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ABSTRACT

Concentration of some heavy metals; Lead (Pb), €ofu) and Zinc (Zn), in the head, gills, livercamuscle
tissues of Clarias gariepinus from River Galma, éRiKubanni and some fish farms in Zaria, Nigeriegrav
determined using atomic absorption spectrophotom@AsS), after wet digestion. The concentrationthef metals
differed significantly (ANOVA; p < 0.05) among tfmur fish tissues. Fish liver and gills appeared have
significantly higher tendency for the accumulatairthese metals, while muscles had minimum coraténs. The
difference in metal concentrations between thedlwoeations were not statistically significant (AM&, p > 0.05),
the difference of lead concentration between R&aima and fish farms being the only exception. ffeed of
metals concentration could be represented as: Cdn>> Pb. The mean of total concentrations was; ldasb
mg/kg, zinc 3.57 mg/kg, copper 5.75 mg/kg for Ré@&ma, lead 0.5 mg/kg, zinc 3.86 mg/kg, coppes Tg/kg for
River Kubanni and lead 0.28 mg/kg, zinc 1.0 mg/gpper 5.21 mg/kg for fish farms. Comparison ekthvalues
with Food and Agricultural Organization (FAO) limsitin fish tissue, Codex Committee on Food Additawed
Contaminants maximum levels (CCFAC) and Healtheddt established by the United States Environmental
Protection Agency (US EPA) for human health riskdarcinogens shows that it is unsafe to consuneri&d
griepinus tissues from River Galma and River Kubavith respect to lead toxicity. Copper and zinadeveowever
not implicated in the study.
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INTRODUCTION

With increasing industrialization, urbanizationppéation growth and agricultural activities, thelghl environment
has become fragile and has been a cause for cofiferRecently, there is a growing awareness ofaobpn
environment of effluents and solid wastes of angbgenic origin and serious concern on the use d¢émas a
receptacle for such waste [2]. The discharge afistribl effluents and domestic wastmntaining toxic substances
including heavy metals into water bodies have $icgnit impact on the receiving water quality aneé gmquatic
organisms. As the concentration of metals in th@irenment increases, the metals inevitably entex th
biogeochemical cycle. [3]The pollution of aquatic environment with heavy alethas become a worldwide
problem, because of their toxicity, relative indestibility and most importantly the fact that wateollution
transcend national and international boundddgs

Metals are natural component of the earth crustaaaccommonly found in natural waters. Natural psses may
lead to anomalies exceeding average values by @ar of magnitude without any anthropogenic contatiom.
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However, most often than not, sources of heavy Inpetiution are actually anthropogenic in naturenteé metals
are essential to living organisms, yet they maybe highly toxic when present in high concentraifs]. Aquatic
organisms in heavy metals polluted environment aumulate these metals to concentrations mans thigher
than present in water. Aquatic foods have esseati@ho acids, fatty acids, protein, carbohydratitsmins and
minerals. Among sea foods, fish are commonly coresliamd, hence, are a connecting link for the tearff toxic
heavy metals to other consumers. Fish has beergmzed as a good accumulator of organic and indcgan
pollutants. Age of fish, lipid content of the tigsand mode of feeding are significant factors thi¢ct the
accumulation of heavy metals in fish€darias gariepinusis a bottom feeder, and ingestion of sediment il
reflected in the metal contents of their tissudse Tontamination of fish by trace metals is a pigéproblem as
they are ultimately transferred to other animalduding humans along the food chain thus posingggrhealth
challenges [4, 5, 6, 7.].

Elevated levels of certain metals in animals imtiexfwith the absorption of other metals. High comedions of
lead for instance blocks the absorption of potassiGalcium, Magnesium, Manganese, Zinc, Copper,iamdion
[8]. Zinc, copper and manganese, which are es$ehtiaments, compete for the same site in animédiis, Tio doubt,
would affect tissue metal concentrations as weltextain physiological processes [5, 9]. A comhborabf zinc or
cadmium with copper increases the toxic effectagper several times, representing a synergistioraf10]. The
World Health Organization as well as the Food agdilture Organization state that monitoring eiglgments in
fish — Hg, Cd, Pb, As, Cu, Zn, Fe, Sn —is obligatmd monitoring of others is suggested [3].

River Galma and River Kubanni serves as a majorcgoof portable water and fish in Zaria. The Zatémn is on
River Galma and supply water to Zaria metropolislevthe Ahmadu Bello University (ABU) dam is on Riv
Kubanni and supply water to the Ahmadu Bello Unsitgrcommunity and its environs. Fishing is carread daily
on the two Rivers which also serve as a sourceabémfor irrigation. The basins of the two rivers 8ooming crop
farming areas. Most of the industries located ini&discharge their waste directly or indirectlyarthese rivers.
Municipal and domestic wastes are also dischargedtty or indirectly into the rivers [11]. Sinckdre is no formal
control of effluent discharge from industries armimtes into the Rivers, it is important to monitoe tlevels of
metals in fish from these rivers in comparison withat obtains at privately owned fish farms. Irstbiudy,Clarias
gariepinuswas chosen. The concentration of lead, copper amednere measured in the head, gill, liver and rfeusc
of fish in order to assess the potential risk aisged with the consumption of fish from the two orajivers in
Zaria.

MATERIALS AND METHODS

Study Location

Zaria is located at latitude 1103’'N and longitud#@E, 128km South- East of Kano and 64km NorthtEHs
Kaduna City. River Galma is located at the soutteeaspart of Zaria and its source is the Jos Plat&éhe Zaria
dam is located on River Galma [11]. Kubanni Riveigioates in the precincts of the Ahmad Bello Umsity

(ABU) Main Campus, Zaria (Northern Nigeria), agenth in an undulating agricultural land and is tbgdh number
of tributaries [12]. Kubanni River drains the noviést zone of the city of Zaria and receives efftaanainly from
domestic activity and runoff from intense cropplagated in the adjoining land. The ABU dam is oa tiver [12].

Sample preparation

TenClarias gariepinugmean weight 130+3g, Mean length 26.8+2.6cm) eeete obtained on site from fishermen
at the rivers (River Galma, River Kubanni) and feach from two Fish Farms in Sabon Gari area ofaZaligeria.
The fishes were stored in a cooler packed withbloek in order to maintain the freshness and latssported to
the Environmental laboratory of the National Reskdnstitute for chemical technology (NARICT), ZariNigeria
for dissection of the organs after being washedotighly. The dissection was done using plasticekrisig of fish
tissue was weighed and placed in a beaker, 10rkeshly prepared concentrated nitric acid / hydroger oxide
(1:1) was added and covered with a wash glassifitalireaction to subside. The beaker was placed water bath
at a temperature not exceeding A@or two hours to reduce the volume to 3-4ml. Bigest was cold filtered into
50mls volumetric flask and made up to the mark.

Metal analysis
Metal analysis was carried out using flame atonfisogption spectrophotometer AA-6800 (Shimadzu, Japa
National Research Institute for Chemical TechnoldARICT), Zaria-Nigeria. The calibration curves rge
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prepared separately for each of the metals by ngndifferent concentrations of standard solutidri®e instrument
was set to zero by running the respective reagiamkb. Average values of three replicates werentdke each
determination and were subjected to statisticalyaisa The metals determined includes: Lead, Coppet Zinc.

Analytical Quality Assurance

In order to check the reliability of the analyticakthods employed for heavy metals determinatiachdns coded
IAEA-336 was also digested and then analyzed faligwthe same procedure. Double distilled and desshiwater
was used throughout the experimentation. All thegeats used in this work were AnalaR grades fromHBD
Chemicals (UK).

RESULTS AND DISCUSSION
To evaluate the accuracy and precision of our #icalyprocedure, a standard reference materiaicbeh coded
IAEA-336 was analyzed in like manner to our samplédse values determined and the certified valuetheffive

(5) elements determined were very close suggetimgeliability of the method employed (table 1).

Table: 1, Shows the results of analysis of refereaanaterial (Lichen IAEA -336) compare to
the reference value

Element (Mg/l) | Pb Cd Cu Mn Zn
A Value 5.2F 0.14( 4.0C 55.7¢ | 29.1¢
R value 4.2-5.5 0.1-2.34 3.1-4]1 56-y0 37-33|80

A Value = Analyzed value and R Value = Referentgeva

The mean concentration and standard deviationaaf, leopper and zinc in tissue @farias gariepinusfrom River
Galma, River Kubanni and Fish Farms in Zaria ams@nted in Table 2. A comparison of mean of totetam
concentrations of fish with maximum limits is preted in table 3. The distribution of lead, copped @inc in the
head, gills, liver and muscle @farias gariepinusacross River Galma, River Kubanni and Fish Famnma&airia are
presented in Figures 1, 2, 3 and 4 respectivelycdPtage concentrations of metals in organs arsepted in
figures 5 — 13.

Table 2: Mean = S.D of lead, copper and zinc i@larias garipenus from River Galma, River Kubanni and fish
farms in Zaria, Nigeria

Elements/Sampling River Galma River Kubani Fish Farm
Station

Head Gills Liver Muscle Head Gills Liver Muscle Head Gills Liver Muscle
Lead 0.13+0.01| 0.55+0.04 5.31+2.21 0.19+0.p4  0.1@*Q 0.78+0.65| 0.78+0.44 0.26+0.08 0.11+0.p2  0.52+0. 0.30+0.28| 0.20+0.09
Copper 1.13+0.49] 2.18+0.68 19.62+3.90 0.60+0/08 53#0.02 | 2.01+0.58| 28.90+11.75 0.51+0.04 0.64+0|39.4740.84 | 18.07% 0.67+0.01
Zinc 2.56+0.67| 5.83+4.17 3.98+3.24 1.91+0.98  2.3840| 3.49+2.7 8.76+4.14 0.87+0.46 1.65+0.12 2.2340[11.88+0.23| 0.63+0.04

Table 2: A comparison o f Mean o f total metal corentrations with maximum limits

Mean of total Maximum
Stations Heavy Metal concentration in fish limi Reference
imits
(mg/kg)

Lead 1.55+0.58 0.5 FAO (1983)
Galma Copper 5.75+1.30 30 FAO (1983)
Zinc 3.57+2.25 30 FAO (1983)
Lead 0.50+0.30 0.5 FAO (1983)

Kubanni Coppe 7.754£3.04 3C FAO (1983
Zinc 3.86+2.04 30 FAO (1983)
Lead 0.28+0.15 0.5 FAO (1983)
Fish farms Copper 5.21+0.97 30 FAO (1983)
Zinc 1.00+0.13 30 FAO (1983)
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The lowest mean of total concentration (0.28 mgiglead was measured Clarias gariepinu from fish farms
while the highest mean of tot@oncentration1.55 mg/kg) of lead was measureddlarias cariepinusfrom River
Galma (table B The trend of lead iClarias gariepinugrom the three sampling locations was River GalnRiver
Kubanni > Fish Brms. Statistical analysis shows that the diffegeimclead levelsacross the locations was r
statistically significanf ANOVA, p > 0.0%), the difference between River Galma and Fisarms being the only
exception (ANOVA, p < 0.05). Statistical analysiscashows statistically significant difference beem lea
concentration in liver antead, liver and gills and between liver and mu with lead concentratioof the liver
being significantly higher than the concentratin head, gills and muscles at%®5onfidence levelThe trend of
lead in tissues o€larias gariepinus from River Galma, Kuban and Fish Farms were as follows live gills >
muscle > head, liver = gills > muscle > head arlis g liver > muscle > ead,respectively(table 2). The highest
concentration of lead was recorded in the liveeach of the sampling statiorexcept in the Fisharm where the
highest concedration was recorded in the gills. The lowesncentration was recorded head in each station. A
similar finding was recorded i 3]. High accumulating ability of the liver is saidbbe the result of the activity
metallothioneins, the proteins thedin bindto some metals, thus reducing their toxicity arldveihg the liver tc
accumulate high concentratiofis3, 14. Due to the above reason, Liver has been recomedenad the be:
environmental indicator of both the water pollutiand clronic exposure to heavy mete13]. There was a
statistcally significant differenceof lead concentration irfClarias gariepinusliver across the three sampli
locations (ANOVA < 0.05), with River Galma beinggsificantly higher than River Kulnni and fish farms
(figurel). The order was River Galma > River Knni > Fish Rrms. The tisst with the second highest
concentration of lead in this study wthe gills. Lead concentration giflls followed the order River Kulnni >
River Galma > Fish Farmffigure 2) The difference in lead concentration of fish gi¥&s not statisticall
significant at 95% confidence level. Gills couldibgortant as a site of direct metal uptake frontew§l 3, 15]
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Figure 1: The dispersion of leadcopper end zinc in the head ofClarias gariepinus across River Galma, River
Kubanni and Fish Farms in Zaria
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Figure 2: The dispersion of leadcopper and zinc in the gills ofClarias gariepinus across River Galma, River
Kubanni and Fish Farms in Zaria
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Figure 3: The dispersion of éad copper aid zinc in the liver of Clarias gariepinus across River Galma, River
Kubanni and Fish Farms in Zaria
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Figure 4: The dispersion of €ac, copper and zinc in the muscle oflarias gariepinus across River Galma,
River Kubanni and Fish Farms in Zaria

High metal concentrations in gills can point out ttvater as the main source of conination [13]. Lead
concentration irhead in the study followed the order River Knni > River Galma > Fish arms. Statistical
analysis revealed a significantffdrence in lead levels ihead between River Galma and River Knni and
between River Kubanni and Fislarfs (ANOVA, p < 0.05). The dirence between River Galma and Fiarms
was not statistically significant (ANOV. p > 0.5). Lead concentration in musulas observed to follo the order;
River Kubanni > Fish &ms > River Galma. There was no statistically iicemt difference in lead levels in fis
muscles across the three samgllocations (ANOVA, p > 0.05Findings of this study shows that the perceni
concentration of lead i€larias gariepinus tissuewas Head 2%, Gills 9%, Liver 86% d Muscle 3% for River
Galma, Hed 9%, Gills 39%, Liver 39% and Muscle 13% for Ri¥arbenni and Head 10%, Gills 45%, ler 27%
and Muscle 18% for Fishadfms (figures & 7). Recorded data from this study indicates that rtfeanof total
concentration®of lead (1.55mg/kg) measured Clarias gariepinusfrom Rivier Galma was over three times
Food and Agricultural OrganizatiqFAQ) guideline of 0.5mg/kg [16]Though the mean total concentration of |
(0.5mg/kg) measured iGlarias gariepinu from River Kubani equals the FAO guideline, the liver and gillsl!
lead concentration higher than the FAO guidelinenstimingClarias gariepinusfrom River Galma and Rive
Kubami could pose serious health risk. The mean totdacentration of lead (0.2mg/kg) measuredClarias
gariepinusfrom fish farms was below FAO guideline thus posesignificant toxicological risk. The ran total
concentratiorof lead measured across er Galma, River Kubanni and Fislarfs wer above (or equal to in the
case of fish farms) th€odex Committee on Food Additives i Contaminants maximum levels (CCFAC)
0.2mg/kg, but below the health tetiia (4mg/kg) established by the United Statesif@nmenta Protection Agency
(US EPA),for human health risk for carcinoge [17]. Lead levels in liver oClarias gariepinu from River Galma
found to be above the US EPA health crit being the only exceptioii.ead is classified as one of the most tc
heavy metals. There is no exposure limit below WH&ad appear to be safe. WHO has recently withadréhe
Provisional Tolerable Weekly Intake (PTWI) valug fead on the grounds tl it is not possible to set an inta
value that is protectiveof health [1]. Lead is number 2 on the Agency for Toxic SubstarcesDisease Regist
(ATSDR) Top 20 List, and accounts for most of tlases of pediatric hvy metal poisoning [1]. It interferes with
the normal development of a child's brain and nesveystem; therefore children are at greater ffislead toxicity.
The effect on peripheral nervous system on therottaand, is more pronounced in adults. Lead absor
constitutes serioussk to public health. It induces reduced cognitile/elopment and intellectual performanct
children, increased blood pressure, and cardioVasdiseases in adult as well as liand kidney dysfunctior20,
21].

The highest meanfdotal copperconcentration (7.75 mg/kg) was measuredCiarias cariepinus from River
Kubanni while the lowest na@ total copper concentrat (5.21mg/kg)was measured iClarias gariepinusfrom
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Fish Farms (table)3 Copper concentration iClarias gariepinusfrom thethree sampling locations followed t
trend: River Kubani > River Galma > ish Farms. No statistical significant diffecenwas observed copper
levels cross the locations (ANOVA, p < 0.05). Arsfigantly higter level of opper was found in the livithan in
other fish tissues (ANOVA, P $.05). Similar findings havalso been recorded by other auth{13, 14].
Statistically significant difference was served between coppeoncentration in liver ar head, liver and gills and
between liver and muscle with copper concentratiofiver being significantly higher than the contation n
head, gills and muscles at®5confidence level. Copper concentratiorClarias gariepinustissues followed the
trend; liver > gills > lead > muscle for River Galma and River Kuni, and liver > gls > muscle > Head for Fis
Farms (figures 8, 9, 10)The highest concentration of copper was recoidethe liver in eactof the sampling
stations (table 2). The liveopper concentrations are usually regulated by adastatic control below 5Qg/g dry
weight and can exceed this threshold only if the commethanisms are overload[13]. Higher copper levels in
liver usually imply loss bregulatory control of liveccopper. The lowest cgentration was recorded muscle in
each station except in Fislaffns where the lowest copper concentration wasrded ir head (Table 2). There was
no statistically significant difference iropper concentration i€larias gariepinudiver across the three sampli
locations at 95% confidence level. Copper concénotran liver followed theorder: River Galma > River Kutnni
> Fish Farms (figure 3). Thiissue¢ with the second highest concentration of coppas the gills (figure 8, 9, 1C
Copper concentration in gills followed the or; River Galma > River Kubanni > Fistafns and figure 2). Copper
concentration irhead followed the ord; Fish Farms > River Galma >River Kubaifigure 1. Statistical analysis
revealed no significant dérence in copper levels head between River Galma and River Knni and between
River kubannand fish farms (ANOVA, p > 0.E Copper concentration in fish muscle also followee trde; Fish
Farms > River Galma > Riverufenni (figure 1) There was no statistically significant differe in copper levels
in fish muscles across the three sampling locat{@éOVA, p > 0.05). The percentage concentratiorcabper in
Clarias gariepinusorgans was Head 5%, Gills 9Liver 83% and Muscle 3% for River Galma, Haed ZBils
7%, Liver 90% and Muscle 2% for River Kulni and Head 3%, Gills 7%, &r 87% and Muscle 3% for Fit
Farms (figures 8 - 10).Copper is an essential part of several enzymesiamcessary for thsynthesis of
haemoglobin, but very high intake of copper canseaadverse health proble [22]. The findings of this study
indicates that the mean of total concentration opper measured iiClarias gariepinu from Rivier Galma
(5.75mg/kg), River Kubann(7.75mg/kg) and Fish arms (5.21mg/kg) were below the Food and Agricalt
Organization (FAO) maximum limit of 30mg/k[16] and the health criteria established by the Unit¢ateS
EnvironmentaProtection Agency (US EPA) for human health riskdarcirogens (480mg/kg). ConsumilClarias
gariepinusfrom River Galma, River Kubini and Fish Brms in Zaria therefore pose no significant toxagital
risk with respect to copper intoxication. For arerage adult (60 kg body weight), the provisiondérable daily
intake (PTDI) for copper is 3mg for fish mus({23]. Abnormal accumulation of copper in the tissue alabd
causes Wilson disease. Most of the absorbed cdppstored in the liver and bone marrow. Acute expesic
copper causes vomitindiarrhea, hypertension and cardiovascular coll[24].

Muscle Head Gills
3% 2% 9%

Figure 5: Percentage concentration of lead in organof Clarias gariepinus from River Galma
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Muscle Head
3% 5%

Gills
9%

Figure 8: Percentage concentratio of copper in organs ofClarias gariepinus from River Galma

Muscle Head Gills
2% 29% 6%

Figure 6: Percentage concentration of lead in of gransClarias gariepinus from River Kuba nni

Muscle Head
13% 9%

Figure 9: Percentage concentratio of copper in organs ofClarias gariepinus from River Kuba nni
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Muscle Head
18% 10%

Figure 7: Percentage concentration of lead in organof Clarias gariepinus from Fish farm

Muscle Head Gills
3% 3% 7%

Figure 10: Percentage concentratio of copper in organs ofClarias gariepinus from Fish Farms

Muscle
13%

Figure 11: Percentage concentration czinc in organs ofClarias gariepinus from River Galma
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Muscle
6%

Figure 12: Percentage concentratio of zinc in organs ofClarias gariepinus from River Kubanni

Muscle
10%

Figure 13: Percentage concentratio of zinc in organs ofClarias gariepinus from Fish Farms

The lowest mean of total concentratiof Zinc (1.0mg/kg) was measured @Glarias cariepinus from Fish Farms
while the hidgiest mean total concentrat (3.86 mg/kg) was measured @Glarias cariepinus from River Kubanni
(table 3). The trend of zinc i@larias cariepinusfrom the three sampling locations was River knni > River
Galma > Fish &rms. Statistical analysis revealed that the diffee in total zinc concentrations between R
Galma and River Kubamrand between River Galma and Fisarm were not statistically significa (ANOVA, p >
0.05), but the difference between River Kulni and Fish Brm was statistically significant (ANOVA, p < 0.0!
There was no statistically significant differenn zinc levels between the tissyégad, gillsliver and muscle) of
Clarias gariepinusat 9%% confidence level. The trd of zinc in organs o€larias gariepinus from River Galma,
Kubami and Fish Farms were as follows gills > liver ead > muscle, liver > gills >ead > muscle and gills >
liver > head > muscle, respectively. The highest meaicentration of zinc in the tisstL was recorded in the gills
for fish from River Kubanni andrish Farms(table 3). The highest mean cemtration of zinc in the tisst of
Clarias gariepinusrom river Kukarni was recorded in the liver (table 2). The lowesheentrations were record
in muscle in each station. Several ses have determined the highesiczconcentrations in gill[13, 25, 26] and
their findings areén agreement with this stuc

A statistically significant difference in the comteation of zinc in liver of Clarias gariepinu between River
Kubanni and Fish Farrwas observed (ANOVA < 0.05The differencein the concentration of zinc in liver
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Clarias gariepinusbetween River Galma and River Kubanni, and betweigrr Galma and Fish Farms were not
statistically significant at 95 % confidence levElnc concentration in liver followed the order:ver Galma >
River Kubanni > fish farms (figure 3). In this studills recorded a comparable high concentratiothadiver. Zinc
concentration in gills followed the order River &a > River Kubanni > Fish Farms (figure 2). Thdatiénce was
not statistically significant at 95% confidencedéZinc concentration in fish head followed the@rRiver Galma
> River Kubanni > Fish Farms (figure 1). There wasstatistically significant difference in zinc &g in head
between River Galma, River Kubanni and fish far&SIQVA, p > 0.5). It was observed that zinc concatitm in
muscle followed the order River Galma > River Kubiar Fish Farms (figure 4). There was no statidiiica
significant difference in zinc levels in musclesaas the three sampling locations (ANOVA, p > 0.@5hdings of
this study shows that the percentage concentrafi@nc in Clarias gariepinugissues was Head 18%, Gills 41%,
Liver 28% and Muscle 13% for River Galma, Head 183itls 23%, Liver 57% and Muscle 6% for River Kuina
and Head 26%, Gills 35%, Liver 29% and Muscle 1@ Fish Farms (figures 11 - 13Jinc is an important
element the body needs to function propeflysmall amount of Zinc is necessary for a balanikethan diet.lt
helps maintain immune function, cell division aegair, and helps in the metabolism of carbohydiite is also
needed for the sense of taste and smell [Bfi¢ mean total concentration of zinc measure@larias gariepinus
from Rivier Galma (3.57mg/kg), River Kubanni (3.8§f#kg) and Fish Farms (1.0mg/kg) were below the Faod
Agricultural Organization (FAO) maximum limit of 8f/kg [16] and the health criteria established Hey tnited
States Environmentdrotection Agency (US EPA) for human health risk darcinogens (120mg/kg). Consuming
Clarias gariepinusrom River Galma, River Kubanni and Fish Farm&amia thus pose no significant toxicological
risk with respect to zinc intoxicatiofthe recommended daily zinc intake for adults isviee 9 and 11 mg per day.
However, exposure to excess amount of zinc carltresainc poisoningAccording to the National Institutes of
Health, zinc toxicity starts between 35 and 40 raidyd27, 28].Zinc poisoning can be deadly if not detected and
treated quickly. Zinc is an intestinal irritant,dathe first sign of zinc poisoning is usually irtteal distress. This
includes, vomiting, stomach cramps, diarrhea, aadsea. Further symptoms of zinc poisoning are ltood
pressure, urine retention, jaundice, seizurest jmiin, fever, coughing, and a metallic taste i itiouth as well as
induce copper deficiency [27, 28]

Statistical analysis revealed a strong positiver€ation between lead and copper concentrationsadiee sampling
point suggesting same source. The correlation vedistically significant at 99% confidence levelweak positive
correlation was observed between copper and zincertrations in fish organs. A weak negative catieh was
observed between lead and zinc concentration linofigans suggesting different sources.

CONCLUSION

Fish have been recognized as a good accumulatogahic and inorganic pollutantshe contamination of fish and
other seafoods by trace metals is a potential probhs tey are finally transferred to other animals inchgli
humans along the food chain. Assessment of theyheaastal levels in food fish is therefore of partau
importance. In this study, lead, copper and zivelke were investigated i€larias gariepinusfrom River Galma,
River Kubanni and Fish Farms in Zaria. Metal cotdemere generally higher i@larias gariepinusfrom River
Galma and River Kubanni than Fish Farms. Lead lexad higher in fish from River Galma than River lqunbi
whereas copper and zinc levels were higher in Ritdranni than River Galma. The study revealed likat and
gills accumulates higher concentrations of mefksh muscles, comparing to the other tissues comdathe lowest
levels of metals. Comparison of metal contentsiobthin the study to FAO, US EPA and CCFAC perrbigsi
limits shows that lead poisoning can occur fromabasumption of th€larias gariepinusfrom River Galma and
River Kubanni by humans. Copper and zinc were mulicated in the study. In view of the importanddish to
diet of man, it is necessary that biological momitg of the water and fish meant for consumptioawtt be done
regularly to ensure continuous safety of the sehfoo
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