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Abstract
The spatial variations, potential origin and associated health risks of some trace elements in groundwater
of Ado-Ekiti southwestern Nigeria were evaluated. Sixty groundwater samples were evaluated for the
concentration of some selected trace elements which includes Mn, Fe, Pb, Zn, Cu and Cr. The results were
presented as spatial distribution maps with respect to the world health organization and the Nigerian
standards for drinking water. The result showed that the mean concentrations of some of the trace
elements exceeded the threshold values stipulated by the world health organization and the Nigerian
standard for drinking water in several sampling locations. However, all of the sampled wells recorded Pb
concentration below both standards. The weathering of underlying bedrocks are key sources to some of
the trace elements in the groundwater of the study area. A health risk assessment was undertaken using
hazard quotient (HQ) and hazard index (HI). The HI values imply that the risk of contamination through
oral ingestion pathway is from low through medium to high levels for both adults and children as the
trace elements show mean HI values more than unity. The health risk assessment also indicates that the
children are more susceptible to the non-carcinogenic risks than adults in the study area. Hence, some
urgent proactive steps should be taken to avert the consequences of this health risk. 

1.0 Introduction
The demand for groundwater have increased tremendously worldwide as a result of industrial and
population growth in recent times. Groundwater contamination by human activities and its uncontrolled
exploitation has resulted in a lot of pressure on groundwater supply (Barzegar et al (2018). Natural and
anthropogenic sources of groundwater are recognized in literature (Peigei, 2021). Trace element is a
major contaminant that ranks highly among the hazardous contaminants of water. This character has
been attributed to their notable chemical characteristics such as chemical stability, weak degradation,
wide range of sources, serious toxicity bioaccumulation and di�culty in remediation (Sun et al, 2016).
Although, trace elements have been classi�ed into essential (Copper, Chromium, Iron, Manganese, and
Zinc) nonessential (Lead, Arsenic, and cadmium) groups, excessive intake of trace elements in
groundwater can induce different kinds of cancer and other ailments in humans (Calderon, 2000; Dartey
et al, 2017).  It is on record that many countries worldwide such as Australia (Suh 2004), Hong Kong
(Leung and Jiao 2006),  Latvia (Levins and Gosk 2008), Canada (Shotyk et al. 2010), Bolivia (Ramos
Ramos et al. 2012), USA (Toccalino et al. 2012), India (Golekar et al. 2013), Bangladesh (Muehe and
Kappler 2014), Pakistan (Bhowmik et al. 2015), Nigeria (Ayedun et al. 2015); Uganda (Bakyayita et al.
2019), Tanzania (Rwiza et al. 2016). Egypt (Redwan and Abdel Moneim 2016, Emababy and Redwan
2020); South Africa (Elumalai et al. 2017), Mexico (Mora et al. 2017), China (Lu et al. 2018) and Iran
(Barzega et al 2018)) are suffering from groundwater contamination by trace elements. The need to
understand the sources and distribution of trace elements cannot be overemphasized as this aids the
sustainable and effective management of groundwater resources (Barzega et al 2018). (Frengstad et al.
(2000) and Dar et al (2017) listed a number of natural and anthropogenic sources of trace elements in
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groundwater. They include urbanization, land-use changes, mining, and local industries sewage sludge to
soils greywater irrigation, salt water intrusion and groundwater host lithology.

Ado Ekiti is the capital city of Ekiti state in Nigeria. It is a fast developing city which is growing
sporadically both in population and urban land use (Oriye, 2016). This uncontrolled expansion has led to
a sporadic increase in groundwater exploitation for both domestic and agricultural purposes in the area.
A number of authors which include (Talabi and Tijani, 2013; Oyedele et al, 2019) have evaluated the
chemical quality of the groundwater in the area. However, there is a dearth of publications with speci�c
focus on the trace element characteristics of groundwater in the area. Consequent upon this, this study
aims to evaluate the spatial distribution of selected trace elements in the groundwater of Ado-Ekiti and
determine their sources and health implications on the populace of the area.

1.2       Description of the Study Area

The study area is located within the southern part of Nigeria and extends from longitudes 5.18°E–5.29°E
and latitudes 7.57°N–7.67° N (Figure 1). The area is well drained and it is located in a tropical region with
distinct wet and dry seasons. The drainage pattern is controlled by the geology of the area, where most of
the streams �ow in the southwestern direction is propelled by the direction of the rugged upland (Oyedele
et al, 2019). The average annual temperature is 25.1 °C and average annual rainfall ranges of 1344
mm/year on the southern part of the desert. 

2.0 Geology And Hydrogeology
The study area lies within the Pre-Cambrian Basement Complex of SW-Nigeria which also constitutes part
of the Pan-African mobile belt lying east of the West African Craton (Oyedele and Olayinka 2012). The
�ve prominent lithologies include migmatites, gneisses, granites, quartzites and charnockites (Figure. 1)
with the migmatites dominating over half of the study area and occurring as highly denuded hills of
essentially �ne-medium grained textures. The low-lying exposure of migmatites is typically foliated and
has been intruded by granitic and charnockitic rocks in some places. The varieties of granitic rocks
occupy about 25% of the total area of Ado Ekiti (Afolagboye et al, 2015) which constitutes the �ne-
grained granite, medium- to coarse grained varieties and porphyritic texture types. The charnockitic rocks
occur in association with coarse grained porphyritic granites (Rahaman and Malomo (1983). Xenoliths
occur frequently in charnockitic and granitic bodies. The quartzites are present in the form of elongated
bodies enclosed within the granites, charnockites and migmatitic rocks. Pegmatite, aplite and quartz
veins occur as minor intrusions into the granitic rocks. Field studies show that the charnockites occur as
dark greenish grey and greasy, medium to �ne grained and weakly foliated with occasional gneissic
banding. The rock outcrops are fresh with rough external appearance and little signs of weathering. The
rock is in contact with migmatite and granite with the exception of the small hills and inselbergs while the
bedrocks are generally covered by weathered regolith composing mainly of clay and sandy materials
which are capped by lateritic soils in places depending on the bedrock types. The basement complex
rocks are mechanically competent and responds to imposed strain by brittle failure. Hence, the
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unweathered or fresh crystalline rocks hardly possess any potentials in terms of groundwater occurrence
and �ow. This low potential is also partly due to the ruggedness of the terrain which results in a high
runoff and low in�ltration rates. Oyedele et al (2019) classi�ed Ado-Ekiti as a high groundwater potential
region due to its high lineament density discovered from satellite imagery analysis. Hydrogeologically,
like any other basement terrain, groundwater occur in the study area in weathered regoliths and fractured
parent rock zones. Hence, the magnitude and characteristic of aquifer in the study area are dependent on
the depth and degree of weathering and fracturing of the underlying rocks. Recharge of the aquifers are
primarily achieved by rainfall while the groundwater is under in�uent �ow conditions.

Talabi and Tijani (2013) revealed that the overall hydrogeologic setting of Ado-Ekiti is predominantly
characterized by the weathered regolith or saprolite units ranging from 4.3 to 15m in thickness with
characteristically low yield of 6–246 l/min. therefore, groundwater in the study area occurs at shallow
depths in pockets of weathered regolith aquifers existing mainly as uncon�ned to semi-con�ned
groundwater table conditions. The variable aquifers are tapped through shallow hand-dug wells that
terminate mostly in the saprolite unit. It is important to state here that, Groundwater in basement aquifers
has been found to be highly vulnerable to contamination due to near to the ground protective capacity
and numerous anthropogenic activities

3.0 Materials And Method Of Study
Sixty groundwater samples collected for this study are from hand dug wells used for domestic and
agricultural purposes (Fig. 1). The groundwater samples were collected and reserved in polyethylene
bottles of 500-ml capacity equipped of closure system with double caps and �lled with zero head in order
to minimize the exchange with the ambient air, stored in ice box in the �eld, then in refrigerator at 4°C until
analysis. Each bottle was rinsed 3 times with the sampled groundwater before the �nal groundwater
sample was collected to avoid any possible contamination. In the laboratory, the samples were �ltered
using 0.1-µm nitrocellulose membrane Millipore �lter to eliminate �ne particles of solids in suspension.
One aliquot of 100 ml from each sample was acidi�ed with drops of HNO3 to preserve the metals. The
samples were analyzed for selected trace elements which includes Fe, Mn, Cr, Cu, Pb and Zn using Varian
Spectra 220 Atomic Absorption Spectrometer with GTA 110 at the Water Quality Control Lab at the
Federal Polytechnic Ado-Ekiti. Field blank and duplicate procedures were used for quality control
assurance. Calibration of equipment was performed linearly with Merck Standard Solutions for each
element. Quality assurance and control of metal analyses were acquired by using duplicates, blank
reagent, and standard reference materials (USGS Geochemical Reference Materials). The spatial
distribution maps of the concentrations of the samples were created using ARCGIS 10.2 and classi�ed
based on the world health organization (2011) and Nigerians standard values for drinking water
(2007).The method suggested by the U.S. Environmental Protection Agency (USEPA 1999) was used to
determine the non-carcinogenic (chronic) human health risk of trace elements in the groundwater. Chronic
daily intake (CDI) of a single trace element through direct ingestion for children and adults was calculated
by Eq. 1 (USEPA 1999; Li et al. 2016; Wu and Sun 2016; Zhang et al. 2018).
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where CDI is exposure dose through intake of groundwater (mg/kg per day), Cw is contaminant
concentration in groundwater (mg/L), IRW is the water ingestion rate (L/day, IRW = 2 L/day for adults and
1 L/day for children), EF is exposure frequency (days/year, EF = 365 days/year), ED is exposure duration
(years, ED = 70 years for adults and 6 years for children), BW is body weight (kg, BW = 70 kg for adults
and 15 kg for children) and AT is average exposure time for non-carcinogens effects (days, AT = 25,550
days for adults and 2190 days for children) (Duggal et al. 2017; Barzegar et al. 2018, 2019).

CDI =
Cw × IRW × EF × ED .

BW × AT

1
…………………………………………………………….

The hazard quotient (HQ) is employed for assessment of non-carcinogenic risk by using Eq. (2).

where RfD is the reference dose of a speci�c element (mg/kg per day) and considered as Fe (0.7), Cr
(1.5), Mn (0.046), Zn (0.3), Pb (0.0035) and Cu (0.04) (mg/kg/day) (Barzegar et al. 2018, 2019).

The reference dose (RfD, unit in µg/Kg/day) ofAs, Fe, Mn and NO3 is 0.3, 300, 20 and 1600 respectively.

233 Hazard index (HI) that is de�ned as the sum of HQ is used to evaluate the overall potential non234

carcinogenic posed by measured elements. Eq. (5) of HI is expressed as follows:

HQ =
CDI
RfD

2
………………………………………………………………………………

HI = HQ1 + HQ2+HQ3…………HQn .

3
.....................................

The classi�cation of non-carcinogenic human health risk based on USEPA (1999) is displayed in Table 1 (
Su et al. 2017; Ahmed et al, 2018). HI > 1 indicates that the non-carcinogenic risk of the contaminant
exceeds the acceptable limit while an HI < 1 demonstrates that the non-carcinogenic risk is within the
satisfactory limits (USEPA 1999;
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Table 1
Classi�cation of non-carcinogenic risk (USEPA,

1999)
RISK LEVEL HI Non-carcinogenic risk

1 < 0.1 Negligible

2 ≤ 0.1 < 1 Low

3 ≥ 1 < 4 Medium

4 > 4 High

4.0 Results And Discussion
The statistical summary of the concentration of the selected trace elements are shown in Table 2 while a
discussion on the vulnerability, spatial distribution and health risk assessment are presented in the
following paragraphs.

Table 2
statistical summary of the concentration of the trace elements.

Elements Cu(mg/l) Fe(mg/l) Zn(mg/l) Pb(mg/l) Mn(mg/l) Cr(mg/l)

min 0.00 0.01 0.00 0.0006 0.00 0.01

max 5.10 2.00 3.70 0.0100 6.05 23.00

meab 0.69 0.79 0.65 0.0080 0.70 2.08

median 1.09 1.73 0.91 0.0086 1.18 4.44

sdev 1.04 0.74 0.78 0.0006 1.09 3.98

WHO(2011) 2.00 0.05 3.00 0.0100 0.40 0.05

NSDW(2007) 1.00 0.30 3.00 0.0100 0.20 0.05

4.1       Vulnerability and Spatial Distribution of the trace elements

4.1.1    Manganese (Mn)

Manganese is one of the most abundant metals in the Earth’s crust, usually occurring with iron, oxygen,
sulfur and chlorine ATSDR (2012). Just like iron, Manganese is a redox sensitive element. Although
manganese is an essential metal for the body, it recently became a metal of global concern when methyl
cyclopentadienyl manganese tricarbonyl (MMT), which was known to be toxic was introduced as a
gasoline additive. MMT has been claimed to be an occupational manganese hazard and linked with the
development of Parkinson’s disease-like syndrome of tremour, gait disorder, postural instability and
cognitive disorder. Exposure to elevated levels of manganese can result in neurotoxicity. Manganism is a
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neurological disease due to manganese characterized by rigidity, action tremour, a mask-like expression,
gait disturbances, bradykinesia, micrographia, memory and cognitive dysfunction, and mood disorder.
The symptoms of manganism are very similar to that of Parkinson disease. Liao et al (2018) stated that
mineralogical composition of rocks, redox conditions and water �ow conditions are the basic factors that
in�uences the concentration of manganese bearing minerals such as Pyrolisite, magamite, braunite and
rhodochrosite found in soils and rocks. Some pyroxene bearing minerals and mica group minerals such
as montdorite are notable sources of Manganese. The manganese contents in the samples range from
0to 6.05mg/l with an average of 0.619 which is higher that the speci�ed limit by WHO (2011). Also, about
43.3% of the samples fell short of this speci�cation. Afolagboye et al (2015) identi�ed a prominent
occurrence of manganese bearing minerals in all the rocks in the study area except quartzites. This is
re�ected in the meagre occurrence of manganese in water samples from areas underlain by quartzite.
Excessive intake of manganese can lead to intellectual impairment and decreased intelligence quotients
in school-aged children (Bouchard et al 2011). High manganese concentration are observed in parts of
the area (Figure 2a and 2b). However, the highest concentrations are noticed in wells located around the
porphyritic granite and charnockite region which are highly enriched in hornblende, biotite and pyroxene
which are recognized sources of manganese (Caretero and Kruse, 2015). Spatial maps pf manganese
with respect to the world health organization and Nigerian standards are shown in �gures 2a and 2b,
many of the samples ful�ll the WHO(2011) speci�cation than the Nigerian standard.

4.1.2    Chromium (Cr)

In most cases, Chromium (III) compounds and some other species are much less toxic and has little or no
health concerns, Chromium in its hexavalent form, is the most toxic species of chromium though
problems. A recent work by Madukwe  et al (2020) reiterated that Chromium (VI) may be corrosive and
also cause allergic reactions to the body. Hence, breathing high levels of chromium (VI) can cause
irritation to the lining of the nose and nose ulcers. In addition, it can cause anemia, irritations, ulcer, and
sperm damage and impair the male reproductive system. Severe redness and swelling of the skin are also
common allergies attributed to chromium (VI). In addition, human exposure to extremely high doses of
chromium (VI) compounds can result in severe cardiovascular, respiratory, hematological,
gastrointestinal, renal, hepatic and neurological effects and possibly death Engwa et al. (2018). Jardine
et al (1999) noted that food appears to be the major source of intake (Robson, 2003). The analyses
revealed that chromium range from 0.01-23mg/l with an average of 0.5mg/l. and the main sources of
chromium are chromite, chromium bearing magnetite and ilmenite. Also, Chromate found in amphiboles,
pyroxenes, biotite, magnetite, olivine and feldspars (Bricker and Jones, 1995). A minimal intake of
chromium has been advocated as a result of its carcinogenic nature (WHO, 2011). 61.6% of the analyzed
samples recorded concentrations greater than the maximum stipulated by NSDW (2007) and
WHO(2011). Figure 2a depicts the spatial distribution of chromium in the study area. It is very clear from
the map that most part of the area have concentrations higher than the permissible level recommended
by both WHO and the Nigerian regulating body. As such, the populace could be at risk of diseases related
to high intakes of chromium as stated above. Areas with extremely high concentrations are in the
southern portion and the southwestern part of the study area.
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4.1.3    Zinc (Zn)

Zinc is abundant in the earth’s crust. It is a chalcophile metallic element and forms several minerals,
including sphalerite (ZnS), the commonest Zn mineral, smithsonite (ZnCO3) and zincite (ZnO), but is also
widely dispersed as a trace element in pyroxene, amphibole, mica, garnet and magnetite. Andrews and
Sutherland (2004). It is released to the environment from both natural and anthropogenic sources;
however, releases from anthropogenic sources are greater than those from natural sources Barbera et al.
(1991). Apart from the dissolution of zinc in water, which increases with acidity, zinc is immobile in water
Gundersen and Steinnes (2003). Toxicity in human may occur if zinc concentration approaches 400
mg/kg and 3 mg/L in soil and water, respectively. This is characterized by symptoms of irritability,
muscular stiffness and pain, loss of appetite and nausea. Zinc appears to have a protective effect
against the toxicities of both cadmium and lead Fergusson (1990). Zn has been shown to exert adverse
reproductive biochemical, physiological and behavioral effects on a variety of aquatic organisms as
concentrations exceed 20 mg/kg. Toxicity is, however, in�uenced by many factors such as the
temperature, hardness and pH of the water WHO (2011). WHO (2011) expects drinking water to contain a
maximum zinc concentration of 3mg/l. it has the ability to form soluble compounds at neutral and acidic
pH. Therefore it is among the most mobile heavy metals in groundwater (Malecki et al, 2017). It is used
as an agent to protect iron pipelines against corrosion which may contaminate groundwater due to
oxidation. Zinc naturally occurs in sphalerite, smithsonite, hemimporphite, wurtzite and hydrozincite
(Emsley, 2001). Biotite is a notable carrier of zinc in granite (Ure and Berrow, (1982). It is important to
state that zinc may be linked to an organic precursor derived from limestone or coral reefs. Khatri and
Tyagi (2015) stressed that zinc is not related to a particular bedrock type due to its adsorption to iron
hydroxides and anthropogenic sources from agrochemicals and residential areas. The groundwater
samples recorded zinc content as ranging from 0.001-3.7 and a mean value of 0.603. The average value
is lower than the maximum value speci�ed by WHO (2011) and the NSDW (2007) with only on sample
exceeding both standards. Zinc does not show critical variations within the study area as value notably
fell below the total limiting value speci�ed by NSDW(2007) and WHO(2011) except one of the samples
from the well locations. This well is underlain by a biotite granite. Biotite which has been recognized as a
main zinc carrier (Embaby and Redwan, 2019). Therefore the enrichment at this particular location can be
attributed to the weathering of this rock.

4.1.4    Lead (Pb)

The general population is exposed to lead from air and food in roughly equal proportions. Its occurrence
and concentrations in drinking water is generally below 5 mg/L, although much higher concentrations
(above 100 mg/L) have been measured where lead �ttings are present Howard and Bartram (2003).
Owing to the decreasing use of lead-containing additives in petrol and of lead-containing solder in the
food processing industry, concentrations in air and food are declining, and intake from drinking water
constitutes a greater proportion of total intake of lead Sawyer et al. (1998). Lead is a highly toxic metal
whose widespread use has caused extensive environmental contamination and health problems in many
parts of the world. The common symptom of contamination of lead is lead poisoning which displays as



Page 9/23

anemia because lead interferes with the formation of hemoglobin. It prevents iron uptake. Higher levels of
lead may produce permanent brain damage and kidney dysfunction.Engwa et al. (2018) noted that
among others acute exposure of lead can cause loss of appetite, fatigue, sleeplessness, hallucinations,
vertigo, renal dysfunction, hypertension and arthritis, while chronic exposure can result in birth defects,
mental retardation, autism, psychosis, allergies, paralysis, weight loss, dyslexia, hyperactivity, muscular
weakness, kidney damage, brain damage, coma and may even cause death. The presence of the lead in
natural water is largely linked to lead bearing minerals such as galena, and Cerissite  (Liao et al 2018; Lu
et al, 2018). Lead values range between 0.008 and 0.01, none of the water samples have concentrations
higher than the limit speci�ed by (NSDW, 2007) and WHO (2011). On the average, wells located within
areas underlain by porphyritic granite have the highest lead concentration while those within the
charnokites and quartzites recorded least mean values. The intake of lead results in tiredness, anemia,
irritability behavior changes and impairment of intellectual functions (Tebbubt, 1983). It is also
interesting that the lead concentration falls within the limiting values of the NSDW (2007) and WHO
(2011).

4.1.5    Iron (Fe)

Iron is a redox sensitive element which exhibit a high solubility at low pH. The main sources of iron in
natural water are iron oxide and hydroxide minerals such as hematite, limonite, magnetite, pyrite, siderite
and iron silicate. They are prominent in amphiboles, pyroxenes and micas. Iron values range between
0.006 and 2µg/l with a mean of 0.7841 and based on the mean the order of abundance with respect to
the bedrock is as follows: porphyritic granite>Charnokite>Migmatite > Quartzite. This is a re�ection of the
in�uence of the mineralogy of the host rock of the wells on the chemistry of the groundwater as the rocks
with higher average values are very rich in iron bearing minerals such as pyroxene, mica and amphibole
(Afolagboye et al, 2015). Excessive ingestion of iron can lead to life threatening conditions such as liver
disease, heart problems and diabetes. Also, high occurrence of iron concentration produces rusty
hydroxides in the wells and may cause staining in laundry and undesirable taste in beverages (Daramola,
2013). It is important to note that iron concentrations in areas underlain by basement rocks are usually
less thann 1mg/l and rarely exceeds 2mg/l (Daramola, 2013), the results of this study is consistent as the
iron concentration in the samples are well below these values. The concentrations of iron is higher than
the global limit in majority of the study area (�gure….). Hence, the inhabitants are at the risk of the
ailments related to excessive intake of iron. Also, some unpleasant metallic taste, rust colored stains in
laundry and rough and scaly skins. The spatial maps based on the Nigerian speci�cation indicates that
areas that exceed the limits stipulated are slightly higher than that of the world health organization. The
WHO (2011) speci�ed a maximum concentration of 2mg/l for copper in drinking water. Copper
occurrence in groundwater are usually attributed to copper sulphides such as chalcopyrite, chalcocite,
copper carbonates, malachites etc (Mapoma et al , 2017). The concentration of copper in the water
samples range between 0.002 and 5.1mg/l. only 8.3% exceed the WHO(2011) standard while 30%  of the
samples exceed the NSDW (2007) speci�cation. Embaby and Redwan (2019) stated that higher copper
concentration in water samples from wells in a granitic terrain re�ects an alteration of copper bearing
minerals. Although, despite the bene�ts of copper to human health, a higher concentration may cause



Page 10/23

neurological disorder, hypertension, liver and kidney dysfunction (Ahmed, et al , 2018, Obasi and
Akudinobi, 2020). The spatial distribution maps for copper indicates that the concentrations are higher
only in few pockets of places running from south to the northern parts of the area. However, most of the
sampled wells recorded concentrations lower than the maximum permissible value recommended the
Nigerian regulating body as compared with the          WHO(2011) standards as shown in the spatial
distribution maps (�gure 2c and d).

5.0 Health Risk Assessment
The results of the non-carcinogenic risk for the selected elements (Mn, Fe, Pb, Zn, Cu, Cr) are displayed in
Fig. 3. The hazard quotient and the consequent non- carcinogenic risk are presented in Table 3. The
hazard quotient ranges from 0.0015 to 4.007, 0.000269 to 0.089796, 0.000105 to 0.387619, 0.71837 to
0.689796, 0 to 4.13354, 0.0002 to 0.481905 for Cu, Fe, Zn, Pb, Mn and Cr respectively and corresponding
averages of 0.487, 0.035, 0.063, 0.073, 0.423, 0.036 respectively. However, in the case of adults, the
maximum hazards quotients for adults are 4.007, 0.089, 0.388, 0.090, 0.388, 0.090, 4.1335, 0.482
respectively followed by averages of 0.487, 0.035, 0.063, 0.074, 0.423, 0.036 in the same order. Also,
based on the mean values the hazard quotient show an order of Cu > Mn > Pb > Zn > Cr > Fe. The mean HI
value of the groundwater contaminants are much higher than unity for the children as about 53% of the
samples recorded values higher than one while only 38% of the HI for adults recorded values higher than
unity. For the HI values with respect to the children, 43.3% of the samples classify as low risk, 38.3% as
medium risk and 18.3% classify as high risk. On the other hand, 63.3% of the samples classify as low risk
while 36.7% and 1.6% of the samples classify as medium and high risk according to the HI values for the
adults. This indicates that there is a considerable signi�cant non-carcinogenic risk as the average HI for
both adults and children is greater than 1. The average values also indicates that a greater non-
carcinogenic effect of groundwater pollutants on children in the study area. A slight positive correlation
(Fig. 4) exists between the depths of the wells and the HI for adults (R2 = 0.3) and children (R2 = 0.2).
Spatial distribution of non-carcinogenic risk values for adults and children classi�ed based on the USEPA
(2009) classi�cation are shown in Fig. 6. On this basis, the area was classi�ed into low, medium and high
risk regions. High risk areas for children are found in the mid-central part, central northern corner and the
southwestern end of the area. It has been shown by Reham and Cheema (2017) and Ahmed et al (2018)
that children shows four fold higher HI for non-cariogenic risk than the adults. However, in this study the
risk level ranges from low, medium and high, through oral exposure pathways for both children and
adults. Also, the mean HI of non-carcinogenic risk from this study is 2.12 times higher for children that
adults.
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Table 3
The non-carcinogenic risk of groundwater contaminants for both adults and children through drinking

water ingestion in the study area
PARAMETERS Cu Fe Zn Pb Mn Cr

HQ for
children

MINIMUM 0.0001 0.0004 0.0001 0.0005 0.0000 0.0007

MAXIMUM 0.3400 0.1333 0.2467 0.0007 0.4033 1.5333

MEDIAN 0.0037 0.0667 0.0090 0.0005 0.0067 0.0333

MEAN 0.0413 0.0523 0.0402 0.0005 0.0413 0.1159

STANDARD
DEVIATION

0.0695 0.0493 0.0521 0.0000 0.0725 0.2651

HQ for Adult MINIMUM 0.0001 0.0002 0.0000 0.0003 0.0000 0.0003

MAXIMUM 0.1603 0.0629 0.1163 0.0003 0.1901 0.7229

MEDIAN 0.0017 0.0314 0.0042 0.0003 0.0031 0.0157

MEAN 0.0195 0.0246 0.0190 0.0003 0.0195 0.0547

STANDARD
DEVIATION

0.0328 0.0233 0.0246 0.0000 0.0342 0.1250

HI for Adult MINIMUM 0.0827

MAXIMUM 4.7483

MEDIAN 0.5873

MEAN 1.1185

STANDARD
DEVIATION

1.1700

HI for children MINIMUM 0.1754

MAXIMUM 10.0721

MEDIAN 1.2459

MEAN 2.3725

STANDARD
DEVIATION

2.4819

5.1 Conclusion
This research attempts to appraise the spatial distribution of Mn, Fe, Pb, Zn, Cu, Cr and associated health
risks of drinking water from dug wells from Ado-Ekiti, southwestern Nigeria based on sixty water samples.
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The results revealed that the concentrations of Mn, Fe, Zn, Cu, Cr exceeds the threshold values speci�ed
by the world health organization (2011) and the Nigerian standard for drinking water (2007) in several
sampling locations. Also, none of the sampled wells recorded lead values greater than the speci�ed limits
by both world health organization and the Nigerian standard for drinking water. Areas with elevated
concentrations were also clearly depicted by the spatial variation maps. The concentration of some of
these elements in the groundwater also correlate with the mineralogical compositions of the underlying
rocks in some of the sampling sites. The non-carcinogenic risk indicates that children are more
susceptible to potential health risks than adults, therefore this requires an urgent attention to avert the
consequences.
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Figure 1

Geological map of the study area showing the sampling points
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Figure 2

a; Spatial distribution of Mn classi�ed based on the WHO(2011) speci�cation

b: Spatial distribution of Mn classi�ed based on the NSDW(2007) speci�cation

Figure 3

a; Spatial distribution of Cr classi�ed based on the WHO(2011) speci�cation

b: Spatial distribution of Cr classi�ed based on the NSDW(2007) speci�cation
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Figure 4

a: Spatial distribution of Zn classi�ed based on the WHO(2011) speci�cation

b: Spatial distribution of Zn classi�ed based on the NSDW(2007) speci�cation

Figure 5

a: Spatial distribution of Pb classi�ed based on the WHO(2011) speci�cation
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b: Spatial distribution of Pb classi�ed based on the NSDW(2007) speci�cation

Figure 6

a: Spatial distribution of Fe classi�ed based on the WHO(2011) speci�cation

b: Spatial distribution of Pb classi�ed based on the NSDW(2007) speci�cation

Figure 7
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a: Spatial distribution of Fe classi�ed based on the WHO(2011) speci�cation

b: Spatial distribution of Pb classi�ed based on the NSDW(2007) speci�cation

Figure 8

Hazard index (HI) for drinking water intake for adult (HIA) and children (HIC)
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Figure 9

Spatial variations of non-carcinogenic health risk for children
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Figure 10

Spatial variations of non-carcinogenic health risk for adults


