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Abstract

Purpose: Heavy metals are among the commonest
cause of water pollution and impact human health
worldwide. Therefore, this study aims to assess the
probable health risk (non-carcinogenic and
carcinogenic risk) for adults and children that are
exposed to toxic heavy metals (Cu, Pb, Cd, Cr, Zn and
Ni) through ingestion and dermal contact with dug
well water in the locations.

Methodology: The hand dug wells serve as sources
of drinking water, domestic and industrial purposes.
In this study, composite samples from the locations
were tested for the presence of heavy metals using
Atomic Absorption Spectrophotometer (AAS). The
health risk assessments were evaluated.

Findings: The results of the HQ values of heavy
metals for combined pathways were below the safety
level (HQ < 1) for adults, while the HI for children
were higher than the safety limit in some stations. The
average values of total carcinogenic risk index (CRI)
through exposure to drinking water for children and
adults were lower than 10—6. Overall, the CRI total
through exposure to drinking water for children and
adults are within safety level of WHO risk, negating
the probability of carcinogenic risk for the children
and adults to the carcinogenic elements via ingestion
and dermal routes.

Recommendation: Appropriate purification,
improvement in enlightenment programs and control
measures should be implemented to protect the health
of the residents in these localities.

Keywords: Hand dug well, human health risk
assessment, heavy metal, carcinogenic and non-
carcinogenic effects, adult, children.
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BACKGROUND

Water is a chemical substance that is composed of hydrogen and oxygen atoms in a ratio of 2:1 that
exists as liquid at room temperature with a density of 1gcm™ and very vital to all forms of life
(Moss, 2010). Water covers about 71% of the earth (Peel et al., 2004), most in oceans holding 97%
of surface water, glacial and polar ice caps and other large water bodies; 1.6% below the ground in
aquifers and 0.001% in the air as vapour cloud as well as precipitation. There are water bodies in
the forms of rivers, lakes, ponds and other small amount that continually move through the cycle
of evaporation, transpiration and run off, usually emptying into the ocean (CIA-the World Fact
Book, 2008; Water in the Climate System, 2005).

There are basically two sources of water, namely; surface and ground water. The surface water
includes water in the ocean, rivers, lakes, streams, ponds and reservoirs (Green Fact, 2018). The
other category of source of water is the ground water. Any water that is underground is ground
water. In the water cycle, some of the precipitation sinks into the ground and goes into the water
shed aquifers. The quantity of water that seeps down to the ground water depends on the gradient,
topography and soil type/texture (Ben-Niam et al., 2011). When water percolate and reaches a layer
of the ground that is saturated, water begins to store. This saturated zone is called the water table
which rises and fall depending on the season and quantum of rainfall (Onoh et al., 2018). Ground
water is therefore a collection of water that seeps through layers of sand, clay, gravels and rocks
which purifies the water and gives it the immunity against earthly impurities gaining unrestricted
access to it. It is for this reason that it stays cleaner than the surface water (Kendra, 2018). The
groundwater represents 26% of global renewable fresh water resources (Elbeih, 2015). According
to Jagaba (2020), groundwater is the easiest and cheapest alternative water supply.

Dug well water is one of the oldest source of water in Sub-Saharan Africa emanating from
groundwater. According to FAO/WHO (2018), water over its use for drinking, it functions as a
solvent for wide variety of substances, facilitates industrial cooling, transportation and an
approximate 70% of fresh water is used in agriculture. Muhammed and Rajwali (2018) posited that
water is the second only to oxygen in importance to sustain life. Hand dug wells are usually 1-20
meter deep depending on the geological characteristics of the area (Ajibade et al., 2015).

In spite of the natural purification dug well water under-go, it has been indicted in a number ways
that it contain some impurities. According to Kendra (2018), dug well water is prone to pollutants
emanating from human activities such as discharge of industrial wastes (effluents), domestic
agricultural remains. Nigeria, in the views of Blessing et al. (2020) is challenged with poor waste
disposal culture. These discharges of pollutants find their ways into the ground water when rain
water carries them through run-off and they percolate, seep or leach down and get into the aquifers
(ground water) result in sub-lethal effects or death in local fish population (Xu et al., 2014).
International Agency for Research in Cancer (2015) hinted that various studies have reported heavy
metals in drinking water abound. Nnorom et al. (2017) submitted that many diseases associated to
heavy metals poisoning have been traced to consumption of portable water in Nigeria have been
well documented.

Heavy metal is a metal with density greater than 6 g/ml or atomic number more than 20. 35 metals
pose threat to human health and 23 of them are heavy metals (Madkour, 2019). Heavy metals are
toxic and poisonous at low concentrations which cannot be degraded. However, trace metals such
as Zn, Cu, and Se are very essential to the body but, becomes poisonous at high concentrations.
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They have the propensity to bio accumulate in vital organs of the body leading to health challenges.
They gain access to the body via food consumption, drinking of water and air FAO/WHO/IAEA,
2014). This has been a cause for worry. According to Phan (2019), environmental health experts in
Nigeria are concerned about heavy metals contamination of groundwater. Hand dug wells are rarely
analyzed or treated before use. With the rate of anthropogenic activities emanating from small and
medium scale commercial activities all over the place are harbingers environmental pollution calls
for concern. This is the underlying factor for this study.

Actions of Heavy Metals in the Body

The most exposure of residues is by ingestion (oral consumption of contaminated food), inhalation,
and dermal exposure. The ingestion pathway may be five orders magnitude higher than the other
routes (Godwin and May (2019). Muhammed and Rajwali (2018) reported that the harmful effects
of heavy metals to the body is manifested only when consumed above the bio-recommended limits.
Oguwegbu and ljioma (2003) reported that the poisoning of heavy metals is due to their interference
with normal body biochemistry metabolic processes whereby the acid medium of the stomach
converts the metals to their stable oxidation states (Zn?*, Pb?*, Cd?"). These ions combine with other
endogenous biomolecules such as proteins, enzymes, hormones to form strong chemical bonds;
replacing hydrogen atoms or metal groups in the protein, enzyme or hormones with the intruding
poisoning heavy metal leading to the formation of protein-metal(poisony COmpound which now acts
as substrate and reacts with metabolic enzymes resulting in inhibiting the enzyme or protein from
its normal functionalities.

Furthermore, Madkour (2019) traced the toxic manifestations of heavy metals to be primarily due
to imbalance between pro-oxidant and anti-oxidant homeostasis (oxidative stress). Metal ions
interfere with body functions via the production of free radicals. The metal ions deplete glutathione
and protein-bound sulfhydroxyl groups; resulting in the production of Reactive Oxygen Species
(ROS) as superoxide ion, hydrogen perioxide and hydroxyl radicals (O2 O2°, H202 °OH, OH"). The
toxicities of the metals can be increased by deficiencies of certain essential nutrient elements such
as Ca, Fe, Zn and Se.

In this study, the ingestion and dermal routes are considered more probable pathways of exposures
in view of domestic applications to which well waters are put to. Consequently, the human health
risk associated with the exposure and to compare the levels with international safety regulations
limits. The Health Index (HI) via their Target Hazard Quotient (THQ) and the non-carcinogenic
and carcinogenic profiling of the heavy metal contents of the water samples are intended.

The ground water which hitherto does not require treatment as much as surface water but, has cut
the fancy of this study due to ever-rising pollution index. Moreover, there is no available data on
the heavy metal presence in the sampled dug wells in the Local Government Areas Gombe State.
The study is aimed at determining the concentrations of heavy metals such as copper (Cu), lead
(Pb), cadmium (Cd), chromium (Cr *%), Zinc (Zn) and Nickle (Ni). The choice of the heavy metals
is premised on the fact that most of them have been established to be very harmful even in very
minute concentrations and their effects on human have been well documented (Sameeh, 2018). The
study will help to ascertain the degree of safety of the dug well water in the locality. It also serves
as a call on the danger of pollution and advice on curtailing the activities that are injurious to
environment. The study will jolt attention of public health workers, policy makers and
environmentalists on the need for constant monitoring and evaluation of the safety potentials of
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utilities as important as water. The results will in addition add to the database for further research
exploits in the study area.

MATERIALS AND METHOD

Area of the Study

Gombe State was created out of Bauchi State on 1% October, 1996 with a population of 2.4
million (2,365,040) by the 2006 census figure and a Land Area of 20265sqm (16,639km?)
projected at a growth rate of 3.3%. Gombe State is located in the Centre of the north east of the
country on latitude 9"30" and 12"30'N. Longitude 8"5" and 11"45E. It is bordering the five other
North-Eastern States. There are 11 Local Government Areas in Gombe State. The State capital is
located in Gombe town (NHDR, 2018).

Beneath the water surface, 10cm below, was estimated and 100ml of the water sample were taken
from dug wells in the major cities namely; Talesse, Gombe, Kaltungo, Shongum and Deba towns.
Each sample was taken in presoaked polyethylene (plastic) container in 10% HNOs to prevent
precipitation of the metals. The samples in the polyethylene bottle were kept and transported in an
ice box to the laboratory and stored in the refrigerator at 4°C for further analysis. A freshly prepared
Agqua Rega (a mixture of conc HNO3z/HCI in the ratio 1:3) for the wet digestion. The digestion was
carried out in a block digester. 10ml Aqua Rega was added to 3ml each of the samples. Then, the
mixture was boiled gently over a water bath (95°C) for 5hrs and filtered (Md Avenuddin, et al.,
2018). Copper, lead, cadmium, chromium, zinc and nickel were determined using Atomic
Absorption Spectrophotometer (AAS).

Human Risk Assessment Indices

Health Risk Characterization: Health risk is a measure of the tendency of harmful effects to
human health as a result of exposure to pollutants from the environment. The risk assessment is
undertaken to predict the carcinogenic and non-carcinogenic risks that may arise as a consequence
of exposure of both adults and children to heavy metals living within the study area. This is
achievable by the incorporation and intergradations of ingestion and dermal pathways through
which the population is likely to get infested to enable the quantitative determination of the health
hazard. The following equations and parameters as adopted by Li et al (2017) and Md Avenudin et
al (2018) were perused to achieve the set objectives of the study.

CmxIRx ED x EF x CF

Average Daily Dose (ADDingestion) (Mmg/kg/day) = YT L LTI TETTITPOPPRvORooes 1
_CmXSAxKp X ABS X EF x ED x CF
AD D(dermal) - B x AT Tttt 2
. _ ADD ingestion/dermal
Target Hazard Quotient (THQ) = RID Ingestion/dermal *" 11T s 3
Hazard Index (H |ingestion/derma|) = Z?:l HQ(ingestion/dermal) ...................................................... 4
CR Iingestion =AD D(ingestion) D G O 5

ADDingestion) Which represents the exposure through ingestion, Cm is the mean concentration of the
element in the water, IR = both direct and indirect intake rate 2Lday* (adult) and 1Lday™* (child);
EF = exposure frequency to the pollutant 365days/year for both adult and child; BW = body weight
70kg (adult) and 15kg (child); ED = exposure duration 30years (adult) and 6years (child); CF =
unit conversion factor 0.001Lcm™3; AT = average lifetime expectancy = EDx365 for both adult and
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child ( non-carcinogenic), and 70x365 (carcinogenic) for both adult and child; ABS = dermal
Absorption factor 0.1 for both adult and child; SA = Area of Skin 18,000cm? (adult) and 6,600cm?.
Kp is the dermal permeability coefficient in water (cmh™) in the study 0.002 for Cr, 0.0001 for Pb,
0.0002 for Ni, 0.001 for Cd, As and Cu and 0.0006 for Zn (Asare-Donko et al., 2016).

Table 1: Reference Dose, RfD (DEA, 2010); Cancer Slope Factor, CSF (DEA, 2010); Nigerian
Standards for Drinking Water Quality, NSDWQ (2015) and Food and Agricultural
Organization/World Health Organization, FAO/WHO (2011) for ingestion and dermal
pathways for the metals

Metal RfD CSF RfD (dermal) NSDWQ FAO/WHO
(ingestion)  (ingestion)

Copper (Cu) 3.70E-2 2.00E-2 2.40E-2 2.00 2.00
Lead (Pb) 3.60E-3 8.50E-3 4.20E-4 1.00E-2 1.00E-2
Cadmium (Cd) 5.00E-4 6.10 5.00E-4 3.00E-3 5.00E-3
Chromium (Cr) 3.00E-3 5.00E-1 7.50E-5 5.0E-2 5.00E-2
Zinc (Zn) 3.00E-1 3.00E-1 7.50E-2 5.00 3.00
Nickel (Ni) 2.00E-2 1.70 5.60E-3 N.D 7.00E-2

N.D = Not determined
RESULTS AND DISCUSSION
Table 2: Concentration + standard deviation) of the heavy metals in the sampled dug wells

Metal (mg/kg) Balanga Gombe Kaltungo Shomgom  Yamatu-Deba
Copper (Cu) 0.225+0.006  0.080+0.02  0.010+0.01  0.008+0.04 0.010+0.02
Lead (Pb) 0.012+0.15  0.030+0.44  0.010+0.06  0,006+0.05 0.010+0.03
Cadmium (Cd) 0.001+0.001  0.003+0.02 BLD BDL BDL
Chromium (Cr)  0.003+0.012  0.009+0.01  0.001+0.03  0.001+0.001  0.002+0.004
Zinc (Zn) 0.606%0.07 0.515+0.03 0.416%0.03 0.425+0.03 0.182+0.17
Nickel (Ni) 0.139+0.21 0.233+0.12  0.176+0.012 0.018+0.005 0.097+0.05

BLD (Below Detection Limit)

Table 2 is result of the heavy metal concentration in each of the sampled dug wells in the study
area. The result revealed that zinc metal ranked highest between 0.606mg/kg from Balanga water
sample to 0.182mg/kg in Deba. In summary the ranking in terms of the heavy metals follow the
pattern Zn>Cu>Ni>Pb>Cr>Cd. The concentrations of the heavy metals are generally low. The
results are ways apart if compared with those reported by Philip et al (2020) on the water bodies
around mining areas of Abakaliki, Nigeria. This may be due to absence of heavy industrial and
other human activities that can result in pollution around the vicinities of the wells. Furthermore,
the locations of these wells are now very far away from areas prone to abuse of any sort as the wells
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have been dug long ago and most of them are now at sites virtually surrounded by decent residential
structures away from commercial activities. According to Hosein et al (2019) wastewater,
especially from agricultural and industrial zones constitute the major sources of discharge into
natural rivers and dams that eventually permeate through the groundwater resulting in rapid release
of heavy metals and chemical toxins into sources and subsequently to human body via the food
chain. However, the ranking is in the order of Balanga>Gombe, Kaltungo>Shongom>Yamaltu-
Deba representing total amount of heavy metals in the respective dug wells. Similar reasons for the
general low concentrations as adduced above will suffice. A similar result of heavy metal
concentrations in water below regulatory standards have also been reported by (Jagaba et al., 2020).

The range of the concentrations of the heavy metals fall within the bracket of regulatory national
and international standards, suggesting that the exposed population is within the safe net. The
results are much different from those of Yusuf et al (2017) that discovered Pb, Ni, Cr, and Cd in
samples of hand dug well water in some locations in Kashere, Gombe State, Nigeria. The results of
this study is heart-warming, however, the fear and anxiety is on the accumulative effects due to
continuous exposure as the environment is also continually being degraded. The health risk
characterization determined for the heavy concentrations in the hand dug wells under investigation
is presented in Tables 3 to 7. The results of the Health Indices revealed that HI < 1. This is an
indication that the exposed population is not at risk of poisoning.

Table 3: Target Hazard Quotient (THQ), Health Index (HI) and Cancer Risk Factor (CRI)
(mg/kg/day) for Ingestion Pathway for Adult Non-Carcinogenic Health Risk

Balanga Gombe Kaltungo Shongom Yamaltu-Deba
Metal THQ CRI THQ CRI THQ CRI THQ CRI THQ CRI
Cu 1.74E-04 1.28E-07 6.19E-05 4.58E-08 7.73E-06 5.72E-09 6.19E-06 4.58E-09 7.73E-06 5.72E-09
Pb 9.53E-05 2.92E-09 2.38E-04 7.28E-09 7.94E-05 2.43E-09 4.75E-05 1.45E-09 7.94E-05 2.43E-09
Cd 5.72E-05 1.74E-07 1.71E-04 5.23E-07 N.D N.D N.D N.D N.D N.D
Cr 2.86E-05 4.29E-08 8.57E-05 1.29E-07 9.53E-06 1.43E-08 9.53E-06 1.43E-08 1.90E-05 2.86E-08
Zn 5.77E-05 5.19E-06 4.93E-05 4.44E-06 3.97E-05 1.51E-05 4.03E-05 3.63E-06 4.03E-05 3.63E-05
Ni 1.99E-04 6.41E-06 3.33E-04 1.13E-05 2.52E-04 8.55E-06 2.57E-05 8.55E-06 1.35E-04 4.57E-06
> 6.12E-04 1.18E-05 9.39E-04 1.64E-04 3.88E-04 2.37E-05 1.29E-04 1.22E-05 2.81E-04 4.09E-05

N.D = Not Determine
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Table 4: Target Hazard Quotient (THQ), Health Index (HI) and Cancer Risk Factor (CRI)
(mg/kg/day) for Ingestion Pathway for Child Non-Carcinogenic Health Risk

Balanga Gombe Kaltungo Shongom Yamaltu-Deba

Metal THQ CRI THQ CRI THQ CRI THQ CRI THQ CRI

Cu) 4.05E-05 3.00E-08 1.44E-05 1.07E-08 1.80E-06 1.33E-09 1.44E-06 1.07E-09 1.80E-06 1.33E-09
Pb) 2.22E-05 6.80E-10 5.56E-05 1.07E-09 1.85E-05 5.67E-10 1.11E-05 3.40E-10 1.83E-05 5.67E-10
Cd) 1.33E-05 4.07E-08 4.00E-05 1.22E-07 N.D N.D N.D N.D N.D N.D

Cr) 6.67E-06 1.00E-08 2.00E-05 3.00E-08 2.22E-06 3.34E-09 2.22E-06 3.34E-09 4.43E-06 6.65E-09
Zn)  1.33E-05 1.20E-06 1.13E-05 1.04E-06 9.23E-06 8.31E-07 9.43E-06 8.49E-07 4.03E-06 3.63E-07
Ni) 4.64E-05 9.08E-07 7.75E-05 2.81E-06 5.00E-05 1.99E-06 6.00E-06 2.04E-07 3.14E-05 1.07E-06

> 1.42E-04 2.19E-06 2.19E-04 4.01E-06 8.18E-05 2.83E-06 3.02E-05 1.06E-06 6.00E-05 1.44E-06

Table 5: Target Hazard Quotient (THQ), Health Index (HI) and Cancer Risk Factor (CRI)
(mg/kg/day) for Ingestion Pathway for Adult Carcinogenic Health Risk

Balanga Gombe Kaltungo Shongom Yamaltu-Deba

Metal THQ CRI THQ CRI THQ CRI THQ CRI THQ CRI

Cu 7.46E-05 550E-08 2.64E-05  1.95E-08 3.28E-06 2.44E-09 2.64E-06 1.95E-09 3.30E-06 2.44E-09
Pb 4.06E-05 1.24E-09 1.02E-04  3.11E-09 3.39E-05 1.04E-09 2.03E-05 6.22E-09 3.39E-05 1.04E-09
Cd 2.44E-05 7.44E-08 7.32E-05 2.23E-07 N.D N.D N.D N.D N.D N.D

Cr 1.23E-05 1.84E-08 3.67E-05 5.50E-08 4.07E-06 6.10E-09 4.07E-06 6.10E-09 8.13E-06 1.22E-08
Zn 2.46E-05 2.22E-06 2.11E-05 1.90E-06 1.69E-05 1.52E-06 1.73E-05 1.56E-06 7.40E-06 6.60E-07
Ni 5.00E-06 2.89E-06 1.42E-04 4.83E-06 1.08E-04 3.66E-06 1.10E-05 1.96E-06 5.75E-05 1.96E-06

> 1.82E-04 5.26E-06 4.01E-04 7.03E-06 1.66E-04 5.19E-06 5.53E-05 3.53E-06 1.10E-04 2.64E-06
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Table 6: Target Hazard Quotient (THQ), Health Index (HI) and Cancer Risk Factor (CRI)
(mg/kg/day) for Ingestion Pathway for Child Carcinogenic Health Risk

Balanga Gombe Kaltungo Shongom Yamaltu-Deba

Metal THQ CRI THQ CRI THQ CRI THQ CRI THQ CRI

Cu 3.46E-05 2.56E-08 1.24E-05 9.14E-09 1.54E-06 1.14E-09 1.24E-06 9.14E-10 1.54E-06 1.14E-09
Pb 1.89E-05 5.80E-10 4.75E-05 1.45E-09 1.59E-05 4.85E-10 9.53E-06 2.92E-10 1.59E-05 4.85E-10
Cd 1.14E-05 3.48E-08 3.42E-05 1.04E-07 N.D N.D N.D N.D N.D N.D

Cr 5.70E-06 8.55E-09 1.71E-05 2.57E-08 1.90E-06 2.86E-09 1.90E-05 2.86E-08 3.86E-06 5.70E-09
Zn 1.15E-05 1.04E-06 9.87E-06 8.88E-07 7.93E-06 6.90E-07 8.10E-06 7.29E-07 3.47E-06 3.12E-07
Ni 3.97E-05 1.35E-06 6.65E-05 2.26E-06 5.00E-05 1.70E-06 5.15E-06 1.75E-07 2.69E-05 9.13E-07

> 1.22E-04 2.46E-06 1.88E-04 3.29E-06 7.73E-05 2.39E-06 4.30E-05 9.34E-07 5.17E-05 1.23E-06

Table 7: Target Hazard Quotient (THQ) and Health Index (HI) (mg/kg/day) for Dermal
Pathway for both Adult and Child Non-Carcinogenic Health Risk

Balanga Gombe Kaltungo Shongom Yamaltu-Deba

Metal Adult  Child Adult Child Adult Child Adult Child Adult Child

Cu 6.20E-04 2.13E-05 2.20E-04 7.60E-07 2.75E-05 9.50E-07 2.20E-05 7.60E-07 2.75E-05 9.50E-07
Pb  4.33E-04 1.09E-05 7.86E-04 2.71E-05 2.61E-04 9.05E-06 1.57E-04 5.43E-06 2.62E-04 9.05E-06
Cd 2.20E-04 7.60E-06 6.60E-04 2.28E-05 N.D N.D N.D N.D N.D N.D

Cr 8.80E-03 3.04E-04 2.64E-02 7.79E-04 2.93E-03 1.01E-04 2.93E-03 1.01E-04 5.87E-03 2.03E-04
Zn 5.33E-04 2.11E-05 4.57E-04 1.57E-05 3.67E-04 1.26E-05 3.75E-04 1.29E-05 1.64E-04 5.53E-06
Ni  5.46E-04 1.89E-05 9.16E-04 3.16E-05 6.91E-04 2.39E-05 7.07E-05 2.45E-06 3.70E-04 1.28E-05

> 1.12E-02 3.84E-04 2.94E-02 8.77E-04 4.28E-03 1.48E-04 3.55E-03 1.23E-04 6.69E-03 2.31E-04
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Table 8: Target Hazard Quotient (THQ) and Health Index (HI) (mg/kg/day) for Dermal
Pathway for Adult and Child Carcinogenic Health Risk

Balanga Gombe Kaltungo Shongom Yamaltu-Deba

Metal  Adult Child Adult Child Adult Child Adult Child Adult Child

Cu 1.44E-05 2.48E-04 5.15E-06 1.38E-05 6.43E-07 1.10E-06 5.15E-07 8.13E-07 6.43E-07 1.10E-06

Pb 7.33E-06 1.26E-04 1.84E-05 3.14E-05 6.12E-06 1.05E-05 3.08E-06 6.29E-06 6.12E-06 9.52E-06

Cd 5.14E-06 8.80E-06 1.54E-05 2.64E-05 N.D N.D N.D N.D N.D N.D

Cr 2.05E-05 3.52E-04 6.17E-04 6.37E-04 6.55E-05 1.17E-04 6.85E-05 1.17E-04 6.85E-05 1.17E-04
Zn 1.27E-05 2.13E-05 1.07E-05 1.83E-05 8.55E-05 1.47E-05 8.73E-06 1.49E-05 3.75E-06 6.40E-06
Ni 1.20E-05 2.18E-05 2.14E-05 3.66E-05 1.62E-05 2.77E-05 1.65E-06 2.82E-06 8.65E-06 1.48E-05
> 7.21E-05 7.78E-04 6.88E-04 7.64E-04 1.74E-04 1.71E-04 8.25E-05 1.42E-04 8.77E-05 1.49E-04

N.B = Not Determined

However, juxtaposing the results above with the 7 Risk Levels based on Delphi Method as
employed by both Li et al (2017) and Md Ayenudin et al (2018) all cases and categories fall within
the extremely low risk range of risk value of <10, This ranked as extremely low risk grade which
indicates complete acceptability. However, the analysis of carcinogenic dermal exposure pathway
for adults revealed on the average, a rather disturbing resulting of 1.0E-2. By the Delphi Method,
this is a Grade VI risk grade (High Risk). This is suggestive of a situation that needs the attention
of the government and all stakeholders to take action to mitigate the spate of environmental
pollution or other measures to secure the environment. Another case of note is the average risk
value of 9.64E-05 for carcinogenic ingestion pathway for adult across the study area. The risk grade
is medium risk level which demands regular monitoring and periodic evaluation. The reason for the
results on adults appear to be slightly higher than those of the children counterpart may be due to
small body weight (15kg) of the children.

The carcinogenic analysis across both for all categories is found to be favourable as the CRI are all
less than 10, According to Payne-Sturges (2004), the general De minimus benchmark level for
cancer is 1.00E-6. The 3 Cancer Risk Level are: CRI < 10 - Negligible, CRI < 10 — Acceptable
or Tolerable and CRI > 10 — High Risk. It suffices it to state therefore, that the exposed population
is not at the risk of being infected with any form of cancer in their lifetime.

Hand Dug Well Water Remediation

In order to keep and maintain quality and safe drinking water in our communities especially, in the
hinterlands, removal of heavy metals from hand dug wells before and during use is a must do.
Adsorption of the heavy metals using adsorbents that are available for this purpose abound
(Madkour, 2019). Other methods include chemical precipitation by which dissolved contaminants
are converted to insoluble solids and subsequently removed by physical methods such as
clarification and filtration (Yusuf et al., 2018). lon exchange technique is a reversible chemical
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reaction whereby ions from the water is exchanged for a similar charged ion attached to an
immobilized solid material. Reverse osmosis provides a membrane process that acts as a molecular
filter to remove over 99% of all dissolved minerals. In this process, water is made to pass through
the membrane while the dissolved and particulate matters are left behind. In this process, metal
recovery is very practicable. Other methods such as membrane filtration, membrane distillation and
hybrid methods are veritable options (Primal, 2015).

CONCLUSION

This review presents the analysis and characterization of certain heavy metals found in hand dug
wells via health and cancer risk indices. Water is ubiquitous and very important to the proper
functioning and survival of every biotic entity. Safe drinking water is fast becoming a source of
national and international concern, hand dug well water in particular has been neglected overtime
as analysis of its water for the presence of poisonous xenobiotic agents are usually not carried out
before use. These xenobiotic metals under consideration are known to be cytotoxic and
carcinogenic were found to be present in the water samples.

However, the results of the characterization by the determination of the health index and cancer risk
index revealed that the exposed population is safe and do not generally face any threat. The general
outlook, nevertheless, does not preclude few cases where the results are too close to regulatory
redlines. Such cases call for the attention of all and sundry to forestall and prevent escalating and
further heightening the pollution index.

RECOMMENDATIONS

In view of the of the outcome of the study on the hand dug wells presented above, coupled with the
sacrosanct role water play, it has become imperative that measures be taken to guarantee safety of
the water in our environment. The study in this connection therefore, recommends as follows:

1. Government should set up institution for the removal of heavy metals by both physical and
chemical means as well as regular monitoring of the pollution index of hand dug wells.
These are very paramount and steps in ensuring safe drinking water,

2. Both government and non-governmental institutions shhould encourage environmental
education to further enlighten the general populace on the dangers of indiscriminate waste
disposal and poor waste management is advocated,

3. Government and relevant international bodies or agencies should make research fund flow
their priority to encourage periodic evaluation of public sources of water,
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