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ABSTRACT

Medecins Sans Frontieres (MSH March 2010 discovered an epidemic of Lead quiisg in Zamfara state,
Northern Nigeria. The source was tracedeiavironmental exposure to Lead from the processfrigead-rich ore
mined by artisans in the stafer Gold extractionwhich necessitated an immediate remediation ofatffiected
villages. Dareta village was remediated betweeneJand July 2010. The remediation was a simple o

taking off five centimeters of the contaminated $op and replacing it with clean soil having canfied from

previous investigations that the contamination waperficial, followed by burial of the contaminatedrface soil
in land fill which may have far reaching consequesion the ground water quality. Water sample ctdédrom

randomly sampled hand dug wells in Dareta at theebrof the remediation exercise were analyzed dtected

physicochemical parameters and metal concentratiosing standard analytical techniques. Mean leviethe

parameters examined were Temperature (29.0838CR2H (6.3440.26), Electrical Conductivity (370:839.16),

Total Dissolved Solids (174.33£100.02), Nickel @@05m), Chromium (0.1740.07), Manganese (0.1440,-nd

Magnesium (2.4840.27). The implications of the ifiigd to public health are also discussed.

Key words: Lead poisoning, Dareta, Remediation, Physico-chalnpiarameters, Water Quality.

INTRODUCTION

The need for better environment and health canrmotober emphasizedWith increasing industrialization,
urbanization, population growth, agricultural anthimg activities, the global environment has becdragile and
has been a cause for concern [ti]his quest to satisfy his needs and aspirationgétter living conditions through
resource exploitation man has created an increasinmgper of environmental problems. He exploit natand in so
doing upset the natural equilibrium which in turavl been proved to be harmful to man himself. Folig each
use of water and the exploitation of land and wae=ources, various forms of pollution contributesthe
degradation of the environmental quality [Becently, there is growing awareness of impact mrirenment of
effluents and solid wastes of anthropogenic oraggid serious concern on the use of water as a edegdbr such
waste. The notion therefore that water; one of negdugreatest gift to man is inexhaustible and assimilate and
diffuse anything put into it is fast fading out [3|Vater is indispensable. It is not only essentialtfe survival of
man but also for other living organism [4]. It is assential nutrient that is involved in every fiime of the human
body and constitutes about two-third of the humadyb The importance of water in our daily life maki
imperative that thorough microbiological and physi@mical examinations be conducted on water. Rotadter is
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that water that is free from disease producing oagigganisms and chemical substances that are darsyerdiealth

[5].

Freshwater quality and availability is one of thestncritical environmental and sustainability isswé the present
century. Of all sources of freshwater on the Eagtbundwater constitutes over 90% of the worldlily available
freshwater resources [6]. Groundwater represenismpartant source of drinking water and its qualgycurrently
threatened by a combination of over-abstractionrai@obiological and chemical contamination [7].€Tpresence
of metals in groundwater and soils can pose a fgignit threat to human health and ecological systefme
chemical form of the metal contaminant influendsssolubility, mobility, and toxicity in ground-wet systems and
depends on the source of the metal waste, theasdilground-water chemistry at the site. Metalsediffom other
toxic substances in that they are neither creatediestroyed by humans. Ground water may be contged with
metals from wastewater discharges or by directaminith metals-contaminated soils, sludge’s, ngnirastes, and
debris. Metal-bearing solids at contaminated sit@s originate from a wide variety of sources in fbem of
airborne emissions and process solid wastes [8teiMfar human consumption must be free from micgaaisms
and chemical substances in concentrations largagénto cause environmental imbalance and disedseTBe
World Health Organization (WHO) estimated in 198@ttevery eight seconds a child dies from a watkted
disease and that each year more than five millieopfe died from illnesses linked to unsafe drinkimgter or
inadequate sanitation [1Contamination of groundwater has severe implicatifor public health, particularly in
small communities and developing countries wheoaigdwater is often the preferred source of drinkimager.

Zamfara State, Nigeria, has a lot of untapped ralnesources. The natives tap these minerals grudti so many
mining mills scattered all over the State [8]. Dareillage is one of such mining fields. The uncoléd and illegal
mining activities have left a lot of environmentahzards, enormous amount of wastes and differgrastyof
pollutants on the mining communities. Many deatfeskeeing recorded in different communities of ttees These
deaths have been tracedetovironmental exposure to lead from the processidgad-rich oremined by artisanfor
gold extractionwhich necessitated an immediate remediation offfexted villagesDareta village (Perhaps most
troubling of all) was remediated between June ang 2010. [10, 11, 12 and 13]Studies have confirmed high
Lead, Cadmium, and Zinc levels in human blood aaddhdug wells in Dareta village at the onset of the
remediation exercise [14, 19levated levels of Lead, Cadmium and Copper in @aseil was reported [10]. It is
possible that the Lead contaminated gold ore mimedrtisans in the state contain other toxic mefisés study is
focused on the assessment of Chromium, Nickel, lsigm, Manganese levels and physicochemical paeaset
water quality of hand wells in Dareta village, Zamaf, Nigeria at the onset of the remediation ezercrhis study
will therefore serve as baseline for assessingntipact of the exercise on ground water quality. hplications of
the findings to public health are also discussed.

MATERIALS AND METHODS

Sample containers were thoroughly washed with deter rinsed with water followed by distilled wateefore
soaking in 5% HN@for about 24 hours. Water Samples were colleatech thand dug wells using plastic drawers
into 4-litre acid washed polypropylene sample cimetis. Electrical conductivity, temperature andakatissolved
solids were determined on site using HACH conditgtiv TDS meter (model 44600.00), pH was also deieed

on site electronically using Hanna instrument pl@ &ficro processor pH meters. The samples werekéginon ice

in ice-chest and transported to the Environmeng&ddotatory of National Research Institute for Chehnic
Technology, (NARICT) Zaria, Nigeria, at temperatafe< £C. The samples were digested according to Standard
methods for the examination of water and wastewatererican Public Health Association [16]. Metalafrses
were carried out using flame Atomic Absorption Spmghotometer (AA-6800, Shimadzu, Japan) after wet
digestion. The calibration curves were preparedusaply for each of the metal by running differeahcentrations

of standard solutions. The instrument was set to kg running the respective reagent blanks. Ttaegaobtained
were subjected to statistical analysis. The elemelgtermined included Chromium, Nickel, Manganerd a
Magnesium.

DATA ANALYSIS

Data collected were subjected to statistical amalyhe descriptive statistics were computed andrelation
coefficient used to determine the association betwthe heavy metals under study at 95% confidegeel.|All
statistical analyses were done by SPSS softwamnif@ows
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VALIDATION OF ANALYTICAL PROCEDURE
In order to check the reliability of the analyticakthods employed for metals determination, Stahé&ference
Material, Lichens coded IAEA-336 was also digesiad then analyzed following the same procedure

RESULTS AND DISCUSSION
A standard reference material of lichens coded IAE& was analyzed in like manner to our samples. Vidiues
determined and the certified values of the five ¢®ments determined were very close (table 1) estgyy the

reliability of the analytical method employed.

TABLE 1. Shows the results of analysis of referenamaterial (Lichen IAEA -336) compare to the referere value

Element (Mg/l) Pb Cd Cu Mn Zn
A Value 5.25 0.140 4.00 55.78 29.18
R value 4.25.5 | 0.1-2.3¢ | 3.1-4.1 | 56-70 | 37-33.¢

A Value = Analyzed value, R value = Reference value

Twelve hand dug wells were randomly picked for ®tedy. Physico-chemical parameters and heavy metal
concentration of individual sample are presented’able 2. The mean concentrations, range of thalmetnd
physico-chemical parameters across the different ldug wells are summarized in table 3 and compuaitu
World Health Organization (WHO), European Union jEdund the Nigerian Standards for Drinking Water @ya
(NSDWQ) guidelines for potable water. The spatiatribution of physico-chemical parameters and tsedaross

the various hand dug wells are presented in figdresmid 3 respectively. Metals concentration follaws trend
Magnesium > Chromium > Manganese > Nickel.

TABLE 2:Concentration of Metals in Wells within Dar eta Village, Anka, Nigeria. (Values are in Mg/l Egept Otherwise Stated)

SINo| Ni | ¢ | Mg | Mn | EC psiem | Tempt (C) | pH rTanﬁ
1 [0050] 0199 2499 0068 100 29.0 582 60
2 [ 0013] 0242] 2904 0328 240 293 613 12
3 | 0.004] 0.164] 2353 0090 420 29.2 653 210
4 | 0083] 0.045] 2433 013D 540 28.9 656 270
5 [0026] 0141 2.724 0.04F 350 2001 643 170
6 | 0013] 0.184] 279 0098 290 29.2 65 140
7 [ 0.057] 0091 2524 0098 440 204 641 200
8 | 0.101] 0229 1.949 0271 770 288 654 380
9 | 0.164] 0153 2659 0106 460 29.0 655 280
10 | 0.150] 0098 235 0072 380 28.7 85 180
11 | 0.041] 0237 2447 0070 310 29.3 6la6 150
12 | 0.053] 02909 213 0289 150 20.2 5lga 70

As reflected in Table 2, the temperatures whichgeainfrom 28.7C to 29.46C were found outside the WHO
standard of 2% for domestic water supply. Increase in tempeeateads to increase in solubility. At high
temperatures total dissolved solid is increasetha® solute goes into solution. The temperaturesrded in this
study were also above the EU acceptable limit ¢t figure 2.). Similar findings were reported foells in
Kubwa, Bwari Area Council, FCT, Nigeria [9], ancrean value of 26.33+0.80. was reported for samara, zaria,
Nigeria [17]

TABLE 3. Mean concentration of Nickel, chromium, Magnesium, Manganese and physicochemical parameterstiand dug wells,
Dareta village, Anka, Nigeria

Ni Cr Mg Mn EC @s/cm) | Tempt pH TDS
Range 0.00-0.14 0.05-0.30 1.95-2.91 0.05-0.32 -7 30-35| 5.8-6.6 12-38
Mean 0.06 0.17 248 0.14 370.83 29.08 6.34 174.33
Std. Dev. 0.05 0.07 0.27 0.10 179.16 0.22 0.26 (0.
WHO Std 0.02 0.05 0.20 0.2 250 25 6.5-8.5 500
NSDWQ 0.02 0.05 0.20 0.2 1000 - 6.6-8.5 50D
EU std 0.02 0.05 Na 0.05 250 25 6.5-8.5

Na= not available. EU = European Union. WHO = woillttalth Organization.
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The pH of water is very important in the determimatof water quality since it affects other chenhieactions such
as solubility and metal toxicity. The groundwatamgples in this study were found to be acidic witmean pH
value of 6.34 which is below the World Health Orgation (WHO), European Union (EU) and the Nigerian
Standard for Drinking Water Quality (NSDWQ) guideds for potable water (table 3). In Mubi, NigeagyH range
of 4-7.3 was recorded for hand dug wells [18]. @fige of 5.68-5.72 was reported for groundwater Bepjn
Akure, Nigeria [19] and 6.61- 694 for wells in KuawBwari Area Council, FCT, Nigeria [ 9]. A mean pHlue of
6.13 was recorded by Longe in lagos [20]. Metalglteo be more soluble and more reactive at lower lphd
sticks to soil particles and enters drinking wately if the water is acidic or soft [9]. It shoube recalled that Acute
mass lead poisoning epidemics was discovered irfiazarstate in 2010 and following requests for &ssize from
the Federal Ministry of Health of Nigeria and theN WResident Coordinator, The joint UN Office for the
Coordination of Humanitarian Affairs (OCHA) and UBhvironment Programme (UNEP) Environment unit leel t
investigation of lead pollution emergency in thatstOCHA testing indicates that well water in the aféet
villages (Dareta inclusive) range from 10 to 50W@. The US standard for delivered potable watdiSisg/l Pb.
Measurements showed that 25-30% of wells in thiagels assessed did not meet the Wii@leline for lead in
drinking water, although in most wells, the limftug/l was exceeded hyo more than several pg/l. However, in
some wells, concentrations of up to 10-15 timesgilideline were found [1and 2]. With the pH recorded in this
study slow movement of metals to the ground watgriveer cannot be excluded. It is also worthy toenthtat the
remediation exercise in Dareta villages a simple process ta#king off five centimeters of the contaminated top
soil and replacing it with clean soil having confed from previous investigations that the contatiomawas
superficial, followed by burial of the contaminatedrface soil in landfills. Figure 3 shows that thadfill sites
were already filled with water even before the alof the contaminated top soils.

FIGURE 1

One of the Landfill sites where contaminated tapase buried in Dareta village

Low pH of such waters will enhance solubility oétal which may have far reaching consequencesegribund
water quality. Lead and Copper levels in many adaBareta village, including residential compoundsound
drinking water sources and grinding mills exceetfedacceptable limit for residential areas [10].
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FIGURE 2
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The spatial distribution of physi-chemical parameteris Hand dug wells, Dareta village, An, Nigeria.

The electrical conductivity (EC)f all water samples ranged between 100-galcm The EC of water samp
reveals that levels of dissed ionic substance in handg wells in Daretta were generally within World Health
Organization (WHO), European Union (EU) and the e¥iign Standard for Drinking Water Quality (NSDW
guidelines for potable water (table 3). Only ont of twelve wells sampled (8.3%d electrical conductivity valt
above the maximum permissible limtable 2, fiqure 2). A mean value of Opklcm was reported for welin
Kubwa, Bwari Area Council, FCTNigeria 9] and 597.60 + 229.32 us/cm fsamara, zaria, Nigericl7]. Mean
values 0f901.40 +50.26 and 884.45 + 61.28 were reported groindwater in West Thrace, Turkey7].
Conductivity of water is a meare of its abilit to conduct electricity duenotthe presence of ionic solu. The
magnitude of the conductivitherefore is a useful indication of the total camcation of ionic solut{22].

The amount ofdtal dissolved solis (TDS) in a given water sample indicatke general rture of salinity of that
water. The water that caihs more than 500m: TDS is not considered suitakfler drinking water supp. In the
present investigation all twelve samples from différband dug we contains acceptable value TDS and they
were ranged from 12mg/l to 380my(table 2, Figure 2)TDS contents of hand dug we were therefore within
permissible limitsSimilar values (18mgi 342mg/l) were reported for groundi®a Supplies in Akure, Nigeri
[19]. A range of 208 — 370mgAas reported for wellsn Kubwa, Bwari Area Council, Fct,igeria [9]. Mean values
of 456.60+2.31mg/l and 450.65 + 30.80m were reported fogroundwater in West Thrace, Turk[7]. The total
dissolved solids of dug well water ranging from eimum of 100.91 + 12.14 mg/l to a maximum of 120%0.40
mg/l was recorded for &garh District, Orissandia [23]. World Health Organization does not directly cons
electrical conductivity in guidelines for drinkinvgater quality[24], but it does give recommendations for dissol
solids because of tastensideratior [17].

Chromium occurs naturally in the Earth’s crust aad be detected in all environmental media. Theimental dus
flux is the main natural source of Chromium in #tenosphere, but mudargeramounts are released by hun
activities. Chromium is an important mineral the body must hawefunction properly. It's responsible f
stimulating the activities of insulin in the bodydaalso help controls blood cholesterol levels. &beeptable dalil
intake of chromium is 5@00ug/day. Tte body stores chromium in blood and in hair][ZEhe toxicity of chromium
depends on its oxidation state. Hexavalent chromaimore toxic than the trivalent fo [26]. Chromium (Cr) is
considered an essential nutrients and a healthrdhalAgexavalenChromium is considered harmful even in sn
intake quantity (dose) whereas trivalent Chromisnconsidered essential for good health at modénttke. The
highest and lwvest concentrations of Cr in t study were 0.05mg/l and 0.30mg/l respectivelye mean value was
0.17mg/l (table 3) When compared ith World Health Organization (WHO), European Uni¢BU) and the
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Nigerian Standard for Drinking Water Quality (NSDW@Quidelines for potable water (tablefigures 3), it was
found to be 3.4 times the agmtable limit for Cr in Drinking wat( (0.05mg/l).Eleven out of twelvéhand dug wells
representing 91.67% had values above the accepiabite (table 2). Theresults of statistical analysis rev a
positive correlation between Chromium and magne, chromium and Nickel, and between chromium
Manganese. Only the correlatibetween chromium and magnes was statisticly significant at 95% confiden:
level. Fromthe above, it could be suggesthat same awrce could be responsible for the prece of Chromium
and manganesat the concentrations discovered in this study ssctbe different sample locatio A range of
0.05mg/l to 0.22mg/l was reported for welin Kubwa, Bwari Area Council, FGTNigeria[9]. Mean values of
0.45mg/l was reported fagroundwateinear municipal landfill in Lagos Nigeria [20Chromium is a toxic huma
carcinogen that can cause or increase the ratesriafin cancer Ingestion of high concentrations of Cr (VI), oft
results in lung function and blood tem problems, gastrointestinal burns, hemorrhagee@lized oedem
pulmonary oedema, liver damage, and kidney danmSymptoms are diarrhea, abdominal pain, indigestang
vomiting. Death may be the result of pulmonary or cardiaest Skin contaccauses a number of skin probler
including rashes and sores. The American envirotahé&gency gave the caer potency factor as 42mg/kg ty
weight. The acceptable daily intake of chromiurBG-200ug/day [15, 24, 26 and 27,]

FIGURE 3
2.5 -+
2 -
<
w 15 -
i3
g
] 1
o
0.5 A
- Y
0 T T 1 1
NI Cr Mg Mn
Metals

The spatial distribution dflickel, Chromium, Magnesium and Mangar concentratiorin hand dug wells, Dareta village, Anka, Nige

Manganese is an essential nutrient that is impbfiamnoimal processes in the human b. It helps in food
digestion, supporthe immune system, reguls blood sugar level and is involved in the produciof energy and
cell reproduction. Manganese important for bone growth, works with vitamin t& support blood clothing ar
with the B- complex vitamingo control the effet of stressThe estimated safe and adequate Dailytary intake of
manganese is 2ag/day for adults and z-25ug per kilogram bodyweight for infan Manganese is a mineral
element that is both nutritionallyssential and potentially toxic [28]. In theegent study, Mn ranged from O-
0.32mg/l with a mean value of 0.14mg/l (table §ufe 3), thus exceedinthe EuropeailUnion acceptable limit of
0.05mg/I but within thaVorld Health organization andational Standards for Drinking Water Qual of limits of
0.2mg/l. Three out of twelve samples (25%) exceededWorld Health @ganization and National Standards
Drinking Water Quality.A positive correlatio was observedetween Chromium and manganese, Nickel
manganese, and between magnesind Manganese. The correlations were not statibticagjnificant at 95%
confidence level. A range of 0.8/ to 0.05mg/l was reported for welin Kubwa, Bwari Area Council, Fc
Nigeria [9] Mean values of 0.09mi was reported fogroundwater near municipal landfill in Lagos Nige[19].
Manganese toxicity can result in a permanent negicdl disorder with symptoms similar to those afnson's
disease, including; tremors, difficulty walking,cafacial muscle spasms. Individs with chronic liver disease a
uniquely susceptible to Manganese toxicity. Thuspaired liver function may lead to decreased Marge
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excretion. Manganese accumulation in individualthwier problems may contribute to neurologicablgems and
its associated symptoms which are often precedgushghiatric symptoms, such as irritability, aggresness and
even hallucinations. Manganese is eliminated frbenltody mainly in bile. [29]. Manganese passes fromther to
infant across the placenta and in breast milk. Mdeoee, Manganese crosses the blood-brain barriereatets the
brain much more easily in infants than in adult®]]

Nickel occurs naturally in soils as a result of theathering of the parent rock. The underlying mekd soil-
forming processes strongly influence the amouniiokel in soils. Anthropogenic activities have riésd in the
widespread atmospheric deposition of Nickel. Sraaibunts of Nickel are needed by the human bodyddyze
red blood cells, however, when the concentratioceeds a certain threshold, it elicits toxic effette
concentration of Ni ranged from 0.00 - 0.16mg/Ihnét mean value of 0.06mg/l. Nine out of the twehamd dug
wells (75%) had nickel levels above the World He&trganization, European Union and the Nigeriam&iads for
Drinking water Quality limits of 0.02mg/| for nicken drinking water (table 2, 3 and figure 3). Timean value for
nickel in this study was found to be three timeghbr than the acceptable limit. Similar values wex@rded by
Aremu for wells in Kubwa, Bwari Area Council, F&tigeria with a mean value of 0.71 [9]. The resokstatistical
analysis reveal a positive correlation between @limn and Nickel, magnesium and Nickel, and betwsarkel
and Manganese. The correlations were not stafigtisgnificant at 95% confidence level. Chronicpesure can
cause decreased body weight, heart and liver darnttageid disease, cancer and skin irritation. @togic effects
of Nickel observed following chronic exposure irdduchronic bronchitis, emphysema, reduced vitahciy and
asthma [27]. Nickel values obtained in this studgeserious cause for concern considering thelattonsumers
are at risk of exposure exceeding the Oral tolerdhily intake (TDI oral) of 1&y/kg body weight per day.

Magnesium functions as an essential constituenbdme structure, for reproduction and for normaictioning of
the nervous system. It is also a part of the enzgys¢em with a recommended dietary allowance of/Bgiday.
Table 2 presents Mg as the metal with the highestentration in this study, magnesium values rarfgad 1.95
mg/l to 2.01 mg/l with a mean value of 2.48mg/l @hiis over 12 time the World Health Organizatior dhe
Nigerian Standards for Drinking water Quality lismibf 0.02mg/l for magnesium in drinking water (&8l 3 and
figure 2). A positive correlation was observed bew magnesium and manganese, magnesium and Nckkel,
between magnesium and chromium. The correlation® wet statistically significant at 95% confidenesel.
Higher values ranging from 1.94mg/l to 64.56mg/lswaported for wells in Kubwa, Bwari Area CoundiCT,
Nigeria with a mean value of 0.71 [9].

CONCLUSION

Physicochemical parameters of water quality andcsedl metals-chromium, manganese Nickel and magnesi
were investigated at the onset of the remediati@noése in Dareta village. Temperature was founde@bove the
WHO limit of 25°C for domestic water supply. The samples underystuere generally acidic with a mean pH
value of 6.34 which is below the World Health Orgation (WHO), European Union (EU) and the Nigerian
Standard for Drinking Water Quality (NSDWQ) guidels values of 6.5 -8.5 for potable water. The télesd
Conductivity reveals that levels of dissolved iosidstance were generally within the World Healtigadization
(WHO), European Union (EU) and the Nigerian Staddar Drinking Water Quality (NSDWQ) permissibleniits.
All twelve hand dug wells sampled had TDS valuethiwithe acceptable limit. Nickel, Chromium and Magium
were seriously implicated in this study. The meagnesium concentratiomas over twelve times the permissible
limits while Nickel and Chromium were about thr@eds the limit. The mean value of manganese wasdda be
within the World Health Organization (WHO) and tNégerian Standard for Drinking Water Quality (NSDWQ
permissible limits though 25% of the wells sampetlally had manganese level above these limits.
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