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This report presents a study of seven heavy metals concentrations in rural water supplies of South East
region of Nigeria. The concentration levels of As, Hg, Cd, Pd, Cr, Cu and Fe were evaluated in samples
of water collected from the major water sources in the study area viz: streams, ponds/lakes and shallow
hand dug wells. Flame Atomic Absorption Spectroscopy was used to assay the levels of Fe, Cu, Cr, Pb,
Cd and As while cold vapour AAS was used for Hg determination. The human health risk assessment
was performed by determining the water ingestion (IW), oral daily intake (DI), hazard quotient (HQ) and
total hazard index (THI) of the metals from human oral consumption. The result of the analysis indicated
the level ranges of the metals as follows Hg. (0.00-0.01 ppm), As (0.010- -2.01 ppm); Cd (0.00-0.25 ppm);
Pd (0.38-3.04 ppm) Cr (0.01-0.65 ppm); Cu (0.21-2.65 ppm) and Fe (0.75-15.01 ppm). The risk assessment
results indicated that HQ of As, Cd, Cr and Pb were mostly of moderate risk, (HQ > 1) while those of Hg,
Fe and Cu indicated no risk. The THI of all the water bodies assessed were of high risk except one river.

Key words: Hazard quotient, risk assessment, heavy metals, rural settlements, toxicity, south east, water
sources, ingestion, oral daily intake.

INTRODUCTION

Over a billion people lack access to safe potable water
supply globally and out of this nhumber, more than 300
million people living in rural areas of sub-Saharan Africa
are being affected (Bresine, 2007). Rural settlements in
Nigeria are characterized by lack of potable water supply.
This situation makes the dwellers depend on streams,
natural ponds/ lakes, shallow hand dug wells and
harvesting of rainfalls for their whole water needs.
However, it is known that water resources in rural areas
of Nigeria are prone to pollution either by low level of
hygiene manifested by the inhabitants or by agricultural
and local industrial activities of the inhabitants (Ikem et

al., 2002; Adeleye and Adebiyi, 2003; Adekunle et al.,
2007 ).

These rural areas are most often neglected by
government as they lack basic infrastructure like potable
water, health facilities, access roads, sanitation facilities
and even electricity. The near absence of these facilities
exposes the dwellers to a variety of health related risks.
Contamination of water sources unarguably stands
prominent among the many ills plaguing the rural
settlements in developing countries.

Heavy metals pollution of water resources have been
on front burners lately due to the health risks associated



with their presence. The major anthropogenic sources of
heavy metals in rural aguatic environment are known to
be agricultural activities, homes, local markets, abattoirs
traditional industries such as blacksmithing, foundries,
and smelling of metals and crude oil (Akujieze et al.,
2003; Baccarelli and Bollati, 2009; Galadima et al., 2011;
Kaitantzian et al., 2013). All these activities severe water
sources quality by introducing harmful toxic metals into
them. It is a common knowledge that majority of water
sources in Nigeria available to local inhabitants are either
unsafe or difficult to obtain and are stressed by poor
management (Galadima et al., 2011). Hence about 60%
of the South East Nigerians which live in rural areas
continuously use water contaminated with all kinds of
germs, heavy metals, and other pollutants enough to
cause various diseases. The study of heavy metals
contamination and their adverse effect on living
organisms in aquatic environment and human beings
have been widely studied all over the world (Singh et al.,
2005; Nabi et al.,, 2007; Kimete et al., 2010; Nagehi,
2012). South Eastern Nigeria has a current population
pro&ection of 19,904,478 and cover an area of 28,821.56

km~ belonging to the forest savanna mosaic zone of
Nigeria (NPC, 2006). Of this population 11,942,687 are
rural dwellers.

The objectives of this present study were to: determine
the present levels of seven heavy metals in the water
samples; compare the obtained values with the WHO
acceptable limits for those metals in potable water and
assess the health risks of ingestion of the waters by the
determination of their daily oral intake, hazard quotient
(HQ) and total hazard index (THI). Currently no
epidemiological study has been reported in these rural
areas with regards to toxic metal poisoning.

MATERIALS AND METHODS
Study area

The study area, Uzouwani, lies between longitude 6°30" and 7°00

East and 6°55" and 7°1*North. Many rivers and streams abound in
the area which belong to the Anambra river system and consist of
17 communities described as being 100% rural content (UPA,
2010). The dwellers draw almost all their water needs from streams,
natural lakes/ponds and shallow hand-dug wells. These dwellers
are 100% agriculturists and traditional industrialist and even civil
workers practice one form of agricultural activity or the other. A
sketch map of the study area showing the sampling stations is
presented in Figure 1.

Water sample collection

The study area was divided into five agricultural cluster zones for
the purposes of sample collection. Water samples were collected
from three streams, twenty shallow hand dug wells (SHDW) and ten
lakes/pond nearest to human settlements and most susceptible to
anthropogenic influences. For each stream, six sampling status
were created to capture the entry point of pollution sources and not
in any way equidistant. Overall, 48 sampling points were created for

the study and at each sampling time, 48 water samples were
collected and analysed. The analysis was carried out once monthly
over a period of four months between August and November, 2011.
This gave a total of 192 determinations. The collection of water
samples was done with 2 L polyethene bottles washed with
detergents and copiously rinsed severally with deionized water. The
water upon collection was acidified with few drops of concentrated
nitric acid to keep the metals in solution. The samples were
transported to the analytical laboratory in an ice-water mixture
cooled boxes for analysis (Kimete et al., 2010).

Equipment and chemicals

Instrumental method was adopted using flame Atomic Absorption
Spectrophotometer (Model UNICAM 929) with air /acetylene flame
except for mercury where cold vapour was used. All chemicals
used were analytical grade reagents. Standard solutions of the
studied metals were prepared from their salts and used for
calibration curve for Fe, Cu, Cr, Pb, Cd, As and Hg. Their standard
solutions were prepared in aqueous solutions containing 2% of
nitric acid. The determinations were carried out according to the
standard methods for water quality (APHA, 1998).

The limit of detection for the metals were calculated as three
times the standard deviation for the digested blanks (n = 5). Also
the limit of quantiation LOQ was got as three times the LOD. The
values of LOQ and LOD obtained are shown in Table 1.

Health risk assessment

The exposure of the rural dwellers to toxic metal contamination in
the water samples were quantified using the equation developed by
Bockting et al. (1996) to obtain the ingestion of water samples this
ingestion of surface water (mg/kg/day):

[CWXIRWXEFXAF]+BW

Where

IW = Injestion rate of surface water (litre/exposure
day), EF = Exposure frequency,

AF = Absorption factor,

BW = Body weight.

Health Risk assessment of the toxicants was interpreted based
on the values of HQ and THI. Values less than one (HQ or THI < 1)
means no risk and the greater the values above one, the greater is
the level of risk of the toxicants manifesting long term health hazard
effects increasing (Lemy, 1996 ; Wang et al., 2012).

The Hazard Quotient HQ was also estimated from the equation:

HQ =

where RfD in the oral reference dose or tolerable daily intake which
was obtained from United States Environmental Protection Agency
tables (USEPA — IRIS 2010) and refers to the maximum amount of
toxicant which does not translate to adverse effect on the one
ingesting the toxicants.

The parameters used in the calculation are shown in Table 2.

RESULTS

The results of the determinations are shown in Table 3
(Concentration of the trace heavy metals in the studied
rivers), Table 4 (Concentration of the trace heavy metals
in the studied ponds/lakes) and Table 5 (Concentration of
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Table 1. Limit of Detection (LOD) and Limit of
Quantitation (LOQ) of toxic metals and water samples

using FAAS.

Metal LOD (mg/L) LOQ (mg/L)
As 0.002 0.006
Hg 0.003 0.009
Cd 0.001 0.004
Pb 0.002 0.006

Cr 0.003 0.009
Cu 0.002 0.006

Fe 0.005 0.010

the trace heavy metals in the studied shallow hand dug
wells). The concentration levels of total Arsenic had a
range of 0.01 to 2.01 mg/L. The metal was not detected
in lyiakoro River and had a maximum concentration in
Obina River. Highest concentration of arsenic occurred at
Adani cluster ponds/lakes and Adani cluster shallow
hand dug well. Mercury was not detected in majority of
the water samples except in water samples from Adani
clusters of ponds and shallow hand dug well where it has
a maximum concentration of 0.001 mg/L.

The cadmium levels in the water samples had ranges of
0.001 to 0.090 mg/L; not detected (n.d) -1.00 and 0.002-



Table 2. Parameters used in the exposure equation.

Parameter Child Adult References
-3 -3
IRW (litres/exposure day) 50 x 10 50 x 10 Van Wijnen (1982)
EF (days/365 days) 30 30 Albering et al. (1999)
AF (unitless) 1 1 Albering et al. (1999)
BW (kg) 15 70 Veerkamp and en Berge (1990)

Table 3. Concentration of the trace heavy metals in studied rivers.

Metallic lon (ppm) Ezu Obinna lyiakoro WHO Max limit
As 0.02+0.03 0.0840.011 ND 0.050
Hg ND ND ND 0.001
Cd 0.090+0.011 0.015+0.011 0.001+0.02 0.003
Pb 0.90+0.02 0.40+0.11 0.07+0.01 0.050
Cr 0.44+0.02 0.32+0.02 0.01+0.11 0.002
Cu 0.20+0.11 0.45+0.02 0.22+0.02 1.000
Fe 1.80+0.12 1.52+0.11 1.40+0.11 0.300

ND = Not Detected.

Table 4. Concentrations of the trace heavy metals in studied ponds/lakes.

:\gﬁt?g)lg)cm) Adani Opanda PoSSQ:gﬁ\i':qztsrs Umulokpa Nkpologwu WH”?n'?faX'
As 2.00£0.02 1.00+0.03 0.070+0.03 0.01+0.003 0.060+0.03 0.050
Hg 0.001+0.03 ND ND ND ND 0.001
Cd 0.110+0.02 0.050+0.003 0.080+0.003 ND 1.00+0.001 0.003
Pb 3.00+0.02 2.54+0.03 1.45+0.01 0.99+0.02 2.01+0.03 0.050
Cr 0.65+0.02 0.35+0.04 0.20+0.15 0.22+0.03 0.35+0.03 0.002
Cu 0.65+0.01 0.32+0.01 0.21+0.02 0.28+0.02 2.65+0.02 1.000
Fe 0.75+0.01 1.45+0.02 4.50+0.01 3.31+0.02 6.50+0.03 0.300

ND = Not Detected.

Table 5. Concentrations of the trace heavy metals in studied shallow hand dug wells (SHDW).

Metallic lon Adani Opanda Ukpabi Nimbo Umulokpa Nkpologwu WH.O Max.
(ppm) limit
As 1.85+0.02 1.34+0.05 0.87+0.03 0.02+0.03 0.05+0.011 0.050
Hg 0.001+0.03 ND ND ND ND 0.001
Cd 0.25+0.001 0.020+0.001 0.115+0.030 0.002+0.001 0.95+0.10 0.003
Pb 3.54+0.03 2.11+0.04 0.65+0.04 0.38+0.02 0.66+0.01 0.050
Cr 0.45+0.12 0.15+0.01 0.32+0.03 0.08+0.12 0.39+0.02 0.002
Cu 0.90+0.02 0.45+0.01 0.65+0.03 0.10+0.01 0.33+0.02 1.000
Fe 8.00+0.04 7.10+0.03 2.50+0.11 1.45+0.01 15.0+0.05 0.300

ND = Not Detected.

0.95 mg/L in rivers, ponds/lakes and hand dug wells wells respectively were higher in all the water samples
respectively. The concentration levels of lead which than the set limit by WHO (2008). The levels of chromium
ranged between 0.07 to 0.90 mg/L; 0.99 to 3.00 mg/L and were of the ranges 0.01 to 0.44 mg/L; 0.20 to 0.65 mg/L
0.38 to 3.54 mg/L in rivers, ponds/lakes and hand dug and 0.08 to 0.45 mg/L in rivers, ponds/lakes and hand



dug wells respectively. The concentration levels of copper
in the water bodies were 0.20 to 0.45 mg/L; 0.21 to 2.65
mg/L and 0.10 to 0.90 mg/L in rivers, ponds/lakes and
hand dug wells respectively. In rivers, ponds/lakes and
hand dug wells respectively. The concentration iron was
found to be above the recommended level in domestic
water use in all the water samples analyzed.

DISCUSSION

The arsenic concentrations were higher than the
maximum set limit (0.050 mg/L) set by World Health
Organization (WHO, 2008) for domestic water usage in
all water samples except those from Ezu and lyiakoro
Rivers, Umulokpa clusters of ponds/lakes and shallow
hand dug wells. Arsenic enters water bodies through
natural and anthropogenic sources. It enters ground
water through the desorption of arsenic bound to iron
oxides Arsenic is also used in various agricultural
insecticides, herbicides, animal diseases prevention and
growth stimulants for chicken and swine.

Epidemiological studies have suggested a correlation
between chronic consumption of drinking water
contaminated with arsenic and the incidence of all leading
causes of mortality (Huet et al., 1975; Antman, 2001; Jones,
2007). The toxicological effects of arsenic in drinking have
been recently reviewed by Moonis and Yuh-Shan (2011).
The epidemiological record of arsenic in study area is totally
lacking due to poverty, poor medical care and consequently
absence of medical statistics.

The detected mercury in water samples from Adani
clusters of ponds and shallow hand dug well were within
the set limit by WHO which is, Agricultural Chemicals
such as fumigants and preservers and local industries are
the major sources of mercury in such rural water
supplies. However, the presence of mercury at all calls
for regular monitoring of the water bodies in this area.
Exposure to mercury via food, water or fish or dental
amalgam may raise the blood mercury levels which may
lead to neurological damage in adults.

Cadmium is present as a pollutant in phosphate
fertilizers and is also found in PVC products, colour
pigment alloys and in re-chargeable nickel- cadmium
batteries. These cadmium containing products are not
recycled but dumped together with household waste,
thereby polluting the environment. It has been
established that an association exist between cadmium
exposure and chronic renal failure (Bernard et al., 1992;
Jarup et al.,, 1995; Hellstrom et al., 2001). Skeletal
damage, which was first reported in Japan (called ltai-itai
or ouch —ouch) was as a result of using cadmium
contaminated water for irrigation of local rice fields.
Several other reports have suggested that a relatively low
cadmium exposure may give risk to skeletal damage
(Alfven et al., 2000; Nordberg et al., 2002).

The concentration levels of lead were higher in all the

water samples than the set limit by WHO. This discovery
portends serious danger to the inhabitants of the study
area. Adults take up to 10 to 15% of lead in food and
water whereas children may absorb up to 50% through
the gastro intestinal tract. Lead is accumulated in the
skeleton with a half life in the skeleton of 20 to 30 years
(WHO, 1995). The symptoms of acute lead poisoning are
headache, irritability, abdominal pain and numerous
symptoms related to nervous system. Recent researches
have shown long term lead exposure in children may
results in diminished intellectual capacity,
encephalopathy, acute psychosis, concentration and
learning difficulties and reduced ability to understand
(WHO, 1995). Though epidemiological data of lead
poisoning is totally absent in the study area due to high
level of poverty, neglect, near absence of medical
facilities and superstitious beliefs, the possibility of
presence of symptoms of lead poisoning in the studied
area is strongly speculated (Ubachukwu, 2004).

The concentration iron was found to be above the
recommended level in domestic water use in all the water
samples analyzed. Excess iron in water and food constitute
health hazard, to people. Chronic consumption of water with
iron overload results in gene mutation leading to
haemochromatosis whose symptoms include fatigue, weight
loss, joint pains and ultimately heart disease, liver problems
and diabetes (US-CDC, 2011). Furthermore, iron in water
also causes severe allergic reaction (rash, lives, itching),
difficulty in breathing, tightness in chest, swelling of the
mouth, lips and face, black tarry stools and blood or streaks
of blood in the stool and severe vomiting or stomach pain
(US-CDC, 2011).

Except in Nkpologwu cluster of ponds/lakes, the
concentration levels of copper in the water bodies were
within the set limit. The main sources of copper in rural
water bodies include local industries effluents, domestic
wastewater, fumigation and agrochemicals and
weathering of copper bearing rocks. All these activities
take place in the studied area which may be the reasons
for slight elevation of copper levels in the water samples.
Like other toxic metals, long term exposure to copper can
cause irritation of nose, mouth and eyes which can lead
to headache, stomachache, dizziness, vomiting and
diarrhea among other health hazards.

The levels of chromium in the water samples were all
higher than the set limit except for lyiakoro river. Water
containing chromium ions in excess of the set limit may
have an erythropoietin effect such as increased
occurrence of goiter among humans and animals (Oyeku
and Eludoyin, 2010).

Similar studies in some rural settlements showed
elevated levels of toxic metals in rural ground and
surface water sources (Adekunle et al., 2007; Ogunlaja
and Ogunlaja, 2007; Nwagozie and Ogelle, 2007). This
situation is a source of worry considering the fact that
typical rural community in Nigeria is devoid of basic
infrastructures that make life worth living.



Table 6. Ingestion of water (IW) (X10‘2), Oral Daily Intake (DI) (X10‘2), Hazard Quotient (HQ) and Total hazard index (THI) of
Heavy metal of the water samples

Variable Ag Hg Cd Pb Cr Cu Fe THI
Wenia  0.020 009 0900 044 020  1.80
. Wagut  0.004 0019 0193 0094 0043 0.385
Ezu River DI 0041 P 084  1.83 0899 0408  3.68 11535
HQ 1.362 184 522 300 0702  0.053
Wenia  0.08 0015 0.4 0.32 045 152
N Wagut  0.017 0003 008 0068 038  0.325
ND 6.027
Obinna River DI 0.163 0137 0817 0653 0096 3.104
HQ 0.543 0613 233 218 0317 0044
Wenia 0001 007 0010 022 140
lyiakoro W adui b 00002 0015 0002 0047  0.30 0752
River DI ND 0002 0143 0020 0449  2.86 '
HQ 0041 0409 0068 0112  0.041
Wenia  1.000 0110  3.00 0.65 065  0.75
Adani Lakes/ ponds IWadut  0.214 ND 0.023 0.642 0.139 0.139 0.161 78.924
clusters DI 2.040 0.225 1.10 1.327 1.327 1.531 '
HQ 68.076 2246 3130 4425 0332  0.02
IW child 0.5 0.05 2.54 0.35 0.32 0.310
Opanda  Lakes/ponds IWadut  0.107 ND 0.011 0.543 0.075 0.068 2.96
Clusters DI 1.02 0102 7.146 0715 0653  0.70 58.068
HQ 34.04 1021 20419 2383 0163  0.042
Ao Ny Wemd 007 008 145 0.20 021 450
pabi imbo
L akesfoonds Wagut  0.015 0017 0310 0043 0044 0.903 16,461
Clustors DI 0142 ND 0163 2961 0408 0429  9.19
HQ 477 163 8461 1362 0107 0.131
Umulokpa IW child 0.01 0.99 0.22 0.28 351
Wagut  0.002 0212 0047 0060 0.708
(F;ﬁjr;?;/'sakes DI 0.02 ND ND 278 0449 0572  6.76 10359
HQ 400.68 796 1498 0143 0.9
Wenia  0.06 100 201 0.35 265  6.50
Wadut  0.013 0214 0430 0075 0567 139
ND 40.156
Nkpologwu (SHOW) 0.123 2042 4105 0715 5412  0.132
HQ 4.084 2042 11728 2383 1352  0.190
Wenia  1.85 0.004 025 354 0.45 0.90 8.0
. Wadut  0.40 0.0008 0054 0758 096 0193 171
A HDW 156.222
dani (SHDW) DI 378 0.008 0511 7.22 0919 183  16.3
HQ 125.94  0.766 5105 20.655 3.063 0460 0.233
Wenia 134 002 211 0.15 045  7.10
Waaut  0.287 0004 0452 0032 009  1.519
ND 105.400
Opanda SHDW DI 2.74 0041 430 0306 0919  14.70
HQ 91.22 0408 12312 102 0230 0.210




Table 6. Contd.

Waenia  0.87 0115 065 032 065 2.50
Ukpabi Nimbo SHDW  IWaaut  0.186 \D 0025 0139 0068 0139 0535 .
Cluster DI 1.78 0.235 132 0654 1327 570 '
HQ 59.233 2345 379 2178 0332 0081
Wenia  0.02 0002 038 008  0.10 1.45
Umulokpa W 0.004 0004 0081 00177 0021 0310
adult . . . . . .
im'z:/gr DI 0.04 ND 0039 0776 0163 0281  2.96 4.627
HQ 1.36 0393 2217 0545 0070  0.042
N Wenia  0.05 0.95 0.66 039  0.33 15.0
SH%WQ Wadut  0.011 \D 1203 0141 0083 0071 0321 26011
Shctor DI 0.102 1.94 1348 0796 0674 306 '
HQ 3.40 19.401  3.851 2654 0168  0.438

ND = not detected, SHDW=shallow hand dug well.

Health risk assessment

The calculated ingestion of water (IW) for both child and
adult, daily oral intake (DI), hazard quotient (HQ) and
total hazard index (THI) are presented in Table 6. The
result of the potential risk assessment calculations
showed the Arsenic had hazard quotient (HQ) ranges of
0.543 to 125.94 while only three water bodies (lyiakwo
River, Obinna River and Umulokpa ponds/lake dusters)
have values that pose no health risk to the rural dwellers
who depend on them for drinking and cooking of their
foods (HQ < 1). Total mercury was detected only in Adani
shallows hand dug well cluster but its HQ is not yet a risk
factor. The HQ for Cd in five out of the thirteen water
body clusters studied indicated no risk while the rest pose
potential risk for the users. The hazard index for Pb was
high in all water samples except lyiakoro river (HQ =
0.409). Cr had HQ values has than one in only two
sample clusters while the rest pose moderate risk to the
water users. Cu and Fe pose no hazard risk in all the
water bodies except for Nkpologwu ponds where HQ
value for Cu was 1.352, an indication of moderate risk.

The Total Hazard Index (THI) of the metals in all the water
bodies studied show high risk except in lyiakoro River (THI =
0.752) with the highest risk in Adani shallow hand dug well
cluster (THI = 156.222). This result is a source of concern
because of possible heavy metal bioaccumulation among
the consumers of these water bodies. Similar risk
assessments carried out by Muhammed et al. (2011) found
HQ values less than unity for drinking waters of Kohistan
region of Pakistan. Chromium (IV) was found by Kelepertzis
(2014) to be of serious concern in drinking waters of Thiva
area of Greece.

Conclusion

Seven toxic metals were assessed in water sources in

the rural settlements. The results of the assay showed
that except for mercury, all others showed presence in
excess of set limit in most of the water samples. The
hazard risk assessment of the water samples indicated
moderate risk for some and high risk for others.
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