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Abstract

Increased water body contamination by heavy metals (HMSs) is a serious health hazard to both aquatic biota and their
predators. The degree of contamination is a function of bioavailability and bioaffinity to an organism. Metallothioneins
(MTs) —a protein with high metal binding ability was used to assess the differential bioaccumulation of HMs in liver and
skeletal muscles of Tilapia Zilli. HM concentration in all the liquid habitats was above the permissible limits of Federal
Ministry of Environment with Zinc having the highest concentration ranging from 6.791-11.825 ppm. Exposure of T.
Zilli to the three liquid habitats for 72 hours with sample collection twenty-four (24) hourly showed significant (P > 0.05)
induction of MTs by HMs accumulated in liver and skeletal muscle tissues of T. Zilli exposed to test habitats. Fishes
showed higher induction in the downstream liquid habitat, where accumulation of HMs was higher in liver than muscle
tissues. Fishes exposed to that habitat recorded MT concentrations of 102.859ug/g WW!t and 83.947ug/g WW1 after 72
hours of exposure for liver and skeletal muscle respectively. The liver demonstrated higher bioaccumulation potential
than muscle tissues and the highest bioaccumulation factor for most of the HM was associated with the downstream
habitat. T. Zilli from this study bioaccumulated HM and MTs played a vital role bioaccumulation assessment of HM.
Though HM in skeletal muscles were relatively low, it still poses health threat through bioaccumulation. Thus,
consumption of fish from polluted bodies needs to be avoided.
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substance the greater the risk of chronic poisoning, even
INTR?DUCEIIONI f industrialization has led if environmental levels of the toxin are not very high
ncreased level of Industrialization has led to [5]. Heavy metals are significant environmental

an increase in the extraction and distribution of mineral
substances from their natural deposit [1]. Unlike other
pollutants heavy metals are non-degradable and
therefore have tendency to bioaccumulate and
biomagnify from one trophic level to another [2].
Heavy metals are generally referred to as those metals
which possess a specific density of more than 5 g/cm®
and adversely affect the environment and living
organisms [3]. Bioaccumulation refers to an increase in
the level of a chemical/toxicant in biological organism
overtime, especially when compared to the level of the
chemical/toxicant level in the environment [4].
Bioaccumulation occurs when an organism absorbs a
potential toxic substance at a rate faster than that at
which the substance is lost by catabolism or excretion.
Thus, the longer the biological half-life of a toxic

pollutants and their toxicity is a problem of increasing
significance for ecological, evolutionary, nutritional and
environmental reasons [6, 7]. The most commonly
found heavy metals in waste water include Arsenic,
Cadmium, Chromium, Copper, Lead, Nickel, and Zinc,
all of which cause risks to human health and the
environment [8].

Heavy metal accumulation in the aquatic
environment could result in toxicity to both aquatic life
and human. Edible fish present in aquatic habitat form
an important group of organism in that, metal once
accumulated in fish tissues could act as a potential
carrier of metal ion along the food chain. At the end,
directly or indirectly the metal ion in the aquatic
medium reach man and have the potential to introduce
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levels of toxicity detrimental to man’s health [9]. The
extent to which the fish binds and accumulate heavy
metals can be a bio indicator of the extent of potential
toxicity arising from ingestion of the fish [10]. Fish
from polluted water pose to human health. Humans
consume mostly the muscle of fish and the liver gives a
representative level of contamination of the organism
due to the fact that it is the main organ of
detoxification. There is evidence that depending on
duration and level of exposure, Degree of
contamination varies between tissues [11]. Different
tissues are contaminated at different levels, the degree
of contamination is determined by the biochemical
process of heavy metal binding to tissue [12]. Liver
accumulates high concentration of metals irrespective
of route of uptake, the liver is considered a good
monitor of water pollution with metals concentration
accumulating in this organ often proportional to that
present in the environment [10]. Metal accumulation in
the liver and its concentration represent storage and
substantially contribute to the overall metal load in the
fish [13]. Metal accumulation in the muscle is relatively
low when compared with other organs, but it constitutes
a greater potential risk for predatory fishes, birds and
mammals feeding on contaminated fish [10].

The availability of metals in cell is thought to
be regulated by the action of DNA binding metal
sensors that control the expression of genes encoding
metal buffering proteins such as Metallothioneins.
These sensors act to maintain a buffered metal
concentration within limit determined in part by metal
concentration and their affinities [14]. Metallothioneins
are ubiquitous low molecular weight proteins which are
cysteine rich and have metal binding ability [15].
Metallothioneins are single chain  polypeptide
containing 61-68 amino acid with18-23 cysteine residue
, with a molecular weight of 6-7 KDa (about 7000Da ),
Metallothioneins bind metals through its thiol (-SH)
group of the cysteine residue.  Typically,
Metallothioneins has high affinities for multivalent
metals which give rise to metal-thiolate cluster that
gives high stability [16]. The accumulation of metal in
fish in sub lethal exposure is time dependent. Usually,
in the initial period of exposure metal is absorbed and
accumulated at a high rate, and then the level stabilizes
when equilibrium of metal uptake and excretion rate is
attained. Metal distribution in various organs is also
time-related [17].

Contamination of freshwater bodies with a
wide variety of pollutant especially heavy metals has
been a matter of great concern over the last decades, not
only because of threat to public water supply, but also
the damage to aquatic life and their ecosystem. Edible
fish present in freshwater bodies form an important
group of organism as heavy metals once accumulated in
their tissues could act as a potential carriers of metal ion
along the food chain, the extent to which fish binds and
accumulate heavy metals can be a bio indicator of the

extent of potential toxicity arising from consumption of
these heavy metals laden fishes. These work is aimed at
assessing the differential bioaccumulation of heavy
metals (Pb, Cr, Cd, Zn, Cu, Al, and Fe) using
metallothioneins in liver and skeletal muscle of Tilapia
zillii exposed to liquid habitats of River Challawa, Kano
State.

METHODOLOGY
Study Area

Challawa River is located in Challawa
industrial estate in Kumbotso local government area of
Kano State. Kano state is located in an area extending
from latitude 12°40° and 10°30° and longitude 7°40’
and 9°40° in the northern part of Nigeria. Challawa
River is one of the receiving rivers of effluents from
tanneries and textile to foods and packaging industries
located in Challawa industrial estate, the effluent from
the industries are connected by canal and channeled
directly into river Challawa.

Collection and identification of fish

90 fishes (Tilapia zillii) were obtained from
Tigga dam in Kano, weighing 60-100 g, the fish would
be divided into three groups namely; station 1(30
fishes), station 2(30 fishes) and control (30 fishes).
Station 1 is located upstream of River Challawa and is
relatively less polluted while station 2 is located
downstream of the same river and is highly polluted due
to influx of effluent from the tannery. Fishes from the
two groups were placed in polyvinyl chloride (PVC)
tank containing liquid habitat obtain from the respective
stations, and were fed with commercial feed. The
control group was treated to liquid habitat from where
the fish were obtained (Tigga dam) and also fed with
commercial feed (fish meal: protein content 57.7%, fat
1.8% conversion ratio 2:1) for the same period and
were kept in a polyvinyl chloride (PVC) tank. Before
the introduction of the liquid habitat from station one
and two, Tilapia zillii was allowed to acclimatize for 4-
5 hours and were administered anti-stressant; this was
closely followed by gradual calibration of their natural
habitat and the liquid habitat in which they were
exposed to. This exposure lasted for three (3) days and
samples from each group were collected 24 (twenty-
four) hourly.

Sample collection and Preparation

The samples of each liquid habitat were
collected for HM (Pb, Cr, Cd, Al, Zn, Cu and Fe)
concentration of the liquid habitat as determined by
AAS. After exposure period, fishes from different
groups were collected with the aid of a gill net.
Obtained fishes were dissected for tissue collection
namely: the liver and muscle. The muscle tissue was
collected from the left side of the fish, above the lateral
line and between the dorsal fin and the caudal fin; this
is to prevent contamination by the content of the
abdominal cavity [18]. The livers from each fish were
subsequently obtained with clean equipment and a new
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latex glove was use for each fish. Samples of each
liquid habitat of the experimental animals and their
control were collected and analyzed.

The fish samples organs (liver and muscle)
were collected fresh and then dried separately for 24
hours to constant weight in an oven at 105 °C. An aqua
regia wet method of acid digestion as described by Ang
and Lee was used [19]. Briefly, to 1 g of ground
samples, 18 ml of a fresh mixture of hydrochloric acid
and nitric acid in the ratio of 3:2 was added, the mixture
was boiled over a water bath (95 °C) After complete
digestion, the residue was made up to 50 ml with
distilled water. Digested samples were stored in pre-
cleaned polyethylene bottles until analysis using atomic
absorption spectrophotometer.

Quantification of metallothioneins (MT)
Metallothionein ~ (MT) was  determined
according to the methods of [20]. 0.25 g Sampled fresh
tissues was weigh and placed in a homogenizing tube
kept on ice, then gently homogenized in 3:1 (v/w)
10mM  Tris-HCI (pH=7.4) buffer with a glass
homogenizer and Teflon pestle. The homogenization
buffer also contained 0.1 mM phenylethylsulphonyl

cd

fluoride and 5 mM B-mercaptoethanol. The homogenate
was centrifuged at 16000 g for 30 minutes at 4 °C, and
the supernatant was heated for 2 minutes in a boiling
water bath (100 °C). The heated sample was centrifuged
at 10000 g for 10 minutes to remove precipitated
proteins. Volumes of 0.1 ml (500 pg/L) of CdCl, was
mixed with 0.5 ml of sample for 10 minutes to saturate
the metal binding sites of MT.0.5 ml of 2% (w/v)
bovine hemoglobin was then added and incubated at
room temperature for 10 minutes. The hemoglobin was
denatured in a water bath (100 °C) for 2 minutes, cooled
in ice for 3 minutes and centrifuged at 10000 g for 15
minutes. The denatured protein, except for MT which is
heat stable, was removed by centrifugation. Steps from
the addition of the bovine hemoglobin until
centrifugation were repeated three times. The amount of
Cd ions in the final supernatant was proportional to the
amount of MT present.

The concentration of Cd in the supernatant was
determined using an atomic absorption
spectrophotometer. The MT concentration was
calculated by the equation given below (egn 1):

Conc. (ug/g wet weight)

MT Conc.(ug/g wet weight ) =

1 mol fish MT bound to 7 mol metal ions,
assuming that the fish MT average molecular weight
was assumed to be 6000 Da. The MT concentrations
were calculated on the basis of a molar ratio of Cd/MT
of 7 [21].

112.4

concentration of chemical in organism or tissue

X 6000

Bioaccumulation factor (BAF)

Bioaccumulation factor (eqn 2) is one of the
methods of assessing bioaccumulation in an organism
and is important for evaluating the risk a chemical
poses to humans and the environment [22].

BAF =

concentration of chemical in the environment

Source: [10]

STATISTICAL ANALYSIS

Results of cadmium concentration and
subsequent MT quantification were reported as mean +
standard deviation (Mean + SD), Data were analyzed
using one way analysis of variance (ANOVA) followed
by Dunnett’s test. Values were considered statistically
significant at P > 0.05. Correlation was carried out
between MTs values and cadmium concentration ions
to rule out the effect of other oxidative stressors.

RESULTS

After exposure of Tilapia zillii the different
liquid habitat for 72 hours, heavy metals analysis was
carried out for body tissues (liver and skeletal muscle
tissues) and liquid habitats to obtain the
bioaccumulation factor for liver tissues and skeletal
muscle tissues (figure 1).

The results of heavy metals concentration in
the three liquid habitats as presented in table 1 shows

that zinc had the highest concentration with
concentration of 6.189 ppm, 6.791 ppm and the highest
of 11588 ppm for the control, upstream and
downstream, while iron had concentration ranging from
5.380 to 6.872 ppm, copper had concentration which
ranged from 1.204 ppm to 8.198 ppm, lead had the least
concentration which ranged from 0.781 to 1.825 ppm.

Results of heavy metals analysis in the liver
and skeletal tissues of Tilapia zillii as presented in table
2 shows that iron had the highest concentration in the
tissues with concentration of 5.476 mg/kg (liver), 4.678
mg/kg (skeletal muscle) for control liquid habitat, while
4.859 (liver) 2.894 (skeletal muscles) for the liquid
habitat upstream and 5.276 (liver) and 2.857 (skeletal
muscles) for liquid habitats downstream, while lead had
the least observed concentration with the liver having a
concentration ranging from 0.043 mg/kg to 0.873
mg/kg and skeletal muscles having a concentration that
ranged between 0.064 mg/kg to 0.347 mg/kg across all
the three test liquid habitats.
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Generally all the heavy metals were above the
maximum permissible limit stipulated by Federal
Ministry of Environment, except in few cases where the
control liquid habitat had aluminum and chromium
concentration below limit set. The concentration of
heavy metal in the different habitat was in this order Zn
> Cu > Fe > Al > Cd > Cr > Pb. Liver tissues of the test

model  generally  showed  higher level of
bioaccumulation across all the heavy metal tested for
when compared to their corresponding skeletal muscle
tissues, while the tissues exposed to downstream liquid
habitat generally had higher level of bioaccumulation
compared to corresponding tissues exposed to other test
liquid habitats.

Table-1: Mean concentration + standard deviation of heavy metals in the three different liquid habitats and
maximum permissible limit as stipulated by federal Ministry of Environment for surface water

Metals Control (ppm) Upstream (ppm) Downstream (ppm) MPL by Fed. Min.
of Env.
Cadmium 0.288 + 0.001° 1.890 +5.77° 2.008 + 0.009°° 0.010
Chromium 0.048 + 0.001° 1.061 + 0.000° 2.584 +0.000 ¢ 0.500
Lead 0.781 +0.001° 1.091 +0.001° 1.825+0.001° 0.100
Aluminum 0.210 +0.001° 5.529 + 0.001° 8.411+0.001°¢ 0.900
Iron 5.380 £ 0.001° 5.593 + 0.000* 6.872 +0.001° 0.500
Zinc 6.189 + 0.001° 6.791 + 0.001° 11.588 +0.001° 0.200
Copper 1.204 +0.001° 3.150 + 0.000° 8.198 + 0.001 ¢ 0.010

Legend: MPL= Maximum permissible limit

Table-2: Mean concentration * standard deviation of heavy metal (mg/kg) in liver and muscle tissues of Tilapia
zillii exposed to three test liquid habitat

Tand H | Copper Cadmium Chromium Zinc Lead Aluminum lron

L-C 0.655+ 0.00° | 0.010+0.00° | 0.002 + 0.00% | 4.517 +0.00° | 0.043 +£0.00% | 0.017 +0.00% | 5.476 £ 0.00°
SM-C 0.224 +£0.00% | 0.012 £0.007 | 0.024 £ 0.00% | 0.467 £ 0.00® | 0.064 +0.00% | 0.006 + 0.00% | 4.678 + 0.00°
L-US 3.205+0.00° | 1.248 £0.00° | 0.511 +0.00% | 6.859 + 0.00° | 0.427 +0.00% | 0.355 + 0.00% | 4.859 + 0.00°
SM-US | 1.446 +0.00° | 0.678 £0.00% | 0.231 +0.00% | 5.205+0.00° | 0.146 +0.00% | 0.198 + 0.00? | 2.894 + 0.00°
L-DS 8.683+0.00% | 2.248 +0.00° | 2.648 +0.00° | 11.488 +0.00% | 0.873 +0.00? | 6.416 + 0.00° | 5.276 + 0.00°
SM-DS | 4.164+0.00° | 0.644 + 0.0° | 0.848 +0.00% | 5.429+0.00° | 0.347 +0.00% | 3.211 +0.00° | 2.857 + 0.00?

Legend: T and H = Tissue and Habitat; L-C = Liver control; SM-C = skeletal Muscle Control; L-US = Liver Upstream;
SM-US = Skeletal Muscle Upstream; L-DS = Liver Downstream; SM-DS = Skeletal Muscle Downstream
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Fig-1: Bioaccumulation factor for liver and skeletal muscles tissues of Tilapia zillii exposed to the test liquid habitats for a duration of 72 hours.

MT was quantified after exposure of 72 hours
at intervals of 24 hours to the different liquid habitats,
after addition of cadmium the MT was quantified and
results presented in table 3 and 4. From the results the
liver tissue of Tilapia zillii induced more MT than the
skeletal muscle tissue across all the liquid habitats
which the test model was exposed to, results of
cadmium concentration which was used to bind to all
other sites previously occupied by other heavy metals

measured presented in table 3. shows higher
concentration for Tilapia zillii tissues exposed to the
liquid habitat downstream with concentration ranging
from 6.185 pg/g wwt to 11.528 pg/g wwt for liver
tissues and 2.168 pg/g wwt to 9.436 pg/g wwt for
skeletal muscle tissue compared with lower
concentration obtained for the control with values
ranging from 1.462 pg/g wwt to 2.732 pg/g wwt for
liver tissues and 0.561 to 1.914 pg/g wwt for skeletal
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muscle tissues. This pattern was maintained in result of
MT quantification as presented in table 4 with the test
sample exposed to the liquid habitats having higher
concentration of 60.631 to 104.511 pg/g wwt for liver
tissues and 19.291 to 89.570 pg/g wwt for skeletal
muscle. Liver tissues had higher values for both
cadmium  concentration and  subsequent MT
concentration compared to their corresponding skeletal
muscle concentration of measured cadmium and

quantified MTs. There was positive correlation between
the concentration of cadmium measured and
corresponding concentration of MT both tissues of liver
and skeletal muscles of Tilapia zillii using Pearson’s
correlation coefficient with p > 0.05, while there was
significant differences between the start concentration
(control) of cadmium and metallothionein with other
varied period of exposure at p > 0.05 using Dunnett’s
student t-test.

Table-3: Mean = Concentration of Cadmium in Liver and Skeletal Muscles Tissues of Tilapia zillii after Exposure
for 72 Hours to Different Liquid Habitats

Tissue and Habitat | START After 24 hr After 48 hr After 72 hr
ug/g ww ug/g wwt pg/g wwt pg/g wwt

L-C 0.304 + 0.009™ | 2.667 +0.101™ | 2.794 +0.0998™ | 2.732 + 0.071™
SM-C 0.104 + 0.004™ | 1.107 £ 0.003™ | 2.142 +0.029™ | 1.914 + 0.082"
L-US 0.304+0.009 | 8.663+0.287°° | 9.467+0.13® | 9.576 +0.119™
SM-US 0.104 + 0.009™ | 4.659 +0.148°° | 7.839+0.057° | 7.194 + 0.07°"°
L-DS 0.304 + 0.009™ | 10.563 + 0.086"" | 10.501 + 0.008™ | 11.528 + 0.041"
SM-DS 0.104 + 0.004™ | 5579+ 0.075¢ | 9.301 +0.014™ | 9.436 + 0.027"¢

e Legend: L-C = Liver control; SM-C = skeletal
Muscle Control; L-US = Liver Upstream; SM-US
= Skeletal Muscle Upstream; L-DS = Liver
Downstream; SM-DS = Skeletal Muscle
Downstream

e Results are presented as mean =+ standard
deviations, * shows significance at p> 0.05 using
Dunnett’s student t-test which compares control
(start) with other varied period of exposure for

liver and skeletal muscles of Tilapia zillii in all the
liquid habitats they were exposed to.

e  While a shows correlation at P > 0.05 using
Pearson correlation coefficient which compared
concentration of cadmium obtained after induction
with corresponding metallothioneins
concentration.

o wwit- wet weight

Table-4: Mean + Concentration of Metallothioneins in Liver and Skeletal Muscle Tissues of Tilapia Zillii after
Exposure for 72 Hours to Different Liquid Habitats

Tissue and Habitat | Start After 24 Hr After 48hr After 72 Hr
ug/g wwt ug/g wwt ug/g wwt ug/g wwt
L-C 2.706 + 0.001™ | 23.725+ 0.071™ | 24.864 + 0.005™ | 24.309 + 0.006™°
SM-C 0.921+0.011™ | 9.848 £ 0.021™ | 19.054 + 0.033™ | 17.031 + 0.003™
L-US 2.706 £ 0.001™ | 77.076 + 1.389 | 84.223 + 0.428™ | 85.193 + 0.508"™
SM-US 0.921 +0.011™ | 41.456 + 1.188™ | 69.748 + 0.168™ | 64.006 + 0.286"C
L-DS 2.706 + 0.001 | 93.974 +2.274™ | 93.422 + 0.764 | 102.859 + 1.534"
SM-DS 0.921+0.011"% | 49.638 +2.243™ | 82. 746 + 1.349™ | 83.947 + 0.774™¢
e Legend: L-C = Liver control; SM-C = skeletal DISCUSSION

Muscle Control; L-US = Liver Upstream; SM-US
= Skeletal Muscle Upstream; L-DS = Liver
Downstream; SM-DS =  Skeletal Muscle
Downstream

e Results are presented as mean =+ standard
deviations, * shows significance at p > 0.05 using
Dunnett’s student t-test which compares control
(start) with other varied period of exposure for liver
and skeletal muscles of Tilapia zillii in all the
liquid habitats they were exposed to.

e  While a shows correlation at P > 0.05 using
Pearson correlation coefficient which compared
concentration of cadmium obtained after induction
with corresponding metallothioneins concentration.

o wwt- wet weight

HM analysis of the test liquid habitats show
that all HM were above the Nigerian Federal Ministry
of Environment fixed safe limits and are considered
deleterious, unsafe and poses a threat to the survival of
aquatic life, this results agrees with findings of [23].

Tilapia zillii accumulate heavy metals in their
tissues after exposure to these heavy metals in the liquid
habitats, zinc was the most abundant metal in the whole
tissue of Tilapia zillii after exposure for 72 hours this
finding is in agreement with work by [24] which
studied three different fish species and found zinc to be
the most abundant in all the tissues examined.
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The general trend that the liver accumulated
HM higher than the skeletal muscles across the tested
liquid habitats was consistent with other findings [25,
26, 12, 27]. The liver being the first point of contact for
HM metabolism and detoxification accounts for this
trend [12].

MTs quantification showed that the liver had
higher concentration when compared to concentration
of skeletal muscles which is collaborated with the
findings [28]. They worked with catfish MT and found
that the MT concentration in the liver of catfish was
higher when exposed to chemical additive effluent for
72 hours.

MT has been reported to increase with
increased exposure to heavy metal mixture [29]. The
Findings of this study indicate that higher
bioavailability of heavy metals induced higher MT
when exposed to contaminated liquid habitats as
reflected by the high concentration of MT especially in
the liver of Tilapia zillii exposed to the liquid habitat
downstream.

Concentration of MT was found to correlate
positively using Pearson correlation coefficient at P >
0.05 considered significant with concentration of
cadmium in both the liver and skeletal muscle tissues of
Tilapia zillii in all the test liquid habitats. This is
indicative of a direct relationship between heavy metal
accumulation and MT concentrations and has been
opined to be tissue specific, in that most tissues are in
direct interface with the environment [11]. Thus they
are frequent targets of environmental pollutants, as such
any adverse change in the ambient environment such as
oxidative stress is easily reflected in these tissues, and
examples of such tissues are gills and mantles of fishes.
Using Dunnett’s student t-test to compare, and the start
concentration as control and other periods of exposure,
there was significant (p > 0.05) increase between the
start concentration of MTs and that of subsequent
periods of exposure.

The relationship between heavy metal
accumulation and MT concentration is also time
dependent as metal concentration changes during and
after exposure, the effect of metal accumulation with
time is a complex issue due the different affinity of
various metals to the tissues of fishes [10].

Bioaccumulation factor calculated for whole
tissues, liver tissues and skeletal muscles tissues of
tilapia zillii exposed to the three liquid habitats, of these
liquid habitats, the downstream habitat had higher
bioaccumulation factors with the exception of iron
where the control had higher values, these pattern was
also maintained in the bioaccumulation factors of heavy
metals in the tissues of the liver and skeletal muscles of
Tilapia zillii, this observed pattern is elucidated by the
assertion by [10] that the more the concentration in the

environment the more they can be taken up and
accumulated in fish tissues.

The liver bioaccumulated more heavy metal
than the skeletal muscles as contained in the results of
the bioaccumulation factor of heavy metals for the two
tissues across the three test habitats [30, 31] in their
separate submissions had reported that muscle tissue
had a weak accumulating potentials and accumulate
lower level of heavy metals when compare to the liver.
Conversely, the liver is considered to have a high
accumulating ability due to the presence and activity of
metal binding proteins such as MTs, which can bind
with heavy metals and thus reducing their toxicity and
allowing the liver to accumulate high concentration of
these toxic heavy metals [32, 12, 31].

CONCLUSION

Using T. zilli as a case study on the safety of
River Challawa and the health of aquatic animals and
their predators, it is concluded that there was a high
level of HM in River Challawa which bioaccumulates
in liver and skeletal muscles of inhabiting fishes.
Bioaccumulation studies with Tilapia zillii for a period
of 72 hours are achievable using laboratory conditions.
Thus housed Tilapia zillii was able to induced sufficient
quantity of MT to bind bioaccumulated heavy metals in
its liver and skeletal muscle tissues upon exposure to
the liquid habitat. This gave rise to the relationship that
MT concentration increases with increased heavy
metals accumulation presenting a positive correlation
between heavy metals accumulation and the
concentration of MT.

RECOMMENDATION

The fact that fish skeletal muscle tissue is the
most consumed part still makes consumption of fish
from contaminated water bodies such as Challawa
River a matter of public worry even though the skeletal
muscles accumulated lower levels of HM than the liver.
Metallothioneins is recommended for used as a bio-
indicator of heavy metal accumulation for fish, this is
justified by the observed relationship between MT and
heavy metals, such that increased heavy metal
accumulation is accompanied by an increased induction
of MT. Consumption of fish from River Challawa could
pose serious threat to humans and other predators of
fish, despite the lower level of heavy metals in the
skeletal muscles and it is recommended that
consumption of fish from polluted water bodies been
stopped.

It is recommended that a phytoremediation
project with focus on decontamination of River
Challawa be embarked upon by the Kano State and/or
Federal Ministry of Environment.  Also constant
monitoring and control of effluent discharged to River
Challawa be done to ameliorate the deteriorating nature
of the river and for the good of fishes and other aquatic
organisms and the end consumers of such organisms.
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