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ABSTRACT

Aim: Contamination of the Anambra River with heavy metals (arsenic, As; cadmium, Cd; chromium, Cr; copper,
Cu; lead, Pb; nickel, Ni; and zinc, Zn) was examined in two preponderant fish species (Synodontis clarias
and 7ilapia nilotica) following earlier detection of the elements in water column. Methods: Levels of heavy
metals were measured in both seasonal regimes (rainy and dry) at five selected locations with atomic absorption
spectrophotometer. Factorial effects and interactions were explored on completely randomized block design.
Quantitative risk of metal exposure through contaminated fish consumptions among the resident community
population at the river was assessed to extrapolate the probable public health threat. Results: The result
showed variations among heavy metal concentrations in fish and Zn and Cu recorded significant amounts
with S. c/arias recording higher concentrations than 7. nilotica. Season, species of fish and location and
their interactions had significant effects on the amounts of Cu and Zn accumulated in the fish tissues except
season by species effect. Zinc recorded the highest concentrations at all locations measured, with Onono
(location 5) producing the fish species with the highest amount of metals compared with other locations. The
heavy metal concentrations were below the comparable international safe standards. Margin of exposure and
exposure dose calculated for the heavy metals were all below reference standards and tentatively considered
not to be of risk to public health. Conclusion: However, there is considerable concern of contamination of the
fish species with heavy metals and recommended regular monitoring or examination of edible fish species.

KEY WORDS: Bioaccumulation, heavy metals, factorial effects, margin of exposure, exposure dose

been the bane of environmental degradation and threats to
its sustainability. Activities such as industrial, agricultural,

Heavy metal pollution of aquatic ecosystems has become a
global phenomenon and have also drawn different dimensions
of research to target the increasing scourge. Focus is now shifting
to emerging metals and metalloids, but the known conventional
heavy metal residues in environmental dispersion continue
to attract attentions and spark up evolving physiological
and public health effects, making the continuous research
and database build-up on them inevitable. Biodiversity-rich
freshwater ecosystems are presently declining faster than
marine or land ecosystems making them the world’s most
vulnerable habitats [1,2]; their sustainability being threatened
by anthropocentrism [3-6]. Anthropogenic activities have
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domestic activities and urbanization processes give rise to
pollutants, which are introduced into the surface waters
through point and non-point sources [4] and much of the
world still do not have access to clean, safe water [7,8]. These
activities have resulted in the exponential increase of heavy
metals in the water environment [9-11] and corresponding
drastic effects on the physicochemical characteristics of the
water and fish population [10,12-16]. Because heavy metals
cannot decompose, its environmental persistence, mobility
and redistribution provide exposure platforms for aquatic
ecosystems and could alter the ecological balance and affect
biodiversity [17,18].
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Physicochemical properties of the water and various abiotic
environmental variables have been shown to affect and upset
the toxicity and accumulation of heavy metals in biota [19,20].
Toxicants can have dissimilar strengths depending on the
variable physicochemical properties, presenting diverse risks for
the same chemical in a different environment [21]. The trophic
transfer of heavy metals through fish poses a threat to the public
health in light of its position on the aquatic food chain and food
menu [22,23]. Although some of these metals (e.g. Cuand Zn)
are essential elements necessary for biological functionalities of
aquatic life, elevated concentrations and intakes could produce
aquatic toxicity [24].

Rivers are highly prone to material loadings that can result
in pollution. Anambra River is a major freshwater system of
Nigeria and a shallow fragile ecosystem that has suffered drastic
changes in the past years from pollution of its waters [25].
Reconnaissance tour to various regions surrounding the river
revealed crop agricultural and fishery production within the
zone including the floodplains. About 15% of all irrigated
cropland suffers from waterlogging and possibly, salinization
due to drainage problems, thereby resulting in reduced crop
yields [26]. Ojiako [27] earlier reported the pollution effects of
irrigation drainage on quality of Anambra River and survivability
of the occupant fish species. Soil fertility improvement is mostly
based on application of inorganic fertilizer, especially during
the dry season while natural spontaneous flooding takes care
of crop vield during the rainy season along the floodplains [2§].
Moreover, according to the latter author, the river is gradually
becoming eutrophic. Use of agrochemicals was also evident
and incfficient use of fertilizers and pesticides is also a major
cause of pollution of both surface and ground waters [29]. Two
major markets (Otuocha and Otu Nsugbe) are located at the
bank of the river [30].

The most important and widely consumed fish species in the
river are S. clarias and T. nilotica due to their preponderance,
size, survivability and taste [31]. It is not known if the heavy
metal bioaccumulation in these species has been undertaken.
Considerable rescarch has been done and further initiated and
maintained at the Anambra River. Physicochemical properties
and heavy metal loading of the water column of the river in
various locations have been earlier evaluated [28,30,32,33].
However, bioaccumulation of the common heavy metals
in preponderant fish species easily consumed by the local
resident human population has not reccived detailed research
to addressing public health risk and concerns of poisoned
dictary intakes. Quantitative risk assessment is very essential in
predicting the probability of an identified hazard to cause harm
and also employed in part for site remedial surveys to delineate
the magnitude to which location counteractive action is
required. The risk assessment offers a numeric approximation
of hypothetical risk or hazard, supposing no clean up takes
place and it generally uses standard protective exposure
assumptions when evaluating site risk [34]. To prioritize new
and existing contaminants for toxicological studies and risk
assessment, a better characterization of human exposure is
required through data collection within realistic exposure
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scenario [21]. Studies on contamination of rural environments
have been considerably low compared to its urban counterpart.
In these areas, it is difficult to practice even elementary
hygiene without sufficient quantities of water free of these
contaminants [35]. As such, it is necessary to protect the water
sources themselves from fecal, agricultural, and industrial
contaminations. In developing countries, 90-95% of all sewage
and 70% of all industrial wastes are dumped untreated into
surface water [35]. Following these problems, the work was
aimed to determine the heavy metals in two earlier identified
fish species of the Anambra at different seasons and locations
of probable varied anthropogenic impacts. In order to translate
the metal bioaccumulation findings to human exposure risk,
observed metal concentrations were compared to standard
quality guidelines and non-carcinogenic quantitative risk
related to exposure through dietary fish ingestion was
extrapolated.

METHODS

Description of the Study Area

Anambra River in Nigeria lies between latitudes 6° 00'N and
6° 30’N and longitudes 6° 45’E and 7° 15’E. The river is at
the South Central region of Nigeria [36]. Anambra River is
approximately 207.4 km to 210 km in length [25,37], rising from
the Ankpa hills (ca. 305-610 m above sea level) and discharging
into River Niger at Onitsha [25]. The entire River basin drains
an area of 14014km? [36] [Figure 1].

Experimental Design

The experiment for the quantification of heavy metals in fish
was conducted under a 2 X 5 X 2 factorial in a completely
randomized block design to test the effects of season, location
and species together with their interactions on the concentration
of heavy metals (Chromium [Cr], Cadmium [Cd], Arsenic [As],
Zinc [Zn], Lead [Pb], Nickel [Ni] and Copper [Cu]) of fish

species inhabiting Anambra River. Seasons were tested at two
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Figure 1: Map showing Anambra River and sampling location
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levels viz.: Rainy season and dry season; location handled at
five levels (Enugu Otu, Ezi Aguleri, Otuocha, Otu Nsugbe and
Onono) and two major species of fish (S. clarias, Linnaeus, 1758
and " nilotica, Linnaeus, 1757) inhabiting the river were used.

The model used is:
Yijkl =u+SS, + Li +S, + SSLl,j +SSS, + LSik + SSLqu +ey,
Where;

Y. = heavy metal (Cr, Cd, As, Zn, Pd, Ni and Cu) values that

ikl
were observed due to:

w = the population mean;

SS, = the effect of ,

, season
L. = the effect of ith location from where the samples were
collected

S, = the  species cffect;

kth
SSL“,, SSS,, and LSjk = are the interactions between season
and location, season and species, and species and location,
respectively.

SSLSilk = the third level interaction between season, location
and specics.

€.

= 18 the error term associated with the experimentation.

Assumptions: Error term is independently, identically and
normally distributed with zero mean and constant variance.
That is, iind (0, 6?).

Total of 24 fishes, comprising 12 S. clarias and twelve T. nilotica
were used for each location.

Sampling Locations and Campaign

The experimental site comprised of five distinct locations/
stations established to cover possible impacted and nonimpact
area along the river course based on an earlier field reconnaissance
tour. The locations (L,) of the various measured stations are:
L,: Enugu Otu

L, Ezi Aguler

L, Otuocha

L,: Otu Nsugbe

L: Onono

Following the experimental design, samples were collected in
mid rainy (July) and dry (February) scasons. For each scason,
live S. clarias and 'I' nilotica of fairly similar live-weight were
collected from Anambra River irrespective of the sex at the five
stations using set nets, long-lines and traps. The collected fish
were immediately classified, weighed and individual length
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determined (weights: 264.91 & 2.28 and 260.13 % 4.20; lengths
0f29.16 = 1.60 and 27.35 £ 1.42 for S. clarias (P < 0.05) and I
nilotica, respectively) before storage at temperature of —20°C.
The relative distance between cach station is approximately
12 km [Figure 1]. All the sample collections were made during
the morning hours in both seasons.

Heavy Metal Analysis of Fish Samples

20 g of muscle tissues were removed from the samples with
the help of a stainless steel surgery knife. Samples were
freeze-dried and ground into homogenous mixture using a
porcelain mortar and pestle. 10 g of sample was digested and
analysed after the method adopted by Food and Agricultural
Organization/Swedish International Development Cooperation
Agency (FAO/SIDA) [38]. The heavy metal concentrations in
cach digested samples were determined by comparing their
absorbance with those of standards (solution of known metal
concentration) using Alpha- 4 Cathodeon Atomic Absorption
Spectrophotometer. The obtained results were expressed as

mg/kg wet weight.

Precautions were strictly taken in order to prevent contamination
during investigation. Fish samples were washed by deionized
distilled water prior cutting to remove adsorbed metals on the
skin. All reagents used were of analytical grade; glassware were
sterilised by soaking them in 10% nitric acid and rinsed with
distilled water prior to use. Deionized water was used to prepare
all aqueous solutions [15].

Quality Control and Recovery Accuracy

In order to check the efficiency of sample digestion procedures
and subsequent recovery of the metals, analytical quality
was determined by analysis of standard reference material,
fish flesh homogenate. Homogeneous mixtures of seven
samples of fish muscles were spiked with solutions containing
standard solutions of all seven metals considered in the current
investigation [15]. The element solution was spiked in a manner
to attain final concentrations of 1.0 and 3.0 mg/kg. A mixture
without any metal was used as control and all mixtures were

40
35 = Exposure dose, D (mg/kg/day)
30
25

20

Children Adolescent Adult

Sample population

Figure 2: Relative exposure dose of heavy metals among resident
population categories
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then subjected to the digestion procedure. The resulting
solutions were analyzed four times for metal concentrations
according to the same procedures as the samples to establish
confidence in the accuracy and reliability of data produced.
The amount of metals recovered after the digestion of the
spiked samples was used to calculate percentage recovery as
follows: % recovery = ([t-c]/t) 100. Where t = concentration
of a metal in treatment sample, and ¢ = concentration of a
metal in control sample.

Blanks and standard solutions were also included for quality
control to confirm the accuracy and reproducibility of the
results. Analytical results of the quality control samples indicated
a satisfactory performance of heavy metal determination within
the range of certified values 95-111% recovery for the metals

studied [14].
Heavy Metal: Human Exposure Risk Assessment
Human population and fish consumption rate

A survey was conducted in order to characterize the rates
of freshwater fish consumption and determine the average
quantity of fish consumed per person among the Anambra
River residents. The survey consisted of direct interviews with
300 shore-based community residents comprising of children,
adolescent and adults irrespective of sex. The reason given for
fishing was for food and indicated that they eat their catch and
others given to them by friends and neighbors. Only 273 people
responded to our interviews culminating into 91% of the survey
respondents. Survey site was nominated based on observations
of use by fishermen, population residency and domestic utilities
of the river. Residents were asked specific questions concerning:
Fishing and fish consumption habits on daily basis; perceptions
of presence of contaminants in fish; and perceptions of risks
associated with consumption of recreationally caught fish at
various times of the day [39].

The survey actually employed “assumption of sharing”; the
respondents who provided the data clearly indicated that they
shared the fish that came into their houscholds with every
member of the household and gave the number of individual
fish consumers. Respondents’ consumption rates were based
not only on the fish that they themselves had caught for
consumption but also on the fish that other family members
had brought into the household and shared with them, as well
as fish that had been given to them by other individuals outside

of the household [39].

Weights of the individuals were taken with flexible weighing
equipment only by consent and average body weights of the
population categories calculated. The daily intake of heavy
metals from fish consumption per average individual population
category was calculated by multiplying this value by the average
concentration of each metal in analyzed fish as shown in the
deduced formula expression;
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Estimated daily intake = Ieavy metals in fish X weight of
consumed by average individual category

EXPOSUT@ risk assessment

Risks associated with human consumptions of the potential
contaminated fish with heavy metals measured in the study
were derived by comparing the levels quantified in the muscles
and International safe limits. Margin of exposure (MOE) was
explored to assess the species-specific risk from consumption
of contaminated fish with heavy metals as given by Watanabe

et al. [40]:

_ MCCxCR

MOE=
BW xRfD

Where MCC was the species-specific mean chemical
concentration (mg/kg), CR was the consumption rate (kg/day),
BW was the human body weight (kg) and RfD was the
reference dose for chronic oral exposure of the specific heavy
metal in mg/kg/day. MOLE >1 indicates the exposure to a dose
higher than the safe daily dose for chronic non-carcinogenic
effects. The reference dose value adopted by the United States
Environmental Protection Agency (U.S EPA)-Integrated Risk
Information System [41-44] and used in this study were: As
= 0.0003; Cd = 0.001; Cr = 0.003; Zn = 0.3; for Cu, Ni, and
Pb, no information exist as per the RED values. However, Cu is
classified as human carcinogen under Groups 3a [45,40].

Exposure doses from ingestion of fish among the population
were derived following the equation of Agency for Toxic
Substances and Discase Registry [34] on calculation of exposure
doses assuming that all fish consumed are caught from one
contaminated water body:

_ CxIRxEFxCF
; BW

D
Where,

D = Exposure dose (mg/kg/day)

C = Contaminant concentration (mg/kg)

IR = Intake rate of contaminated medium (mg/day)

EF = Exposure factor (unitless) - the fish intake rate is a daily
average, so the exposure factor is equal to 1

CF = Conversion factor (10~°kg'mg)

BW = Body weight (kg)

Data Analysis

Data transformation and analysis were conducted using IBM
SPSS Statistics 22 and Microsoft Excel (2010 version). Mean

values *+ standard deviation (the standard deviation of the
mean) in mg/kg wet weight for metals and demographic
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indices were calculated. Significance and interaction effects
on heavy metal concentrations detected in the fish samples
were subjected to three factorial Analysis of Variance and the
comparisons among group means were obtained using post
hoc least significant difference. Student’s t-test was used in
comparing two means where appropriate. The results were
evaluated at a probability level of P < 0.05.

RESULTS

Recovery Studies

Table 1 provides the data generated from the recovery studies
carried out in the work. Recovery ranged from 96-99% to
95.33-99.67%, using solutions of 1 mg/kg and 3.0 mg/kg

concentrations, respectively

Heavy Metal Concentrations in Fish from the Anambra
River

Seasons, species and location effects on the heavy metal
concentrations

Season, species, and location effects on heavy metal
concentrations are presented in Table 2. The concentrations of
the heavy metals observed varied in both seasons and locations.
Season and location exhibited significant effects (P < 0.05)

Table 1: Recovery of metals from fish muscle samples
Heavy  Concentration of

Concentration of metal Recovery Average

metal metal added (mg/kg)  recovered (mg/kg) % %

Cd 1.0 0.99 99.00 97.84
3.0 2.90 96.67

Cr 1.0 0.98 98.00 96.50
3.0 2.85 95.00

Ni 1.0 0.99 99.00 97.50
3.0 2.88 96.00

Pb 1.0 0.98 98.00 96.67
3.0 2.86 95.33

Zn 1.0 0.99 99.00 98.17
3.0 2.92 97.33

As 1.0 0.96 96.00 97.84
3.0 2.99 99.67

on the mean Cu and Zn concentrations detected in the fish
samples. Concentrations of Cu and Zn were observed to be
higher in dry season compared to rainy season. Again, Cu and
Znlevels were high at Onono, followed by Otuocha and the least
being at Ezi Aglueri and Enugu Otu. S. clarias was observed to
record the higher concentration of heavy metals especially Zn.

Seasons X species, seasons X location, and species X location
interaction effects

The second level interaction effects on the mean concentrations
of the heavy metals obtained are presented in Table 3. Seasons
x location interaction showed significant (P < 0.05) effect on
Cu and Zn only. Onono gave the highest concentration values
of Cu and Zn in both rainy and dry seasons. Fzi Aguleri and
Enugu Otu recorded least concentrations of the metals in rainy
scason, respectively. Species x location interaction also exhibited
significant (P < 0.05) effects on Cu and Zn concentrations. S,
(S. clarias) accumulated highest concentrations of Cu and Zn
at Onono and least concentrations at Ezi Aglueri and Enugu
Otu, respectively.

Similarly, T" nilotica (S,) at location 1 concentrated least amount
of Cu and Zn while exhibiting its highest concentration rate
at the location 5 for both heavy metals [Table 3]. Seasons by
species had no significant (P > 0.05) effects on these metals.

Seasons X species X location interaction effects

Third levels interaction effects on the heavy metal concentrations
are presented in Table 4. It showed effects (P < 0.05) on the Cu
and Zn concentrations. S. clarias in rainy scason accumulated
least amount of Cu and Zn at Ezi Aguleri and Enugu Otu,
respectively with corresponding higher concentrations at
Onono. Dry season maintained the same pattern of metal
concentration distributions in various locations with that of
rainy season. 1. nilotica showed higher concentration values
of Cu and Zn in rainy season at Onono and least values at Ezi
Aguleri and Enugu Otu, respectively. At Onono, the species
recorded higher concentrations for Cu and Zn, respectively for
dry scason (SS,) with least concentration at Enugu Otu in the
same season (SS,).

Table 2: Seasons, species, and location effects on the mean heavy metal concentrations (mg/kg) in fish

Factor Cd Cr Cu Ni Pb Zn As
SS, 0.003+0.001 ND 0.095+0.11? 0.0015%+0.001 0.002=0.001 0.48+0.19° 0.002%0.00
SS2 0.006%0.002 0.001+0.0 0.139+0.16° 0.0018+0.001 0.001+0.00 0.55+0.26" ND
S, 0.004x0.002 0.001+0.0 0.130+0.17 0.002+0.001 0.002=0.001 0.55+0.21 0.002+0.0
S, 0.001+0.00 ND 0.104+0.11 0.001+0.0 0.001+0.00 0.48+0.24 ND
L1 ND ND 0.037+0.008% ND ND 0.33+0.077 ND
L, ND ND 0.034+0.01? ND ND 0.35%0.04° ND
L3 0.003£0.001 ND 0.11£0.07° 0.001+0.00 0.002+0.00 0.59+0.09" ND
L, ND ND 0.034+0.10% ND ND 0.43+0.10° ND
L 0.004=+0.002 0.001+0.0 0.37+0.11° 0.002+0.001 0.002=0.001 0.90+0.11¢ 0.002+0.0

Mean values bearing different superscripts within the same column are significantly different (P<0.05; ND: Not detected below 0.001mg/kg);
SS,- Rainy season, SS - Dry season, S - S. clarias, S,- T. nilotica; Lx- location
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Table 3: Seasons xspecies, seasonsx location and species X location interaction effects on the mean heavy metal concentrations

(mg/kg) in fish

Factor Cd Cr Cu Ni Pb Zn As
ss S1 0.0025+0.00 ND 0.11+0.12 0.002+0.00 0.003+0.001 0.51+0.17 0.002+0.0
! S2 0.001+0.00 ND 0.08+0.11 ND 0.001+0.00 0.46+0.20 ND
sS S1 0.006+0.002 0.001%0.00 0.16+0.20 0.00+0.002 0.001+0.00 0.60+0.24 ND
2 S2 ND ND 0.12+0.11 0.001+0.00 0.001+0.00 0.51+0.27 ND
L, ND ND 0.04+0.008* ND ND 0.32+0.08* ND
L, ND ND 0.03£0.005* ND ND 0.34+0.056% ND
SS1 L3 0.002+0.00 ND 0.07+0.01* 0.001+0.0 0.002+0.00 0.54+0.11° ND
L4 ND ND 0.029+0.01% ND ND 0.44+0.06° ND
L5 0.002=+0.001 ND 0.32+0.02° 0.002*+0.00 0.003+0.002 0.79+0.042¢ 0.002+0.0
L, ND ND 0.04+0.009* ND ND 0.35+0.07 2 ND
L, ND ND 0.04+0.005* ND ND 0.36+0.021% ND
332 L3 0.004+0.00 ND 0.16+0.073" 0.001+0.00 ND 0.65+0.025° ND
L4 ND ND 0.04+0.009* ND ND 0.42+0.125° ND
L5 0.007+0.00 0.001+0.0 0.42+0.14¢ 0.003+0.002 0.001+0.00 1.00+0.04¢ ND
L1 ND ND 0.05%0.002* ND 0.005+0.002 0.41+0.015% ND
L, ND ND 0.034+0.004% ND ND 0.39+0.009% ND
S1 L, 0.003+0.001 ND 0.08+0.004* 0.001+0.0 0.002+0.0 0.53+0.095° ND
L, ND ND 0.04+0.005* ND ND 0.52+0.024° ND
L5 0.005+0.002 0.001+0.0 0.45+0.11° 0.003+0.001 0.003+0.002 0.94+0.103¢ 0.002+0.0
L1 ND ND 0.029+0.07 ND ND 0.26+0.02 ? ND
L2 ND ND 0.34+0.014° ND ND 0.31+0.026* ND
32 L3 ND ND 0.14+0.088* 0.001=+0.0 ND 0.66+0.015 ND
L, ND ND 0.025+0.006* ND ND 0.34+0.045 ND
L 0.001+0.0 ND 0.29+0.01° 0.001=+0.0 0.001+0.0 0.86+0.105¢ ND

&

Mean values bearing different superscripts within the same column for season X location and speciesxlocation are significantly different (P<0.05)

Human Exposure Risk Assessment

Table 5 presents the demographic factors and fish consumption
rates of the examined community population residing at the
Anambra River. The daily intakes of heavy metals through fish
consumption among children, adolescent and adult are shown.
There were significant difference (P < 0.05) between the mean
age, weight and consumption rates of the population with the
highest in adult population.

Concentrations of heavy metals observed in the measured fish
species and their estimated daily intakes through consumptions
among children, adolescent and adult population are shown in
Table 6. Metal concentrations were below safe limits stipulated
in standard monographs of International compendia [47-49].
Human exposure risk estimation based on the MOE was
negligible (below 1) for the entire population category [Table 7].
No data exist on reference dose for chronic oral exposure for
Cu, Niand Pb and their MOEs were not calculated. Conversely,
heavy metal exposure doses for the community population from
consuming fish are also presented in Table 7. Children had the
highest exposure dose (ED) (P < 0.05) followed by adolescent
and adult population recording the lowest values [Figure 2].
Exposure doses were all below reference doses for chronic oral
exposure given by U.S EPA- Integrated Risk Information System

DISCUSSION

The studies analytically assessed the heavy metal concentrations
in two endemic fish species of Anambra major freshwater system

J Environ Occup Sci e Jan-Mar 2015 e Vol4 e Issuel

and are extensively consumed by the local populace on different
factorial levels and effect interactions. The anthropogenic
activities upsetting the delicate balance of the river environment
are pointer facts for current strict monitoring and necessity
for the quantitative risk assessment of human-metal exposure
through dietary consumption.

Factorial Effects on the Concentrations of Heavy Metals
Lffect of fish species

The study showed varying concentrations of heavy metals
measured in fish species of the Anambra River. Occurrence levels
of the heavy metals in the fish were relatively low and Cu and
Zn concentrated at significant amounts in both seasons and
species from different locations. Several factors characteristically
affect the biological availability and accumulation dynamics
of contaminants in aquatic organisms including fish to reach
various tissue and molecular targets. Physicochemical factors and
water chemistry such as temperature, salinity, and pH enhance
the distribution and bioavailability of the aquatic heavy metals.
Water chemistry characteristics of the Anambra River reported
in our earlier investigations [30,33] are of considerable standards
for most ecotoxicity to aquatic organisms and possible diversity
in bioaccumulation observed in this study. Water temperature
affects metal uptake by poikilothermic animals and also is generally
regarded as one of the most crucial environmental element
influencing toxicity of chemical contaminants to aquatic organisms
[50,51]. Karakoc [52] observed an increase in the uptake of Cu
in the liver, gill and muscle tissues of T nilotica at low salinities,
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Table 4: Seasonsxspecies X location interaction effects on the mean heavy metal concentration (mg/kg) in fish

Factor Cd Cr Cu Ni Pb Zn As
L, ND ND 0.043+0.018 ND ND 0.390+0.022 ND
L2 ND ND 0.030+0.01% ND ND 0.400+0.08* ND
S1 L, 0.002+0.001 ND 0.076+0.01? 0.001+0.00 0.002+0.001 0.430+0.022 ND
L, ND ND 0.038+0.02% ND ND 0.492+0.05* ND
ss L5 0.003+0.001 ND 0.340+0.10° 0.002+0.00 0.004+0.001 0.834+0.20° 0.002+0.001
B L1 ND ND 0.028+0.02? ND ND 0.240+0.18* ND
L, ND ND 0.020+0.01? ND ND 0.289+0.19* ND
82 L3 ND ND 0.054+0.01? ND ND 0.640+0.28° ND
L4 ND ND 0.019+0.03? ND ND 0.380+0.21? ND
L5 0.001+0.00 ND 0.300+0.21° ND 0.001+0.00 0.750+0.24° ND
L, ND ND 0.047+0.02° ND ND 0.420+0.067 ND
L2 ND ND 0.038+0.01% ND ND 0.381+0.02? ND
S1 L3 0.004+0.001 ND 0.084+0.03? 0.001 ND 0.620+0.13" ND
L4 ND ND 0.048+0.04 ND ND 0.540+0.07"° ND
ss L5 0.007+0.003 0.001 0.560+0.03"° 0.004+0.001 0.001+0.001 1.040+0.87¢ ND
2 L ND ND 0.029+0.012 ND ND 0.280+0.03 ND
L, ND ND 0.048+0.03? ND ND 0.340+0.05 ND
32 L3 ND ND 0.230+0.09"° 0.001 ND 0.670+0.24° ND
L, ND ND 0.030+0.01? ND ND 0.290%+0.07 ND
L ND ND 0.280+0.06° 0.001+0.001 0.001+0.00 0.960%0.26°¢ ND

&

Mean values bearing different superscripts within the same season and the same species along the columns are significantly different (P<0.05)

Table 5: Fish consumption rate among the measured population of the Anambra River

Demographic indices

Consumption

rate (g/day)

Population No of individuals Age group (years) Mean age (years) Weight (kg)

Children 93 5-10 7.35+1.69¢ 22.46*2.37¢ 151.89+1.37¢
Adolescent 86 11-19 15.50+2.25° 51.08+6.49° 167.61+2.12°
Adult 94 20-60 44.46+14.09° 58.74+0.96% 191.54+5.432

Mean values with superscripts are significantly different (P<0.05)

Table 6: Concentrations and EDI of heavy metals (mg/day)
among the human population at the Anambra River through
fish consumption

Heavy metals Concentration? Children Adolescent Adult

Cd 0.0025+0.002 3.797X10°* 4.190x10% 4.789x10°*
Cr 0.001+0.00 1.519x107* 1.676x107% 1.915x10°*
Cu 0.117+0.0184 1.777X1072 1.961x1072 2.241x107?
Ni 0.0015+0.0007 2.278x10°% 2.514x10°* 2.873x10°*
Pb 0.0015+0.0007 2.278x10°* 2.514x10* 2.873x10°*
Zn 0.515+0.0495 7.822X107% 8.632X10°2 9.864xX107?
As 0.002+0.00 3.038x10°* 3.352x10“% 3.831x10°*

aAverage of the two fish for both rainy and dry seasons,
measured in mg/kg wet weight, EDI: Estimated daily intakes

since a decrease in salinity from 20% to 50% caused an increase in
the metal uptake. Conversely, Karakoc and Dincer [53] recounted
highest accumulation of Zn in kidney tissue at 15°C and 30°C for
different concentrations, which was followed by gills and liver. In all
tissues, Zn accumulation increased with increasing temperatures.
Similar trend of linear temperature dependent chemical sensitivity
and uptake rate of Cd has been documented in Daphnia magna
[54]. The Anambra River has temperature of 26.22 + 0.71
-28.84 £ 1.38°C in carlier surveys [30,33] and could attest to the
accumulation patterns between the fish species

Observable difference was recorded between the two fish
species in the amounts of heavy metals accumulated. The
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disparity in the bioaccumulation of the two species could
be an intrinsic factor characteristic to cach species especially
differences in the metabolic pathways necessary for heavy
metal sequestration or elimination [55] and S. clarias seems
to be a better predictor of heavy metal pollution in freshwater
than 'I' nilotica. Species effect on bioaccumulation of heavy
metals has been extensively reported in other studies [9,56].
Certain organisms possess physiological regulatory mechanisms
necessary in detoxification of heavy metals. In our studies,
based on this homeostatic mechanism, T. nilotica presumably
have efficient metal removal process compared to S. clarias,
alternatively, other factors and biological variables could modify
the nature and magnitude of aquatic metal exposures and
species accumulation differentiation such as age, length and
body weight, reproductive status, seasonal changes, feeding
habits and ecological lifestyles of the fish [55,57]. S. clarias in
Nigerian freshwaters are euryphagus and bottom feeders, which
depend on size of fish, season, water temperature, location,
age and sex [57,58]. This particular fish can switch food to
different items in different seasons ranging from phytoplankton,
zooplankton to detritus and also depending on availability of the
materials [59]. T. nilotica has feeding habit affected by several
factors related to S. clarias such as age, sex and environmental
factors. However, phytoplankton form major part of their diets
[60] especially in dry season while low amount of detritus and
sand particles in wet season. Following the feeding characters
Jan-Mar 2015 Issue 1
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Table 7: Concentrations of heavy metals, safe limits, MOE and ED for measured community population

Heavy Concentration* Standard Children Adolescent Adult

metals MOE ED MOE ED MOE ED

Cd 0.0025=*0.002 0.05% 1.691x10°? 1.014x10° 1 8.203x10°? 4.922x10° % 8.152x10° 4.891x10 1!
Cr 0.001+0.00 0.73% 2.254x1072 4.058 X101 1.094x10* 1.969x10° 1 1.087x102 1.956X10° 1
Cu 0.117+0.0184 30 - 4.747X107° - 2.303x10°° - 2.289x10°°
Ni 0.0015+0.0007 - 6.086x10° 1! 2.953x10°1* - 2.935x10° %
Pb 0.0015+0.0007 0.5 - 6.086x10° 1! - 2.953x10°1 - 2.935x10° %
Zn 0.515+0.0495 30 1.161x102 2.090x10°8 5.633x10° 1.014x10°¢ 5.598x10° 1.008x10°¢
As 0.002+0.00 1.3¢ 4.508x10? 8.115x10° % 2.188x10°2 3.938x10° 1! 2.174%x102 3.913x10

*Average of the two fish for both rainy and dry seasons, measured in mg/kg wet weight, 2FAO (mg/kg) [47], "IAEA (mg/kg) [48], °NRCC (mg/kg) [49],
ED: mg/kg/day, ED: Exposure dose, MOE: Margin of exposure, FAO: Food and Agricultural Organization, IAEA: International Atomic Energy Agency,

NRCC: National Research Council of Canada

of the two fish species, S. clarias apparently would accumulate
aquatic contaminants more than ‘I’ nilotica hence, the higher
concentrations of heavy metals in S. clarias. Other studies
have assented influence of feeding habit on bioaccumulation
of trace metals in fish [14,61]. Biometric indices could play a
crucial role in facilitating the bioaccumulation dynamics of
the fish species [62-65]. Fish species had significant length
difference with S. clarias being higher. Fish were selected and
examined irrespective of age and gender and therefore could not
be integrated empirically into the present studies for inferential
conclusion. Researches considering those factors in the
Anambra River are highly needed for more understanding of the
heavy metal behavior in bio-systems and their linkages with the
biometrics. In addition, the concentrations of metals detected
in our study are below those carlier documented [12,13,15,16].

Season effect

Season is another major factor that affects the concentration
of heavy metals in freshwater ecosystem and invariably
accumulation in fish. Emoyan et al. [66] have reported
variability of heavy metal concentrations with season in
Nigerian freshwater. It could be that as water level drops, the
concentration of heavy metals in the ecosystem increases, hence
higher level of heavy metals were observed in the fish during dry
season. However, it could also be attributed to the reduction
in capacity of the freshwater to naturally filter the increased
influx of fresh inland waters from the adjoining water bodies
such as Rivers Oyi, Ezu and other tributaries, which drain the
neighboring locations and discharge its contaminants into the
Anambra River, making them available to the aquatic biota.
Malik et al. [9] obtained highest concentrations of metals
in summer and the lowest in monsoon season, which they
attributed to dilution effect of the receiving medium. Similar
studies on date differences in heavy metal bioaccumulations
were made on Cu and Cd concentrations in fish [67]. They
found higher metal concentrations in the fish in summer
than autumn and probabilistically referred it to respiratory
rate changes and feeding ecology (on plant and grasses) as
these habits tend to be higher during the summer. Higher
bioavailability of heavy metals were demonstrated in sediment
of the Monjolinho River, Brazil during the dry season period,
effect authors theoretically linked to lower dilution of pollutants
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[68]. Analogous report was made by Jain and Sharma [69] while
working on the distribution of trace metals in the Hindon
River system, India. Season metal concentration differential
observations in water column have also been confirmed in the

Anambra River [30,33].
Location effect

Onono (location 5) consistently gave the highest concentration
of pollutants in fish followed by Otuocha (location 3). It could
stem from the burgeoning population, industrial, marketing,
and agricultural activities surrounding the areas unlike Enugu
Otu and Ezi-Aguleri locations. It is remarkable that Onono
is close to Onitsha metropolis and mouth of River Oyi and
Niger, which enlarge the pollution level of the Anambra River.
Contaminant concentration at a particular location appears
to be specifically influenced by proximity to the pollution and
dilution effect of the receiving medium.

The various anthropogenic activities mentioned have
been shown to increase the heavy metal loading of aquatic
environment [66,70-73]. The detection of cadmium in the
fish, although not significant, could be ascribed to rural/
urban effluents along the river course and atmospheric
precipitation [74]. Minute concentrations of Cr and As were
observed and significant Cu obtained in tested animals from
the study area. Probable explanation to the accumulations
could be related to dumping of wood treated with chemicals
made from salt of As, Cr and Cu in mixed soluble preparation
(as copper-chrome-arsenate preservative). These chemicals
are being used to prevent fungi and pest attack, and could
provide a potential source of chemical spills and drainage
from the treated wood within and around the processing
plant [75]. Additional input of Cd could be via agrochemicals
used by farmers and that it occurs together with Zn, Pb and
Cu [76,77]. Chromium, As, and Cd are toxic metals and
have no biological essentialities to human and animals and
are reportedly carcinogenic and mutagenic. Copper is an
important component of certain enzymes and crucial for
synthesis of hemoglobin [78]. However the necessity of Cu,
high intake is biologically damaging. The low levels of Pb and
Ni in fish sourced from the study area, is an indicator to the
natural distribution of the e¢lements in surface water due to
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weathering of minerals and atmospheric deposition [74,79].
The concentrations could also be accelerated by industrial
and other technical uses such as chemical pigments and alloy
production, and burning of fossil fuel. These activities have
been demonstrated to cause such elemental increase in aquatic
environment [80,81]. The significant Zn levels obtained from
the study area could stem from high incidence of iron (Fe) in
Nigerian soil. Zinc occurs in nature with other metals of which
Fe and Cd is the most common [82]. It is notable that most of
these heavy metals could be made available in the freshwater
system not only through industrial and domestic effluents but
also through dumping of refuse [83].

Heavy Metal: Human Exposure Risk Assessment
Comparison with international standards

The concentrations of the heavy metals detected in current eco
investigation were low compared to stipulated international
standards [47-49]. It appears no uniform limits exist for most
heavy metals in fish and there is no identical limit for most
heavy metals except mercury [12]. Our studies compared with
standards compiled from different international guidelines
and which had been long revised considering the level of
anthropogenic activities in recent times and emerging
contaminants. Ingestions of heavy metals at low concentrations,
however, are potential threat to public health in a long exposure.
The fleshy part and muscle of fish is chiefly consumed by
the population and muscle is not an active tissue of metal
accumulation and biotransformation [15]. However, heavy
metals present in fish can pose a health risk to the inhabiting
fish of the river, to their predators and to human population
dependent on them for food [12].

MOE and fish consumption

MOE can be used to prioritize diverse contaminants, providing
that a regular approach has been adopted. Its acceptability
depends on its magnitude and is ultimately a risk management
decision [8§4]. Margin of exposure data derived in this work for
the heavy metal residues were below the reference standard of
systemic toxicity for individual and/or population and showed
that the metals in fish species do not pose a risk to frequent
consumers. However, no data were obtained for Cu, Ni and
Pb as the RED values were not available because no evidence
of threshold below which a non-harmful intake could be
allowed [12]. Generally, “RED is an estimate (with uncertainty
spanning perhaps an order of magnitude) of a daily exposure
to the human population (including sensitive subgroups) that
is likely to be without an appreciable risk of deleterious effects
during a lifetime” [42-44]. The values are mostly dependent on
toxicological studies and outcomes of various metal residues.
The reference dose for Pb is not available as it was considered
mnappropriate to develop since the degree of uncertainty about
health effects of Pb is quite low when compared to most other
environmental toxicants [85]. Animal model has demonstrated
carcinogenicity of Ni [86].
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Our current discoveries showed MOEs for heavy metals to be
lower than values made carlier in freshwater fish risk survey at
the Guaiba Lake, Southern Brazil [13]. The observable difference
could be linked to dissimilarity in MOE model indices. While
the authors quantitatively estimated the risk of heavy metal
exposure through fish consumption, adopting the theoretical
model used by Watanabe et al. [40], our studies empirically
incorporated field validated data in quantifying the real risk of
the aquatic contaminants. Other factors such as pollution level
of the freshwater and demography could impact the inferential
outcomes of the quantitative contaminant-exposure marker.
Correspondingly, the MOE values were also lower than those
documented in most fish species of lower Mississippi River, USA
[40]. The model used is pointedly relevant for constructing a
reliable framework of assessing consumer exposure. Interestingly,
to translate our findings from the model-specific scenario
into wide spectrum of exposure situations that is found in
the real world, reliable data on different fish species, other
aquatic organisms and food groups need to be established.
We only attempted the determination of specific fish species
consumption rate and body weights of the population living
around the Anambra River for proper risk quantification of
feeding on potential toxic chemicals through that particular
foodstuff. Highest body weight of the population categories was
for adult with 58.74 kg, which was lower than 70 kg theorized by
Wiatanabe et al. [40]. Consequently, consumption rate of fish
differs among individuals and likely depends on age and weight
and these could explain the difference in two interrelated studies.

Toxicity from feeding on contaminated fish would depend
on the quantity consumed and other factors such as
physicochemical characteristics of the metals, ingestion rate,
weight and physiological activities of individuals necessary
for bioaccumulation and biotransformation of the metals
ingested. The quantitative risk assessment study was piloted
in dry season, a period when peak fishing is anticipated to
be low compared to rainy season of high water. This leads
to the possibility that fish intake rates calculated for the
population categories may devalue individuals’ habitual fish
consumption [39]. Conversely, principal occupation among
the poor population at the study location is fishing and they
probably consume more fish and other freshwater animals
following the field tours and consumption analysis. Differences
in fish consumption as a function of socioeconomic factors
and potential risk to public health have been recorded in
developed countries [40,63]. Accounting for weight of the
human population categories in risk estimation, highest value
at Anambra River was lower than the one used in the MOE
calculation [40] and if weight could play a crucial role in metal
accumulation and toxicity, basis on the existential difference
in the model parametric values (weight), we can presume
that lower concentrations of the heavy metals studied could
casily elicit biological toxicity to the fish consumers in the
study area. However, concentrations of metals observed and as
deduced by the MOE may not pose immediate danger to the
human population at the Anambra River feeding on the fish
dict contaminated with it; but we cannot rule out probable
eventualities resulting from long-time exposure of low acting
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concentrations. Community health effects of feeding on Zn
and other heavy metal contaminated fish have been ecarlier

shown by Ogwuegbu et al. [87] and Fosmire [88].
Exposure dose and daily fish consumption

Exposure and daily intake of heavy metals was estimated on
the basis of the concentrations measured in fish muscle and
daily fish consumption rate among the population categories
studied as consumption of fish is a conceivable source of metal
accumulation in humans [15].

We provided the exposure doses for all the metal residues
studied and they were below the reference doses for chronic
oral exposure of the specific heavy metals [41-44]. Assessment
of the public health risk from consumption of contaminated
food requires statistics on the quantities of contaminated
foodstuffs consumed and the extent of contamination present
in foodstuffs [34]. Our work only focused on the prevalent
tish (S. clarias and T. nilotica) dictary ingestions among the
resident population and attempted direct measurements
of metal concentrations as fish appeared to be a significant
pathway for human exposure along the food chain. Moreover,
the ED estimation did not consider the relatively complex
physiological and chemical processes that occur once a
substance enters the body, rather followed laid-down standard
procedural steps [34]. Our consumption rate values were
reported as uncooked fish weight. Contaminant concentrations
in fish are generally measured and reported in the uncooked
samples [39]. Supposing that cooking results in some reductions
in weight such as through loss of moisture, and the mass of
the contaminant in the fish tissue remains constant, then
the contaminant concentration in the cooked fish tissue will
increase. Although actual consumption may be overestimated
when intake is expressed in an uncooked basis, the net effect on
the dose may be cancelled out since the actual concentration
could be underestimated when it is based on the uncooked
sample [39]. The variance in current data of ED and standard
RED presumably resulted from these alterations.

Children recorded the highest level of ED followed by
adolescent with adult category recording the lowest. In dermal
exposure to contaminants, children, adolescent and adults are
expected to have different exposure frequency and duration.
Children and younger adolescent would have an increased
exposure frequency because they tend to retain soil on their skin
after coming indoors [34,39]. Adults would have a decreased
exposure frequency because they tend to have less time to be
exposed to outdoor soil [39]. The hypothesis that children
had the highest exposure doses for the heavy metals through
ingestions in current study could be explained by age, and body
weight factor in the ED risk equation.

CONCLUSION

Aquatic toxicological studies are well-maintained on fish
species, underlining the budding inclusion of fish model in
ecotoxicology and human hazard assessment and identification.
Jan-Mar 2015
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Season, species, and location are key factors that determine the
concentration and distribution of heavy metals in freshwater
ecosystems. Of all the heavy metals analyzed, Cu and Zn were
observed to be high and significant, indicating elevated source
input into the water environment than other elements. High
concentrations of Zn and Cu in some locations (Onono with
the highest amounts) are indication of location proximity to
sources of the metals and as such, diffused contamination of the
inhabiting biota. Estimated MOEs and exposure doses for the
metal residues were below reference standards and tentatively
pose no threat to the consumers. Nonetheless, the detection
of metals in the resident biota of the river is a clear evidence of
contamination and need for proactive management measures.

Public health and quantitative risk assessments through
interaction with the surroundings are essential in forestalling
environmentally-mediated epidemics. Supplementary wide-
ranging assessment of human exposure to metals through
aggregation of diverse sources and pathways using non-target
screening approaches, and reflection on the complexity of
freshwater environment and its dynamic interactions are basic
stepladders in management and risk valuation of this fragile
ccosystem.

REFERENCES

1. World Wide Fund for Nature. Living Planet Report. WWF-World
Wide Fund For Nature. Switzerland: 2008.. Available from: http://
www.wwi.panda.org/about_our_earth/all_publications/living_planet
report/living_planet_report_timeline/lpr_2008/. [Last accessed on
2014 Apr 04].

2. World Wide Fund for Nature. Living Planet Report. Biodiversity,
biocapacity and better choices 2012. WWF-World Wide Fund
For Nature, Switzerland. 2012. Available from: http://www.
awsassets.wwf.org.au/downloads/mc078 g living planet
report 2012 _15may12.pdf. [Last accessed on 2014 Apr 04].

3. Botkin DB, Keller EA. Environmental Science, Earth as a Living Planet.
2" ed. New York: John Wiley and Sons; 1998.

4. UNFPA. Global population and water, access and sustainability.
Population Development Strategies Series. New York: United Nations
Population Fund; 2003. p. 1-40.

5. WHO. Health and Environment in Sustainable Development: Five
years after the Earth Summit Health and Environment in Sustainable
Development. World Health Organization; 1997. Available from:
http://www/who.int/environmental_information/information_
resources/htmdocs/execsum. [Last accessed 2014 Jun 23].

6.  WHO. WHO seminar pack for drinking water quality. World Health

Organization; 2002. Available from: http://www.who.int/water

sanitation_health/dwq/S02.pdf. [Last accessed on 2014 Jun 23].

Clark R, King J. The Atlas of Water. London: Earthscan; 2006.

8.  Hoekstra AY. The Global Dimension of Water Governance: Nine
Reasons for Global Arrangements in Order to Cope with Local
Problems. In: Value of Water Research Report Series. Netherlands:
UNESCO-IHE Institute for Water Education; 2006.

9. Malik N, Biswas AK, Qureshi TA, Borana K, Virha R. Bioaccumulation
of heavy metals in fish tissues of a freshwater lake of Bhopal. Environ
Monit Assess 2010;160:267-76.

10. Singh RK, Chavan SL, Sapkale PH. Heavy metal concentrations
in water, sediments and body tissues of red worm (Tubifex spp.)
collected from natural habitats in Mumbai, India. Environ Monit
Assess 2007;129:471-81.

11. Sprocati AR, Alisi C, Segre L, Tasso F, Galletti M, Cremisini C.
Investigating heavy metal resistance, bioaccumulation and metabolic
profile of a metallophile microbial consortium native to an abandoned
mine. Sci Total Environ 2006;366:649-58.

12. BurgerJ, Gochfeld M. Heavy metals in commercial fish in New Jersey.
Environ Res 2005;99:403-12.

~

19



Obiakor, et al.: Metal exposure and risk assessment

13.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

20

Costa SD, Hartz SM. Evaluation of trace metals (cadmium, chromium,
copper and zinc) in tissues of a commercially important fish
(Leporinus obtusidens) from Guaiba Lake, Southern Brazil. Braz Arch
Biol Technol 2009;52:241-50.

El-Moselhy KM, Othman Al, Abd El-Azem H, El-Metwally ME.
Bioaccumulation of heavy metals in some tissues of fish in the Red
Sea, Egypt. Egypt J Basic Appl Sci 2014;1:97-105.

Elnabris KJ, Muzyed SK, EI-Ashgar NM. Heavy metal concentrations in
some commercially important fishes and their contribution to heavy
metals exposure in Palestinian people of Gaza Strip (Palestine). J
Assoc Arab Univ Basic Appl Sci 2013;13:44-51.

Mantovi P, Baldoni G, Toderi G. Reuse of liquid, dewatered, and
composted sewage sludge on agricultural land: effects of long-term
application on soil and crop. Water Res 2005;39:289-96.

Linnik PM, Zubenko IB. Role of bottom sediments in the secondary
pollution of aquatic environments by heavy-metal compounds. Lakes
Reservoirs Res Manage 2000;5:11-21.

Vosyliene MZ, Jankaite A. Effect of heavy metal model mixture on
rainbow trout biological parameters. Ekologija 2006;4:12-7.
Adhikari S, Ghosh L, Ayyappan S. Combined effects of water pH and
alkalinity on the accumulation of lead, cadmium and chromium to
Labeo rohita (Hamilton). Int J Environ Sci Technol 2006;3:289-96.
Jeffree RA, Warnau M, Oberhansli F, Teyssie JL. Bioaccumulation
of heavy metals and radionuclides from seawater by encased
embryos of the spotted dogfish Scyliorhinus canicula. Mar Pollut
Bull 2006;52:1278-86.

Krauss M, von Gotz N. Human exposure to emerging contaminants:
Monitoring and modelling. USA: Society of Environmental Toxicology
and Chemistry Globe; 2014.

Mansour SA, Sidky MM. Ecotoxicological studies. 3. Heavy metals
contaminating water and fish from Fayoum Governorate, Egypt. Food
Chem 2002;78:15-22.

WHO. Food safety issues associated with products from aquaculture:
Report of a joint FAO/NACA/WHO study group. In: WHO Technical
Report Series. Geneva... Available from: http://www.who.int/
foodsafety/publications/fs_ management/en/aquaculture.pdf. [Last
accessed on 2014 Aug 06].

Tuzen M. Determination of heavy metals in fish samples of the
middle Black Sea (Turkey) by graphite furnace atomic absorption
spectrometry. Food Chem 2003;80:119-23.

Odo GE. Studies on the ecology of macro invertebrate fauna as fish
food in Anambra River Basin, Nigeria. PhD Research, Nsukka, Nigeria:
University of Nigeria; 2004.

Obiakor MO. Genotoxic evaluation of Anambra River using biomarker.
M.Sc Thesis, Environmental Management, Nnamdi Azikiwe
University, Awka, Anambra State, Nigeria: 2010.

Ojiako GU. A study of pollutional effects of irrigation drainage on
Anambra River quality and fishing. Water Int 1988;13:66-73.
Anyanwu JC. Study of entrophication of Nkisi and Anambra Rivers
and anthropogenic activities in Anambra State. M.Sc Thesis,
Environmental Management. Awka, Anambra State, Nigeria: Nnamdi
Azikiwe University; 2006.

FAO. World agriculture: Towards 2015/2030. Rome: Economic and
Social Development Department, Food and Agricutural Organization;
2002. Avaliable from: http://www.fao.org/docrep/004/y3557¢e/
y3557e00.htm. [Last accessed on 2014 Aug 06].

Ezeonyejiaku CD, Obiakor MO. Physicochemical and heavy metal
profile of surface water, anthropogenic activities, and community
health implications. J Environ Conserv Res 2013;1:40-8.

Okonkwo JC, Obiakor MO. Karyological and chromsomal study of
catfish (Clariidae, Clarias gariepinus, Buchell, 1822) from Anambra
River, Anambra State, Nigeria. Pak J Nutr 2010;9:112-5.

Igwilo 10, Afonne OJ, Maduabuchi UJ, Orisakwe OE. Toxicological
study of the Anam River in Otuocha, Anambra State, Nigeria. Arch
Environ Occup Health 2006;61:205-8.

Obiakor MO, Okonkwo JC, Ezeonyejiaku CD, Ezenwelu CO.
Physicochemical and heavy metal distribution in freshwater column:
season- location interaction effects and public health risk. J Life Sci
Biomed 2013;3:308-17.

Agency for Toxic Substances and Disease Registry. Public Health
Assessment Guidance Manual. Calculating Exposure Doses. Agency
for Toxic Substances and Disease Registry, Atlanta, USA: 2005.
Available from: http:/Awww.atsdr.cdc.gov/hac/PHAManual/appg.html.
[Last accessed on 2014 Oct 24].

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

UNFPA. The fate of world population 2001- footnotes and milestones:
Population and environmental change. New York: United Nations
Population Fund; 2002. Available from: http://www.unfpa.org/
swp/2001/english/. [Last accessed on 2014 Oct 26].

Awachie JB, Hare L. The fisheries of the Anambra, Ogun and Oshun
River Systems in Southern Nigeria. in, CIFA Technical Paper 5. 1977.
p. 170-84.

Shahin M. Hydrology and Water Resources of Africa. Berlin: Springer;
2002.

FAO/SIDA. Manual of Methods in Aquatic Environmental Research
Part 9. Analysis of Metals and Organochlorines in Fish. FAO Fisheries
Technical Paper No. 212. Italy: Food and Agricultural Organization
Swedish International Development Cooperation Agency; 2003. p.
21-33.

US EPA. Exposure Factors Handbook. USA: U.S Environmental
Protection Agency; 1997. Available from: http://www.epa.gov/ncea/
pdfs/efh/front.pdfExternal. [Last accessed on 2014 Oct 24].
Watanabe KH, Desimone FW, Thiyagarajah A, Hartley WR, Hindrichs
AE. Fish tissue quality in the lower Mississippi River and health risks
from fish consumption. Sci Total Environ 2003;302:109-26.

USEPA. Drinking water criteria document on cadmium. Office of
Drinking Water, Washington, DC. (Final draft). U.S Environmental
Protection Agency; 1985. Available from: http://www.epa.gov/iris/
subst/0141.htm#reforal. [Last accessed on 2014 Oct 24].

USEPA. Arsenic, inorganic (CASRN 7440-38-2). Integrated Risk
Information System. U.S Environmental Protection Agency 1998a.
Available from: http://www.epa.gov/iris/subst/0278.htm. [Last
accessed on 2014 Oct 24].

US EPA. Chromium (VI) (CASRN 18540-29-9). Integrated Risk
Information System. U.S Environmental Protection Agency 1998b.
Available from: http://www.epa.gov/iris/subst/0144.htm. [Last
accessed on 2014 Oct 24].

US EPA. Zinc and compounds (CASRN 7440-66-6). Integrated Risk
Information System. U.S Environmental Protection Agency; 2005.
Available from: http://www.epa.gov/iris/subst/0426.htm#reforal.
[Last accessed on 2014 Oct 24].

IARC. In: IARC Monograph on the Evaluation of Carcinogenic Risks to
Humans. IARC Monograph on the Evaluation of Carcinogenic Risks
to Humans. Vol. Lyon: WHO International Agency for Research on
Cancer; 2002.

IARC. In: IARC Monograph on the Evaluation of Carcinogenic Risks
to Humans. Vol. Lyon: WHO International Agency for Research on
Cancer; 2004.

FAO. Compilation of legal limits for hazardous substances in fish and
fishery products. Rome: Food and Agriculture Organization; 1983.
p. 5-100.

IAEA. Trace elements and methylmercury in fish tissue. Reference
Sheet. Vol. 407. Austria: International Atomic Energy Agency, Analytical
Quality Control Services; 2003. p. 1-4. Available from: http:/Avww.iaea.
org/nael/refmaterial/iaea407.pdf. [Last accessed on 2014 Oct 26].
NRCC. Effects of Arsenic in the Canadian environment. Ottawa:
National Research Counci Canada Publication No NRCC, 156391:;
1978. p. 349.

Couillard Y, Grapentine LC, Borgmann U, Doyle P Masson S. The
amphipod Hyalella azteca as a biomonitor in field deployment studies
for metal mining. Environ Pollut 2008;156:1314-24.

Heugens EH, Hendriks AJ, Dekker T, van Straalen NM, Admiraal W.
A review of the effects of multiple stressors on aquatic organisms
and analysis of uncertainty factors for use in risk assessment. Crit
Rev Toxicol 2001;31:247-84.

Karakoc M. Effects of salinity on accumulation of copper in liver, gill
and muscle tissue of Tilapia nilotica. Turk J Zool 1999;23:299-303.
Karakog¢ M, Dinger S. Effect of temperatures on zinc accumulation
in the Gill, liver, and kidney of Oreochromis niloticus (L 1758). Bull
Environ Contam Toxicol 2003;71:1077-83.

Heugens EH, Jager T, Creyghton R, Kraak MH, Hendriks AJ, Van
Straalen NM, et al. Temperature-dependent effects of cadmium on
Daphnia magna: accumulation versus sensitivity. Environ Sci Technol
2003;37:2145-51.

Taylor AM, Maher WA. Do laboratory toxicity tests replicate “real
world” exposures? Integr Environ Assess Manag 2013;9:348-9.
Akan JC, Salwa M, Yikala BS, Chellube ZM. Study on the distribution of
heavy metals in different tissues of fishes from River Benue in Vinikilang,
Adamawa State, Nigeria. Br J Appl Sci Technol 2012;2:311-33.

J Environ Occup Sci @ Jan-Mar 2015 e Vol4 e Issuel



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Offem BO, Ayotunde EO, Ada FB. Trophic ecology, growth and
population dynamics of Synodontis clarias (Pisces: Siluriformes:
Mochokidae) (Lin: 1758) in the Cross River, Nigeria. J Fish Aquaculture
2013;4:67-74.

Nnaji JC, Uzairu A, Harrison GF, Balarabe ML. Evaluation of cadmium,
chromium, copper, lead, and zinc concentrations in the fish head/
viscera of Oreochromis niloticus and Synodontis schall of river Galma,
Zaria, Nigeria. Electron J Environ Agric Food Chem 2007;6:2420-6.
Ikpi GU, Jenyo-Oni A, Offem BO. Catch rate, distribution, trophic
and reproductive biology of the African Carp Labeo coubie in the
Agbokim Waterfalls, Nigeria. Fish Aquaculture J 2012;38:1-13.
Offem BO, lkpi GU, Ebeniro L. Ecological analysis and stock
assessment of Tilapia Zilli (Cichlidae, Gervais, 1848) in Agbokum
Waterfalls, Nigeria. J Biol Res 2012;1:27-36.

Al-Busaidi M, Yesudhason B Al-Mughairi S, Al-Rahbi WA, Al-Harthy
KS, Al-Mazrooei NA, et al. Toxic metals in commercial marine fish
in Oman with reference to national and international standards.
Chemosphere 2011;85:67-73.

Bidone ED, Castilhos ZC, Santos TJ, Souza TM, Lacerda LD. Fish
contamination and human exposure to mercury in Tartarugalzinho
River, Amapa State, Northern Amazon, Brazil. A screening approach.
In: Wheatley B, Wyzga R, McCormac B, editors. Mercury as a Global
Pollutant: Human Health Issues. Netherlands: Springer; 1997. p. 9-15.
Burger J, Gaines KF, Gochfeld M. Ethnic differences in risk from
mercury among Savannah River fishermen. Risk Anal 2001;21:533-44.
Lacerda LD, Bidone ED, Guimaraes AF, Pfeiffer WC. Mercury
concentrations in fish from the ltacailinas-Parauapebas River system,
Carajas region, Amazon. An Acad Bras Cienc 1994;66:373-9.
Lange TR., Royals HE, Connor LL. Mercury accumulation in
largemouth bass (Micropterus salmoides) in a Florida Lake. Arch
Environ Contam Toxicol 1994;27:466-71.

Emoyan OO, Ogban FE, Akarah E. Evaluation of heavy metals loading
of River ljana in Ekpan-Warri, Nigeria. J Appl Sci Environ Manage
2006;10:121-7.

Zayed MA, Eldien FA, Rabie KA. Comparative study of seasonal
variation in metal concentrations in River Nile sediment, fish, and water
by atomic absorption spectrometry. Microchem J 1994;49:27-35.
Campagna AF, Fracécio R, Rodrigues BK, Eler MN, Verani NF,
Espindola EL. Analyses of the sediment toxicity of Monjolinho River,
Séo Carlos, Sdo Paulo State, Brazil, using survey, growth and gill
morphology of two fish species (Danio rerio and Poecilia reticulata).
Braz Arch Biol Technol 2008;51:193-201.

Jain CK, Sharma MK. Distribution of trace metals in the Hindon River
system, India. J Hydrol 2001;253:81-90.

Agbozu IE, Ekweozor IK, Opuene K. Survey of heavy metals in the
catfish Synodontis clarias. Int J Environ Sci Technol 2007,4:93-7.
Clark RB. Marine Pollution. 3rd ed. Oxford, UK: Oxford University
Press; 1992.

Kiffney PM, Clements WH. Bioaccumulation of heavy metals by
benthic invertebrates at the Arkansas River, Colorado. Environ Toxicol
Chem 1993;12:1607-17.

Nduka JK. Heavy metal pollution in Nigeria. Seminar, Awka, Anambra

J Environ Occup Sci e Jan-Mar 2015 e Vol4 e Issuel

Obiakor, et al.: Metal exposure and risk assessment

State, Nigeria: Nnamdi Azikiwe Univerisity; 2009. p. 7-19.

74. Robinson J. Evaluation of health assessment index with reference
to bioaccumulation of metals in Oreochromis massambicus (Peters,
1852) and aspects of the morphology of Lernaa Cyrinacea(Linnaeus,
1758). South Africa: Rand Afrikaans University; 1996.

75. Ndiokwere CL. Chemistry and Environment. University of Benin
Inaugural Lecture Series. Nigeria: University of Benin; 2004. p. 33-7.

76. Varma MM, Serdahely SG, Katz HM. Physiological effects of trace
elements and chemicals in water. J Environ Health 1976;39:90-100.

77. Lauwerys RR. Health effects of cadmium. In: Di Ferrante E, editor.
Trace Metals: Exposure and Health Effects. Oxford, England:
Pergamon Press; 1979. p. 43-64.

78. Sivaperumal P Sankar TV, Viswanathan Nair PG. Heavy metal
concentrations in fish, shellfish and fish products from internal
markets of India vis-a-vis international standards. Food Chem
2007;102:612-20.

79. Merian E, Clarkson TW. Metals and their Compounds in the
Environment: Occurrence, Analysis, and Biological Relevance.
New York: VCH; 1991.

80. Cadmium SM. In: Merian E., Clarkson TW. editors. Metals and their
Compounds in the Environment: Occurrence, Analysis, and Biological
Relevance. New York: VCH; 1991. p. 803-51.

81. Horsfall MJ. Advanced environmental chemistry. PortHarcourt,
Nigeria: La Limesters; 2001.

82. Dallas HF, Day JA. The effect of water quality variables on riverine
ecosystems: A review. The effect of water quality variables on riverine
ecosystems: A review. In: Water Research Commission Project.
Pretoria, South Africa; 1993. p. 200.

83. Nduka JK, Orisakwe OE, Ezenweke LO, Abiakam CA, Nwanguma CK,
Maduabuchi UJ. Metal contamination and infiltration into the soil
at refuse dump sites in Awka, Nigeria. Arch Environ Occup Health
2006;61:197-204.

84. Eisler R. Arsenic hazards to fish, wildlife, and invertebrates: A synoptic
review. Biological Report 85. Contaminant Hazard Reviews. U.S. Fish
and Wildlife Service, Report No. 12, 85; 1988.

85. USEPA. Lead and compounds (inorganic); CASRN 7439-92-1. U.S
Environmental Protection Agencyp; 2004. Available from: http://
www.epa.gov/iris/subst/0277.htm. [Last accessed 2014 Aug 10].

86. Lau TJ, Hackett RL, Sunderman FW Jr. The carcinogenicity of
intravenous nickel carbonyl in rats. Cancer Res 1972;32:2253-8.

87. Ogwuegbu MO, Mahanga W. Investigation of lead concentration in the
blood of people in the copper belt of Zambia. J Environ 2005;1:66-75.

88. Fosmire GJ. Zinc toxicity. Am J Clin Nutr 1990;51:225-7.

© SAGEYA. This is an open access article licensed under the terms
of the Creative Commons Attribution Non-Commercial License (http:/
creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted,
noncommercial use, distribution and reproduction in any medium, provided
the work is properly cited.

Source of Support: Nil, Conflict of Interest: None declared.

21



