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ABSTRACT

Bagega and its environs in Zamfara State (Nigeweaje part of the region where recent acute lead) {Ridsoning
outbreak occurred. In this study, different sourogésvater samples were obtained from Bagega, Tofakiga-
kudeku and Dareta. Pb concentration level in watmples was quantitatively determined using At@kbmorption
Spectrometry (AAS). Pb level in water samples wesessed using Contamination Factor (CF) and thellres
obtained was compared with the previous investigationducted on blood Pb levels of the dwellerkiwithe same
study area. All the water samples analysed in tivelysarea contained Pb above the 0.01ppm World tHeal
Organization (WHO) drinking water limit for Pb. Withe exception of Topeki well water sample (whied a
considerable contamination for Pb), all other watsamples analysed in the study area showed a vigty h
contamination (C.F > 6) for Pb. There wasa stromk Ibetween the Pb level in water samples of theysarea and
the blood Pb levels of the inhabitant of the lawalirhus, the drinking water source might be onthefmajor routes
of human Pb exposure among the dwellers of they streh.
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INTRODUCTION

Toxicity of lead (Pb) and other heavy metals haeerbdocumented throughout history. However, thentec
outbreak of acute lead poisoning among the ruraliéws of Zamfara State happened to be the woestyhmetals
poisoning incident in Nigeria, which resulted iretdeath of over 500 children within seven month20A40 [1].
During the period of Pb poisoning outbreak, a jog#earch was conducted by Médecins Sans Fron{idi®s), US
Center for Disease Control and Prevention (CDChcBémith Institute (Bl) and World Health Organisati
(WHO). It was revealed that out of about 120 ckitdiexamined, 96% were found to show life threatprith
concentrations in their blood [2].

Lead poisoning can have significant effect on huraad animals; it can cause permanent brain dankideey
disease, nephropathy, seizure, coma and even ilestime cases [3]. Reports have shown that thermaijbes of
exposure include drinking water, hand to mouth &tigg and inhalation of dust containing lead paitites [3].
Water is regarded as the most precious naturaluresowhich plays essential role in supporting hurfite
Unfortunately, it has a great potential for trartimg diseases and illnesses if contaminated vagictpollutants
[4].Lead has no biological role in the human bodyg @an be toxic even at a very low concentratiodrinking
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water. Thus, World Health Organisation [5], hasthet maximum permissible limit for Pb in drinkingater to be
0.01ppm.

In recent times, scientists have made considerabiidevements in the evaluation of heavy metal gohluin
environmental samples using mathematical modelge @fnsuch models is the Contamination Factor, whsch
obtained by dividing the concentration of each in@tathe environmental sample (e.g. water and doy)its
baseline or background value [B]he contamination factor may be classified basedt® intensities on a scale
ranging from <1 to >6. This is given asCf< 1, 1<8f8<Cf<6, and Cf>6 for low contamination factoroderate
contamination factor, considerable contaminatiandiaand very high contamination factor respectiyél.

Bagega and its environs are part of the region evlaetive artisanal gold mining is being carried mugZamfara
State, Nigeria. Thus, the Pb poisoning outbreak waety severe in the region. In response to thisblpro,
Blacksmith Institute (with other international ongsations) in collaboration with Zamfara State arelderal
Government of Nigeria carried out soil remediatexercise in most of the lead-contaminated villaigetuding
Bagega and environ. It was indicated from environt@eassessments of Blacksmith Institute [8] teatllexposure
could be eliminated by removal and replacementopkeil and by thorough cleaning/removal of dustrall
interior spaces, homes and compounds. It was texpdinat water sources (as compared to ingesti@oitffood
and inhalation of dust) have lesser significanckead exposure route to human [9].

However, no any record yet of water remediationr@se for this lead poisoning zone. Does it meaat Hoil
remediation is enough to curb the menace of ledgbpimg among the dwellers? Or does the contanoinagivel of
the drinking water sources in these communitieshigh enough to warrant for remediation exerciseéoomake
provision of alternative source of drinking water the dwellers? To answer these questions, thik was carried
out to assess the level of Pb in the drinking watauirces of these artisanal gold mining communidied to
compare the contamination levels of the differeamgling sites. Values obtained for Pb in water wohk
compared also to the reported cases of Pb poisoilinig is particularly important since previous pdiisoning
investigations were mainly carried out on human gam (e.g. blood), with little or no comparison hwit
environmental samples (e.g. water) which are algttiaé sources of the pollutant. This work would @éong way
in making available data that will be vital in rediegion program of lead (Pb) poisoning in the stadya.

EXPERIMENTAL SECTION

All experiments were performed with analytical grachemicals (Sigma-Aldrich) and deionised water wsesd
throughout the entire analysis. Measurements weaglemusing Varian model-AA240FS Atomic Absorption
Spectrophotometer (AAS) equipped with a lead holbathode lamp.

2.1Study area

The study area (Fig.1) comprises of Bagega andtseleneighbouring communities (Dareta, Tunga-kudahd
Topeki). These villages were selected becauseedf piioximity to each other along the same route @nBagega
where major Artisanal gold mining activities aré&itgy place. Bagega being the district headquadéthe entire
study area lies on the geographical coordinatéatitdde 1£51' 47" N and longitude®®' 15" E.

2.2Collection and Preservation of Water samples A

All Water samples for this research work were atsdion 2% of April, 2013 between 8.00am- 4.00pm. A total of
forty five (45) water samples were collected at &gy and three (3) other neighbouring communitiesrdia,
Topeki and Tunga-kudeku). In each community, teéd) @round water samples were collected randomim fomth
borehole and domestic wells. In addition, Five gB)face water samples were also collected at diffepoints of
Bagega Dam (pond). Sampling was done in accordaitheAPHA [10] standard method of water analysisieBy,
pre-cleaned 2 litre polyethylene sampling bottlesemused. At each sampling point, the bottles wiesed 3 times
with the water before collection. The samples wemeserved by acidifying with 2cm?3 of concentrateN®4 in
order to achieve a pH of 2. All the samples wetarned to the laboratory and the analysis wasethout within 4
days.
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Fig. 1: Schematic map of Zamfara State, Nigeria showing Bagega gold Mining region
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2.3 Pre-Treatment of water Samples

Water samples were digested according to APHA [Béipfly, 1000cni of well mixed, acid preserved sample was
transferred into a beaker. Exactly 5Gomi conc. HNQ was added and heated to boiling. This was thepaated
on a hot plate to 20cinHeating and addition of conc. HN®ontinued until digestion was completed as indidat
by a light colour, clear solution. The content wasn transferred to 100¢mlastic bottles, cooled and diluted to
mark. Portions of the solution were used for Pledeination.

2.4 Quantitative determination of Pb in water samples

In this work, flame atomic absorption spectrophatten (Varian model-AA240FS) equipped with a Pb dwll
cathode lamp was used for quantitative determinabbPb in water samples. Standard calibration edor the
concentration range of 0.0001ppm-2.0000ppm was. UB&d was linear with coefficient of determinatiohR? =
0.99

2.5 Contamination factor (C.F) of lead (Pb) in water samples

The contamination factor (CF) was calculated bydiing the concentration level of Pb in each watangle by the
background value [6]n this study, the WHO [11] maximum permissibleitifor Pb in drinking water was selected
as background level for the calculation of contaation factors of all the water samples.

RESULTSAND DISCUSSION

The result of the Pb concentration (mean * standexiations, n = 5) and the contamination fact@ds-} of Pb in
water samples are presented in Fig. 2 and Figiotisely.
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Fig. 2: Concentration of Pb in water samples acr oss different locationsin the study area
Error bar represents mean + standard deviationieéf(5) different samples.

The levels of lead (Pb) in well water samples asedlyin the study area varied from a minimum of 506019
ppm to a maximum of 0.121+0.014 ppm in Topeki araddia village samples respectively (Fig. 2). Sirylathe
variation of lead (Pb) concentration in Boreholeevasamples ranged from a minimum of 0.039+0.02% pp a
maximum of 0.165+0.034 ppm in Topeki and Daretéagig samples respectively (Fig. 2). However, tlael I6Ph)
level of the surface water sample (Bagega dam)fawasd to be 0.735+0.081ppm (Fig. 2). The valuesioled for
all the water samples were higher than WHO maxinpgrmissible limit of 0.01ppm [11]. This was expette
because there were recent cases of lead poisonthgeak in the region. Therefore, all ground waterd surface
water in the study area may not be fit for domeatid drinking purposes. Student’s t- test analgesigaled that
there were no significant differences%B.05) between well water and borehole water valueaadheillage of the
study area.

With the exception of Topeki well water sample whishowed a considerable contamination for Pb, allew
samples analysed in the study area showed a vgiyclontamination (C.F > 6) (Fig. 3).
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Fig. 3: Contamination factor (C.F) of Pb in water samples across different locationsin the study area
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Fig. 4: Average contamination factor (C.F) of Pb in different water sourcesof the Study area

From the results obtained, it was evident thattadl water samples analysed in the entire study stieaved Pb
levels above WHO maximum permissible limits. Thessults agreed with a separate investigation caeduoy
Blacksmith Institute [8] on the blood samples whatfowed that all the children tested had blood (@41 levels
(BLLs) exceeding 1Qug/dl (the international standard for the maximurfedavel of lead (Pb) in blood). It was
observed that the calculated average contaminéiiars for well water, borehole water and surfaeger samples
of the study area were 8.85, 9.63 and 73.5 resgt(Fig. 4). This implies that well water, borddavater and
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surface water recorded approximately 9 times, &@gi and 74 times respectively the maximum perniessitits

of WHO [11]. It has been reported that blood leadaentration is increase by about 1 pg/dl for e@®05 ppm of
lead in water consumed; and at this conversion, rate ppm of lead in water consumed will produce an
unacceptable 10pg/dl of lead in blood [12]. Therefwith the exception of Topeki borehole water,thé water
samples within the study area will have a tendeagyoduce abnormal higher blood lead concentrajieater than
10pg/dl.

CONCLUSION

From the comparison above, it is evident that thiera strong link or relationship between the Rkellén water
samples of the study area and the blood Pb lev¥éalseanhabitant of the locality. Thus, the dringinvater source
might be one of the major routes of human Pb exgoamong the dwellers of the study area. Thereforerder to
get rid of acute Pb poisoning, there is the neezhtoy out thorough remediation of all water sosradthin artisanal
gold mining region of the study area.
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