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Bioaccumulation of heavy metals (Zn, Pb, Cd, and Cu) was determined in the liver, gills, and 	esh from benthic and pelagic 
sh
species collected from Lake Geriyo covering two seasons.�e levels of the heavy metals varied signi
cantly among 
sh species and
organs. Flesh possessed the lowest concentration of all the metals. Liver was the target organ for Zn, Cu, and Pb accumulations. Cd
however exhibited higher concentration in the gills. Fish species showed interspeci
c variation of metals. �ese di�erences were
discussed for the contribution of potential factors that a�ectedmetals uptake like age, geographical distribution, and species-speci
c
factors. �e concentration of metals in 
sh 	esh was accepted by the international legislation limits for Cu, Zn, and Cd; however,
Pb transcend in Clarias and Tilapia during wet season and Heterotis in both seasons, hence unsafe for human consumption and a
threat to public health. �ese levels might be due to anthropogenic inputs as there is no industrial activity around the lake.

1. Introduction

�e consumption of 
sh worldwide has increased speedily in
recent years particularly with the awareness of its nutritional
and therapeutic bene
ts. In addition to being important
source of protein, 
sh are enriched with essential minerals,
vitamins, and unsaturated fatty acids [1].�eAmericanHeart
Association recommended consumption of 
sh at least twice
per week in order to reach the daily intake of omega-3 fatty
acids [2]. However, 
sh normally accumulate heavy metals
from food, water, and sediments [3, 4] and this is a good indi-
cator of heavy metals contamination in water [5].

�e presence of toxic heavy metals in 
sh can invalidate
their bene
cial e�ects. Several unfavorable e�ects of heavy
metals to human health have been known for long time
[6]. �is includes serious threats like renal failure, liver
damage, cardiovascular diseases, and even death [7, 8]. �us,
many local and internationalmonitoring programs have been
established in order to assess the quality of 
sh for human
consumption and to monitor the health of the aquatic eco-
system [9].

According to the literatures, metal bioaccumulation by

sh and subsequent distribution in organs is greatly interspe-
ci
c. In addition, many factors can in	uence metal uptake
like sex, age, size, reproductive cycle, swimming pattern,
feeding behavior, and geographical location [4, 10].

�e Lake Geriyo reservoir receives copious amounts of
wastes as runo� due to agricultural activities and atmospheric
emissions. �e urban wastes management and garbage dis-
posal system practices in the area are very poor whereby part
of lake environment is used as general dumpsite of the
urban. �e lakes provide substantial level of local economic
activities involving 
sh production and irrigation. �ey have
a potential irrigable land area of about 1500 hectares with
1200 hectares already developed for the cultivation of rice
and vegetables for food security. �e Lake Geriyo irrigation
project scheme provides vital employment opportunities for
the teaming youth within Yola and Jimeta Metropolis. Infor-
mation concerning the impact of pollution load on the lake
matrices is scanty or not available.�erefore, this study is nec-
essary considering the health risk of heavy metals in plants,
animals, and people within the environment.
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Figure 1: Map of Lake Geriyo.

Figure 2: Map of the study area showing the waste dump site.

2. Materials and Methods

2.1. �e Study Area. Lake Geriyo is situated in Jimeta/Yola,
Adamawa State capital of Nigeria, and located on latitude
09∘1811N and longitude 12∘2536E (Figure 1). Lake Geriyo
Occupies natural depression near the upper River Benue in
the north eastern Nigeria. �e lake is 	ooded by the river
during the raining season such that it receives in	ux of waters
which include pollution load originated from River Benue
and from the urban waste dumpsite at the surrounding of
the lake (Figure 2). It is a shallow water body of about 250
hectares in size with a mean depth of about 3 meters. Aquatic
vegetation on the lake consists of mass of 	oating weeds such
aswater spinach,water hyacinth, water Lilly, andwater lettuce

which move around the lake surface due to the prevailing
wind [11]. �e area is in the Sahel region of Northern Nigeria
generally semiarid with low rainfall, low humidity, and high
temperature. �e area experiences two distinctive wet and
dry seasons. �e wet season starts from May to October,
while the dry season commences from November to April,
mean daily temperature 	uctuates with season from 25∘C
to 45∘C, and mean annual rainfall received is in the range
of 150–1000m. Cold and dusty weather from December to
January is followed by intense heat of March to April. �e
climate is characterized by high evapotranspiration especially
during dry season [12].

2.2. Fish Sampling. Fi�een commercial 
sh species were
caught using Malian nets set overnight with the help of the
local 
shermen at the lake basin in the two seasons. �e
collected 
sh species wereClarias anguillaris, Heterotis niloti-
cus, and Tilapia zilli. �ese 
sh species represent di�erent
biotopes (Table 1) that were immediately preserved on ice
in an ice chest and transferred to the laboratory where they
were classi
ed, weighed, with total length recorded, and kept
frozen at −20∘C until further analysis. Identi
cation of 
sh to
species was done by a specialist from Department of Fish-
eries, Modibbo AdamaUniversity of Science and Technology
(MAUTECH), Yola, Nigeria.

2.3. Determination of Metal Concentrations. �e 
sh samples
were rinsed with distilled water and scales ofHeterotis niloti-
cus and Tilapia zilli were removed. �e 
shes were dissected
into separate organs 	esh, liver, and gills using stainless steel
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Table 1: Fish species ecological characteristics.

Scienti
c name English name Feeding habit
Biotype
complex

Number
of

samples

Length (cm) Weight (g)

D W D W

Clarias anguillaris Cat 
sh
Carnivore

(
sh & invertebrate)
Benthnic 5 27.80–41.00 30.5–49.2 150–458 186.5–712.8

Heterotis niloticus
African bony

tongue
Omnivorous/herbivore Pelagic 5 17.40–20.20 36.5–58.5 53.6–86.1 403.6–1370

Tilapia zilli Mango 
sh Omnivorous/herbivore Pelagic 5 14.50–17.90 19.3–23.5 36.8–101.5 125.2–180.4

D = dry season;W = wet season.

instruments [5, 17] and digested by the method described by
Voegborlo et al. [5].

In the procedure 1 g of the samples was digested with
perchloric acid and nitric acid ratio (1 : 1) HNO3-HCLO4,
followed by sulphuric acid, and the mixture was heated at
200∘C for 30mins.�e complete digest was then cooled down
to room temperature andmade up to 50ml scalewith distilled
water and analysed for Cu, Zn, Pb, and Cd using Atomic
Absorption Spectrophotometer (AAS model AgilentAA55)
a�er selecting the various wavelengths at which the heavy
metals were determined. An analytical blank was prepared
in a similar manner. �e obtained results were expressed as
mg/kg wet weight.

2.4. Quality Assurance. All the reagents used were of ana-
lytical grade. Glass wares were soaked in 10% nitric acid for
24 hrs and rinsed with distilled water followed by 0.5% (w/v)
KMNO4 solution and 
nally with distilled water. Accuracy
and precisionwere veri
ed by using referencematerial (CRM
IAEA 407) provided by the International Atomic Agency
(IAEA). Analytical results of the quality control samples
indicated a satisfactory performance of heavy metal determi-
nation within the range of certi
ed values 95–101% recovery
for the metals studied.

2.5. Statistical Analysis. All analyses were performed in trip-
licate. Statistical data analyses of the results were performed
using GRAPH PAD INSTAT AND PAST WINDOWS 2010
(computer package). �e means of the replicates and eval-
uation of signi
cant di�erences between di�erent samples
were determined using descriptive statistics and analysis
of variance (ANOVA), respectively. Two-way and one-way
analysis of variable (ANOVA) were used to test for signi
cant
di�erences in the concentrations of heavy metals in the sam-
ples along the seasons and the sites. For comparison ofmeans,
ANOVA test and post hoc Duncan test were used. Results of
the test were considered signi
cant if the calculated � values
were ≤0.05. Pearson correlation was used to examine the
relationship between the elements in 
sh. �-test was used to
show the variation of data between the two seasons. Tukey
pairwise comparison method was also used.

3. Results and Discussions

�e characteristics of the 
sh species studied revealed that
Clarias was carnivorous, while Heterotis and Tilapia were

omnivorous or herbivorous (Table 1). �ere were marked
variations in the concentrations of heavy metals (Cu, Zn, Pb,
and Cd) in 	esh, liver, and gills of the 
sh collected from Lake
Geriyo basin (Table 2). Findings show that all 
sh species
contained higher concentration of metals in liver and lower
in 	eshwith few exceptions.�e results of analysis of variance
showed signi
cant di�erences in metal concentrations in the
di�erent internal organs at (� < 0.05) in both seasons. �e
accumulation patterns obtained in this study were in the
decreasing order of Zn > Cu > Pb > Cd.

3.1. Variations in Ability of Organs Accumulation of Metal.
Findings showed that the concentrations of the metals in the
organs were in the order of liver > gills > 	esh. �e essential
metals Zn andCu and nonessentialmetal Pb indicated higher
bioaccumulation in the liver. Cd recorded higher concentra-
tion in gills.

�e bioaccumulation of metals in liver may be linked to
its function ofmetabolism [4], that is, chemical processes that
occur within a living organism in order to maintain life. High
levels of Zn and Cu in the liver also are connected to natural
protein binding such as Metallothioneins [18]. Liver serves as
store formetals, redistribution, and detoxi
cation [19].�is is
the yardstick for which liver organs are regarded as an indi-
cator of water pollution than any organ in 
shes [1]. Similar
results of high Zn and Cu in liver were recorded by other
researchers [4, 20, 21].

Some species of the 
sh indicated bioaccumulation of Cd
in gills. Gills are pathways of metal ion exchange from water
[22], because gills have very wide surface area that fastens
di�usion of metals rapidly [23]. Hence, it is suggested that
metals bioaccumulated in gills are basically concentrated
fromwater.�is is in agreementwith the results ofMoore and
Ramamorthy [24]. Similar results of high Cd accumulations
in gills were reported by Kargin [25], Avenant-Oldewage and
Marx [26], Abu-Hilal and Ismail [27], and Qadir and Malik
[22].

In this study, 
shwere collected covering di�erent feeding
habitat as indicated in Table 1. �e results showed that 
sh
exhibited wide range of variations in interspeci
c metal
concentration in all organs. Several studies indicated high
metal concentration to feeding habitat of the 
sh. Khalid [28]
argued that Sirivutas being an herbivore thus bioaccumulate
higher metal concentration in their 	esh than the carnivore
Sargus. �is suggestion is in an agreement with the current
study as Heterotis (herbivore) recorded higher concentration
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Table 3: Heavy metals in 	esh (mg/kg, ww) of 
sh from Lake Geriyo and Maximum Permissible Limits (MPL) international standard.

Heavy metals

Concentrations of metals (mg/kg, ww) in
di�erent species

MPL

Claris Tilapia Heterotis
FAO [13]

FAO/WHO
[14]

WHO [15]
England
[16]

D W D W D W

Zn 5.35 4.17 4.48 5.06 10.18 6.61 30 40 100 50

Pb 0.23 8.44 0.01 3.78 3.51 7.12 0.5 0.5 2 2

Cd 0.54 0.37 0.30 0.33 0.35 0.39 0.05 0.5 1 2

Cu 0.15 2.02 0.15 1.27 0.15 4.42 30 30 30 20

D = dry season;W = wet season.

of metals in 	esh than Clarias (Carnivore). Abdallah [29] re-
corded high concentration of Pb and Zn in the 	esh of
sardinella aurita collected from EL-Mex Bay.

�ese 
ndings are linked to feeding of the 
sh on phyto-
plankton because it is the probable biota compartment for Cu
and Zn concentration [29–31].

However, a large size of 
sh of Heterotis niloticus showed
higher concentrations of Cd in liver than the other studied

sh. �is 
nding can be linked to the age of the 
sh because
according to Khalid [28], Cd is not easy to be excreted once
it is accumulated in the liver. �is large 
sh (length 36.5–
58.5 cm, weight 403.6–1370 g) likely accumulated high Cd
throughout its long life. �is is in agreement with suggestion
of Eisler [20] that Cd in liver is linked to the age of the

sh. Furthermore, Ploetz et al. [32] suggested that Cd accu-
mulations in the liver of King mackerel (Scomberomorus ca-
valla) increasedwith increasing fork length. Kojadinovic et al.
[33] recorded Cd concentration in liver of sword
sh (Xiphias
gladius) up to 46.9mg/kg wet wt.

Results of this study are in agreement with report of
Abdallah [29] and Nweeze et al. [30] in which pelagic 
sh
(omnivorous/herbivore) recorded higher metals concentra-
tions than the benthic 
sh (carnivore) (Table 2). Although
sh
are mostly migratory and seldom settle in one location, metal
accumulation in 
sh organs gives evidences of exposure to
polluted aquatic environment [22] and could be used to eva-
luate the health condition of the environment from which
they were collected. In this study, spatial distribution of
metals in the organs of the studied 
sh species from Lake
Geriyo is mainly due to anthropogenic input of metals as it is
not near any industrial location.

�e consumption of these metals in excess could impact
health hazards to human. Zincmight cause nausea, vomiting,
diarrhea, metallic taste, kidney, and stomach damage. Zinc is
safe when taken in not larger than the recommended amount
by Amiard et al. [19]. Acute symptoms of copper contamina-
tion by ingestion include vomiting, hematemesis (vomiting
blood), and gastrointestinal distress [34]. Young children are
vulnerable to toxic e�ects of lead and can su�er profound
and permanent adverse health e�ects, particularly the devel-
opment of brain and nervous system. Lead also causes long-
term harm in adults, including increased risks of high blood
pressure, kidney damage, and neurological e�ects [5]. Inges-
tion of any signi
cant amount of cadmium causes immediate
poisoning and damage to liver and kidneys. Compounds
containing cadmium are also carcinogenic (El-Moselhy et al.
2014).

3.2. Health Risk Assessment for Fish Consumption. To assess
public health risk of Lake Geriyo 
sh consumption, metal
concentrations in 	esh of the 
shes in this study were
compared with the Maximum Permissible Limits (MPL) for
human consumption as set by various organizations (Table 3).

�e concentrations of metals in the studied 
sh species
from Lake Geriyo fell below the MPL for human consump-
tion recommended by FAO [13]; FAO/WHO [14]; WHO [15],
and England [16] with few exceptions (Table 3). �e essential
metals Zn and Cu were clearly below the permissible limit
(PML), for human consumption. Similarly the nonessential
metal Pb was below PML recommended by FAO [13]; FAO/
WHO [14]; WHO [15], and England [16] only for 
sh species
of Clarias and Tilapia in the dry season, while Clarias and
Tilapia in wet season and Heterotis in both seasons were
above the standard. Cd nonessential metal was below the
recommended limit of PML.�e 
sh species, namely, Clarias
and Tilapia in wet season and Heterotis in both seasons, of
Lake Geriyo were found to be unsafe for consumption. �ey
were contaminated by Pb and a threat to public health. �is
could be likely due to anthropogenic sources as the lake is not
closed to industrial area.

4. Conclusions

�e result showed that metal accumulation varied depending
on species-speci
c factors; others are feeding behavior, 
sh
size, and age. Metal concentrations were higher in omnivo-
rous/herbivore 
sh such as Heterotis niloticus and lower in
carnivore 
sh such as Clarias anguillaris. Variations in metal
concentrations were recorded in the internal organs of the
studied 
sh species. Metal accumulations were higher in the
liver followed by gills and 	esh. Health risk analysis of heavy
metals in the edible parts of the 
sh indicated safe levels
for human consumption and concentration in the 	esh are
generally accepted by the international legislation limit for
essential metals (Zn and Cu) and nonessential metal (Cd).
However, Pb inClarias andTilapia 
sh species during the wet
season and Heterotis in both seasons exceeded MPL, hence
unsafe for consumption, and therefore they pose a threat to
public health.

Data Availability

�e data used to support the 
ndings of this study are avail-
able from the corresponding author upon request.
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