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the study area are at direct health risk (carcinogenic and non-carcinogenic)
due to the alternate use of surface and groundwater without any form of
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1. Introduction

The health risks assessment associated with the consumption of water as well
as use for domestic and irrigation purposes from abandoned mine ponds,
streams and groundwater resources, was conducted. This was considered
within Barkin ladi and surrounding localities which forms part of the Jos

Plateau where mechanized tin mining activities took place for over seven
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decades (Ramadan & Haruna, 2018) and small scale mining activities are still
on-going.

Generally, tin mining activities have the tendency of contributing a considera-
ble quantity of heavy metals to the environment. Although, some of these metals
could be essential to humans, they also could be toxic to same when they exceed
the maximum admissible values (Adamu et al., 2014). And the inhabitants re-
siding around these mine sites are particularly at risk of such exposure. Human
exposure to such toxic heavy metals could be direct or indirect (Ayantobo et al.,
2014). Direct pathways are through inhalation, dermal absorption or water in-
gestion while indirect exposure occurs as a result of bioaccumulation (USEPA,
2001). The links between environment and health are particularly important for
subsistence populations who are heavily dependent on the local environment for
their food supply (Fordyce et al., 1999) and most of the settlements within the
study area are as such. Heavy metals such as arsenic, mercury and cadmium
have drawn great attention in the globe and are widely distributed in the envi-
ronment, including sources of drinking water through which they could cause
damage to the liver, kidney, digestive and nervous system (Montuori et al.,
2013).

The key issues of concern within the study area are the fact that inhabitants
depend solely on hand dug wells, boreholes, streams and abandoned mine ponds
for water utilized for domestic and irrigation purposes. Therefore, the principal
objective of this research is to investigate the occurrence and concentration of
heavy metals in surface and groundwater and further evaluate the health risk to

residents within the study area.

2. Physical Setting

The area of investigation is located in north-central Nigeria and is geographical-
ly bounded between latitudes 9°32'28"N and 9°43'29"N and longitudes 8°52'20"E
and 8°56'12"E (Figure 1). It encompasses communities like Bisichi, Kuru Jenta,
Foron, Heipang, Kassa and Barkin Ladi (Figure 1) and covers a total land area of
about 198 km® It is generally accessible through the Mararaban Jama’a-Mangu
express road with some tarred feeder roads and footpaths linking the various
communities.

The study area is characterized by the tropical climatic condition prevailing
on the Jos Plateau. Here the climate is controlled by two seasons, namely, the
wet and dry seasons. The former prevails between the months of April and Oc-
tober, while the latter starts in the month of November and ends in the month of
March. The mean annual rainfall for Barkin ladi and its environs is about 1855
mm. The vegetation of the study area is that of the guinea savannah characte-
rized by tall grasses interspersed with trees (Iloeje, 1981). The common trees are
acacias, baobab and shea butter (Ajayi, 2003).

The rocks found within the study area consists of the Newer Basalts, Younger

Granites and Older Granitic rocks.
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Figure 1. Location map of the study area (modified from MacLeod & Berridge, 1971).

3. Methods and Materials
3.1. Questionnaire Administration

A total of two hundred and seventeen (217) questionnaires were administered
through personal one on one interview with residents who have lived most part
of their lives in the direct communities within the study area. Personal back-
ground and general information like their age, the length of time they have lived
in those communities, their source of water supply, the prevalent illnesses expe-

rienced over time of the people were gathered.

3.2. Water Sampling

A total number of forty six (46) water samples were assembled within the study
area (Figure 2) at the peak of the dry season in order to avoid dilution by the
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Figure 2. Map of the study area showing water sample locations (modified from Mac-
Leod & Berridge, 1971).

rain waters. A good number of the mine ponds are situated along stream chan-
nels, twenty three (23) samples of water from these were collected, as well as
from flowing stream channels, while another set of twenty three (23) samples
were drawn from hand dug wells and boreholes which are mostly sited within
residential settlements. These were collected in polyethylene containers pre-
viously washed and repeatedly rinsed with distilled water and kept in sealed. At
the point of sampling, the containers were rinsed twice with the sample to be

collected before the final collection. On-site measurements of pH, temperature,
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conductivity and Total Dissolved Solids (TDS) were obtained using a potable
handheld waterproof pH/EC/Temp/TDS tester. Furthermore, the Garmin Glob-
al Positioning System (GPS) was used to locate positions where each sample was
collected.

The filtered and acidified water samples were analyzed at Bureau Veritas
Minerals (BVM) laboratory, Vancouver, Canada; using the Inductively Coupled
Plasma Mass Spectrometry (ICP-MS) method of analysis.

3.3. Human Health Risk Assessment

Human exposure to heavy metals is through several pathways including oral,
inhalation and dermal (Elumalai et al., 2017). Risk assessment is a function of
the hazard and exposure (Adamu et al.,, 2015) and is defined as the process of es-
timating the probability of occurrence of an event and the probable magnitude
of adverse health effects on human exposure to environmental hazards over a
specified period of time. The health risk assessment of each potentially toxic
metal is usually based on the quantification of the risk level and is expressed in
terms of a carcinogenic or a non-carcinogenic health risk (Lim et al., 2008). The
two principal toxicity risk factors evaluated are the slope factor (SF) for carcino-
gen risk characterization and the reference dose (RfD) for non-carcinogen risk
characterization.

The toxicity indices of each potentially toxic metal are shown in Table 1
(USEPA IRIS, 2011). The estimations of the magnitude, frequency and duration
of human exposure to each potentially toxic metal in the environment are re-

ported as average daily dose (ADD) (Siriwong, 2006) and calculated using:
CxIR xEDx EF

ADD=——""""+ (1
BW x AT x365

where ADD is the average daily dose (mg/kg/day), C is the concentration (mg/L)

Table 1. Toxicity Responses to Heavy Metals as the Oral Reference Dose (Rfd) and Oral
Slope Factor (SF) (USEPA IRIS, 2011).

S/n Metals Oral RfD Oral SF
(mg/kg/day) (mg/kg/day)
1 As 3.0x 107 1.5
2 Cd 5.0 x 107 0.380
3 Cr 3.0x 107 41.0
4 Cu 4.0x107? n.d
5 Pb 3.5%x 107 n.d
6 Ni 2.0x 1072 n.d
7 Zn 0.3 n.d
8 Fe 7.0 x 107 n.d
9 Mn 1.4x 107" n.d
10 Co 3.0x 107 n.d
DOI: 10.4236/gep.2019.72001 5 Journal of Geoscience and Environment Protection
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of heavy metal measured, IR is the water intake rate (3.45 and 2.0 L/day for
adults and children respectively) (Apambire et al., 1997; Roychowdhury et al.,
2003), EF is the exposure frequency (365 days/year), ED is the exposure duration
(70 years in the case of adults and 10 years for children), BW is the average body
weight [60 kg (adults) and 25 kg (children)], and AT is the average time (25,550
days, i.e. 70 years x 365 days/year (adults) and 3650 days, i.e. 10 years x 365
days/year (children) (Wongsasuluk et al., 2014; Roychowdhury et al., 2003).

The input parameters in ADD formula are shown in Table 2.

The final stage of health risk assessment is the risk characterization. In this
stage, the exposure and dose response assessments are integrated to yield proba-
bilities of effects occurring in human beings under specific exposure conditions
(Ayantobo et al., 2014). The extent of harm sustained is expressed in terms of

hazard quotient as follows:
ADD

Hazard quotient (HQ) =D (2)

where ADD and RfD are in mg/kg-day. In the case of hazard index (HI) which is
the sum of individual HQ’s representing a mixture of chemicals:

Hazard Index (HI) = ZHQi (3)

The carcinogenic risks are expressed in terms of the probability that one may
develop cancer at a given lifetime exposure level. The cancer risk probability is
determined from the slope factor (SF) which denotes the probability of develop-
ing cancer per unit exposure level if mg/kg/day and its data can be obtained
from IRIS database as displayed in Table 3. Cancer risk is then calculated as fol-

lows:
Cancer risk = ADD x SF (4)
The scale for classification is presented in Table 3, alongside the non-carcinogenic

risk evaluation.

4. Results and Discussions

4.1. Questionnaire Analysis

Inhabitants living within the study area were interviewed through the use of in-

vestigation technique in a random manner. A total of two hundred and seventeen

Table 2. Parameters to Characterize the ADD Value.

S/n Exposure parameters Symbols Unit Value

1 Conc. Of Element In Water C mg/l As measured (from this study)

2 Exposure Duration ED Years 70 for adults and 10 for children

3 Exposure Frequency EF Days/year 365

4 Average Time AT days 25,550 for adults and 3650 for children

5 Body Weight BW Kg 60 for adults and 25 for children

6 Ingestion Rate IR 1/day 2 for children and 3.45 for adults
DOI: 10.4236/gep.2019.72001 6 Journal of Geoscience and Environment Protection
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Table 3. Scales for non-carcinogenic and carcinogenic risk assessment (USEPA, 1999).

. Adverse Calculated cases of Cancer .
Risk level HQ/HI . Lo Cancer Risk
Non-carcinogenic Risk Occurrence
1 <0.1 Negligible <1 per 1,000,000 inhabitants Very low
>1 per 1,000,000 inhabitants
2 20.1<1 Low R . Low
<1 per 100,000 inhabitants
i >1 per 100,000 inhabitants i
3 >1<4 Medium . . Medium
<1 per 10,000 inhabitants
4 - High >1 per 10,000. 1nhal.>1tants High
<1 per 1000 inhabitants
5 >1 per 1000 inhabitants Very high

(217) questionnaires were administered. Of special relevance to this research are
the source(s) of water for consumption and domestic use as well as the prevalent
illnesses experienced by the same population.

From the analyses of all the questionnaires, 22.6% of the interviewers obtain
water from Hand Dug Wells (HDW), 5.6% from streams and 2.4% from Bore-
holes (BH). However, most of the inhabitants collect water for consumption and
domestic purposes from a combination of two or three sources earlier men-
tioned because most of these sources are seasonal in their supply. 19.3% source
water from a combination of streams, HDW, BH and mine ponds (MP). Simi-
larly, 12.7% obtain water from HDW and MP; 10.8% acquire water from stream
channels, HDW and MP; and 10.3% combine sources from streams, BH and
HDW. In the same way, 7.5% of the inhabitants interviewed collect water from
streams and HDW; 4.7% from HDW and BH and 4.2% collect water from
HDW, BH and MP (Figure 3). Consequently, rendering them vulnerable of be-
ing exposed to heavy metals and at risk of manifesting adverse health effects over
a period of time.

According to the data analyses, the prevalent illnesses experienced by the in-
habitants within and around the study area, 1.9% have come down with cancers
of various forms, 0.5% with skin disease; while a greater part of the population
(27.7%) suffer diseases like typhoid and/or diarrhea and/or dysentery and/or
cholera captured as “others” (Figure 4). Other records include cases of cancers
and kidney disease as 0.5%; 4.7% of the population suffer cancers and others;
24.4% have experienced cancers, skin diseases and others; 4.2%, skin diseases,
tuberculosis and others; while 4.7% of those interviewed have had relations or
themselves experienced cancers, skin disease, kidney disease and others; 1.4%
with skin disease and tuberculosis; 0.9%, kidney disease and others and 0.9%
have been ill with cancers, skin diseases, kidney disease, tuberculosis and others.
The manifestations of some of these diseases could be linked to the exposure of

the potentially heavy metals.

4.2. Concentrations of Heavy Metals in Surface and Groundwater

The mean concentrations of heavy metals determined in surface water within
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Figure 3. Bar chart showing the percentage of the source of water for use within the study area.
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Figure 4. Bar chart showing the Prevalent Diseases experienced by Inhabitants within the Study

Area.

the study area were in the following order Fe (2.504 mg/1) > Mn (0.2990 mg/1) >
Zn (0.0604 mg/l) > Cu (0.0139 mg/1) > Pb (0.0137 mg/1) > Co (0.00506 mg/l) >
Ni (0.0039 mg/l ) = Cr (0.0039 mg/l) > As (0.0002 mg/1) > Cd (0.00007 mg/1).
Health hazards were identified in some surface water locations for instance iron
(Fe) exceeds the Nigerian standard guideline value in all locations except SWS§,
SW13, SW15 and SW19. Also, manganese (Mn) exceeds the standard guideline
value in SW6, SW9, SW10, SW21 and SW 23 as well as lead (Pb) in SW1, SW2,
SW7, SW9, SW10 and SW16 as shown in Table 4.

In groundwater, the mean concentration of heavy metals is the following or-
der: Fe (0.339 mg/l) > Zn (0.0518 mg/l) > Mn (0.03512 mg/l) > Cu (0.0133
mg/1) > Ni (0.0026 mg/1) > Pb (0.0020 mg/l) > Co (0.00102 mg/l) > As (0) = Cd
(0). It was also observed that the Iron (Fe) concentration surpasses the Nigerian
standard guideline in GW9, GW11, GW13, GW14 and GW 17. Likewise, Lead
(Pb) in GW22 as displayed in Table 5, which pose a vulnerability risk to the in-
habitants.
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Table 4. Heavy metal concentration and physical parameters in surface water.

TDS
(ppm)
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Table 5. Heavy metal concentration and physical parameters in groundwater.

TDS
(ppm)
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(°C) (ps/cm)

mg/l

mg/l

mg/l

Lat

Long

Des

Sample

Sample

No

location

365 6.5 168

233

01T X¢C

cOTXT'T

0T X 8T

0T X £9°€

0T X ¥¢'1

0T XGT

01 X6°C

0T XO0'T

o

GW1 HDW 8.8775 9.7231

Vweil

160 6.6 102

23.6

0T X 64°T

0T X LT

0T X 6T

0T X 88°C

0T X 8T°C

c0TXTT

0T X /L'¢

0T X 65T

o

GW2 HDW 8.8734 9.7216

Vwei2

345 6.4 221

25.3

0T X 6¢°T

0T XTT

0T X L°L

0T X 0S'T

01 X9T1°C

cOIXTT

0T X TS'T

01 X 8T'T

o

GW3 HDW 8.9034 9.7159

Bisichil

286 6.3 183

26.1

0T X 6€%

0T X €T

0T X ST

0T X 109

0T X 8L

cOTXT'T

0T X6C

0T X 09

(=]

GW4 HDW 8.9081 9.7200

Bisichi 2

209 6.5 134

26.3

01 X 88T

40T X 0L

01 X0C

0T X §9°€

-0 X 69°C

0T XTT

01 X9C

0L X¥'6

(=]

GW5 HDW 8.9096 9.7134

Bisichi3

412 6.0 264

319

01 X¥0°C

0T X LT

0T X S6'F

0T X¥9

0T X 0T

01 X6'C

0T X 67T

(=]

GW6 HDW 8.9360 9.6974

Rassal

290 6.6 186

26.5

0T X LET

LOIX 06

0T X ST

01 X STH

0T X ¥8°'1

0T X LT

0T XTC

0T X G'F

o

BH 8.9285 9.6973

GW7

Rassa2

220 6.0 141

26.2

0T X 69

0T XG€E

0T X 8¢

0T X ET'T

0L X I¥P'T

0T X 1T'L

0T XT9

0T X €9

o

BH 8.9310 9.7071

GW8

Rassa3

291 6.4 186

24.6

0T X 20T

»0T X 09

0T X0C

0T X IE'T

01 X ¥8°6

0T X9

0T X6C

01 X L°§

o

Dunduma GW9 HDW 8.9099 9.6881

772 6.2 494

26.5

0T X9%°C

0T X €T

0T X LT

0T X 9%°Z

01 X94°C

0T X ¥8'T

0T X¥'¢

01 XTC

o

GW10 BH 8.8977 9.6888

Dalor
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644 6.4 412

23.3

0T X €9°C

0T XTT

0T X 8T

0T X 86'F

01 X ¥8°9

0T XFT

0T X9C

0T X9%'C

o

GW11 HDW 8.9093 9.5417

Zatl

272 6.3 174

25.3

0T X¢'8

» 0T X 0°€

0T X 0T

0T X 65T

0T X L0'T

» 0T X 0L

0T X0C

0T X T9

o

GW12 HDW 8.9070 9.5442

Zat2

344 6.1 220

26.0

0T X¢6°¢

0T X9

0T X 6%

0T XTI'T

0T X ¥L9

0T X LT'8

0T X¢P

0T X 88

o

Sabonlayi GW13 BH 8.8896 9.5521

399 6.6 255

24.8

0T X #8°T

»-0T X 09

0T X 8T

0T X 8.6

0T X 1€°8

cOTXT'T

0T X LT

0T X791

o

GW14 HDW 8.9410 9.5807

Nding

840 6.2 538

23.6

01 XTLC

cOTXTF

01 XT¢

0T X 89T

0T X 60T

0T XOT

01T X6'¢

»-01 X 09

0T X 6¢€°¢

cOTXTT

GW15 HDW 8.8987 9.5893

Kassa

495 8.7 317

22.6

0T X ¥E'T

»0I X 0F

0T X 8T

0T X 18T

0T X 20T

0T X 8¢

01 X8C

0T X L'¢

(=]

GW16 HDW 8.8953 9.6175

Rayogot

833 7.1 539

25.3

01 X9L°¢

0T X 0€

01T X0°¢

0T X 6€°L

6¢€€C

0T X TE'T

01 X9C

01 X 86°¢

(=]

GW17 HDW 8.9389 9.6261

Rachess

337 7.7 216

26.1

0T X 8T

»-0I X 06

0T X¥'T

0T X €8°C

0T X¢d

cOTXTF

0T X ¥y

01 X 9T

(=]

GWI18 BH 8.8917 9.6269

Chit

190 7.3 123

26.0

0T X 85°C

0T X 0T

0T X6'C

0T XTT

0T X¢'C

0T X ¥8'T

0T X ¥

01 XTC

o

Heipang GW19 BH 8.8922 9.6419

252 6.7 161

26.1

-0 X ¥%0°'T

0T X LT

0T X0L

0T X 19'T

0T X06

0T XF'S

0T XT'C

» 0T X 06

0T X 6%

o

GW20 BH 8.8933 9.6503

Pwamol

6.2 102

160

o
-
0T X9L'T
cOTXTF
0T X8T
.01 X 05°C
LOTX TS
0T X 6T'T

0T XSS

0T X L'¥

o

BH 8.8825 9.6697

GW21

Ban

192 7.0 124

29.7

0T X L9'T

0T X LT'T

0T X0C

0T X LT'T

-0 X 61'C

0T X €TF

0T X¢C

0T X 6T

o

GW22 BH 8.8906 9.6778

Yow

253 7.5 162

24.8

01 X €99

»0I X 0F

0T XO0'T

0T X €€°C

0T X TV

0T XGT

01 X6'C

01 X0°C

(=]

Kuru Jenta GW23 HDW 8.8800 9.6914
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Nigerian Standard Guideline Value

Minimum

Maximum

Mean

Standard Deviation

6.5-8.5 500

1.0 x 1072
3.0 x 103
5.0 x 1072
1
3.0x 107"
2.0x 107!
2.0%x 1072
1.0 x 1072
3

226 160 6 102

0
1.9x10™*
0
2.0%x 107
7.0x 107
9.0x 107
1.2x10°°
1.0 x 107
0
6.6 x 1073

319 840 8.7 538

1.1 x 1073
3.58 x 1073
9.0x 107
1.52 x 1072
8.17 x 1072
2.339
1.68 x 107!
7.7 x 1073
1.27 x 1072
4.39x 107!

259 3722 6.7 2355

0
1.02 x 10°

0
3.8x1072
1.33x 107
3.51 x 1072
2.6%x107
2.0x 107
5.18 x 1072

3.39x 107!

2.31 207.8 0.64 133.8

2.0x 107
1.0 x 10°
0
2.7%x107
2.23 x 1072
5.15 x 107"
3.66 x 1072
1.8x 107
2.7 %107
9.18 x 1072

4.3. Health Risk Assessment

4.3.1. Surface Water

The hazard quotient (HQ) for adults as shown in Table 6 disclosed one (1) site
within the study area that raises concern i.e. Rassal with a range of values from
0.018458 (low adverse health risk) to 1.65945 (medium non carcinogenic risk;
USEPA, 1999). All the other sites sampled have HQ values between <0.1 to 0.1
< 1 implying negligible to low non carcinogenic risk (Table 3). However, consi-
dering the summation of HQ values for each location i.e. Hazard index (HI) for
adults; Rassal added up to 4.98592 (high adverse health risk), Rassa2 with HI
value of 1.198292 (medium adverse health risk) and Pwamol2 with HI value of
1.353486 implying medium non carcinogenic health risk. However, the HI val-
ues range from 0.095989 (negligible health risk) located at Britvic to 4.985952
(high non carcinogenic health risk; USEPA, 1999) at Rassal with an average HI
value for adults of 0.65091 indicating low non carcinogenic health risk according
to the USEPA, 1999 rating.

In addition, two (2) problematic locations (Rassaland Pwamol2) were re-
vealed with respect to the computations for the non carcinogenic risk in children
as shown in Table 7. In Rassal the range of HQ values is from 0.02568 to 2.3088
indicating negligible to medium non carcinogenic health risk (USEPA, 1999).
While Pwamol2 has HQ values between 0.004187 to 1.250857 signifying negligi-
ble to medium non carcinogenic health risk on children (USEPA, 1999). In view
of the additive effect of HQ’s i.e. HI for children, the range is between 0.13355 to
6.936977 (low to high non carcinogenic health risk). These extreme range values
are situated at Britvic and Rassal respectively as displayed in Table 7. The prob-
lematic locations include Vwei (HI value of 1.33215) implying medium adverse
health risk, Bisichil (HI = 1.3358) medium adverse health risk and Kuru Jenta2
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Table 6. Hazard quotient (HQ) and Hazard Index (HI) for adults in surface water.

Sample .
location As Cd Cr Cu Co Fe Mn Ni Pb Zn Y HQ=HI
Vwei 9.583x 107 0 6.517 x 1072 2.228 x 1072 7.446 x 107 2.186 x 107 4.944 x 1072 8.625 x 107 5.635 x 107 1.286 x 1072 9.5748 x 10"
Bisichil 1.725x 107 7.36 x 107 8.625 x 1072 5.103 x 1072 6.181 x 107> 1.370 x 107! 7.541 x 1072 2.818 x 107> 4.304 x 107! 5.478 x 1072 9.6012 x 10~
Bisichi2 0 0 5.558 x 1072 1.323 x 1072 3.278 x 107 2.678 x 1072 1.422 x 1072 6.325 x 107 8.707 x 1072 5.041 x 10~ 2.115 x 107"
Dunduma 0 6.9 x 107 4.025x 1072 8.769 x 107 3.479 x 107 9.857 x 1072 5.161 x 1072 6.325 x 10~ 3.286 x 1072 5.942 x 107 2.5470 x 10"
Zira 0 0 5.367 x 1072 1.481 x 1072 2.818 x 107 4.575 x 1072 2.549 x 1072 5.75x 107 5.421 x 1072 3.718 x 107 2.0622 x 10"
Kuru Jental 0 6.9%x 107 5.367 x 1072 2.487 x 1072 7.676 x 107 1.599 x 107" 8.822 x 1072 8.625 x 107> 9.857 x 107% 1.278 x 1072 4.6125 x 10™*

Kuru Jenta2 1.533 x 1072 3.22 x 107 8.433 x 1072 3.809 x 1072 4.370 x 10~ 3.085 x 107" 4.980 x 102 1.61 x 102 2.514 x 107" 2.147 x 1072 8.2151 x 10!

Rahai
Rassal
Rassa2
Gassal
Gassa2
Britvic

Hwol Gassa

Pol.BarrK
B/Ladi

Rakung
Kworosl
Kworos2
Kworos3
Pwamoll
Pwamol2

Chit

Kassa

0

0

4.792 x 102 9.775 x 107 7.776 x 10™* 6.90 x 10 7.894 x 107 5.175 x 107 1.643 x 107 2.568 x 107 9.7434 x 107>

2.491 x 1072 3.335 x 107 3.546 x 107" 6.512 x 1072 2.111 x 107" 1.65945 1.17730 4.198 x 10 1.399714 1.846x 1072  4.985952

1.725x 1072 5.75 x 107 7.092 x 1072 2.329 x 1072 2.496 x 107 6.845 x 10~ 1.607 x 107" 1.179 x 1072 1.922 x 107" 6.938 x 10>  1.198292

0

0

0

0

0

0
2.3x107

0

0

1.955 x 1072

0
0

6.9x 107

0

1.035 x 1072

0

7.858 x 107 2.171 x 1072 7.504 x 107° 1.532 x 107" 6.194 x 107 1.035 x 107> 1.364 x 107" 1.558 x 1072 5.0477 x 10"
4.983 x 1072 6.469 x 107 1.984 x 107 3.861 x 107> 2.980 x 107> 4.889 x 10~ 2.30 x 107> 2.568 x 107* 1.5715 x 107"
3.642 x 107 7.763 x 107 8.05 x 107" 1.651 x 1072 1.235 x 107 3.738 x 107* 1.643 x 1072 1.974 x 10~ 9.599 x 107>

5.175 x 107 1.452 x 1072 3.134 x 107 6.358 x 1072 2.420 x 1072 6.613 x 107 4.271 x 1072 6.095 x 10~ 2.1951 x 10"

4.025x 102 9.344 x 107 7.48 x 107 8.625x 107 1.344 x 1072 4.60 x 107 2.3 x 102 2.952 x 107 1.0296 x 107"

6.517 x 107 2.00 x 107> 8.108 x 107° 1.513 x 107" 4.096 x 107 8.913 x 107 1.971 x 107! 9.277 x 107 5.112 x 10™"
5.558 x 1072 1.021 x 1072 2.415 x 107 8.477 x 1072 2.640 x 1072 6.613 x 10~ 8.05 x 107> 6.498 x 10~ 2.7299 x 10"
5.942 x 1072 8.194 x 10 6.04 x 107* 2.473 x 1072 1.832 x 107 5.75 x 10 2.464 x 1072 3.316 x 10~ 1.4497 x 10"
5.558 x 107 1.107 x 107% 1.006 x 107> 2.045 x 1072 1.403 x 1072 5.175 x 107 2.793 x 107* 3.086 x 10~ 1.3833 x 10"
7.667 x 107 1.826 x 1072 1.754 x 107 2.857 x 107" 2.165 x 107 1.236 x 107 1.15x 107> 6.133 x 107 4.3401 x 10"
7.667 x 107 6.038 x 107° 1.909 x 1072 8.991 x 10" 3.008 x 107" 7.763 x 107* 1.807 x 1072 3.009 x 10~  1.35349

6.325 x 107 3.163 x 107 2.588 x 107° 1.870 x 10" 2.503 x 107 6.325 x 107 8.214 x 107 1.476 x 10~ 3.9708 x 10"

5.942 x 1072 7.763 x 107 1.248 x 1072 3.162 x 10~ 1.690 x 107" 8.05 x 10~ 8.214 x 107 2.913 x 10~ 5.8391 x 10"

Table 7. Hazard quotient (HQ) and Hazard Index (HI) for children in surface water.

Sample .
location As Cd Cr Cu Co Fe Mn Ni Pb Zn YHQ=HI
Vwei 1.333 x 1072 0 9.067 x 107 3.10 x 107 1.036 x 107 3.041 x 107" 6.878 x 10 1.20 x 10 7.84 x 107" 1.789 x 107 1.33215
Bisichil 24%x 107 1.024x 107" 1.20x 107" 7.10 x 102 8.60 x 10~ 1.906 x 107" 1.049 x 107" 3.92x 102 5.99 x 10" 7.621 x 102  1.33582
Bisichi2 0 0 7.733x 107 1.84 x 10 4.56 x 10 3.726 x 1072 1.978 x 1072 8.80 x 10~ 1.211 x 107! 7.013 x 10 2.943 x 10~
Dunduma 0 9.60 x 107 5.60 x 10 1.22x 107 4.84 x 107 1.371x 107" 7.181 x 107> 8.80 x 10~ 4.571 x 107> 8.267 x 107 3.544 x 107"
Zira 0 0 7.467 x 1072 2.06 x 10 3.92 x 107 6.366 x 1072 3.547 x 1072 8.00 x 10~ 7.542 x 1072 5.173 x 10 2.869 x 10~
Kuru Jental 0 9.60 x 10 7.467 x 107 3.46 x 107 1.068 x 107 2.225 x 107" 1.227 x 107" 1.20 x 10 1.371 x 107" 1.779 x 107 6.417 x 107"

Kuru Jenta2 2.133 x 107 4.48 x 1072

1.173x 107" 5.30 X 107 6.08 x 107 4.291 x 107" 6.929 x 107 2.24 x 107 3.497 x 107" 2.988 x 107>  1.14296

Rahai 0 0 6.667 x 10 1.36 x 107 1.08 x 10 9.6 x 107 1.098 x 1072 7.20 x 10~ 2.286 x 1072 3.573 x 10~ 1.356 x 10™*
Rassal 3.467 x 1072 4.64 x 1072 4.933x 107" 9.06 x 107 2.937 x 107" 2.3088 1.6380 5.84 x 1072 1.9474 2.568 x 10  6.93697
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Rassa2 240 x 102 8.0 x 107 9.867 x 1072 3.24 x 107 3.472 x 1072 9.523 x 107" 2.236 x 107" 1.64 x 1072 2.674 x 107 9.653 x 10~  1.6672
Gassal 0 2.72% 1072 1.093 x 10" 3.02 x 10 1.044 x 107 2.131 x 107" 8.618 x 107> 1.44 x 107> 1.897 x 107" 2.168 x 107> 7.022 x 107"
Gassa2 0 0 6.933x 102 9.0x 107 2.76 x 107 5.371 x 107 4.145 x 1072 6.80 x 10~ 3.200 x 1072 3.573 x 10~ 2.186 x 107"
Britvic 0 0 5.067 x 1072 1.08 x 102 1.12 x 107 2.297 x 102 1.719 x 107 5.20 x 10~ 2.286 x 1072 2.747 x 107 1.336 x 10"
Hwol Gassa 0 9.60 X107 7.20x 102 2.02x 1072 4.36 x 10 8.846 x 1072 3.367 x 102 9.20 x 107 5.942 x 107> 8.48 x 10~ 3.054 x 107!
Pol.BarrK ., , o >, ., . > _3 o

B/Ladi 0 0 5.60 x 10 1.30 x 10" 1.04 x 10 1.20 x 10™° 1.870 x 10™° 6.40 x 10~ 3.20 x 10™ 4.107 x 107 1.423 x 10

Rakung 0 1.44 x 1072 9.067 x 1072 2.78 x 1072 1.128 x 1072 2.105 x 107" 5.698 x 107 1.24 x 1072 2.743 x 107! 1.291 x 1072 7.112 x 10!
Kworosl 0 0 7.733x 1072 1.42x 1072 3.36x 107 1.179x 107! 3.673 x 102 9.20 x 10~ 1.12x 107" 9.04 x 107 3.798 x 107"
Kworos2 0 0 8.267x 107 1.14x 107 8.4x10™ 3.44x107% 2.55x 107 8.00 x 107 3.429 x 107* 4.613 x 107 2.017 x 107"
Kworos3 0 0 7.733x 1077 1.54 x 10 1.40 x 10 2.846 x 10 1.951 x 107> 7.20 x 107 3.886 x 107" 4.293 x 107 1.923 x 10"
Pwamoll 0 0 1.067 x 107" 2.54 x 107 2.44 x 10 3.975x 107" 3.011 x 107> 1.72 x 10 1.60 x 10 8.533 x 10~ 6.038 x 10™"

Pwamol2  3.20 x 107 0 1.067 x 107! 8.40 x 107 2.656 x 102 1.25086 4.185x 107! 1.08 x 107 2.514 x 1072 4.187 x 10  1.8831
Chit 0 0 8.80 x 102 4.40 x 10 3.60 x 10 2.602 x 107" 3.482 x 1072 8.80 x 107 1.143 x 107" 2.053 x 107 4.133 x 107!
Kassa 0 0 8.267 x 1072 1.08 x 1072 1.736 x 1072 4.399 x 107! 2.35x 107" 1.12x 107 1.143 x 107! 4.053 x 10~ 8.124 x 107"

(HI= 1.14296 indicating medium adverse health risk). Others include Rassal
where HI is 6.936977 implying high adverse health risk, Rassa2 (HI = 1.667189)
meaning medium adverse health risk as well as Pwamol2 with HI value of 1.88311
suggesting medium non carcinogenic health risk. However, the average HI value
in this case is 0.90561 implying low non carcinogenic health risk.

The cancer risk levels of As for adults through exposure to the surface water
sources within the study area range from 7.8E—05 (medium cancer risk; USEPA,
1999) to 1.0E—04 (high cancer risk) located at Rassa2 and Pwamol2 respectively.
On the average, the cancer risk of As for adults is 8.1E-05 (medium cancer risk)
implying an approximate number of eight (8) people in a hundred thousand. In
the same way, the cancer risk levels of As for children ranges from 6.0E-05 (me-
dium cancer risk level; USEPA, 1999) to 1.0E-04 (high cancer risk) situated at
Vwei and Kuru Jenta2 respectively with an average value of 1.1E-04 (high can-
cer risk) i.e. one (1) person in a total of 10,000 people. This is displayed in Table
8 below.

The carcinogenic risk of cadmium (Cd) for adults range from 6.3E-06 (low
cancer risk; USEPA, 1999) to 1.4E-05 (medium cancer risk) observed in Rassal
and Bisichil respectively. The average cancer risk level in this case is 4.1E-06
(low cancer risk) meaning four (4) people in a million. Similarly, the cancer risk
of Cd in children range from 8.8E—06 (low cancer risk) to 2.0E-05 (medium
cancer risk; USEPA, 1999) at Rassal and Bisichil, with an overall average of
5.8E—06 (low cancer risk) implying an approximate figure of six (6) persons in a
total of one million people.

The cancer risk of chromium (Cr) in adults range from 9.4E-03 to 1.0E-02
(Table 8) considered as very high cancer risk (USEPA, 1999) with an average
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Table 8. Cancer risk for adults and children in surface water.

CANCER (ADULT) CANCER (CHILDREN)

Sample location As Cd Cr As Cd Cr
Vwei 4.3E-05 0 8.0E-03 6.0E-05 0 1.1E-02
Bisichil 7.8E-05 1.4E-05 1.2E-02 1.1E-04 2.0E-05 1.5E-02
Bisichi2 0 0 6.8E-03 0 0 9.5E-03
Dunduma 0 1.3E-06 5.0E-03 0 1.8E-06 6.9E-03
Zira 0 0 6.6E-03 0 0 9.2E-03
Kuru Jental 0 1.3E-06 6.6E-03 0 1.8E-06 9.2E-03
Kuru Jenta2 6.9E-05 6.1E-06 1.0E-02 1.0E-04 8.5E-06 1.4E-02
Rahai 0 0 5.9E-03 0 0 8.2E-03
Rassal 1.2E-04 6.3E-06 4.4E-02 1.6E-04 8.8E-06 6.1E-02
Rassa2 7.8E-05 1.1E-06 8.7E-03 1.1E-04 1.5E-06 1.2E-02
Gassal 0 3.7E-06 1.0E-02 0 5.2E-06 1.4E-02
Gassa2 0 0 6.1E-03 0 0 8.5E-03
Britvic 0 0 4.5E-03 0 0 6.2E-03
Hwol Gassa 0 1.3E-06 6.4E-03 0 1.8E-06 8.9E-03
Pol.BarrK B/Ladi 0 0 5.0E-03 0 0 6.9E-03
Rakung 0 2.0E-06 8.0E-03 0 2.7E-06 1.1E-02
Kworosl 0 0 6.8E-03 0 0 9.5E-03
Kworos2 0 0 7.3E-03 0 0 1.0E-02
Kworos3 0 0 6.8E-03 0 0 9.5E-03
Pwamoll 0 0 9.4E-03 0 0 1.3E-02
Pwamol2 1.0E-04 0 9.4E-03 1.4E-04 0 1.3E-02
Chit 0 0 7.8E-03 0 0 1.1E-02
Kassa 0 0 7.3E-03 0 0 1.0E-02
Mean value 8.1E-05 4.1E-06 9.1E-03 1.1E-04 5.8E-06 1.3E-02

value of 9.1E-03 (very high cancer risk) meaning nine (9) persons in one thou-
sand people. A similar situation is seen in the cancer risk of Cr in children where
the range is from 9.5E-03 to 1.0E—02 as shown in Table 8, with an average value

of 1.3E-02 (very high cancer risk) i.e. one (1) person in a pool of one hundred.

4.3.2. Groundwater

The calculated HQ for adults in groundwater on behalf of all the metals consi-
dered range from 0 - 0.291333 indicating negligible to low non carcinogenic risk.
Similarly, the HI for the adults in groundwater range from 0.066046 (negligible
non cancer risk) to 0.377082 (low non carcinogenic risk) as shown in Table 9
which does not pose a serious health concern. Similarly, the HQ for children in

groundwater range from 0 to 0.405333 signifying negligible to low non cancer
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Table 9. Hazard Quotient (HQ), Hazard Index (HI) for adults in groundwater.

Sample
Location

Vweil 0
Vwei2 0
Bisichil 0
Bisichi2 0
Bisichi3 0
Rassal 0
Rassa2 0
Rassa3 0
Dunduma 0
Dalor 0
Zatl 0
Zat2 0

Sabon
layi 0
Nding 0

Cd Cr Cu Co Fe Mn Ni Pb Zn YHQ = HI

0 5.556 x 10722.156 x 107°7.446 x 101.107 x 10721.505 x 10725.175 x 107°1.807 x 10724.408 x 107>1.189 x 10"
0 7.092 x 10723.163 X 107°6.181 x 10°1.791 x 10721.184 x 10725.463 x 107°2.793 x 10723.431 x 107°1.468 x 107"
0 2913 x107'1.725 X 107°3.278 x 107°1.774 x 10726.148 x 107°2.214 X 10721.971 X 10722.664 x 10733.647 x 107"
0 5.558 x 10721.581 X 107°3.479 x 10736.407 x 10732.468 x 104.313 x 107°2.136 X 10728.414 x 10721.793 x 107"
0 4.983 x 10723.019 x 10732.818 x 107°2.210 x 10721.499 x 107%5.750 x 107>1.150 x 10723.603 x 101.136 x 10!
0 4.792 x 10721.438 x 10737.475 x 107°5.257 x 107°2.031 x 10724.888 x 1073 0 3.910 x 107%9.120 x 1072
0 4.025 x 10722.444 x 10°4.370 x 10 1.511 x 1021.747 x 10724.313 x 10738.214 x 10738.376 x 101.006 x 10!
0 1.188 x 107'1.036 x 107'7.760 x 107#1.158 x 10724.633 x 107°1.093 x 107 5.75 X 107> 1.336 x 10723.213 x 107!
0 5.558 X 10725.175 X 107°2.111 x 107'8.083 x 10725.397 x 107 5.75 x 107> 9.857 X 1071.955 x 10733.757 x 107"
0 6.517 X 10722.645 X 10722.495 x 10722.267 x 10723.064 x 107°4.888 x 107°2.136 x 10724.715 x 1071.733 x 107"
0 4.983 x 10722.013 x 1077.504 x 107°5.618 x 10722.046 x 10725.175 x 107°1.971 x 10725.041 x 101.659 x 10!

0 3.833 x 10721.006 x 107°1.984 x 10738.789 x 10736.539 x 107°2.875 x 107°4.929 x 107°1.591 x 10736.605 x 1072

0 8.242 x 107%1.174 x 1078.050 x 107*5.536 x 10728.699 x 107°1.409 X 10725.914 X 10727.533 x 10733.455 x 107"

0 5.175x 10721.581 x 107°3.134 x 107°6.826 x 10724.017 x 10725.175 x 107°9.857 x 1073.527 x 107°1.835 x 10"

Kassa 2.108 x 1072 6.90 x 107 6.708 x 1072 2.30 x 10 7.480 x 107*8.625 x 107°6.885 x 1072 9.20 x 107> 6.736 x 10725.213 x 107°2.574 x 107"

Rayogot 0
Rachess 0
Chit 0
Heipang 0
Pwamol 0
Ban 0
Yow 0
Kuru
Jenta

0 5.367 x 107%5.463 x 107°8.108 x 107°8.379 x 101.153 x 10725.175 x 107°6.571 x 107°2.568 x 107°1.015 x 10!
0 4.983 x 10721.897 x 10722.415 x 101.921 x 107'3.036 X 10728.625 x 107°4.929 x 10727.207 x 107°3.588 x 10"
0 8.433 x 107%5.894 x 107°6.040 x 107*3.532 x 107°1.160 x 10724.025 x 107°1.478 X 10723.450 x 10731.282 x 107"
0 1.035 x 107'2.645 x 10721.006 x 1071.889 x 1074.930 X 107*8.338 x 107°1.643 x 10724.945 x 10°1.631 x 10!
1.035 x 10724.025 x 10727.763 x 10 1.754 x 107> 7.39 x 10™* 6.625 x 10732.013 x 10722.793 x 1021.995 x 1071.355 x 107!
0 1.054 x 107" 1.711 x 10721.909 x 10724.189 x 1021.027 x 1078.050 x 10736.736 x 10723.373 x 107°2.349 x 107!

0 4.408 x 10726.081 x 10722.588 x 10°1.799 x 10725.196 x 107°5.750 x 10732.086 x 107'3.203 x 1023.771 x 10!

0 4.792 x 10722.156 x 10721.248 x 1072 3.45 x 107 9.586 x 107°2.875 x 107°6.571 x 107°1.265 x 101.057 x 10"

health risk. Also, the HI values range from 0.09189 to 0.524636 (Table 10) de-
noting negligible to low non cancer risk on children (USEPA, 1999).

From Table 11, the cancer risk of arsenic for adults through exposure to
groundwater within the study area is situated in Kassa with a value of 9.5E-05
(medium cancer risk; USEPA, 1999). Similarly, the cancer risk of arsenic in the
case for children in groundwater is located in Kassa with a value of 1.3E-04
(high cancer risk) as shown in Table 11.

The cancer risk of cadmium for adults in groundwater range from 1.31E-06
to 1.97E—06 (Table 11) located at Kassa and Pwamol respectively, implying low
cancer risk (USEPA, 1999) for the two sites. Similarly, the cancer risk of cad-
mium for children in groundwater range from 1.82E-06 to 2.74E-06 at Kassa

and Pwamol respectively, interpreted as low cancer risk (USEPA, 1999).
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Table 10. Hazard Quotient (HQ), Hazard Index (HI) for children in groundwater.

Sampl
N amt[? € As cd Cr Cu Co Fe Mn Ni Pb Zn  IHQ-=HI
ocation
Vweil 0 0 7.733x 107 3.00 x 10 1.036 x 1021.531 x 1022.094 x 10 7.20 x 10~ 2.514 x 1026.133 x 101.654 x 10~
Vwei2 0 0 9.867x 1072 4.40 x 10° 8.60 x 10~ 2.491 x 1021.647 x 10 7.60 x 10 3.886 x 1024.773 x 102.043 x 10!
Bisichil 0 0 4.053x 107 2.40 x 10 4.56 x 10~ 2.469 x 1028.554 x 10 3.08 x 102 2.743 x 1023.707 x 10-35.075 x 10"
Bisichi2 0 0 7.733x1072.20x 10 4.84x 10~ 8.914 x 103.434 x 10~ 6.00 x 10~ 2.971 x 1021.171 x 10" 2.495 x 10~
Bisichi3 0 0 6.933x1074.20x 107 3.92x 10~ 3.074 x 1022.087 x 102 8.00 x 10 1.60 x 102 5.013 x 101.581 x 10~
Rassal 0 0 6.667x1072.00x10° 1.04x 1072 7.314 x 10°2.826 x 1026.800 x 10° 0 5.44 x 107 1.269 x 107!
Rassa2 0 0 5.60 x 107 3.40 x 10 6.08 x 10~ 2.103 x 1022.431 x 10~ 6.00 x 10~ 1.143 x 1021.165 x 1021.400 x 10~
Rassa3 0 0 1.653x107'1.442x 107 1.08 x 10~ 1.611 x 1026.446 x 101.520 x 10 8.00 x 102 1.859 x 1024.470 x 10"
Dunduma 0 0 7.733x 1072 7.20 x 10~ 2.938 x 107 1.125 x 1027.509 x 10 8.00 x 10~ 1.371 x 1022.720 x 10-35.227 x 10~
Dalor 0 0 9.067 x 1023.680 x 1023.472 x 1023.154 x 1024.263 x 1026.800 x 102.971 x 1026.560 x 1032.411 x 10"
Zatl 0 0 6.933x1072.80 x 10~ 1.044 x 1027.817 x 1022.847 x 102 7.20 x 10 2.743 x 1027.013 x 1032.309 x 10~
Zat2 0 0 5333x107 140 x 107 2.76 x 10~ 1.223 x 1029.097 x 10~ 4.00 x 10~ 6.857 x 102.213 x 109.189 x 102
Sabon . - _ 2 2 -2 -2 2 -1
o 0 0 1147x 107 1.634x 107 1.12 x 1073 7.703 x 1021.210 x 102 1.96 x 102 8.229 x 102 1.048 x 102 4.807 x 10
ayi
Nding 0 0 7.20 X 10 2.20 x 10 4.36 x 10 9.50 x 10~ 5.589 x 10~ 7.20 x 10~ 1.371 x 1024.907 x 102552 x 10~

Kassa 2.933x107% 9.60 x 107

Rayogot
Rachess
Chit
Heipang
Pwamol
Ban

Yow

Kuru
Jenta

0
0
0
0
1.44 x 1072
0

0

9.333x 1072 3.20 x 10 1.04 x 10 1.20 X 107 9.579 x 10721.280 x 10729.371 X 10727.253 x 10733.581 x 107"
7.467 x 107 7.60 x 107 1.128 x 10721.166 x 10721.603 x 1072 7.20 x 107 9.143 X 1073.573 x 1071.412 x 107"
6.933 x 1072 2.64 x 1072 3.36 X 107 2.673 x 107'4.225 x 1072 1.20 x 107 6.857 x 10721.003 x 10724.992 x 10°!
1.173 x 1072 8.20 x 10~ 8.40 x 107 4.914 x 107°1.614 x 1072 5.60 x 10~* 2.057 x 1072 4.80 x 107> 1.784 x 107!
1.44 x 107" 3.68 x 10% 1.40 x 107> 2.629 x 107°6.860 x 107* 1.16 x 107> 2.286 x 1072 6.88 x 107> 2.269 x 107!
5.60 x 1072 1.08 x 1072 2.44 x 107> 1.029 X 1079.217 x 10~ 2.80 x 1072 3.886 x 10722.776 x 107*1.885 x 107"
1.467 x 107" 2.38 X 1072 2.656 x 10725.829 x 107 1.429 X 107 1.12 x 107% 9.371 x 10724.693 x 107°3.268 x 10!

6.133 x 1072 8.46 x 1072 3.60 x 107* 2.503 x 10727.229 x 10~ 8.00 x 107 2.903 x 1074.456 x 10725.246 x 107"

6.667 x 107 3.00 x 1072 1.736 x 1072 4.80 x 107> 1.334 x 1072 4.00 x 107 9.143 x 107°1.760 x 1071.471 x 10™"!

Table 11. Cancer risk for adults and children in groundwater.

CANCER (ADULT) CANCER (CHILDREN)
Sample location As Cd Cr As Cd Cr
Vweil 0 0 6.8E-03 0 0 9.5E-03
Vwei2 0 0 8.7E-03 0 0 1.2E-02
Bisichil 0 0 3.6E-02 0 0 5.0E-02
Bisichi2 0 0 6.8E-03 0 0 9.5E-03
Bisichi3 0 0 6.1E-03 0 0 8.5E-03
Rassal 0 0 5.9E-03 0 0 8.2E-03
Rassa2 0 0 5.0E-03 0 0 6.9E-03
Rassa3 0 0 1.5E-02 0 0 2.0E-02
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Continued
Dunduma 0 0 6.8E-03 0 0 9.5E-03
Dalor 0 0 8.0E-03 0 0 1.1E-02
Zatl 0 0 6.1E-03 0 0 8.5E-03
Zat2 0 0 4.7E-03 0 0 6.6E-03
Sabon layi 0 0 1.0E-02 0 0 1.4E-02
Nding 0 0 6.4E-03 0 0 8.9E-03
Kassa 9.5E-05 1.31E-06 8.3E-03 1.3E-04 1.82E-06 1.2E-02
Rayogot 0 0 6.6E-03 0 0 9.2E-03
Rachess 0 0 6.1E-03 0 0 8.5E-03
Chit 0 0 1.0E-02 0 0 1.4E-02
Heipang 0 0 1.3E-02 0 0 1.8E-02
Pwamol 0 1.97E-06  5.0E-03 0 2.74E-06 6.9E-03
Ban 0 0 1.3E-02 0 0 1.8E-02
Yow 0 0 5.4E-03 0 0 7.5E-03
Kuru Jenta 0 0 5.9E-03 0 0 8.2E-03

Mean value 3.17E-05 1.09E-06  6.7E-03 4.33E-05 1.52E-06 9.5E-03

The cancer risk of chromium for adults in groundwater ranges from 8.3E-03
to 1.0E-02 (Table 11) deduced as very high cancer risk (USEPA, 1999). A simi-
lar situation is seen in the case of the children where the cancer risk of chro-
mium in groundwater ranges from 9.5E-03 to 1.1E-02 implying very high can-
cer risk (USEPA, 1999).

5. Conclusion and Recommendations

According to the findings in this research, the human health risk levels asso-
ciated with the consumption/irrigation domestic use of the surface water re-
sources is high as compared with the groundwater sources. However, heavy
metal movement through these two sources (ground and surface water) is ex-
pected over time. This would pose serious health problems (carcinogenic and/or
non-carcinogenic) to the residents and especially the children who consume
more water per unit of body weight than adults (ENHIS, 2007).

Consequently, it is recommended that water management plans and aware-
ness be carried out and put in place within these communities. Also, the need for
government to develop methods of restoration/reclamation of the mined out

areas is suggested.
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