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ABSTRACT

Levels of contaminants in fish are of particular interest because of the potential risk to humans who consume them.
Clarias gariepinus were obtained from River Galma, River Kubanni and some Fish farmsin Zaria. The head, liver,
gills and muscles were carefully dissected for the determination of heavy metals. Iron, cobalt and manganese were
determined using Schemadzu, Atomic Absorption Spectrophotometer (model 6800, Japan) after wet digestion. The
results revealed that, Clarias gariepinus liver tissues contained the highest concentration of iron (63%) and cobalt
(73%) while the highest concentration of manganese was recorded in gills tissues (36%). Fish muscles appeared to
be the least preferred site for the bioaccumulation of the three metals as the lowest concentrations (6%) were
detected in this tissue. The order of detection was liver > gills > heads = muscles for iron, liver > gills > heads >
muscles for cobalt and gills > heads > liver > muscles for manganese. The mean concentrations of iron and
manganese measured in Clarias gariepinus from Rivier Galma and River Kubanni were found to be above the Food
and Agricultural Organization (FAO) and US EPA guidelines for consumed food and fish. These findings indicate
possible sediment and/or surface water contamination by iron and manganese in River Galma and River Kubanni
and that consumption of Clarias gariepinus from the two rivers could pose serious health risk. Implications of
findings to public health are fully discussed.
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INTRODUCTION

In their interaction with one another and with #mevironment in which they live and with which th&feract,
living organisms are continually exposed to naturalccurring and synthetic or manmade chemicalané&o
chemicals or their breakdown products (metabolitedye in the body of organisms only for a shorilevhefore
being excreted, arsenic in the human body, foramst, is mostly excreted within 72 hours of expes@ther
chemicals, however, are not readily excreted amdreanain for years in the blood, adipose (fat)ugsssemen,
muscle, bone, brain tissue, or other organs [1g Measurement of trace concentration of chemidadtances in
living organisms is referred to as biomonitoringofonitoring is the science of inferring the ecatad condition
of an area by examining the organisms that livesetlil]. Biomonitoring therefore may be used teeasghe level
of chemicals natural or synthetic that is preserias been present in the environment and is bekstacting those
chemicals that persist in the environment [1]. Epke® of such persistent substances include heavglsnand a
number of synthetic organic chemicals, such as POB, PAHs, Dioxins and furans.

Heavy metals are commonly found in natural waterd some are essential to living organisms, yet tmay
become highly toxic when present at high conceiptntat Among environmental pollutants, metals arpanticular
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concern, due to their potential toxic effect andlitgbto bioaccumulate in aquatic ecosystems. Natwand
anthropogenic sources are responsible for theirtinmio the aquatic ecosystem. These metals gethdited in the
water body, suspended solids and sediments duragdurse of their mobility [2]. The rate of bioaowlation of
heavy metals in aquatic organisms depends on fieedlorganism, the metal concern, chemical forrthefmetal
and the concentration of the metal in the watersetiment. Fishes have been recognized as a goathatator of
organic and inorganic pollutants [3]. Age of fidipid content in the tissue and mode of feeding significant
factors that affect the accumulation of heavy nsataffishes 2; 4]. Bioaccumulated metals in an organism arenofte
transferred to other organisms (including humarghdr up in the food chain. Heavy metals acquitedugh the
food chain as a result of pollution are potentiamical hazards, threatening consumers [5]. In roases they
become increasingly more concentrated at succdgdiigher trophic levels. Bioaccumulation of heawgtals in
tissues of marine organisms has been identifiexhasdirect measure of the abundance and avatiabilimetals in
the marine environment [6]. Monitoring fish tisstentamination serves an important function as aly @&rning
indicator of sediment contamination or related wapgality problems and enables appropriate actiolbet taken in
order to protect public health and the environmgnt7; 8; 9]. The present study aimed at: Monitgrithe
concentrations of iron cobalt and manganese irewdifft tissues o€alrias gariepinus as an indicator of sediment
contamination or related water quality problemsRdfer Galma and River Kubanni using fish farms iariZ as
control. Metals concentrations obtained were atsopgared with Food and Agricultural Organization (AN orld
Health Organization (WHO) and US EPA guidelines donsumed food and fish. Water quality is a termdu®
express the suitability of water to sustain variogss or processes. River Galma, River Kubanniveseumerous
non-point and point source discharges during ttrainsit through Zaria and serves as a major soofrg@ortable
water and fish in Zaria. The Zaria dam is on Ri@atma and supply water to Zaria metropolis whike #8BU dam
is on River Kubani and supply water to the Ahmadili@BUniversity community. Fishing is carried owily on the
two Rivers which also serve as a source of wateirfation as the basins of the two rivers ar@mmg crop
farming areas [10; 4].

MATERIALS AND METHODS
Study Location
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FIG.1 ZARIA SHOWING RIVERS AND SETTLEMENTS.

Zaria is located at latitude 1103'N and longitud#@'E, 128km South- East of Kano and 64km NorthtEds
Kaduna City. River Galma is located at the souttegaspart of Zaria and its source is the Jos Plat€he Zaria
dam is located on River Galma [10]. Kubanni Riveiginates in the precincts of the Ahmadu Bello Wmaity
(ABU) Main Campus, Zaria (Northern Nigeria), agenth in an undulating agricultural land and is ligch number
of tributaries [11]. Kubanni River drains the navést 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 [11].

Sample collection and preparation

TenClarias gariepinus each (mean weight 130+3g, Mean length 26.8+2.6gemg obtained on site from fishermen
at the two Rivers (River Galma, River kubani) ang feach from two fish farms in Sabon Gari are&afia,
Nigeria. They were stored in a cooler packed withblock in order to maintain the freshness artdriatansported
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to the Environmental laboratory of the National &esh Institute for chemical technology (NARICT)aria,
Nigeria for dissection of the organs after beinghed thoroughly. 5g (wet weight) of fish tissue wasghed and
placed in a beaker, 10ml of freshly prepared comatad nitric acid / hydrogen per oxide (1:1) wakled and
covered with a wash glass for initial reaction tbside. The beaker was placed on a water batheabhgerature not
exceeding 8{C for two hours to reduce the volume to 3-4ml. THigest was cold filtered into 50mls volumetric
flask and made up to the mark with distilled dezeai water. Method for sample preparation was adofrtam
Udiba et al., [12] and APHA, [13].

Metal analysis

Metal analysis was carried out using flame atonfisoaption spectrophotometer AA-6800 (Shimadzu, dapa
National Research Institute for Chemical TechnoldARICT), Zaria-Nigeria. The calibration curves nee
prepared separately for each of the metals by ngndifferent concentrations of standard solutidrse instrument
was set to zero by running the respective reagiamkb. Average values of three replicates werentdke each
determination and were subjected to statisticallygisa The metals determined includes: Iron, Cqbaltd
Manganese.

Analytical Quality Assurance

The result of the analysis was validated by diggstind analyzing Standard Reference Materials,dristcoded
IAEA-336 following the same procedure. The analyzatles and the certified reference values of thenents
determined were compared to ascertain the religbiffi the analytical method employed. Double distil and
deionized water was used throughout the experirtientaAll the reagents used in this work were ARalgrades
from BDH Chemicals (UK).

Statistical Analysis:
All statistical analyses were done by SPSS softdare for windows.

Analysis of Variance Test

Data collected were subjected to statistical teStgnificance using Analysis of Variance (ANOVAjth post hoc
test analysis to assess significant variation inairevels ofClariaas gariepinus tissues across the three sources
(River Galma, River Kubanni and fish farms). A Resaof 0.05 or less was considered statisticatiyiicant.

Pearson product moment Correlation Coefficient
Correlation coefficient was used to determine témoaiation between the three metals (iron, colmatraanganese)
under consideration

RESULTS AND DISCUSSION
To evaluate the accuracy and precision of the éinalyprocedure employed, Standard reference nadtefilichen
coded IAEA-336 was analyzed in like manner to @ampgles. The analyzed values and the certifiedeatsr values

of the elements determined were very close, suiggette reliability of the method (Table 1).

TABLE 1 Results of analysis of reference materiallichen IAEA -336) compared to the certified refererwe value (mg/kg)

Element (mg/kg) Pb Cd Cu Mn Zn
A Value 5.25 0.140 4.00 55.78 29.18
R value 42-55 0.1-234 3.1-4.1 56-70 37-33.80
A Value = Analyzed value R Value = Reference value.
Table 2: Mean + S.D of Iron, Cobalt and ManganeseiClarias garipenus from River Galma, River Kubanni and fish farms in Zaria,
Nigeria
Elements/Sa River Galma River Kubanni Fish Farm
gtgltlir;% Head Gills Liver Muscle| Head Gills Liver Muscle Hea| Gills Liver | Muscle
Iron 5.05 31.70 84.34 3.44 2.55+ | 20.23+ | 98.58 3.21 11.2 28.69 19.15 13.62
+5.50 | +11.64 | +82.27 | +1.09 0.45 7.15 +7.78 +3.00 +10.86 | +15.48 | +5.83 | +15.57
Cobalt 0.67 151 7.92 051 | 0.79+ | 0.78 5.34 0.43 0.63 0.58 3.84 0.41
+0.19 +0.81 +4.33 +0.41 0.64 +0.27 +3.85 +0.32 +0.12 +0.59 +0.21 +0.30
Manganese 3.53 2.69 5.76 0.58 | 436+ | 5381 0.50 0.57 0.12 0.71 0.50 0.25
9 +1.15 +0.64 +1.39 +0.29 6.23 +8.90 +0.25 +0.40 +0.11 +0.25 +0.04 +0.11
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Table 3: A comparison of Mean of total metal concemations with maximum limits

Stations Heavy Meta| Mean of total concentratiofish (mg/kg) | Maximum limits Reference]

Iron 31.13+4.93 30 FAO (1983

Galma Cobalt 2.65+3.71 - FAO (1983
Manganese 3.14+2.10 0.14 EPA, 2004

Iron 31.1445.31 30 FAO (1983

Kubanni Cobalt 4.07+3.70 - FAO (1983
Manganese 1.07£1.47 0.14 EPA, 2004

Iron 0.58+0.46 30 FAO (1983

Fish farms| Cobalt 1.84+1.54 - FAO (1983
Manganese 0.63+0.42 0.14 EPA, 2004

FIG. 2: Percentage concentration of Iron in tissuesf Clarias gariepinus tissues

FIG. 3: Percentage concentration of Cobalt in tisses Clarias gariepinus

The Mean concentration and standard deviationoof, icobalt and manganese of tissue€aifias gariepinus from
River Galma, River Kubani and fish farms in Zari@ gresented in Table 2. Percentage concentrafidrow,
Cobalt and Manganese of tissue<afrias gariepinus from River Galma, River Kubani and fish farms irridsare
shown in figures 2 — 4 respectively. The distribatiof Iron, cobalt and manganese in the head, dillsr and
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muscle ofClarias Gariepinus across River Galma, River Kubni and fish farmZamia are shown in Figures 5, 6, 7
and 8 respectively.

Average concentration of iron Blarias gariepinus was found to be 31.14+4.92 mg/kg for River GalBth14+5.4
mg/kg for River kubanni and 18.16+1.228 mg/kg faishFfarms (Table 3). The order of detection thewfwvas
River Galma = River Kubanni > Fish farms. No stataly significant difference (ANOVA; P > 0.05) iaverall
concentration of iron was observed betw&tarias gariepinus from river Galma, River Kubanni and Fish Farms.
Tissue by tissue analysis revealed that the loe@stentration (0.98 mg/kg) of iron was measurethénheads and
the highest concentration (184.64 mg/kg) measurdtd gills. Great variation in the level of iroancentration of
the tissues was observed, with the degree of imntentration being present producing the followgeneral
sequence: liver > gills > head = muscle. Howevaly ¢he difference between the iron content of Haad gills,
and between gills and muscles were statisticaliyiicant at 95% confidence level. Iron contentgifs was
significantly higher than head and muscles. Theg@age concentration of iron @larias gariepinus tissue was
Head 6%, Gills 25%, Liver 63% and Muscle 6% (FigRjeThe trend of iron in tissues Gfarias gariepinus per
sampling station was gills > liver > head > mudoleRiver Galma, liver > gills > muscle > head River Kubanni
and gills > liver > muscle > head for Fish Farnablg 2).

FIG. 4: Percentage concentration of Manganese ingsues Clarias gariepinus

Generally, the levels of iron in the liver and gillrespective of the of the sample location weghdér than the
results obtained for head and muscle. This higieellof iron in the liver tissues may indicate thiaer is the target
organ for the accumulation of this element. Livecwanulates high concentrations of metals, irre$pelgt of the
uptake route. The liver is considered a good morafowater pollution with metals since their contations
accumulated in this organ are often proportionghtse present in the environment. The higher lef/gace metals
in the liver relative to other tissues may be hittied to the high coordination of metallothionenotpin with the
metals. In addition, the liver is the principal angresponsible for the detoxification, transpootatiand storage of
toxic substances and it is an active site of patjiohl effects induced by contamination [11; 4]r Floe gills
samples, high iron concentration may be due tdabiethat freshwater fish gills might be expectedé the primary
route for the uptake of water borne pollutants. Tilks perform the function of respiration and ateectly in
contact with water and pollutants that may be prese water. Thus, the concentrations of trace Hata gills
reflect the concentration of trace metals in théewsawhere the fish lives [11]. Finding of thisdyuvas found to be
consistent with Nnaji et al., [10] who reportedtthdls are the main sites of heavy metal uptakdigly while the
liver and kidney are known to accumulate high ant®wif metals. Figure 5- 8 reveals that that ironcemtration of
the livers in the study followed the order Riverd&mi > River Galma > Fish Farm, that of the gibidwed the
order River Galma > Fish farms > River Galma amkéhof muscles and head followed the order Fism&ar
River Galma > River Kubanni. Recorded data frors #iudy indicates that the mean of total conceatratof iron
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(31.13+4.93 mg/kg) measured @larias gariepinus from Rivier Galma and River Kubanni (31.14+5.31/kg)
were above the Food and Agricultural Organizati&@) guideline of 30 mg/kg [12]. Consumin@larias
gariepinus from River Galma and River Kubanni could pose tieask even though the iron contents of fish head
and muscles which form a major part of the humaet diere below the FAO guidelines. The mean total
concentration of iron (0.58 mg/kg) measurecliarias gariepinus from fish farms was below FAO/WHO guideline
and therefore poses no significant toxicologicak rivith respect to iron intoxication. These findinmdicate
possible sediment and/or surface water contamimdtjoiron in the two rivers. A higher mean iron centration
(58.96mg/kg) was reported f@tarias Gariepinus from River Owan, Edo State, Nigeria [14]. Lower mealuga of
1.263 mg/kg and 1.340 mg/kg were reporteddi@rias Gariepinus from River Niger, and River Warri respectively
[15; 16]. Iron concentration ranging from 39.601-@F ug/g was reported for Ikpoba river dam Benin Citygétia
[17] and 20.0-54.52 mg/kg for fish Species of theeR Yamuna (Delhi), India [18]. Liver, kidney artthe
cardiovascular system are the target organs fartogicity
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FIG. 5: The dispersion of lead, copper and zinc ithe head of Clarias gariepinus across River Galmaiver Kubanni and Fish Farms in
Zaria
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FIG. 6: The dispersion of lead, copper and zinc ithe gills of Clarias gariepinus across River GalmaRiver Kubanni and Fish Farms in
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FIG. 7: The dispersion of lead copper and zinc inhte liver of Clarias gariepinus across River GalmaRiver Kubanni and Fish Farms in
Zaria
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FIG. 8: The dispersion of lead, copper and zinc ithe muscle of Clarias gariepinus across River GalmaRiver Kubanni and Fish Farms
in Zaria, Nigeria

Cobalt and its compounds are highly persistent atew and the environment. Cobalt will bioaccumulate
concentrate in the tissues of fish. The averageanation of cobalt was found to be 2.65+3.71 mgk07+3.70
mg/kg and 1.84+1.54 fc€larias gariepinus from River Galma, River kubanni and Fish Farmpeesvely (Table
3). The order of detection therefore was River Kubia> River Galma > Fish farms. No statisticallgrsficant
difference (ANOVA; P > 0.05) in overall concentratiof cobalt was observed betwe@larias gariepinus from
river Galma, River Kubanni and Fish Farms. Restithe present study shows that the lowest conceéonrg0.07
mg/kg) of cobalt was measured in the head and itfieebt concentration (12.79 mg/kg) measured ingihe Gill
tissue is very susceptible to changes in concémtisibf heavy metals, temperature, pH and othdabkes in the
water environment. For this reason gills are gowlicators of water pollution [19]. The percentagaeentration of
cobalt inClarias gariepinus tissue was Head 9%, Gills 12%, Liver 73% and Masi% (Figure 3). Statistically
significant difference was observed between catmitentration in liver and head, liver and gillsl dretween liver
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and muscle with cobalt concentration in liver besignificantly higher than the concentration in dhegills and
muscles at 95% confidence level. Cobalt concenmaith fish tissues followed the order: liver > gitb head >
muscles for River Galma and Liver > head > gilld amuscles for river Kubanni and Fish farms respebti Tissue
by sample location analysis also revealed thatlc@bacentration in the liver, gills and muscle®wid the trend
River Galma > River Kubanni > Fish farms (Figur8)5«hile cobalt content of fish head followed theler; River
Kubanni > River Galma > Fish Farm. The differeniretissue cobalt concentrations across the sampications
were not statistically significant (ANOVA, P > 0)J05A lower cobalt concentration ranging from 0.068mg/kg
was recorded for Clarias Gariepinus from Ogun @bastters [20]. In the determination of heavy nmetal fish
species of the River Yamuna (Delhi), India, Seralet [18] reported cobalt levels below detectaldeitt and
Lakshmanan et al., [21] reported cobalt concemnati ranging from 0.006+0.00-0.014+0.00 ppm for Five
Commercially Important Fishes of Parangipettai, tSeast Coast of India. Cobalt is an essential ehrimethe
human body. It forms the core of vitamin B12 neaegg$or the formation of all cells, especially rbbbod cells.
Reproductive and developmental effects, bronchstthraa, cardiomyopathy, lungs diseases, eye, nasdhanat
irritation are some of the effects of cobalt totid22].

Overall mean concentration of manganese was foorzkt3.14+2.10 mg/kg, 1.07+1.47 mg/kg and 0.63x0042
Clarias gariepinus from River Galma, River kubanni and Fish Farmgeesively (Table 3). The order of detection
therefore was River Galma > River Kubanni > Fishmigs No statistically significant difference (ANOVY#® >
0.05) in overall concentration of manganese wa®mes betweerClarias gariepinus from river Galma, River
Kubanni and Fish Farms. The lowest concentratioh3(@nhg/kg) of manganese was measured in fish mascighe
highest concentration (16.09 mg/kg) measured ingith® The percentage concentration of manganegdarias
gariepinus tissue was Head 31%, Gills 36%, Liver 27% and Neu$®o (Figure 4). No Statistically significant
(ANVA, P > 0.05) difference was observed in manganeoncentration between the tissues studied. Havéhve
concentration in the tissues followed the ordereri> head > gills > muscles for River Galma, gitlshead >
muscles > Liver for River Kubanni and gills > livermuscle > head for Fish farms. Comparison of raapge
concentration of each tissue across the three sagnplcations revealed that the concentrationarliand muscle
displayed the order River Galma > River KubanniishFarms while that of gills and head followed tireler River
Kubanni > River Galma > Fish Farms (Figures 5-T8) chronic oral dose for Manganese is 0.14mg/kgésha the
guideline value is 0.7 mg/kg [23]. The average nasege concentration recorded in this study Gtarias
Gariepinus from River Galma and River Kubanni in Zaria wererid to be above the EPA limits. These findings
may suggest sediment or surface water contaminétpotihe metal manganese in the two rivers. Consiomputf
fish from the two Rivers therefore poses seriogk kith respect to manganese intoxication. Mangangesan
essential nutrient that is important for normal gasses in the human body, though adverse effe@ haen
reported at higher doses. Exposure to high coratmtrof manganese is associated with impairedahegical and
neuromuscular control, mental and emotional distndes (muscle stiffness, and lack of coordinatiBmposure to
very high doses result in impaired male fertilityirth defects, and impaired bone development. Maega
selectively accumulates in the CNS, the bonesrt bwvel kidney [24]. Manganese concentration ranffiogn 0.38 -
1.34pg/g was reported for some benthic fishes of Ikpdber dam Benin City, Nigeria [17]. A range of 1:5914
mg/kg was recorded for in Fish Species of the Riwamuna (Delhi), India [18]. Mean values of 0.298/ky,
0.450 mg/kg and 4.62mg/kg were reported @barias Gariepinus from River Niger, and River Warri and River
Owan, Edo State, Nigeria respectively [15; 16; 14].

Statistical analysis revealed that iron contenClefrias Gariepinus tissues correlated positively with cobalt content
(r = 0.359) and with manganese content (r = 0.0Z®palt content was also found to correlate paaigiwvith
Manganese content (r = 0.185) indicating that iaseein iron concentration i@larias Gariepinus tissues is
associated with increase in cobalt and manganeseentrations and that increase in cobalt concénitras also
associated with increase in manganese concentratioh only the correlation between iron and cobadts
statistically significant at 95% confidence levaliggesting that same source may be responsibtedgresence of
iron and cobalt at the concentration determined.

CONCLUSION

Calarias gariepinusis a very important source of animal protein in human diefoims a significant percentage of
captured fish in River Galma and River Kubanni,iZand is consumed in great quantities by the ldcalers.
Iron, cobalt and manganese concentrations weretarediin tissues ofalarias gariepinus from the two rivers and
selected fish farms in Zaria. Results indicate thatr is the site for maximum accumulation of iraranganese,
while muscle is the site for list accumulation. Tthean concentrations of iron and manganese measudrias
gariepinus from Rivier Galma and River Kubanni were above Ho®d and Agricultural Organization (FAO) and
US EPA guidelines for consumed food and fish. Caoriag Clarias gariepinus from River Galma and River
Kubanni could therefore pose serious health riskesE findings suggest possible sediment or surfeater
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contamination by iron and manganese. A study on htbavy metal profile of the two rivers is therefore
recommended.
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