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ABSTRACT

This study was carried out in Igun-ljesha, OsuneSthligeria to determine the likely hotspots of evat
contamination for future treatment trials. Watealify analyses were based on physico-chemical aaghh
metal parameters of surface and ground water t¢etleitom the study community. A total of thirty-big
water samples were collected between September @0dZ-ebruary 2013 and analyzed using standard
procedures. Concentrations of heavy metals werrméied using Atomic Absorption Spectrophotometer.
Results showed that water samples within the golding community are contaminated and the
hydrochemistry varied with seasons. The values afmasium, turbidity, total dissolved solids, elieetr
conductivity and pH during the period of samplimypged 3.1-42.1 mg/L, 0-150 NTU, 30-560 mg/L, 80-
1192 pS/cm and 5.95-8.55 respectively. Chlorideats, phosphate, sulphate and sodium data wehénwit
the stipulated limits set by the Nigerian StanddaatsDrinking Water Quality (NSDWQ). Heavy metal
contents of the groundwater were generally highan those from surface water sampled within thangin
district. The values of arsenic, cadmium, chromigopper, lead, manganese, nickel and zinc, rangea f
0.01-1.20, 0.05-0.52, 0.80-34.80, 0.09-4.30, 0.3®»8 0.05-3.94, 0.05-19.6 and 1.80-29.90 mg/L
respectively. Most of the listed metals have valeeseeding the international and national recomraénd
limits. The daily intake of water in the study area pospetantial health threat from long-term exposure to
heavy-metals. The study suggests that water spfats should be developed to safeguard water resour
and public health within the mining community.

Keywords: Gold Mining, Heavy Metal Pollution, Igun-ljesa, iface and Groundwater, Water Quality,
Water Safety

1. INTRODUCTION erosion of bed rocks and ore deposits) and
anthropogenic (e.g., mining, smelting, industries,
Water is one of the essentials that supports ath$o  agriculture and waste water irrigation) processes
of plant and animal life and it is generally obtdnfrom (Ettler et al., 2011; Garcia-Lorenzoet al., 2011;
two principal natural sources; groundwater andagf Muhammadet al., 2011; Sracelet al., 2011). These
water such as fresh water lakes, rivers, streamgrocesses degrade water quality and impair thedr us
(Awomeso et al., 2010). However, one of the most for drinking, domestic, agricultural and industrial
important environmental issues today is water purposes (Krishnat al., 2009). The common heavy
contaminated with heavy metals because of strongmetals that have been identified in polluted water
toxicity even at low concentrations (MarcoveccHial., include arsenic, copper, cadmium, lead, chromium,
2007). Water contamination with light and heavy atet nickel, mercury and zinc. The release of the metals
are mainly determined by natural (i.e., weathering, without proper treatment poses significant danger t
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water and public health. The danger lies in twoeatp sedimentary and meta-igneous rock or simply cated
Firstly, heavy metals have the ability to persishatural Schist belt. The study area is a part of llesastieist belt
ecosystems for an extended period. Secondly, thalsne (Ademesoet al., 2013). The belt is one of the 11 schist
have the ability to accumulate in successive legélhe belts documented by Ademesdtal. (2013). The area has
biological chain, thereby causing acute and chronictwo contrasting lithologies separated by NNE tregdi
diseases (Nomanbhay and Palanisamy, 2005; Ebalk, Ifewara fault zone. The west of the fault is ocedpby the
2008). Recently, pollution of general environmemtsh amphibole schist, amphibolites, talc-tremolite auadlitic
increasingly gained a global interest. Contamimaitid rocks (TML, 1996). The eastern part has quartzjteyrtz
surface and groundwater in gold mining communites  schist and amphibole schist, The gold deposit oatur
serious environmental problem in many countriegeNa  the eastern area, thus, the three Local governareas
inclusive (Aslibekian and Moles, 2003). Heavy metal lie on the east of Ifewara fault zone. Gold occwith
contamination of soil and water and related heafpact ~ ores such as: Pyrite, pyrrhotite and minor chalciopy
on residents is a persistent social issue andalestedies ~ galena, sphalerite, magnetite and iimenite. Adjaden
have identified human health risks subject to abaed  the gold bearing veins the host granite-gneiss bees
mines (Chungt al., 2005; Badat al., 2012). hydrothermally altered to a sericitechlorite ep@aot

In view of the various challenges of pollution, assemblage (with also hematite and pyrite) (NM@7).9
conformation with drinking_ water quality stan_daridga 2.2. Field Investigation and Water Sampling
concern because of the ability of water to spraseases _ ) _
within a large population. Although the standardsyv lgun-liesha area was selected for this study priynar
from country to country, the objective anywheretas due to the presence of gold mining activities i th
reduce the possibility of spreading water borne COMMunity. Three surface water and three groundwate
diseases to the barest minimum in addition to beingS@Mpling points were selected and their coordinates
pleasant to drink, which implies that water must be located using a G_Iobal [Positioning Sy_stem GARMING
wholesome and palatable in all respects (Edenah, 45XSLS' Tlhe sampllrtljg pomgs are sho;vrﬂg. 11'3 2012 and
2001; Awomescet al., 2010). In Igun ljesha gold city, ampling was done between September an
the community depend on surface and groundWaterFebruary 2013. A total of thirty-eight water sangle

. - o : were collected from both surface and ground water

contammated from mining activities and so farré¢his samples in the study area. Water samples werectedle
no ev_ldence .Of any water quality assessment, T‘!’mﬁf with 1.5 L plastic bottles, which had been soakedd%
the aim of this study is to evaluate the physicaubal  piyic acid for 24 h and rinsed thoroughly with dide:
parameters and trace metals in drinking water 88Ut jsiilled water. Samples for trace metal analysesew
Igun-ljesha gold mine area. The assessment is &gec pyt into 250 mL plastic bottles and 2 mL concelilat
to determine water quality status of drinking watethe  Nitric acid added to it. Collected samples werespreed

study area to ensure source and water safety. and stored in an ice-chest at a temperature of &€
transported to the laboratory for analyses. Sampkse

2. MATERIALSAND METHODS taken in separate containers for physicochemica an
trace metal analysis respectively. Samples foetraetal

2.1. Thestudy Area analysis were each preserved with 0.5 mL of

concentrated nitric acid before transporting toGlemtral

Igun-ljesha gold city lies between latitudes 7°a@d laborator : . : .
- ) omon iy y, University of Ibadan for analysis. Dwi
7°35" N and between longitudes 4°38" and 4°£'in sampling, relevant information like the ambient

A'Faku_mos.a West Local Governm.ent Council southvyaster temperature (31°C), date of Sampling, time of samgpl
Nigeria Fig. 1). The study area is a rural community of 54 seasons of the year were recorded.

about 2,400 to 2,600 people that engage in preduoriiynin i

subsistence farming and cocoa plantation. Igutdjgs a  2-3- Sample Analysis

community with many dilapidated buildings. The cigy The methods of laboratory analysis used were those
accessible through a poorly erected bridge. Mappfrthe  specified in International analytical standards hsurs
community was done with assistance of the communityAPHA for water quality. All equipments were duly
members. The mapping exercise reveals local kn@elel  calibrated with standards and samples were analysed
resources, land use and settlement patterns. two replicates. All tests and laboratory analysesrew

The mine locations are within one of the six (6) carried out at the ACEME Analytical Laboratory
classes of the Basement Complex rock that is fromLimited Canada and International Institute for Tioa
slightly —migmatised to non-migmatised, meta- Agriculture (IITA) Laboratory, Ibadan.

////A Science Publications 290 AJES



Ayantobo, O.Oet al. / American Journal of Environmental Sciences3)0289-300, 2014

Fwad

Oy

- i i —

E;
[ — - 1

rm v

Fig. 1. Map of the study area showing the sampling lonatio

2.4. Determination Physico-Chemical Parameters procedures of both anionic and cationic species hman
found in (Taiwo, 2013; Gash& al., 2013). Standard

L . ) -/ calibration curves were generated with series ofiknsalt
TDS were analyzed in-situ during sampling using

pH/TDS/Conductivity meter. Turbidity was determined concentrations in the series of 5, 10, 20, 50 &thpm.
using a Spectrometer (HACH DR/2000). Samples for 2.5. Sample Digestion for Heavy M etal Analysis
water soluble anions (sulphate, nitrate, phosplzate
chloride) were determined with lon Chromatography chromium. copper, lead, manganese, nickel andwére
System (ICS) model Dionex ICS 2000. The element use ¢qjjecteq Withpgoo mL plastig bottles, since suchtah
was potassium hydroxide. The ICS analytical colund may be adsorbed on the wall of glass bottles. ABaut
guard column are AS Il HC 250 mm) and AG Il HC  of concentrated Nitric acid was added and the sesnpl
(2x250 mm), respectively (Thermo Fischer Scientific,In  \vere refrigerated at 4°C before digestion. The wate
2012). Samples for cationic water soluble constitie samples (100 mL) were digested with 10 mL concesdra
(calcium, magnesium and potassium) were analys#d wi HNOs;. The mixture was then heated on a hotplate for 30
Dionex DX 500 with CS 12A Analytical column X250 min (USEPA, 1989). The extracts were filtered araten
mm) and CG 12A guard column. Details of analytical to 100 mL with distilled deionised water. The ready

Water pH, temperature, Electrical Conductivity (EC)

Samples for the determination of arsenic, cadmium,
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digests were sent to ACEME analytical laboratorndcka
for heavy metal determination using Inductively Gled
Plasma-Mass Spectrometer (ICPMS).

2.6. Metal Analysis

Heavy metals were determined with ICPMS (Agilent
7500ce) at the ACEME Analytical Laboratory in
Canada. The ICPMS was equipped with octopole
reaction system, which is effective in removing
interfering species. Standards were prepared fradRV
standard soluble prepared in the series of 5, 00502

The turbidity values in the water samples varietiveen

5 FTU (GW1 and GW2) to 150 FTU (SW86) in rainy
season and 0 FTU (GW1 and GW3) to 33 FTU (SW6) in
dry season. The turbidity values for the groundwéde

all the water samples except GW3 (at dry seasam) ar
within the recommended WHO limit of 5 FTU.

TDS values in the sampled water bodies range from
43 mg/L (SW5) to 560mg/L (GW?2) for rainy season
samples while the values in the dry season,
concentrations of TDS varied from 3fig/L (SW5) to
270mg/L (GW1). The TDS values recorded for ground

and 100 ppb. The procedures of ICPMS can be reacind surface water samples in both seasons arenwithi

elsewhere in (Taiwo, 2013; Gaghial., 2013).

3.RESULTS

3.1. Physical and Chemical Parameters

Table 1 (a and b) show the data collected for
individual surface and ground water samples while

the WHO limit of 500 mg/L (WHO, 2004) with the
exception of GW3 groundwater recording the value of
560 mg/L. Md"* concentration varied from 5.1 mg/L
(GW2) to 42.12 mg/L (GW1) during the rainy season
and from 3.1 mg/L (GW2) to 38.21 mg/L (GW1)
during the dry season exceeding the recommended lim
of 0.2 mg/L set by the Nigerian Standard for Drivki

Table 2 (a and b) summarizes the physico-chemical Water Quality (SON, 2007). Phosphate concentrations
parameters with respective WHO/NSDWQ standards.jn the water samples range from 0.09 mg/lSW3 to

The measured pH gives the general indication that t (53 mg/L in SW2 (dry season) and 0.11 mg/L in GW1,
water samples range from neutral to alkaline fot we g\w2 and sSwé to 0.51 mg/L in SW2 (wet season).

season and slightly acidic during dry season. Tigkdst
desirable level for pH stipulated for drinking and
domestic purposes is within the range of 6.5 to 8.5
(WHO, 2004). Electrical conductivity values in alie
water samples varied from 103 pS/cm (SW5) to 1192

pS/ecm (GW3) for dry season and 80-620 uS/cm in GW2

and GW1 samples respectively, for wet season. Wigh
exception of GW3 sample with the value of 1192 p&/c
all other water samples are within the permissiiotat

of 1000 pS/cm for EC in drinking water (WHO, 2004).

Tablela. Physico-chemical parameter values in both surtamd
Osun state, Nigeria

There is no WHO guideline value to compare the
measured phosphate values.

The summary of both surface and ground water
physico-chemical parameters during the wet and dry
seasons are presented Timable 2(a and b). Most of
the observed parameters have shown higher mean
values at the wet season compared to dry seasan. Th
mean values of potassium have shown an exception,
with higher values obtained in the dry season.

ground water samples during the rainy seasdgun-ljesha,

Water  Temp EC TDS Turb. Tl  NO;y PO> K* so* c&"  Mg®  Nda
Samples 9C) pH (uS/em) (mg/L) (FTU) (mg/L) (mg/L) (mg/L) (mg/ (mg/L) (mg/L) (mg/L) (mg/L)
Swi 26.1 8.14 100 100 9 8.71 0.04 0.21 4.12 13  916.10.14 11.02
SwW2 26.3 8.05 110 100 18 6.16 0.03 0.51 3.08 22 3216.12.25 11.41
SW3 26.1 8.06 100 98 21 5.23 0.04 0.20 3.10 13 15.83224 10.52
Sw4 26.2 7.90 110 91 22 6.38 0.03 0.12 298 15 620.043.10 10.15
SW5 26.3 8.53 160 43 29 6.23 0.02 0.24 4.78 4 9.36.72 7.24
SW6 267 7.71 90 86 150 6.43 0.02 0.11 3.11 4 10.49.61 10.01
Gw1 257 853 620 68 5 71.02 0.02 0.11 150.70 80 .0%65 42.12 24.62
GWwW2 256 7.50 80 390 5 6.23 0.02 0.11 3.15 4 25.16.10 6.05
GW3 252 855 270 560 9 30.40 0.04 0.13 57.63 53 .6(89 15.89 15.35
WHO 6.5-8.5 1000 500 5 250.00 50.00 3.00 na 100.a n 0.2.00 200.00
STANDARD

Note: SW1: Oika River 1, SW2: Oika River 2, SW3: Oikiaer 3, SW4: Oika River 4, SW5: Eriper River,

River, GW1: Igunwell 1, GW2: Igun well 2, GW3: ljameell, n.a: N
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Table 1b. Physico-chemical parameter values in both sugadeground water samples at dry season in Igunajé3sun state, Nigeria

Water  Temp EC TDS Turb. Tl NO;y PO¥ K* so* c&t Mg®*  Na
Samples C) pH (uS/cm) (mg/L) (FTU) (mg/L) (mg/L) (mg/L) (mg/ (mg/L) (mg/L) (mg/L) (mg/L)
Swi 271 6.54 218 40 6 4.81 0.05 0.21 4.29 11 15.199.27 10.97
Sw2 282 6.22 218 50 14 5.57 0.03 0.53 4.05 21 815.410.19 11.14
SW3 28 6.5 210 40 21 4.60 0.05 0.09 3.23 13 14510.131 10.28
Sw4 279 6.37 205 50 14 4.38 0.03 0.1 3.23 11 19.021.13 10.25
SW5 273 6.62 103 30 19 4.17 0.01 0.24 4.88 2 8.955.59 6.72
SW6 26.7 6.04 183 40 33 4.43 0.01 0.1 3.28 2 9.73 .36 8 9.99
Gw1l 26.1 6.64 138 270 0 65.59 0.01 0.12 158.66 65 3.0% 38.21 24.18
GWw2 264 6.18 818 40 1 4.25 0.01 0.12 4.81 2 21.083.10 6.55
GWs3 26.3 5.95 1192 120 0 28.76 0.04 0.13 56.11 43 7.633 1399 14.85
WHO 6.5-8.5 1000 500 5 250.00 50.00 3.00 n.a 100 .a n 0.20 200.00
STANDARD

Note: SW1: Oika River 1, SW2: Oika River 2, SW3: ORizer 3, SW4: Oika River 4, SW5: Eriper River, SWéstice lbidapo
River, GW1: Igunwell 1, GW2: Igun well 2, GW3: ljamell, n.a: Not available, Temp-temperature, Tuthbidity
Note: Data in bold were higher than the WHO staddadrinking water

Table 2a. The summary of surface water parameters duringvéfieand dry seasons for Igun-ljesha, Osun staggerid (n = 38)

Dry season Wet season

Variables Min. Max. Mean Std Dev Min. Max. Mean Std Dev
Temp (C) 26.70 28.20 27.53 0.59 26.10 26.70 26.28 0.22
pH 6.04 6.62 6.38 0.22 7.71 8.53 8.07 0.27
EC (uS/cm) 90.00 160.00 111.67 24.83 103.00 218.00 189.50 44.29
TDS (mg/L) 30.00 50.00 41.67 7.53 43.00 100.00 86.3 21.95
Turbidity (mg/L) 6.00 33.00 17.83 9.06 9.00 150.00 41.50 53.55
Chloride (mg/L) 4.17 5.57 4.66 0.50 5.23 8.71 6.52 161
Nitrate (mg/L) 0.01 0.05 0.03 0.02 0.02 0.04 0.03 0.01
Phosphate (mg/L) 0.09 0.53 0.21 0.17 0.11 0.51 0.23 0.15
Potassium (mg/L) 3.23 4.88 3.83 0.69 2.98 4,78 3.53 0.75
Sulphate (mg/L) 2.00 21.00 10.00 7.21 4.00 2200 1.83 6.91
Calcium (mg/L) 8.95 19.07 13.82 3.82 9.30 20.06 34.6 4.04
Magnesium (mg/L) 5.59 11.13 9.11 1.96 6.72 13.10 0.68 2.36
Sodium (mg/L) 6.72 11.14 9.89 1.62 7.24 11.41 9.89 1.62

Table 2b. The summary of ground water parameters duringviiteand dry seasons for Igun-ljesha, Osun stagerdi (n = 38)

Dry season Wet season

Variables Min. Max. Mean Std Dev Mini. Max. ke Std Dev
Temp (C) 26.10 26.40 26.27 0.15 25.20 25.70 25.50 0.26
pH 5.95 6.64 6.26 0.35 7.50 8.55 8.19 0.60
EC (uS/cm) 80.00 620.00 323.33 273.92 138.00 1092.0 716.00 534.35
TDS (mg/L) 40.00 270.00 143.33 116.76 68.00 560.00 339.33 249.88
Turbidity (mg/L) 0.00 1.00 0.33 0.58 5.00 9.00 3.3 231
Chloride (mg/L) 4.25 65.59 32.87 30.88 6.23 71.02 .885 32.74
Nitrate (mg/L) 0.01 0.04 0.02 0.02 0.02 0.04 0.03 .010
Phosphate (mg/L) 0.12 0.13 0.12 0.01 0.11 0.13 0.12 0.01
Potassium (mg/L) 4.81 158.66 73.19 78.33 3.15 150.7 70.49 74.61
Sulphate (mg/L) 2.00 65.00 36.67 31.97 4.00 80.00 45.67 38.53
Calcium (mg/L) 21.08 63.02 40.58 21.12 25.16 65.05 43.27 20.20
Magnesium (mg/L) 3.10 38.21 18.43 17.97 5.10 42.12  21.04 19.04
Sodium (mg/L) 6.55 24.18 15.19 8.82 6.05 24.62 95.1 8.82

///// Science Publications 293 AJES



Ayantobo, O.Oet al. / American Journal of Environmental Sciences3)0289-300, 2014

1.40 1 As 0O Dry season
Wetseason

1.20 A
1.00
0.80

0.60

Concentration (mg/L.)

0.40

0.20
0.00
SW1 SW2 SW3 GW1 GW2 GW3 WHO NSDWQ
Sampling points
0.60 - cd B Dryseason

Wet season

Concentration (mg/1.)

SW1  SW2 SW3  GWI GW2 GW3 WHO NSDWQ

Sampling points

40.00 - Cr ODry season

35.00 A - B Wet season
30.00

25.00
20.00
15.00
10.00
5.00
0.00

%
=
=
=
a3
=
g
o

SW1 SW2 SW3 GW1 GW2 GW3 WHO NSDWQ
Sampling locations

450 - cu
400
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

O Dry season
B Wetseason

Concentration (mg/L.)

SW1 SW2 SW3 GW1 GW2 GW3  WHO NSDWQ

Sampling points

///// Science Publications 294 AJES



Ayantobo, O.Oet al. / American Journal of Environmental Sciences3)0289-300, 2014

9.00 - Pb
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

O Dry season

Vet season

Concentration (mg/l.)

SW1 SW2 SW3 GW1 GW?2 GW3 WHO NSDWQ
Sampling points

50 1 Mn A Dry season

00 - Wet season

=}
=
=
=
7]
=2
=]
)

SW1 SW2 SW3 GW1 GW2 GW3 WHO NSDWQ
Sampling points

ODry season

BwWet season

H
=
=

5

=3

S
&)

SW1 SW2 SW3 GW1 GW2 GW3 WHO NSDWQ

Sampling points

1 Zn B Dry season

B Wetseason

Concentration

SW1 SW2 SW3 GW1 GW2 GW3 WHO NSDWQ
Sampling points

Fig. 2. Mean values of heavy metals in (mg/L) of both sheface and groundwater bodies in Igun-ljesha, Gsate, Nigeria. The
bars indicate the standard deviation. Note: SWka@iver, SW2: Eriperi River, SW3: Justice lbidaRiver, GW1: Igun
well 1, GW2: Igun well 2, GW3: ljana well
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3.2. Heavy M etal Concentrations above 1,200 mg/L becomes increasingly unpalatdiie.

The mean values of heavy metals determined in theh'ghest TDS concentration recorded at GW3 may etalu

water samples at both seasons are showfign2. The seepage of effluent discharges, as well as agrieulind
concentration of arsenic ranges 0.49-0.70 mg/Lnduri domegtlc waste substances (Ayantatm., 2013).‘ 2

the rainy season to 0.01-1.20 mg/L in dry season This study has found higher concentration of°Mg
samples; cadmium concentration is between 0.05 andh‘."m.that feP‘?“ed by !V'“ham”?a‘“ al. (2011) for
0.50 pg/L, with the highest value observed in GW2 dr|nzl§|ng water in the Kohlstan region, Northern Btk
sample during the dry season and the IowestM_g occurs paturally in water after passage through
concentration in SW1 during the wet season. TheMineral deposits and rock strata and suggestsMigat

concentrations of Cr range from 2.30-30.50 mgjLirdyr contributes to total hardness of water in the sarep. _
the rainy season and 0.80-34.80 mg/L during the dry ~Comparing the values of phosphate concentration
season, which exceeded the recommended limit set bPtained in this study with that of natural water
the WHO and NSDWQ. The values of Cu range from (usually between 0.005 anq 0.02 mg/L (Taietoal.,
0.18-1.10 mg/L (rainy season) to 0.09-4.30 mg/Ly(dr 2010; DebRoyet al., 2012); it can be concluded that,
season); nickel values are 0.10-2.40 mg/L (rairassg) this study has recorded eIe\{ated phosphate_ values i
and 0.05-9.60 mg/L (dry season); while zinc rafigé9- ~ 9roundwater samples. High concentrations  of
16.70 mg/L (rainy season) to 1.8-29.90 mg/L (dry phosphate could |n<_j|cate the presence of pollq@pd
season). The concentration of Pb ranged from 0.80-8 are largely responsible for eutrophication condision

mg/L (rainy season) to 0.09-0.31 mg/L (dry season). water bodies (Taiwet al., 2012). The high phosphate
loads recorded at the sampling points may be attiibto

4. DISCUSSION inflows from eroded materials carried from wastekro
dumpsite (Taiwoet al., 2010; DebRoyet al., 2012).
Based on the guidelines, the pH of water sourees fr Elevated Phosphate level could also be relatedhéo t
the study area may not adversely affect its slitialfor weathering of calcium-bearing minerals largely li@ated
drinking and domestic purposes, as well as aquatiddy mining activities in the area (Singhel., 2008).
ecosystem. On the contrary, groundwater pH at itotat Calcium and potassium are not a health concern and
GW3 during the dry season is below the WHO limit are not regulated (Schafet al., 2009). Although, the
suggesting possible acidity. Schafer al. (2009) and reported values may not implicate the public health
Ayantoboet al. (2013) in previous studies reported that low however, the presence of multivalent cations sicla
pH in groundwater may be due to natural geocheraicdl ~May pose negative treatment’s implications for aiart
biochemical processes within the aquifers. The Gw3processes (Schaferal., 2009).
sampling point is within the mining and processing  Arsenic concentrations are well above the
facilities, it is thus possible that seepage ofuefit ~ recommended WHO limit of 0.01 mg/L (except GW2
discharges, as well as surface and agriculturalofin ~ sample). The Arsenic concentration could be due to
may contribute to the increased concentration ok.io Mmineral dissolutions such as pyrite oxidation. Rres
The elevated EC content may also be due to thestudy of Kortatsi (2004) has reported Arsenic
weathering of sulphide-bearing rocks, which is concentrations of 0.05 and 0.14 mg/L in ground and
facilitated by the on-going mining activites surface water. Elevated amount of Arsenic obseiued
(Marcovecchioet al., 2007; Ayantoboet al., 2013). this can be damaging to public health on persistent
Turbidity is a major concern for surface water artigular exposures through consumption. Arsenic is a known
during the rainy seasons (Schaétral., 2009). Elevated carcinogen (Roy and Saha, 2002). Skin cancer has be
turbidity values are expected during the wet seak@nto associated with long-term exposure to arsenic timou
erosion of organic materials and solids into theembodies  drinking water (Kortatsi, 2007). Early clinical sphoms
(http://water.epa.gov/scitech/wastetech/guide/staatar of acute intoxication of Arsenic include abdomipain,
/upload/2006_10_31_guide_stormwater_usw_b.pdf). vomiting, diarrhoea, muscular pain and body weaknes
Water turbidity can also be attributed to the pneseof (Tchounwouet al., 2003). Cadmium occurs naturally
clays in surface water. Pathogens and bacteriabean with zinc and lead in sulphide ores. Cd concertretiin
measured in turbidity (Schaferal., 2009). unpolluted natural waters are usually below dgL. In
According to Karikari and Ansa-Asare (2006), the this study, Cd concentrations in surface and groiater
palatability of water with TDS level less than G9Q/L is at both seasons are higher than the permissibie Time
generally considered to be good whereas water T¥it8 guideline value for cadmium is given as 0.003 mig/L
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drinking water by both the World Health Organizatio Manganese concentrations above 0.1 rogfLimpact
(WHO, 2004) and the Nigerian standard for drinking an undesirable taste to drinking water. Effectsmfro
water quality (SON, 2007). Previous studies show manganese are primarily to the central nervousesyst
maximum levels in groundwater to be 0.003 mg/L (Wassermanet al., 2006; Bhattacharyat al., 2008;
(Kortatsi, 2004; Armahet al., 2010) and 0.06 mg/L Badaet al., 2012). Surface water bodies investigated in
(Oluwasanya and Martins, 2006). Maximum levels in this study had Mn concentrations (0.06-2.97 mghig\ee
surface water were less than 0.05 mg/L (Kuma andthe WHO guideline value of 0.04 mg/L (WHO, 2004).
Younger, 2004; Yemet al., 2013). The observed Ground water sources sampled in the study area also
cadmium values show that water quality in the studyrecorded Mn concentrations (0.05-0.13 mg/L) above
area is questionable and unfit for human consumptio WHO guideline. The high Mn concentration level (2.9
As a practical measure, the guideline is set as @@L, mg/L) detected in Ibidapo River, which is withircinity
which is considered to be unlikely to give rise to of the mines can be attributed to anthropogeniccesu
significant risks to health (WHO, 2004). Maximum such as effluent discharges and acid-mine draifrage
levels in groundwater has been shown to be 0.0 mg/ mining activities. It can also be linked to natural
(Kortatsi, 2004; Marcovecchiat al., 2007) and 0.06 geochemical and biochemical processes such as
mg/L (Oluwasanya and Martins, 2006) and in surfaceweathering of manganese bearing minerals and rocks
water to be 0.49 mg/L (Kuma and Younger, 2004, within the aquifers (Singhet al., 2008). Nickel
Marcovecchio et al., 2007). The observed elevated concentrations in drinking water are normally beld@
chromium concentrations represent an identifiecatdgz  pg/L, although levels up to several hundred microgra
which calls for necessary control measures to atitig per litre in groundwater and drinking water havesrbe
consequent health impacts. reported (Obiriet al., 2010). The concentrations of

Copper is both an essential nutrient and a drinking nickel observed in the present study are above the
water contaminant. During the rainy season, copperpermissible limit of 0.07 mg/L for WHO standard and
concentration in the surface and groundwater sainple 0.02 mg/L of NSDWQ for domestic water (SON, 2007).
are within the acceptable limits of 2.0 and 1.0lmggt  The observed nickel values also exceed the findafgs
by WHO and NSDWQ, respectively. Exceptions are Kortatsi (2004), Oluwasanya and Martins (2006) who
Justice Ibidapo River (SW3), Eriperi River (SW2)dan found maximum levels in groundwater to be 0.08 mg/L
Oika River (SW1); the observed values are below thegnd 0.34 mg/L respectively. The presence of nitkéfhe
permissible level. The present findings show mwater study area is a chemical hazard to both aquatita kb
values than the concentrations of copper in theidnd the river as well as for human consumption. Zn
River, Pakistan (5.0 mg/L) and Mississippi, USAM®  oncentration of the surface water sampled durhey t
(4.0 mg/L). Lea_d IS a_p053|ble human (_:arcmoge_mtalsd rainy season are within the recommended limits of 3
also a cumulative poison so that any mcrea;eedghd mg/L set by the WHO and NSDWQ while value from
e o e e e ey SAMpING pont GWI durng he iy season 2o are
limi X pe within the limit. Zinc is an essential trace eletnfund
imit of 0.001 mg/L set by the WHO. Previous stsdaso o :

in virtually all food and potable water in the foohsalts

show maximum levels in groundwater to be 0.03 mg/L . )
(Kortatsi, 2004, Armalat al., 2010) and in surface water to or organic complexes (Ederegal., 2001; WHO, 2003).

be <0.05 mg/L (Kuma and Younger, 2004; Yetnal.,
2013). A provisional tolerable daily intake is ast3.5ug 5. IMPLICATIONSFOR MINING

of lead per kg of body weight for infants. Humaraltie MANAGEMENT POLICES

concerns associated with lead intoxication in child - . L
include brain damage, behavioral problems, anadivéa, The fmdmg_s of this study hold Se"efa' |mpI|c§mon
and kidney damage and hearing loss (Gohar and©r water quality management and policy. Previously
Mohammadi, 2010; Rajaganapatétyal., 2011) whereas most mining communities depended on surface water a
in adults poor muscle coordination, nerve damagtheo drinking water source. However, contamination ofaae
impairment, reproductive problems and retarded | feta for government and other non-state stakeholderssiort
development (Surendran and El-Fawal, 2008). In thisto groundwater (Armakt al., 2010). Results from this
respect, the lead content in the surface andstudy and other studies (Obiet al., 2010) have
groundwater within the mine area are dangerous forshown that the quality of groundwater is similayily
human health and aquatic life. qguestionable. The results identifying many water
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quality hazards also revealed that the surface andwater provision in the study area such that safeewa
groundwater extracted from the vicinity of the mine can be delivered in close proximity of the conswsner
cannot be considered safe for particularly drinking Apart from hand-dug wells and boreholes, other wate
and other domestic purposes. Policy makers need t&upply options for the household level includesasol
be aware for appropriate regulations that would enak gistillation, solar disinfection, sand house hoidefs

it mandatory to analyze drinking water for physical gng engaging the services of water vendors. Overall
and chemical parameters in mining communities on aipe results presented in this study indicate tfigcat

regular pa}sis. Where water sources have_ been tested .aq for a clearly laid out water safety planning t
communities should be notified of contaminant Isvel mitigate public health risk in the study area.

so as to inform apt household or communal treatment

solutions and daily decision-making regarding asces 7. ACKNOWLEDGMENT
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