) 0.040)
0.828 + 1099840100 | 10000200 |0 576 <+ |0950+0.200 |p>005
Cu 0.003 0.150
(0.825 - | (0.900 -] (0.900 -~ 1.100) | (0.480 ~ | {0.900 - 1.000)
! 0.830) 1.100) 0.750) '
\ 0.001 + | 0.001£0.000 | 0.001 £0.001 0.001 + | 0.001 £ 0001 p>005
Hg 0.000 0.001
(0.000- -~ | (0.001 - { (0.001-0.001) | (0001 - | (0.061 - 0.001)
‘ 0.001) 0.001) 0.002)
0.006 + | 0.005+0.001 | 0.006 ¢ 0.000 0.004 + | 0.005 + 0.001 p>005
Cd 0.001 0.001
(0.005 - | (0.005 - | (0.005 -0.007) | (0.004 - | (0.003 - 0.007)
0.008) 0.006) | 0.005)
Oguogbene
Mean + SD
Heavy
metals (ug/g) _ . Range
Gills Liver I Gonads Muscle Guts P - value
0.605 + [ 0777+£0053 | 0700+ 0001 0716 +| NO p <0.05
Ni 0107 i 0102
(0.500 - | (0.715 - | (0.700-0.750) | (0.615 - | ND
0.715) 0.815) 0.820)
0.033 t | 0.007 £0.011 0.030 + 0.001 0.025 + | 0.001 £ 0.001 p <005
Pb 0.003 0.000
(0.030 -~ | (0.001 - | (0.025-0.035) | (0.025 ~ | 0.000-0.002
0.030) 0.020) 0.250)
0.907 %+ | 0.998+0.006 | 1.000 + 0.001 0.583 + | 0650+£0001 | p>0.05
Cu 0.047 0.029
(0.855 ~ 1 (0.995 — | (0.950 - 1.100) | (0.550 - | (0.600 - 0.700)
0.945) " 1.005) ] 0.600)
0.001 t+ | 0.001+0000 | 0001+0000 | 0.00% ¢t | ND p>005
Hg 0.001 0.001
(0.000 ~ | (0.001 - | (0.001 -0001) | (0.001 - | ND
0.001) 0.001) 0001)
0.005 % | 0.005 £ 0.001 0.001+£0000 | 0004 + | ND p > 005
cd 0.002 l 0001
(0.004 ~ | (0.005 - } 0.000 - 0.002 {0.004 -~ | KD
0.008) 0.006) 0.005)
Yokri
H Mean £ SD
eavy
metals (ug/g) | . Range
‘f Gills Liver Gonads Muscle Guts P - value
Ni 0.634 +10748+0124 | 08000110 | 0675 +10800+£0100 | p>005
0.057 0.022
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{0.600 - | (0.605 - | {0.750 - 0.950) | (0.660 - | {0.850 - 0.700)

0700) 0.825) 0.700) i

0.003 + | 0.005+0.001 | 0.025%0.001 0.037 £ ND p < 0.05
Pb 0.001 0.003 :

(0.003 - | (0.004 - | (0.025-0.030) | (0.035 - | ND

0.004) 0.006) 0.003)

0.905 + | 0.967 £0.053 | 0.950 + 0.050 0.518 + | 0.650 £ 0.001 p>005
Cu 0.005 0.027 |

(0.900 - | (0.965 ~ i (0.900 - 0.950) | (0.500 -~ | (0 600 - 0.650) i

0.710) 0.000) : 0.550) ‘

0.003 + | 0.001 £ 0.000 0.001 £ 0.000 0.001 + p>005
Hg 0.000 0.000

(0.000 - | (0.001 -~ | (0.004 - 0.001) | (0.001 - | ND

0.001) - 0.001) 0.001)

0.006 + | 0.003 + 0.001 0.006 + 0.002 0.005 + p>005
cd 0.001 0.001

(0.005 - | (0.002 ~ | {0.001 -0.030) | (0.004 - | ND

0.006) 0.004) 0.0086)

SD = standard deviation; ND = non-detected

At the Aboro location, nickel was observed to have its
highest value in the gonads (0.800 + 0.060 yg/g) while its
lowest value was observed in the gut (0.500 + 0.002 pg/g)
Lead was more predominant in the muscle (0.316 + 0.008
po/g) while it was least dominant in the gills {0.029 + 0023
1/g/g). Survey also showed that gonads contained the highest
levels of copper with a mean value of 1000 + 0.200 wg/g.
0.001 £ 0.000 pg/g was found for mercury in the gonads, gills,
and gut which was statistically higher than mercury present in
gills and liver with a value of 0.001 + 0.001 pg/g. Cadmium
was found to be highest in the gills (0.006 + 0.001 ug/g) and
lowest in the muscle (0.004 + 0.001 pg/g). The results of the
ANOVA showed in all five metals including nickel, lead,
copper, mercury, and cadmium that there were no significant
difference among their levels in the organs and tissue of
Ethmalosa fimbriata.

The survey in theé Oguogbene location of the
Forcados river, showed that the liver contain the highest
concentration of nickel, while the gut had the lowest. The level
of nickel in the liver was 0.777 * 0.053 pg/g and that of the gut
was non — detected. The ranking of the nickel accumulation
was as follows: liver > muscle > gonads > gills > guts. There
was significant difference in levels of nickel and lead among
the organs and tissues of the fish (P < 0.05) Lead
accumulation was in the order as follows  gills > gonads >
muscle > liver > gut. However, there were no significant
difference n the levels of copper, mercury, and cadmium
among the organs and tissue of the fish (P > 0.05).

At the Yokri location of the river, survey showed that
the gonads (0.800 = 0.100 pg/g) contained the highest levels
of nickel with the gills (0.634 + 0.057 ug/g) containing the least
levels. Apart from lead, there was no statistically significant
difference in all other metals determined among the organs
and tissue of the fish. The degree of lead accumulation was as
follows: muscle > gonads >liver > gills > gut.

DISCUSSIONS

The levels observed for nickel in the three locations
were within the levels recommended for surface water by
FEPA, but were higher than WHO levels of 002 ug/g
Mercury was within the limits of FEPA and WHO save for its
leveis in Yokri location during the dry season survey which
was slightly above the standard guidelines. Lead, copper and
cadmium levels in water as observed from Table 1 were within
standard criteria recommended by FEPA 1991 in both dry and
rainy season surveys. The interim guidelines for lead, copper
and cadmium are respectively < 1, 1.0 -1.5 and < 1 mg/L. The
levels were however within the ones reported for the surface
water of the Forcados River (Eloke, 2001).

There was an increment in the levels of all five heavy
metals determined from the water level to the tissue or organ
level which was an indication of bioaccumulation. The
bioaccumulation pattern in the organs and tissue agree closely

with similar studies carried out in a similar ecosystem (Latif et
al, 1982). The differences in the levels of these metals among
the organs and tissues of Ethmalosa fimbriata may be
attributed to differences in physiological activites of the
different organs (Avenant-Oldewage and Marx, 2000) and
proximity of the tissue to the toxicant medium (Panchanathan,
2006). Generally, there was an increase in metal accumutation
during the dry season as compared to the rainy season in all
matrices.

The greatest accumulation of copper occurred in the
liver in all three locations of the Forcados River. It corroborated
the view that the liver in the fish plays a protective role against
chronic heavy metal exposure by producing the
metallothioneins (McCarter and Roch, 1983) acting as a
storage site, and being a vita organ in the regulation of copper
(Buckley et al, 1982).These metallothioneins possess high
affinities for copper and in doing $0, concentrate and regulate
it (Klerks and Levinston, 1989). The levels observed in the gills
at the three locations are also relatively high (Table 2 & 3).
According to Laurent and Dunel (1980), the gills possess an
extensive vascular network, which brings the gill tissue into
close contact with any blood — borne metal. When fish are
exposed to some levels of copper, he gills are the first organs
that are affected by this increase. The mucous cells respond
by increasing in activity, size and abundance (Noei-l.ambot et
al, 1978) However, the dry season survey showed an
increase in the copper accumulation compared to the rainy
season. This trend was also observed in the other metals
including nickel, lead, mercury and cadmium. A similar study
carried out in the Forcados River by Eloke (2001) showed the
same trend. It was reported in the study (Eloke, 2001) that
temperature was relatively higher in the dry season compared
to the rainy season. Higher temperature results in decreasing
oxygen levels, leading to increase in metabolic rate.
Consequently, the fish take up greater amounts of metal as a
result of the increased diffusion or active uptake associated
with higher rates of water movement across the gills or other
cell membranes (Prosi, 1979). The properties of metals
themselves may be directly influenced by temperature, by
changing the equilibrium effect between molecular and ionised
forms (Cairns et al., 1975). Lower temperature would induce
lower metabolism as observed during the rainy season.

In both surveys (dry and rainy season), cadmium was
observed to be highest in the gills in all three locations of the
River (Table 2 & 3). This difference in cadmium accumulation
may be attributed to the proximity of the tissue to the toxicant
medium, the physiological state of the tissue, presence of
ligands having an affinity to cadmium. The greatly branched
structural compaosition of the gill and the resultant highly
increased surface area, along with the large volume of water
passing through the gill surface and the highly vascuiar
physiological state (Mayer et al., 1991) make the gill a prime
site for cadmium accumulation. According to Paul and
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Banerjee (1997), due to the constant and increased ventilatory
movements of the operculum under the influence of the
xenobiotics, the protective mucous plug inside the opercular
chamber is quite often discharged into the medium. These
discharges of the mucous plug might make the gills a more
vulnerable site for accumulation of cadmium.

Although liver and gonads do not come into direct
contact with the toxicant medium, the cadmium accumulation
pattern in them followed more or less the same pattern as that
of the gills (Tables 2 & 3).These organs have capacity to
accumulate cadmium brought by blood from other parts of the
body and induce the production of the metal binding protein,
metallothionein, which is believed to play a crucial role against
the toxic effects of heavy metals by binding them
(Bhattacharya et al., 1985).

Nickel and lead, in both surveys exhibited the same
accumulation pattern like copper. However, bioavailable
mercury in the surface water of the river was generally not
sufficient for a significant uptake by the tissues and organs of
the fish

CONCLUSION

The increase In the levels of nickel, lead, copper,
mercury and cadmium had been observed in Bonga fish
(Ethmalosa fimbriata) In all metals, except mercury, the levels
in the organs and tissues were quite higher compare to that in
the surface water. Since Ethmalosa fimbriata is pelagic fish, it
was possible that the uptake of the metals into its organs was
from the surface water. The differences in bioaccumulation
patterns in the organs and tissues of the fish may be due to
differences in physiological activities of the organs and tissues
and proximity of the tissue to the toxicant medium.
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