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Bioaccumulation Of Trace Metals In Water,
Sediment And Crab (Callinectes) From Sombreiro
River, Niger Delta, Nigeria.
O.A.F. Wokoma
Abstract: Thetrace metal burden in surface water, sub-tidal sediment and edible crab – Callinectes in the lower (brackish/ sea water) reaches of the
Sombreiro River was studied over a three month period. Sediments had a higher concentration of metals than water, with the concentration ranging from
0.022±0.006 – 340.66±106.21mg/kg and 0.002±0.001 – 0.99±0.104 mg/l respectively. It was revealed that Callinectes from the study area
bioaccumulates all the heavy metals investigated from water and Cr, Cu, Ni and Zn from sediment. The concentration of all the heavy metals under
investigation- Cr, Cu, Ni, Cd, Pb and Zn were below their stated limits in water and sediment, however, the metal body load of Cu, Cr, Ni, Pb and Zn in
the tissue of Callinectes were above their stated limits, as such its consumption poses a health risk to consumers.
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1 INTRODUCTION
Naturalresources occur and are embedded in the
environment, and that any factor(s) that result in stress to
the environment therefore have direct impact on the
biodiversity resources that they contain. Environmental
threats to exploitable natural resources could arise from
human activities or as a result of natural events[1].
Continuous anthropogenic input of pollutants into the
aquatic environment constitutes a potential threat to natural
ecosystems because of direct effect on the water quality as
well as aquatic organisms. Since majority of pollutants
entering into the marine environment are chemical in
nature, theinvestigation of the release of chemicals into the
workplace or into the environment is a topic of current
interest,[2].Some pollutants such as heavy metals are bioaccumulated and some are biomagnified in food chains and
thereby become risks to top predators, including humans.
Because the residence times of metals on the biosphere
are long even the transport of small amounts through biota
is of eco-toxicological importance.Marine organisms such
as fish-[3], [4]; periwinkle–[5], [6] andoyster – [7] have
beenimplicated as accumulators of tracemetals.Metal body
loads of aquatic biota are therefore often measured and
used to evaluate ecological risks and potential sub-lethal
effects [8].

Coastal sediments are important hosts for pollutant trace
metals andbecause of the devastating effect of certain toxic
metals on human health, metal pollution is potentially one of
the most serious forms of aquatic pollution. Benthic
organisms (such as crabs) are likely to be most directly
affected by sediment metal concentrations because the
benthos is the ultimate repository of the particulate
materials that wash into the aquatic systems [9]. As is the
case in other coastal areas, the major and cheapest source
of animal protein available and accessible to the local
people (living along the coast line of Sombreiro River) is
fish and other sea foods such as shrimps, crabs, oyster,
periwinkle etc. gotten from the river, which therefore makes
the maintenance of the health of the river and its resources
inevitable. Callinectes (edible crab or true crab) referred to
as ikoli by the native Kalabari people is a highly soughtafter sea food of choice that is very nutritious and is used
as a source of protein inseveral delicacies. It is an
alternative to fish in the diets of some of the locals and
serves as a means of livelihood to those involved in its
harvesting and marketing. However, there is no information
on the trace metal content and or the bio-accumulation
potential of edible crabs from the Niger Delta, particularly
the Sombreiro River, thus this investigation.Paez – Osunaet
al[10] had earlier noted that since metal pollution is
increasing in tropical areas, it is important to conduct such
studies to record the range of concentration within
commercial species, so that assessments about potentially
hazardous levels, from the human – nutritional standpoint,
can be made.

2 Materials and Method
_______________________
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i.)
Study Area
The study area- Sombreiro River (Fig. 1a &b) is located in
Rivers State in the Niger Delta region of Nigeria, and
liesbetween latitude 040 43`18`` to 040 37` 37.3`` N and
longitude 0060 46` 25`` to 0060 48` 56.5`` E. It is a tidal
dominated river, with fresh water input.
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the various metals.In the laboratory, Callinectes tissue
samples were oven- dried at 80oC for about 24hours after
which 2g of the dried sample was digested in 10ml of
concentratednitric acid at 600C for 30 minutes. I ml of
hydrogen peroxide was added to furtheroxidize any
recalcitrant lipid material in the sample as in [12]. The
digested tissues were thendiluted to 100 ml with deionized
water, andfiltered. The filtrate was then analyzedfor the
different
metals
using
Flame
AtomicAbsorption
Spectrophotometer.

3 Results and Discussion
Mean trace metal concentration in water, sediment and
crab tissue ranged from0.002±0.001– 0.099±0.104mg/l,
0.022±0.006 - 340.66±mg/kg and 0.003 –123.42±7.35
mg/kgrespectively, (Table 1). The highest concentration of
copper,chromium, nickel and zinc were gotten in the tissue
of crab, while that ofcadmium, iron and lead were observed
in sediment. Nevertheless, iron was themost abundant of all
the metals investigated in both media and crab tissue
asshown in Table 1. Generally, trace metal concentration
pattern varied in water,sediment and crab tissue. The
decreasing order of metal concentration in waterwas Fe >
Ni > Cu > Cr > Zn >Pb> Cd, that of sediment was Fe > Zn >
Cr > Ni >Cu >Pb> Cd and the order in crab tissue was Fe >
Zn > Cu > Cr > Ni >Pb> Cd.

Fig. 1(a): Map of the Niger Delta Area.

Figure 1(b): Map of the study area – Sombreiro River

ii) Sample collection and Laboratory Analysis
Water samples were collected in 2 – litre plastic containers
from the sub- surface (5- 10cm depth) in each station. Two
replicate samples were collected per station and
transported to the laboratory in an ice- chest container for
analysis. Two replicate seabed sediment samples for trace
metalanalysis were also collected in each of the sampling
stations using Peterson Grab and transported to the
laboratory in black polyethylene bags. 10 samples of the
blue crab – Callinectes caught in fishing nets were gotten
from local fishermen along the coasts of Sombreiro River.
Samples were stored in an ice chest before transporting to
the laboratory for identification and heavy metal analysis.
Identification to the genus level was achieved with the aid of
identification keys by [11]. Laboratory analysis of heavy
metals in water was carried out using atomicabsorption
spectrophotometer. Sample preparation was by acid
digestion followedby filtration through a 0.45 micro
membrane filter. Aliquots of the filtrate were thenused for
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Table 1: Mean Heavy Metal Concentration in surface water, sediment and tissues of Callinectes in the study area.
Fe

Cr

Cu

Ni

Water
(mg/l)

0.099±
0.104

0.055
±
0.067

0.056±
0.075

0.091
±
0.132

Permissib
le limit
1.[13]
2.[14]

1.0
0.05- 1

0.5

1.0
0.0515

0.1

0.01
0.05

Sediment
(mg/kg)

340.66
±
106.21

4.27±
1.675

0.628±
0.495

1.693
±
0.957

0.02
2±
0.00
6

Permissib
le limit
[14]
(mg/kg)

100

200

100.0

500

0.3

20.
0

300

Callinecte
s (mg/kg)

123.42
±
7.35

41.74
±
2.17

45.31±
2.92

39.43
±
1.77

0.00
3±
0.00
1

0.2
4±
0.0
4

52.47
±
3.18

0.5
0.18
0.5

0.5
0.1
2
3

Permissib
le limit
1. [15]
2. [16]
3. [14]

146
400

30.0
3.28
30

0.3

The concentration recorded for trace metals in water were
lower than thosereported by [7], but higher than that
gottenby [3]. The concentrations of heavymetals inthe
waters of Sombreiro River as revealed by this investigation
are allbelow the permissible limits of [14] as well as that of
[13]. For sediment, the observedconcentrations were higher
than the reported concentrations of [5] except for iron and
lead. Sedimentconcentration of trace metals in this
investigation
weregenerally
higher
than
that
in
waterbecause as noted by [17] sediment serves as a
natural sink for aquatic pollutants(such asheavy metals),
andholds more than 99% of the total amount of
metalpresent in the aquatic system [18]. The metal body
load of Callinectes as revealed in this study is higher than
thevalues reported by [19] in Tilapia gallier, [20] in the

5

Cd
0.00
2±
0.00
1

Pb
0.0
03±
0.0
11
0.0
5
20.
0
0.4
74±
0.4
01

Zn
0.04±
0.024

1.0
0.05

5.37±
1.918

40
300

different
organs
ofClariasgariepinusand
[21]
in
threecommercial fish species. It is however lower than
theobserved range of 0.44 -136.9 mg/kg recorded by [22] in
the
liver
of
Oreochromisniloticus.Among
marine
invertebrates, [7] recordedhigher concentration of
tracemetals
in
Tympanotonusfuscatus
and
Crassostreagasar for all the metals underinvestigation
except Nickel. Similarly, the tracemetal burden (Zn 90 500µg/g, Pb0.3 - 26µg/g, Cd 1.6 - 4µg/g and Cu 30 –
140µg/g) in Littorinasaxatilis[6], fromsites around the Isle of
Manwere alsohigher than that gotten in this study. The
bioaccumulation factor (BAF) given by the ratio of the metal
concentrations inCrab to that in sediment and or water
indicates
the
occurrence
of
bioaccumulation.

Table 2: Bioaccumulation factor (BAF) of trace metals in Callinectes from water and sediment along the lower reaches
of Sombreiro River
Medium
Water
Sediment

Fe
1246.66
0.36

Cr
758.91
9.78

Cu
809.11
72.15

According to [23] a BAF greater than 1.00shows
bioaccumulation.
It
then
followsthat
Callinectes
accumulates trace metalsfrom water more than from
sediment(Table 2). BAF in crab from water rangedfrom 1.50
–1311.75, indicating that allthe metals were bioaccumulated
(that is, itsconcentration is higher in the tissuethan in the
surrounding water), howeverthat for sediment reveals that
iron,cadmium and lead are not bioaccumulated. Thisreport
agrees with the conclusionof [5] thatperiwinkles show

Ni
433.30
23.33

Cd
1.5
0.14

Pb
80
0.51

Zn
1311.75
9.77

bioaccumulation. The bioaccumulation of iron andchromium
incrab is in agreement with the report of [24] but is in
contrast with thatof [5]. The order ofbioaccumulation in crab
(from sediment) in this study is Cu >Ni > Cr > Zn >Pb>Fe >
Cd, while that from water is Zn > Fe > Cu > Cr > Ni
>Pb>Cd. Both trendsdoes not agree with the order of Mn>
Cu >Pb> Ni > Fe > Crreported by [5] from the lower
Sombreiro River.The concentration of chromium,nickel,
copper and zinc in the tissues ofCallinectesare higher than
297
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the[14] and or[15] recommended limits while that of lead
and copper are higher than the statedlimitsof[16].Similarly,
the
observedconcentrations
of
trace
metals
in
thisinvestigation when compared tothe recommended daily
intake of Fe(48.0mg/day),Zn (60.0mg/day), Cu (3.0) andPb
(0.214mg/day)
for an adult
by [25] indicates
thatconsumption ofCallinectes from SombreiroRiver might
pose a health risk toconsumers.
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