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ABSTRACT
The concentrations of seven heavy metals (Pb, Cu, Zn, Cr, Fe, Cd and Mn) were determined in the organs of Rana esculenta (frog) obtained from River Guma, Benue State of Nigeria using Atomic Absorption Spectrophotometer. The
analysis of the triplicate experiments showed that the intestine contained the lowest concentration (25.9%) of all the
heavy metals detected, followed by the skin (30.5%), while the liver contained the highest concentration (43.6%). In all
the frog organs, Fe had the highest concentration in the liver, followed by skin and lowest in the intestine. The trend of
the heavy metals concentration in the organs can be represented as: Fe > Mn > Pb > Zn > Cu > Cr > Cd. The concentrations of all the metals in the liver, skin and intestine of the frog were found to be statistically significant. Generally, the
levels of Pb, Fe, Cr and Mn in all the samples were analyzed above the tolerance limits by the WHO with exception of
Cd, Cu and Zn that were below the permissible limits in the samples.
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1. Introduction
As a result of increasing anthropogenic activities, heavy
metals pollution of soil, water, and atmosphere represents
a growing environmental problem affecting food quality
and human health. Heavy metals may enter the food
chain as a result of their uptake by edible plants, thus, the
determination of heavy metals in environmental samples
is important [1]. Heavy metals from soil enter plants
primarily through the root system. Therefore, plant roots
are the most important sites for uptake of chemicals from
soil.
Heavy metals may have significantly toxic and hazardous effects on human health, especially cadmium and
lead, as non-essential elements [2]. Cadmium is mobile
in soil systems and very available to plants. Plant species
differ widely in their tendency to accumulate cadmium.
Vinodhini, et al. [3] investigated the bioaccumulation
of heavy metals in organs of fresh water fish Cyprinus
carpio for a period of 28 days. The reported order of
heavy metal accumulation in gills and liver was Cd > Pb
> Ni > Cr and Pb > Cd > Ni > Cr, respectively. For kidney and flesh tissues, the order was Pb > Cd > Cr > Ni
and Pb> Cr > Cd > Ni. In all heavy metals, the bioac*
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cumulation of lead and cadmium proportion was significantly increased in the tissues of Cyprinus carpio. Emmanuel, et al. [4] studied the macro and trace element
accumulation in edible crabs and frogs in Alaro stream
ecosystem, Ibadan and observed that the liver of the edible frogs showed higher concentrations of Cu, Mo, and
Cd while Na, Mg, K, V, Mn, Fe, Co, Zn and Pb were
higher than the other organs in Rana esculentus.
Canbek, et al. [5] reported the preliminary assessment
of heavy metals in water and some cyprinidae species
from the Porsuk River in the Northwest of Turkey that
suffer inputs from industrial and mining activities. The
levels of some heavy metals (Mn, Cr, Cd, As, Ni and Pb)
were analyzed in coal and sediment samples from River
Ekulu in Enugu. The assessment of heavy metal contamination in sediments of Ase River, Niger Delta has
been also investigated [6]. The accumulation pattern of
heavy metals in the sediment follows the order Fe > Mn
> Zn > Ni > Pb > Cu > Cd > Cr. The levels of heavy
metals were similar to levels found in unpolluted sediments and continental crust except for Cd. Such sediment
system is at risk of cadmium pollution. Akan, et al. [7]
investigated the distribution of heavy metals in the liver,
kidney and muscle of cow, sheep, goat and chicken from
Kasuwan shanu market in Maiduguri metropolis, Borno
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State Nigeria. They reported that the concentrations of all
the metals were within the tolerance limits with the exception of Cr and Pb, which were higher than standard
limits. Ilona, et al. [8] investigated the effect of high
concentrations of molybdenum, Chromium and Cadmium ions on the metamorphosis of Eurasian marsh frog
Pelopyhax ridibundus under laboratory conditions. The
effects of those metals at concentration exceeding maximum permissible concentration on the growth, survival
and erythrocytes morphology of tadpole and young frogs
have been determined. Luo, et al. [9] found the frog malformation in a number of sites across to Lake Champlain
basin. Eneji [10] analyzed river water samples from different locations along the River Benue for twelve consecutive months. The results revealed that most of the
parameters determined fall within the WHO acceptable
standards for drinking water, except for Cr, Cd and Pb.
Heavy metals concentration follows the trend: Fe > Cr >
Pb > Mn > Zn > Cu > Cd. Eneji, et al. [11] also determined the concentration of these metals in the gills, intestine and muscle tissues of two fish species; Tilapia
zilli and Clarias gariepinus obtained from up and down
streams of the River Benue. They reported the percentage
composition of total heavy metals in the fish organs to be
52.2% in the gills, 26.3% in the intestine and 21.5% in
the muscle tissue in Tilapia zilli and contain 40.3% in the
gills, 31.6% in the intestine and 28.1% in the muscle tissues of Clarias gariepinus. The objectives of this research are to establish baseline data and provide a basis
for prediction of the consequences of heavy metals contamination in the river Guma and to determine heavy
metals concentration in frog from river Guma.
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10 g portion of the ground samples with 10 mL HNO3
and 2 mL HClO4. The residue was dissolved and diluted
with 0.2% v/v HNO3 to 20 mL and made up to 100 mL
with distilled water. The digest was stored in pre-cleaned
polyethylene bottles until analysis using atomic absorption spectrophotometer (AAS 6800 Shimadzu).

3. Results and Discussion
The mean concentrations of heavy metals in the intestine,
skin and liver of frogs from River Guma Benue state are
presented in Table 1. Pb levels ranged between 1.89 ±
1.45 and 1.27 ± 0.24 mg/kg; 0.68 ± 0.20 and 0.04 ± 0.04
mg/kg Cu; 1.81 ± 0.20 and 0.04 ± 0.01 mg/kg Zn; 0.11 ±
0.03 and 0.06 ± 0.01 mg/kg Cr; 114 ± 3 and 25.9 ± 27.5
mg/kg Fe; 0.04 ± 0.01 and 0.02 ± 0.00 mg/kg Cd and Mn
3.94 ± 0.97 and 0.32 ± 0.15 mg/kg.
The concentration of Pb in liver is the highest (1.89
mg/kg), followed by intestine (1.88 mg/kg) and skin
(1.53 mg/kg) as presented in Figure 1. Cu has a concentration of (0.68 mg/kg) in liver which is the highest, followed by the intestine with the mean concentration of
(0.04 mg/kg) and no Cu accumulation in the skin of the
frog (Figure 2). Zn has the highest level in the intestine
(1.81 mg/kg) while the concentration was the same in
liver and skin (1.50 mg/kg) of the frog as presented in
Figure 3. The concentration for Cr is the same in both
liver and skin of the frog (0.06 mg/kg) but higher in the
intestine (0.11 mg/kg), as displayed in Figure 4. Fe has
the highest Concentration of (114 mg/kg) in liver, followed by the skin (76.1 mg/kg) and intestine (63.0 mg/kg)
as depicted in Figure 5. Figure 6 shows that Cd has the

2. Materials and Methods
Sampling
The frogs were collected along the bank of River Guma
with geographical coordinates of 07.80700˚ North and
008.65756˚ East. The time of sampling was between 7:00
pm - 8:00 pm, when they came out to feed on insects and
other smaller organisms. A total of 20 mature frog samples with mean weight of 150 ± 3 g and mean length 26 ±
2 cm were obtained from the sampling station and stored
in an ice box in order to maintain the freshness and later
transported (11/2 hours) to the laboratory for dissection to
obtain skin, intestine and liver. The frog samples organ
(skin, intestine and liver) were oven dried separately for
an hour to constant weight at 105˚C. The organs were
pooled separately according to tissue type and milled
with a mortar and pestle. They were put in dry labeled
plastic containers and stored in desiccators until digestion.
A procedure similar to that described by Poldoski [12]
was used to digest the samples. This involves digesting
Copyright © 2013 SciRes.

Figure 1. Distribution of lead in the organs of Rana esculenta from River Guma.

Figure 2. Distribution of copper in the organs of Rana esculenta from River Guma.
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Figure 3. Distribution of Zinc in the organs of Rana esculenta from River Guma.

Figure 4. Distribution of Chromium in the organs of Rana
esculenta from River Guma.

Figure 5. Distribution of Iron in the organs of Rana esculenta from River Guma.
Table 1. Distribution of heavy metals in Frog, water and
sediment of River Guma.
Samples (mg/kg)
Element
Frog

Water

Sediment

Pb

1.77 ± 0.44

1.27 ± 0.24

1.74 ± 0.83

Cu

0.36 ± 0.03

ND

ND

Zn

1.60 ± 0.30

0.04 ± 0.01

0.22 ± 0.02

Cr

0.08 ± 0.03

0.10 ± 0.05

0.11 ± 0.05

Fe

84.3 ± 30.2

35.9 ± 34.8

25.9 ± 27.5

Cd

0.03 ± 0.01

0.03 ± 0.00

0.03 ± 0.03

Mn

2.95 ± 0.91

0.32 ± 0.15

2.05 ± 1.25

Note: ND means not detected.

highest concentration in liver (0.04 mg/kg), followed by
the skin (0.03 mg/kg) and intestine (0.02 mg/kg). The
concentration of Mn was highest in the skin (3.94 mg/kg),
followed by intestine (3.87 mg/kg) and liver (1.04 mg/kg)
as shown in Figure 7.
The concentration of lead (Pb) were observed in organs of the frog (intestine, skin and liver), with liver
showing the highest concentration of 1.89 ± 1.45 mg/kg.
Copyright © 2013 SciRes.
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Figure 6. Distribution of cadmium in the organs of Rana
esculenta from River Guma.

Figure 7. Distribution of manganese in the organs of Rana
esculenta from River Guma.

Eneji, et al. [11], reported 3.58 mg/kg and 2.759 mg/kg
of Pb in T. zilli and C. gariepinus from River Benue.
Emmanuel, et al. [4] reported Pb to be 35.36 ppm in
Rana esculentus and 5.39 ppm of Pb in Crabs from Alaro
Sream Ecosystem, Ibadan. Vinodhini, et al. [3] reported
6.76 µg/g of Pb in Cyprinus carpio. In amphibians, Pb
exposure has resulted in a range of effects including decrease erythrocytes and leucocytes, neutrophils and
monocytes, sloughing of the skin, excessive bile secretion, hypertrophy of liver, spleen and stomach, decreased
muscle tone and loss of normal semi-erect posture, salivation, excitement and muscular twitching; and delayed
metamorphosis [13]. The result of the analysis revealed
that the concentration of lead in intestine, skin, liver
(frog), were higher than the permissible limit of 0.01
mg/L [14].
The highest copper concentration was found in the
liver (0.68 ± 0.20 mg/kg) and the least value was observed in the intestine (0.04 ± 0.04 mg/kg). No copper
concentration was observed in skin. Eneji, et al. [11]
reported 5.89 mg/kg and 9.99 mg/kg of Cu in Clarias
gariepinus and Tilapia zilli from River Benue. Emmanuel, et al. [4] reported 21.7 ppm and 68.1 ppm of Cu
in Rana esculentus and Crabs from Alaro Stream Ecosystem, Ibadan. Cu is essential for good health, but very
high intake can cause health problems such as liver and
kidney damage [15]. Copper normally occurs in drinking
water from pipes, as well as from additives designed to
control algal growth. In humans, ingested copper from
foods stored in copper vessels might cause intestinal
discomfort, dizziness and headaches, while excess accumulation of copper in liver may result in hepatitis or
cirrhosis and in a hemolytic crisis similar to that obAJAC
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served in acute copper poisoning [16]. However, none of
the samples in this study had copper content exceeding
the maximum permissible limit of 2 mg/L [14].
Zinc concentration was found to be higher in the intestine of frog (1.81 ± 0.20 mg/kg). Eneji, et al. [11] reported 18.05 mg/kg of Zn in T. zilli and 17.76 mg/kg of
Zn in C. gariepinus from River Benue. Emmanuel et al.
[4] reported 29.84 ppm of Zn in Rana esculentus and
32.97 ppm in Crabs from Alaro Stream Ecosystem,
Ibadan. Ololade, et al. [17] reported 0.61 mg/kg, 0.23
mg/kg and 0.10 mg/kg of Zn in crab, fish and periwinkles, respectively. Zn is essential in nutrition and has low
toxicity level; however, high level of Zn is harmful to
human health [15]. The concentrations of Zn in all the
samples studied were below the permissible limit of 5
mg/L set by WHO [14].
The concentrations of Chromium were observed in intestine, skin and liver as presented in Table 1; with highest concentration of chromium found in intestine (0.11 ±
0.03). Eneji, et al. [11] reported 92.9 mg/kg of Cr in T.
zilli and 88.5 ppm of Cr in C. gariepinus from River Benue. Chromium is an essential dietary requirement in
limited amounts and a deficiency can lead to disruption
of glucose metabolism. Indeed, it has been reported that
chromium deficiency is of greater nutritional concern
than overexposure. However, it is considered that chromium is carcinogenic at high concentration levels. The
concentration of chromium in the skin and liver were less
compared with the intestine which was above the permissible limit of 0.07 mg/L [14].
The concentrations of iron (Fe) in the intestine, skin,
liver (organs of frog), show a significant variation among
the organs of the frog (intestine, skin and liver). The results indicate that the liver contains the highest concentration of Fe (113.72 ± 2.76 mg/kg), followed by the skin
(76.10 ± 46.00 mg/kg) while the intestine contains 63.03
± 38.12 mg/kg of Fe. Iron level of 68.68 mg/kg and
113.1 mg/kg was reported from investigation on T. zilli
and C. gariepinus from River Benue by Eneji, et al. [11].
Also Ololade, et al. [17] reported 42.01 mg/kg, 204.72
mg/kg and 1315.5 mg/kg Fe in Crab, Fish and Periwinkles from marine seafood. Iron is essential in nutrition
and has low toxicity level. Excessive intake of iron may
increase susceptibility to infection [18]. Ingestion accounts for most of the toxic effects of iron because iron is
absorbed rapidly in the gastrointestinal tract. The corrosive nature of iron seems to further increase the absorption. Most overdoses appear to the result of children
mistaking red-coated ferrous sulfate tablets adult multivitamin preparations for candy. The concentration of iron
in the sample analyzed is above the permissible limit of
0.3 mg/L [14].
The highest concentration of Cadmium was observed
in the liver of frog (0.04 ± 0.01 mg/kg), Table 1, while
Copyright © 2013 SciRes.
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the lowest concentration was found in the intestine (0.02
mg/kg) of the frog. The skin, have the concentrations of
0.03 mg/kg. Eneji et al. [11] reported 0.994 mg/kg of Cd
in T. zilli and 0.927mg/kg of Cd in C. gariepinus from
River Benue. Cadmium is not essential in nutrition but
has high toxicity. Its toxicity effects are felt in the form
of high blood pressure, kidney damage and red blood
cells loss. From the results of this study, the cadmium
concentration in the samples studied was found to be less
than the 0.05mg/L permissible limit set by WHO [14].
The concentrations of manganese in the intestine, skin,
liver are: (3.87 ± 3.58 mg/kg), (3.94 ± 0.97 mg/kg) and
(1.04 ± 0.21 mg/kg). The highest Mn concentration was
observed in the skin of frog (3.94 ± 0.97 mg/kg). Ololade,
et al. (2008) reported 2.18 mg/kg, 1.05 mg/kg and 0.78
mg/kg of Cd in crab, fish and periwinkles. Eneji, et al.
[11] reported 7.818 mg/kg of Mn in T. zilli and 3.507
mg/kg in C. gariepinus from River Benue. Manganese is
needed in small amounts for growth and good health in
humans; otherwise, deficiency of Mn can cause nervous
system problems [19]. In the samples studied, the concentrations of manganese were found to be higher than
maximum permissible limit of 0.5 mg/L set by WHO
[14].

4. Conclusion
From the study, the concentrations of all the metals in the
liver, skin and intestine of frog were found to be statistically significant. Generally, the levels of lead, chromium,
iron and manganese in all the organs were above the tolerance limits with exception of cadmium, copper and
zinc that were below the tolerance limits in all the samples. The trend of the heavy metals concentration in the
organs can be represented as: Fe > Mn > Pb > Zn > Cu >
Cr > Cd.
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