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Abstract

The main purpose of this study was to determine heavy metals accumulation in the body tissue (gill, liver and tissue

muscle) of the selected four fish species, Clarias gariepinus, Bagrus bayad, Tilapia zilli and Lates niloticus that are
of commercial importance from Shiroro Lake, Niger State, Nigeria. Water samples were taken from five (5) stations
in the lake, stations selected based on the entry points of effluent, The fish samples were bought from the landing site,
Kwata Zumba monthly for 12 months (October 2018-September 2019), The weight of the fish species was recorded.
One (1) of the target organs (gill, liver and muscle tissue) of each sample were dissected out and digested, heavy
metal concentration in them and that of water were determined using Atomic Absorption Spectrophotometer (AAS).
The results showed that heavy metal concentrations in both water and fish tissues descended as follows
Fe»Zn>Mn>Cu=Pb.Clarias gariepinus liver recorded the highest concentration of Fe ( 13.76 mg/1) .while in March
(peak of dry season) the mean value of Fe in water was 3.99 mg/I (the highest).The lowest mean values,0.80mg/l were
recorded in September, There were significant difference (P<0.05) between dry and wet seasons mean values of heavy
metals in both fish organs and water. The results showed presence of some heavy metals in the organs of the selected

commercially important fish species found in Shiroro Lake. Muscle tissue of all the selected species accumulated less
metals compared to their gills and livers.
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Introduction . ‘ .

Occurrence of heavy metals in the aquatic environment is of major ecological and public health concern becguse of
their toxicity at certain concentration, translocation through food chains, non-biodegradabilit.y and threat to life and
the environment (Eneji et al., 2012).Aquatic environments are being polluted due to increasing natural and
anthropogenic activities.(Ojutiku et.al.,2017).

i ization, i ialization and high population pressure,
In Nigeria as well as other parts of the world, due to rapid urban_lzatnon, industria :
we ngw experience incressed domestic and waste disposal into nea.rby water courses as well as pollution from
agricultural activities, hence aquatic environment are being polluted with heavy metals (Yusufu, 2015).

i i ily i icularly with the awareness of its
f fish worldwide has increased speedily in recent years particul . .
:r;tizﬁ;?: :hner(;peutic benefits (Baruwo et.al. 2018). Fish serves as one of the major sources of protein that is lgw
in saturated fat and contains sufficient omega 3 fatty acids (Ojutiku et al.,2017).The American H;art Asso;naft;on
recommended consumption of fish at least twice per week in order to reach the daily mttgkise.o oomo??r-ldicawm;
acid However, fish normally accumulate heavy metals from food, water, and sediments and this is a g
© of heavy metals contamination in water (Baruwo et al.2018).

* Bio-accumulation refers to an increase in the concentration of a metal in a biological 078?“isﬁmh°::; tii;?,z’liging:g
to the normal concentration in the environment. The presence of toxic heavy me:?lls Ten:i failure, liver damage,
beneficial effects and pose potential threat to both the environment and human health like, )

cardiovascular diseases or even death (Baruwo ef al., 2018).

Lake was primarily dammed for hydro-electric power generation, but with secondary Obj:ctlia;:i ininl:;l;?g:;
- and Agriculture. Recently anthropogenic activities near the lake for economic developmz:}s " Py
y and rapidly. Th’“ study therefore examined the bioaccumulation of some heavy me
| Lake, Niger State, Nigeria.
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MATERIALS AND METHODS

Study Area

Shiroro Lake is a man-made hydro-electric power generation dam constructed
C

Niger State. It is located on latitude 9°57'N Longitude 6°13E on River Kaduna in Shiroro Gorge in

Lagara
g
=
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FIGURE |: STUDY AREA

Sampling stations and collec

Water samples were collectea om tive stanons, |, i, Ui, 1v ana v. >uon [ is on River Kaduna entry point

(tributary), station I1, on open water at the dam site, station [1] on powmnt near the Zumba market (Kwata Zumba) where

market activities take place, station [V on downstream (immediately after the dam) and station V, open water of the
~ downstream, Water and fish samples were taken monthly for 12 months, three(3) water samples were taken from each
-~ sampling station as well as three samples of the sclected fish species (October 2018 to September, 2019). Niger State
- Ministry of Animal and Fisheries surveillance boat was engaged in wcmmtﬁ:;:c;’m F«;urpﬁ;{) species
 (Clarias gariepinus, Bagrus bayad, Tiapia zilli and Lates niloticus) were se om the Fishermen at
( MuﬁmmﬁshmlammedmiocchmwmeW.mRuourm,AquaculturemdFuhcnes
ology Laboratory of the Federal University of Technology, Minna, Niger State.

el =R out this analysi (APHA 2005).10 ml was measured from lake water
""To".'fa“‘"“"‘m Sl wan e e & a5 comise flask then digested on a hot plate at temperature of 150 °C tl

. 2 N cool and mud water : ’
ab:i:mmmm allowed 10 e tken for further Atomic Absorption

2005). The fishes were dissected into scparaté

gills and liver using stainless steel dissecting instrument 1g of the gills, flesh ““‘;‘“"w;":’w““,m

from various fish speci dofnhknidwundddmachmk“‘dw" : le bottled
species.20 l.l.“:dm“.ddedndpandmlm
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Metal Extraction: '
Bulk scientific Atomic Absorpt.zon Spectrophotometer (AAS), model Accusy 211- :
determining the bio-accumulation factors of the heavy metals €Xamined. anufactured in USA was used for

istical Analysis: One-way statist.ical analysis of variance (ANQV :
jitf’;:cnce (P<0.05) in the concentration of the metals both in t A) was used to det

he water and th crmine the significant

SPSS package. ¢ fish at (P< 0.05) probability using
RESULTS _

The concentration of Iron (Fe), _COpper (Cu), Zinc (Zn), Manganese (Mn ! .

(gills, liver and muscle) from Shiroro Lake were as presented in tables( 1-6) Lead (Pb) and Cadmium and fish tissue
Water sample:

Heavy metals were found to decrease in the following order Fe>Zn>Mn>
(P<0.05) in the metals among the months for Cu and Fe with highest va]
showed significant difference (P<0.05) between the metals except in th

Cu>Cd>Pb. There Wwas significant difference

ue of 3.99 mg/L for Fe in March. Re.
- Results a]
¢ months of June —September. -

Season: Mean season variation in heavy metal concentration in Shiroro Jake water is as ind: :
showed significant difference (P<0.05) between the dry (November —Apri] )Zrn:is :-femdlcated in table 2. . Results

average concentration of heavy metal§ is higher during the dry season which could be
and concentration effect .The decreasing value is as follows Fe>Zn>Mn>Cu>pb,

Table 4 showed mean concentration of heavy metals in the liver of the experimental fish species in Shiroro Lake. The
results obtained revealed that Clarias gariepinus liver accumulated the highest concentration of Fe,13.76 mg/100g
compared with the liver of other species which is far above the permissible limit recommended by the WHO .The
least concentration of Pb was found in the liver of Clarias gariepinus.

Table 5 showed mean concentration of heavy metals in the muscles of the experimental fish species showing Clarias
gariepinus recording the highest mean value of 4.39 which is below the permissible level. All the experimental fish
recorded zero or not detected level of both Pb and Cd.

Table 6 showed all the experimental fish studied with the level of heavy metals accumulated by the gills, liver and t.he
muscle tissue .The results showed that Clarias gariepinus liver recorded the highest value For Fe, 13.76 mg/l which
exceed the maximum permissible limit recommended (WHO, 2011).The level of accumulation in target organs is in
the following descending order Liver > Gills >Muscle. This variation is in line with previous studies by (Eneji et.
al,, 2012, Ojutiku et. al., 2017).

Table 1: Monthly mean variation of heavy metal concentration in water samples.

Months Fe(mg/) Ca(mg) Zn(mg)) Ma(mg) Thngh )
October 247c 0.01ab 0.13¢ 0.04de 0.00 o
November 241c 0.01ab 0.13¢ 0.05¢ g-gg b
December 327d 0.01ab 0.10d 0.04d o 0.008
January 2.97d 0.01b 0.09d 0.03¢ = b
February 243 0.01ab 0.07c 0.04d e o
March 3.99 0.02¢ 0.07¢ 0.05¢ R 0.00a
April 3.06d 0.01ab 0.03b 001b . 0.00a
May 2.19¢ 0.00a 0.01a 0.00sb 0.00 0.00a
dune 175 0.01b 0.01a 0.01ab — ey
July 1.51b 0.01b 0.0la 0.00asb 0.00 0.00a
- 141b 0.01b 0018 0-3 0.00 0

0.80a 0.00a 0.01a g- , 001 ooo

. 2 - ' 0.00 :

0.00 .00
- - . - s eiomificantly different (P>0.05)
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tion of heavy metal concentration in water
samples

ple 3 Mean § ason vari®
Ta s ’ deM) Cu(mg/) Zn(mg/l) M
a0 3038 0.01a 0.08a - i ™
0.03a )
= 1 69b 0.01b 0.03b 0. 0.00u
w “F 0.97 0.01 0.05 0 (,)‘lzh vy
45 s sarrying same superseript are not significantly different (P>0.05 e

heavy metals in the gills of the experimental fish speci
cies

able ¥ Mean mgi00p)__Cv (mg/100g) _ Zn (mg/100g)  Mn (mg/100g
/ Specie!_—3T8b 03la 1.13b 0.39ab : :‘;(‘):‘t"wt) Cd (mg/100g)
: 0.00a

[ .
8% 6.00a 0.20a 0.77a 0.41ab 0.00
™ 6 84sb 0208 0.69 0368 0.008 -
E 6408 0.83b 0.82a 0.46b 000 pre
pe limit 10 d i 29 0.8 g
Mmomﬂo- 2011) 0.08
Mean in the same Column carrying same superscript are not significantly different (P>0.05) :
Table 4: MeaD concentration of heavy metals in the liver of the experimental fish species
Fish Species Fe (mg/100g) Cu (mg/100g)  Zn (mg/100g) Mn (mg/100g)  Pb(mg/100g) Cd(m /1008
a 13.76b 0.75a 2.46b 0.80ab 0.01b 0.00a )
E 12.47ab 033 122a 0.708b 0.008 0.01ab
- 12.618b 0.36a 2.35b 0.56a 0.00ab 0.01b
L 9.68a 1.99b 2.48b 0.96b 0.00a 0.00a
fimit 10 3 10 29 0.05 0.05
(FAOIWHO,ZDM)
SE 0.66 0.12 0.15 0.06 0.00 0.00

Mean in the same Column carrying same superscript are not significantly different (P>0.05)

¢ muscles of the experimental fish species

Table 5: Mean concentration of heavy metals in th
Fish Species Fe(mgi00g)  Cu(mg/100p) Zn (mgi00y)  Mn(mg/100g) PP (mg00g)  Cd (mg/1002)
0.00a 0.00a

| CT: 4.3% 025a 0770 037be
- 371ab 0.13a 0348 0258 0.00a 0.00a
0 3.3% 0.18a 0.84b 0.27ab 0.00a 0.00a
- - 341a 0.48b 0.67b 043¢ 0.008 o.gga
trmissible t 10 g 1 0.
(;;ozwno 2011) 3 10 2:9 0.05

B 0.14 0.03 0.04 0.02 0.00 -

Mean i
in the same Column carrying same superscript are not significantly different (P>0.05)
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Table & Mean coneentrution of heavy metals in the gilly, lver, wyd y \
) LTS

Pk Moo Fe (mg 100y OO 00 2 g 100g) Mo (m :"'ll|w OFthe experiimental sl
o ERENN RN LT3k w0y Ph g (g “"I““l“::m lew
% 1A 0 14 2 4to 0 A0y 5
‘\ 4 alw 0 2% ‘ 0 Koo n 0 Ot
\ “ bt Sk 0770l 0370 001 0 00y
Y 1A 0.A%eb i 041 0,008 0,008
‘:. LR ) ARRM™ |‘ ':’h O 70wl ‘('l ::::“ 0004
;\; o Mol 0200 :‘ (\:n (UBATY b u“: 001y
M 12018 0.36ab . “'f“ 0. 36ub ae 0,00
W (RN 0184 o by 0.00n o
e a0l 08 \ ab 027 0.008 001
L o o8 1 99 ey by 0.00n o
: M 1dla O 4%abe 0.6 ,\\ v6e 0,008 -
ab 0.40ah 0004
Permissible it 10 ) 10 29 0.00n 0.00n
(FAOWHOD 0.0% oy
N (U 0.08 0.06
0.02 0.00 0.00
PISCUSSION

The gills liver and musele of the selected fish species (Clarias

| nd u s gariepinus , Bagn G

piloticus) from Shiroro lake accumulate heavy metals though not at the same rm: 11‘:\: gz:‘\g;nll:::lnlgm z'll‘ll m‘d' s

in the water and t\sh‘x\Tt\stitutod the major portion of the total heavy metal fons determined whil l:‘;, e i

was the lowest. This is in line with other studies (dbraham et.al,, 2012, Ojutiku et al., 2017 Egh:/ 1 :-rmllwg:;‘lrsl)hm
) cal, " Jaet,al,l h

The concentration of Fe in TWapia zilli and Bagrus bavad liver were hi
R Nasiae villi ol gh above th
FAO'WHO.(201 1), Clardas zilli gills also exhibited high level of metal accumulation but b:lor\?lct?\'::?r':::lc::lli‘lg Tilm‘:iy
W‘lhis is noit sumri;i‘lw Msb t;:d on d\ﬂ‘cl;el\(u)‘; ’in teedd Ein:; habit, habitat and the multiple uses of their gills. This is n line
previous studies by Eneji et a 2012 and Egbeja e, al 2019). The low level of met bon tn T
#illi also confirmed this. metal accumulation in Tillapla

Seasonal variations in heavy metals both in water and fish tissues noticed, and their concentrations higher in dry season
due to temperature increase and other physicochemical interactions,

CONCLUSION
This study examined the bioaccumulation of heavy metals in the gills, liver and muscle of the selected fish species

from Shiroro lake and it was clear from the study that heavy metals especially iron,Fe in liver of both Tilapia zilli and
Bagrus bayad were a little above the permissible limit , it was observed that Zn,Mn,Cu,Cd and Pb were within the
permissible limits set by WHO for now, however this calls for effective management of this valuable resource.

RECOMMENDATION
1t is therefore advised that proper and regular monitoring of heavy metals effluent in water and fish should be done to

avoid excessive accumulation.
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