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Abstract Metal contamination in shallow wells
through solid waste leaching is a serious environmen-
tal problem with contribution to global cancer cases.
This paper evaluated the health risks of metals in shal-
low wells around dumpsites in the Abeokuta metropo-
lis, Nigeria. Five dumpsites were purposively selected
to sample twenty-five shallow wells. In situ and labora-
tory analyses for physico-chemical parameters, copper,
lead, cadmium, iron, and chromium were conducted
following the APHA standard procedure. Carcinogenic
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o Shallow wells around dumpsiteswere examined for
metals contamination from leachate.

e Non-carcinogenic oral anddermal risks were evaluated
for different age groups.

e Oral and dermal cancer risks wereevaluated for adults,
children, and infants.

o Children and infants havehigher significant non-cancer
risks for oral ingestions.

e Cancer risks are significantfor all age groups, and Cd
contributes the most risks.
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and non-carcinogenic risks for oral and dermal routes
were evaluated for adult males and females, children,
and infants. Findings revealed that all wells were acidic
(pH=5.82-6.48), with Fe and Cd concentrations above
the established limits. The wells around Obada, Oban-
toko, and Saje dumpsites had high EC (up to 1200 pS/
cm), Cu, and Pb concentrations above the permis-
sible limits. Non-carcinogenic risks for oral inges-
tion were significant for all age groups (hazard index:
HI> 1), and the significance level across dumping areas
increased in the order: Saje>Obantoko>Obada> Idi-
aba>Lafenwa. All wells assessed in Saje and Obantoko
recorded significant HI of dermal exposure for children
and infants. Cancer risks were significant for all age
groups (CR>1.0E—04), and metal contributions fol-
lowed: Cd>Cr>Pb. The overall trend of significant
risks for non-carcinogenic and carcinogenic via oral and
dermal routes is in the order of infant > children > adult
female>adult male. This suggests that groundwater
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users within the studied areas may experience diverse
illnesses or cancer in their lifetime, particularly children
and infants.

Keywords Abeokuta metropolis - Dumpsites -
Health risks - Metal contamination - Leachates -
Shallow well

Introduction

Globally, there is a growing concern around water
security issues due to the pollution of water sources,
particularly groundwater that provides nearly 50%
of all domestic water needs including drinking water
(Carrard et al., 2019; UNESCO, 2022). Unlike surface
water, groundwater pollution is not often practically
reversible especially for non-degradable contami-
nants such as metals and persistent organic pollutants
(Berkowitz et al., 2014; Ravenscroft & Lytton, 2022).
These pollutants may impact the groundwater quality
and render it unfit for direct human use. This poses
potential health risks to humans and may adversely
affect the realization of the United Nations Sustainable
Development Goals (SDGs) by 2030, particularly SDG
6 (Ezbakhe, 2018; Taka et al., 2021; UNESCO, 2019).

Generally, obliteration of groundwater quality stems
from (1) the characteristic of the aquifers through the
leaching of geologic components (Bankole et al., 2022)
and (2) the process of recharge which may contain ele-
vated concentrations of various chemical components
that are leached as water trickles through polluted sur-
faces (Bankole et al., 2020; Bodrud-Doza et al., 2020;
Parameswari & Padmini, 2018). Improperly disposed
municipal and industrial solid wastes can negatively
impact the quality of soil, air, and water and as well
affect public health adversely with their inherent chem-
ical components and pathogenic organisms (Ogundele
et al., 2018; Ojekunle et al., 2022; Olujimi et al., 2016).
The vulnerability of groundwater to pollutants such
as heavy metals (lead, cadmium, arsenic, etc.) may
be significant in developing countries and particularly
Nigeria due to the pervasiveness of the open dumping
practice of solid wastes, being the prominent means
of solid waste disposal (Ojekunle et al., 2020; Sharma
et al., 2018; Talang & Sirivithayapakorn, 2021). This
has festered because of inadequate funding and low
budget allocation for solid waste management (Abdel-
Shaty & Mansour, 2018; Ochuko, 2014).
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Open dumping, although not environmentally
friendly, is a waste disposal method, where waste is
disposed off on bare ground, without a barrier from
the surrounding ambience and the general public or
any form of processing, such as sorting and recy-
cling (Ojekunle et al., 2022). As a result of the lack of
containment infrastructure and abatement measures,
polluting trace elements such as cadmium, lead, and
chromium and other pollutants like nitrate from fecal
waste and wastewater are collected through hydroki-
netic energy in the form of leachates (Ahmed et al.,
2019; Selvam et al., 2017). This portends a potential
pollution risk to groundwater resources as it is capa-
ble of penetrating the soil layers and sometimes facili-
tated by run-off to reach the water-bearing aquifers,
thus polluting the groundwater (Ojekunle et al., 2020;
Olujimi et al., 2016). Repeated exposure to these pol-
lutants from day-to-day use of polluted water poses
serious health risks owing to their carcinogenic, toxic,
and non-degradable nature (Bankole et al., 2022;
Krishna & Mohan, 2014; Mahmood et al., 2018; Naz
et al., 2016; Olayinka et al., 2017).

For instance, the detection of trace elements such
as As, Cd, Co, Cu, Mn, Ni, Pb, and Zn in ground-
water aquifers (about 10% (w/w)) has been reported
in Germany and Netherlands, and the pathway was
linked to anthropogenic activities (Riedel et al.,
2022). This suggests the possibility of increased
risk of groundwater pollution and the resultant pub-
lic health consequences from protracted exposures.
Health risk assessment had shown the vulnerability
of both adults and children to oral and dermal expo-
sure, although prevalent in the latter (Bodrud-Doza
et al., 2020). A range of pathological conditions (can-
cer, cardiovascular disease, nervous system disorder,
hypertension, reproductive effects) has been linked to
repeated exposure to elevated concentrations of trace
elements (Nkpaa et al., 2018; Rahman et al., 2018;
Zhang et al., 2016). Specifically, intake of excessive
quantities of Fe in water could lead to hemochroma-
tosis (precursor to organ damage), weight loss, and
musculoskeletal pains (Ahmed et al., 2019; Kohgo
et al., 2008).

In Nigeria, groundwater is mostly exploited for
domestic water needs (Carrard et al., 2019; Healy
et al.,, 2020; Villar, 2016), and shallow wells are
the cheapest means of water provision (Danert &
Healy, 2021). The exploitation is heightened by
the steady rise in population growth which imposes
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further constraints on dwindling budgetary provi-
sions on water supply infrastructure and facilities for
the underserved population (Danert & Healy, 2021;
WHO, 2019). Thus, this has made shallow wells a
common sight in urban Nigeria (Agava et al., 2018).
Anand et al. (2021) noted that groundwater of this
nature readily comes under attack from on-site excreta
disposal systems, animal wastes, and open dumping
and poses a significant high risk to the health of users
(MacDonald & Pieper, 2017).

Similarly, the metropolitan areas of Abeokuta in
Ogun State, Nigeria, are fast developing, and this
could be attributed to ingress from the neighboring
mega city such as Lagos State, due to congestion of
the latter. Furthermore, Ogun State being the state
with the highest number of tertiary institutions in the
country, the accompanying large-scale development
in the metropolis could be accountable for the steady
rise in population. Aside from the benefit of economic
prosperity, this comes with the complex challenges
of urban sprawl with the attendant adverse effect of
environmental blight (indiscriminate waste dump-
ing, open defecation, and open burning) (Vitorino
de Souza Melaré et al., 2017), being some of the
anthropogenic sources of groundwater pollution. In
this instance, groundwater quality comes under seri-
ous threat of being useful for its intended purpose.
Considering that groundwater is used directly without
advanced treatment or any form of treatment, which
is typical of Nigeria (Yadav et al., 2019), it becomes
essential to monitor the groundwater quality for the
sake of public health and contingent intervention in
an established case of pollution.

In recent times, growing concern on the potential
human health risk posed by the increasing level of
groundwater pollution has received huge attention. In
this regard, many studies had been conducted in the
area of human health risks (Adimalla & Li, 2019;
Barzegar et al., 2019; Chen et al., 2020; Qasemi et al.,
2022; Rahman et al., 2018; Su et al., 2018; Tabassum
et al., 2019; Towfiqul Islam et al., 2017; Zakir et al.,
2020). Studies have also been conducted on the con-
centrations of trace metals and physico-chemical
parameters in dumpsites in the southwestern region
of Nigeria (Aboyeji & Eigbokhan, 2016; Abul, 2010;
Oyelami et al., 2013). Moreover, groundwater suit-
ability assessment and mapping of aquifers within the
Abeokuta Formation were conducted by Bankole et al.
(2022), in relation to human health risk exposure.

Nonetheless, the latest edition of the United Nations
World Water Development Report raises concern on
the lack of data on groundwater (UNESCO, 2022),
which suggests a clear case of limited explorative
studies on groundwater quality.

Also, considering the fact that the health risks of
residents living in close proximity to dumpsites are
seldomly reported (Ojekunle et al., 2022), coupled
with the likely increase in dumpsites, drawing from
the growing ingress, it becomes imperative to monitor
the groundwater quality and evaluate the human health
risks potential around the developing areas within the
Abeokuta metropolis in Ogun State, Nigeria.

Therefore, the objectives of this study are to (a)
evaluate the concentrations of heavy metals in ground-
water sources around selected dumpsites in the Abeo-
kuta metropolis; (b) evaluate the effect of long-term
exposure (oral and dermal) to groundwater around
the dumpsites, using human health risk index; and (c)
establish the suitability (or otherwise) of water quality
for direct human use and domestic purposes.

Materials and methods
Description of the study area

Abeokuta is the largest urban center and the capital
of Ogun State, Southwestern Nigeria, which covers
a landmass of about 879 km? and lies between lati-
tude 7° 10’=7° 15’ N and longitude 3° 17'-3° 26" E
(Fig. 1). The area is characterized by a tropical cli-
mate, having distinct wet (April-October) and dry
(November—March) seasons (Odjegba et al., 2021),
with an annual temperature of 23-32 °C and annual
rainfall of 1200-1500 mm. The geological settings of
the Abeokuta metropolis consist of a crystallized pre-
Cambrian basement complex mainly made of igneous
and metamorphic rocks with visible outcrops, which
is responsible for the poor water-bearing potential
(Orebiyi et al., 2008). Part of the metropolis also
consists of transition zones to the sedimentary Abeo-
kuta Formation (Bankole et al., 2022). The metropo-
lis has a dendritic drainage and is drained by a major
river (Ogun River) that passes through the city center
(Adekitan & Bankole, 2019). This made shallow and
deep wells the major means of groundwater exploita-
tion in the Abeokuta metropolis.
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Fig. 1 Map of the study area showing the sampling sites

Abeokuta is built in between the center of Lagos-
Ibadan extended urban region and forms part of the
larger metropolitan economic area. This strategic
location, matched with the presence of diverse local
resources, rapid population growth, and enhanced
political status, has generated dynamic economic
activities. The population of the city is growing rap-
idly mainly due to its proximity to the most popu-
lous city in Nigeria (Lagos), economic prospects,
and rural-urban migration. A few large-scale indus-
trial establishments, as well as trading, personal,
finance, and insurance services, comprise the local
economy. Abeokuta is also an agricultural trade
center with a dedicated agricultural cargo airport
as an exporting point for various commodities, such
as food crops (cassava, maize, etc.) and cash crops
(cashew, palm oil, etc.).

@ Springer

Sample collection and analysis

A total of twenty-five (25) wells were randomly sam-
pled around five purposively selected open dump-
sites within the Abeokuta metropolis in May 2022.
The month of May is usually a rainy season (or a wet
month) in Nigeria. This factor tends to influence the
pollution of the water table and, consequently, the
wells (or shallow wells). The selection of the dump-
sites was based on the size of the dumpsites and the
volume of waste generated (five biggest and well-
known dumpsites) (Ojo et al., 2022). The selected
dumpsite locations were Idi-aba, Lafenwa, Obada,
Obantoko, and Saje.

Five water samples were collected from wells situ-
ated at a maximum of 500 m away from each dump-
site. All sampled wells were georeferenced using a
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geographical positioning system (GPS). In situ analy-
sis was carried out to determine the pH, temperature,
electrical conductivity (EC), and total dissolved sol-
ids (TDS) of sampled wells, using HI 98130 combo
tester and VIVOSUN pH meter. The meters were
calibrated using standard buffer 7.0 solution, pre-
rinsed with deionized water before and after sam-
pling. Samples for laboratory analysis (to determine
the concentration of selected metals) were collected
in a sterilized well-labeled 2-L plastic bottles, prop-
erly rinsed with deionized water followed by sampled
water before the sample collection.

Afterward, 2.5 mL of concentrated nitric acid was
added to water samples to ensure that the samples
were kept in their natural state, and the samples were
stored in ice cubes and transported to the laboratory
for further analysis. The concentration of selected
metals (copper (Cu), lead (Pb), cadmium (Cd), iron
(Fe), and chromium (Cr)) was analyzed using standard
APHA methods. The selection of metals was prem-
ised on past studies on metal occurrences in Abeokuta
(Adekunle et al., 2013; Aladejana & Talabi, 2013;
Babalola et al., 2005; Bankole et al., 2022; Taiwo,
2012; Taiwo et al., 2020). All samples were digested
with nitric: perchloric acid 1:1. The water samples
were analyzed using an atomic absorption spectro-
photometer (AAS, 210/211VGP (Buck Scientific,
E. Norwalk, CT, USA)). The equipment was prop-
erly calibrated using a prepared metal stock solution
(100 mg/L). All analysis was carried out in triplicate
for quality assurance and quality control.

Human health risk assessment

The human health risk (HHR) assessment is used
to determine the risk level of substances to human
health. The carcinogenic and non-carcinogenic
risks of metals in groundwater sources were devel-
oped using the methods described by the US Envi-
ronmental Protection Agency (USEPA, 1989;
USEPA, 2004). Recently, HHR has been adopted
by researchers to critically assess the exposure
level to pollutants with severe health implications
(carcinogenic and non-carcinogenic), such evalua-
tions have also cut across different age groups (tod-
dlers, teenagers, adults, etc.) and exposure routes
(oral and dermal) (Adimalla, 2018; Adimalla & Li,
2019; Akshitha et al., 2022; Bankole et al., 2022;
Gao et al., 2020; [jumulana et al., 2021; Nyambura

et al., 2020; Sohrabi et al., 2021; Wang et al.,
2021). Notably, most health risk—based studies have
been conducted in parts (i.e., evaluation of different
age groups for only one route or evaluation of both
dermal and oral routes but one or two age groups).
Therefore, this study evaluated the carcinogenic
and non-carcinogenic risks for both dermal and oral
ingestion for infants, children, and adults (male and
female). This is to ensure that adequate information
that would enhance public health protection and
promote sustainable groundwater management in
the Abeokuta metropolis is proffered by this study.

Non-carcinogenic risks

The computation of the oral and dermal ingestion
non-carcinogenic risks of metals for the selected age
groups was carried out using the steps below:
The chronic daily intake (CDI) for oral and dermal
ingestion was computed using Egs. (1) and (2).
C x IR X ED x EF

CDlIoral = €]
BW x AT

Cx K xSA XET X ED x EF x CF

CDIdermal =
BW x AT

@)
where CDI oral is the chronic daily intake of metals
through oral ingestion of water (mg kg~! day™'); CDI
dermal is the chronic daily intake of metals through
dermal ingestion of water (mg kg™! day™!); C is the
concentration of metals in water (mg L™!); IR is the
Ingestion rate of water (L day™'); ED is the exposure
duration (years); ET is the exposure time in hour/
event; EF is the exposure frequency (day year™'); K
is the Permeability coefficient (cm/h); CF is the con-
version factor in L/cm’; AT is the average time of
exposure=ED for non-carcinogenic effects, while
AT =60 years for carcinogenic effects in adult male,
63 years for an adult female, 6 years for a child, and
1 year for an infant; and SA is the skin surface area
(cm?). This is estimated for different age groups,
using Eq. (3):

SA =239 xH0.417 x BW0.517 3)

H is the height of different age groups and sex (cm).
BW is the body weight (kg).

Afterward, the hazard quotients (HQs) of individ-
ual parameters were computed for the oral and dermal
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ingestion for the selected age groups using Egs. (4)
and (5).

. _ CDIoral
Hazard Quotient, = RiD 4)
oral
. _ CDIderma]
Hazard Quotient .., = RiD._ 5)
dermal

where CDI=chronic daily intake of metals in water
(mg kg~! day™!), RfD_, is the reference dose for oral
ingestion (mg kg~! day™!), and RfDy,,,,, is the refer-
ence dose for dermal ingestion (mg kg~! day™!).

If hazard quotient (HQ)> 1, there is a non-carcinogenic
adverse effect, while if HQ < 1, there is no adverse effect.

Finally, the non-carcinogenic hazard index (HI) for
oral and dermal ingestion was achieved by summing
up the hazard quotients (HQ) as shown in Egs. (6)
and (7):

HIora] = ZileQOral i=1....n (6)

n .
HIdermal = ZileQdermall =1....n (7)

where n is the number of elements observed.

Cancer risk (CR)

The cancer risks of the age groups through the oral
and dermal ingestion routes were computed using
Egs. (8) and (9).

CRoral = CDIoral x SF (8)
CRdermal = CDIdermal x SF ©)]
where CDI ., and CDI,,,., are the chronic daily

intake of metals in water through oral and dermal
routes, respectively (mg kg~' day™!). SF=cancer
slope factor (mg~! kg=! day™!); SF of Cd=15,
Cr=0.42, and Pb=0.0085 was used for the
computation according to the California Office
of Environmental Health Hazard Assessment
(OEHHA, 2019).

If CR>1x107*, there is a carcinogenic adverse
effect, while CR < 1x10™* indicates no carcinogenic
adverse effect.

The detailed information and values used in com-
puting the non-carcinogenic and carcinogenic risks of

@ Springer

the oral and dermal ingestion routes, for the selected
age groups, are summarized in Table 1.

Digital elevation model (DEM) analysis

The application of geographical information system
(GIS) has been leveraged to demystify the patterns of
water pollution and spatial distribution of pollutants
within a given geographical extent. Digital elevation
model (DEM) map has been used in studies to under-
stand the role of relief (elevation) and groundwater
(well) pollution (Bankole et al., 2022; [jumulana et al.,
2021; Paramasivam & Venkatramanan, 2019). In this
study, DEM map was generated from the GIS environ-
ment (ArcGIS 10.1 and ArcScene). The elevation data
(digital elevation model in a tile form) was collected
by the shuttle radar topography mission (STRM) from
the US Geological Survey’s Earth Explorer website.
The downloaded tiles were mosaicked to generate the
DEM for the metropolis and transferred to the Arc-
Scene environment to protrude the elevation contours
for the sampled areas.

Result and discussion
Summary of water quality results

Identifying the water quality status through detailed
laboratory testing is essential to determine its suitabil-
ity for diverse purposes, particularly for drinking pur-
pose. The descriptive statistics of the laboratory results
of physico-chemical and heavy metal concentration
in groundwater sources around open dumpsites in the
Abeokuta metropolis are presented in Table 2. Gener-
ally, all sampled wells were slightly acidic, with mean
pH values of 6.24, 6.36, and 6.11 for the wells at Idi-
aba, Lafenwa, and Obada respectively. The pH values
of the wells decreased in the order of Lafenwa > Idi-
aba> Obada > Obantoko > Saje. All wells sampled had
pH values below the lower threshold established by the
WHO (2011, 2017). Groundwater pH level is an indi-
cator of the ability of trace metals to dissolve in the
water sources and the potential to interact with acidic
or alkaline materials (Bodrud-Doza et al., 2020).
Sampled wells around dumpsites at Idi-aba,
Lafenwa, and Obada recorded electrical conductiv-
ity (EC) and total dissolved solids (TDS) mean val-
ues of 132.00 pS/cm and 35.68 mg/L, 76 pS/cm and
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Table 2 Water quality

C Parameters Sample area/dumpsite Location WHO standard
concentrations in water
samples collected around Idi-aba Lafenwa Obada Obantoko Saje
selected dumpsites in the
Abeokuta metropolis pH Mean 6.24 6.36 6.11 6.00 5.95 6.5-8.5
SD 0.10 0.09 0.09 0.08 0.13
EC Mean 132.00 76.00 550.80 618.00 1200 1000 pS/cm
SD 3.54 2.55 35.44 9.57 16.55
TDS Mean 35.68 35.94 2754 308.70 77742 500 mg/L
SD 5.24 1.04 17.72 5.64 18.29
Fe Mean 1.220 0.576 1.280 1.380 1.604 0.300 mg/L
SD 0.402 0.052 0.264 0.303 1.018
Cu Mean 2.004 1.248 2.018 2.802 3.156 2.000 mg/L
SD 0.136 0.234 0.158 0.262 0.220
Pb Mean 0.007 0.005 0.011 0.016 0.096 0.010 mg/L
SD 0.007 0.002 0.003 0.001 0.006
Cd Mean 0.056 0.052 0.059 0.100 0.244 0.003 mg/L
SD 0.005 0.003 0.002 0.026 0.199
Cr Mean 0.004 0.006 0.007 0.021 0.040 0.050 mg/L
SD 0.001 0.002 0.002 0.006 0.037

3594 mg/L, and 550.80 pS/cm and 2754 mg/L,
respectively. The mean EC and TDS concentration of
groundwater sources near the dumpsites at Obantoko
and Saje were 618.00 uS/cm and 308.70 mg/L. and
1200 pS/cm and 777.42 mg/L, respectively (as shown
in Table 2). High EC is an indicator of dissolved salt
and organic pollution load in groundwater (Wagh
et al., 2020). All sampled groundwater sources at Saje
have EC and TDS concentrations above the threshold
of 1000 puS/cm and 500 mg/L. The probable cause of
high EC around the Saje dumpsite could be attributed
to run-off and percolation of leachate caused by a high
volume of waste generated at the dumpsite. Saje dump-
site is the largest dumpsite in Abeokuta, with about
119 km? of landmass (Ojo et al., 2022). Additionally,
the dumpsite is located on an abandoned mine site;
therefore, leachate concentration in the vicinity of the
dumpsite may be higher than other dumpsites’ areas.
The high groundwater table could influence groundwa-
ter flow in the area and consequently the leachate trans-
port within the aquifers. This could cause an inflow
of ions (anion) and dissolved organic matter from the
dumpsite leachate. Higher EC values (884—1510 uS/
cm) were reported by Odipe et al. (2018) in their study
that investigated the impact of solid waste leachate
on groundwater contamination at the Ijemikin waste
dumpsite environ, Ondo State, Nigeria.
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The mean concentrations of iron in ground-
water sources around dumpsites located at Idi-
aba, Lafenwa, Obada, Obantoko, and Saje were
1.220 mg/L, 0.576 mg/L, 1.280 mg/L, 1.380 mg/L,
and 1.604 mg/L, respectively. Similarly, groundwater
sources around the Saje dumpsite recorded the high-
est Fe concentration, against other sources. The result
revealed that the mean iron concentrations in all wells
were above the WHO permissible limit of 0.30 mg/L
(as shown in Table 2). High iron concentration in
water could cause coloration of water. The lowest
and highest values recorded at all sampled wells were
below the iron concentrations (1.430-36.333 mg/L)
found in wells around the Kurata dumpsite in Sango,
Ogun State, Nigeria, by Ojekunle et al. (2022) and the
concentration (1.20-17.60 mg/L) found in leachate
from municipal solid waste landfill in Gohagoda, Sri
Lanka, by Dharmarathne and Gunatilake (2013).

The mean concentrations of copper (Cu) in the
water samples collected from wells around the
dumpsites increased from 1.248 mg/L (Lafenwa)
to 2.004 mg/L (Idi-aba), 2.018 mg/L (Obada), and
2.802 mg/L. (Obantoko), and the highest value
(3.156 mg/L) was recorded at the well around the
Saje dumpsite. All wells around the dumpsite at
Lafenwa recorded Cu values below the established
limit of 2.0 mg/L by WHO (2011, 2017). Two wells
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each at Idi-aba and Obada recorded values above the
limit, while all the wells in Obantoko and Saje have
Cu concentrations above the limit, and the high-
est was recorded in this study. Although copper is
needed for body metabolism, exposure to high Cu
content poses adverse effects (Taiwo et al., 2020) to
human. The results show that the users of groundwa-
ter sources around dumpsites in Saje, Obantoko, and
the sampled wells with high Cu content in Idi-aba and
Obada are vulnerable to health implications such as
cardiovascular disease, immune system and increased
infection rate, headache, and kidney failure. This
result supports the findings of Araya et al. (2007) and
Manne et al. (2022).

Similarly, wells around the dumpsite at Saje
recorded the highest mean lead concentration
(0.096 mg/L), followed by wells around the dumpsites
at Obantoko (0.016 mg/L) and Obada (0.011 mg/L).
As shown in Table 2, all wells around the dumpsites
at Saje and Obantoko have values above the estab-
lished standard, including three (3) wells at Obada.
All wells around dumpsites at Lafenwa and Idi-Aba
had lead concentrations below the established limit of
0.010 mg/L by the WHO. Lead is a non-essential ele-
ment for humans and an established carcinogen. Lead
occurs in groundwater as suspended organic matter or
as precipitate (PbCO; and Pb,0O). The high concen-
tration of lead in most of the wells could be attributed
to leachates from wastes deposited at dumpsites, such
as battery cells, dye, and medical equipment, perco-
lating into the aquiferous layers. Exposure to high
lead concentration in water could impair infant men-
tal development and cause increased blood pressure,
kidney damage, and cardiovascular diseases, among
other severe health conditions. Several studies such as
Alam et al. (2020), Ojekunle et al. (2022), and Taiwo
et al. (2010), among others, are in line with the result
of this study.

All wells assessed in this study recorded cad-
mium concentration above the established limit of
0.003 mg/L (WHO, 2011, 2017). The highest cad-
mium concentration was recorded at the Saje dump-
site (0.244 mg/L), and the mean concentration at
the remaining dumpsites followed the order Oban-
toko > Obada > Idi-Aba > Lafenwa. Lower Cd con-
centration (0.024 mg/L) was reported by Ojekunle
et al. (2022) in their study that assessed the risks
of metals in groundwater sources around the Kura-
kuta dumpsite, Ogun State. Landfill leachate through

indiscriminate waste disposal and incineration, inten-
sive agricultural activities, and industrial activi-
ties has been implicated as the major anthropogenic
source of cadmium in the environment, aside from
the natural occurrence through rock weathering in
black shale rocks (Mahajan et al., 2022). Studies
have emphasized leachate as one of the major con-
tributors to high Cd concentration in groundwater
(Bankole et al., 2022; Ojekunle et al., 2022; Troudi
et al.,, 2020). High Cd concentrations in drinking
water are deposited in the kidney over time, caus-
ing renal damage (Huang et al., 2021; Kubier et al.,
2019). Endocrine disruption, development of malig-
nant cells, and calcium homeostasis are the severe
consequences of high Cd exposure (Ali et al., 2013),
with renal tubule being the most common conse-
quence (Bernard, 2004).

Chromium (Cr) concentration in all wells assessed
was below the established standard of 0.050 mg/L.
The mean concentration increased in the order of
Saje> Obantoko > Obada > Lafenwa >Idi-aba (as
shown in Table 2). Cr occurs in two forms in the envi-
ronment: Cr III and Cr VI, with Cr III being a micro-
nutrient and insoluble in water (Zhao et al., 2016).
Cr (Cr VI) is highly stable, mobile, and soluble in
groundwater, with a very high carcinogenic effect
on human health, even at a very low concentration
(Beukes et al., 2017; Zhao et al., 2016). Although Cr
occurrence in groundwater is often from rock-water
interaction and anthropogenic activities, the impact of
the latter has been prominent in the findings of most
studies (Gedamy, 2015; Salman & Elnazer, 2020;
Tiwari et al., 2019). The use of Cr-containing mate-
rial in different industrial activities including metal-
lurgy, paint, paper pulp, steel production, petroleum
refining, and electroplating, which are often disposed
off into the environment, could introduce Cr into the
groundwater aquifer. Most importantly, leachate of
solid waste from open dumpsites could easily influ-
ence the concentration of Cr in groundwater aquifers;
hence, its monitoring is of essential interest.

The overall high metal concentration in wells
around the Saje dumpsite is envisaged and could be
attributed to the influence of previous mining activ-
ities before the spot was converted into a dump-
site. Nevertheless, the general high concentration
of metals in wells around other dumpsites (Oban-
toko, Idi-aba, Lafenwa, and Obada), coupled with
the acidic pH concentration of the water samples,
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suggests that the leaching of the solid wastes has
seriously polluted the shallow water sources in the
vicinity, with probable high metal mobility (due
to acidic pH). Therefore, it is essential to evaluate
the probable non-carcinogenic and carcinogenic
effects of the water sources for both oral and dermal
routes, across different age groups: infant, children,
and adult male and female.

Non-carcinogenic health risks

Evaluation of potential health risks is critical to deter-
mine the suitability of water sources for drinking and

other domestic uses. The non-carcinogenic risks of the
heavy metals were determined by evaluating the oral
and dermal hazard index for infants, children, and adult
males and females. The hazard index (HI) value greater
than 1 indicates that water users within the study area
may experience diverse non-carcinogenic health com-
plications ranging from headaches to renal damage, by
either oral or dermal usage. On the other hand, a hazard
index value of less than one implies that groundwater
users in the study area will have no consequential health
effects. The result of non-carcinogenic HI of oral and
dermal routes for the age groups is presented in Table 3.
The results are sectionalized into oral and dermal routes.

Table 3 Hazard Index values for oral and dermal ingestion for age groups

Dumpsites Samples HI oral HI dermal
Adult male Adult female Children Infant Adult male Adultfemale Children Infant
Obantoko S1 5.00 5.67 10.01 27.03  0.80 0.83 1.34 1.88
S2 4.19 4.75 8.37 22.60  0.62 0.64 1.04 1.47
S3 4.36 4.95 8.72 23.55  0.69 0.72 1.16 1.63
S4 6.49 7.36 12.99 35.06 1.15 1.18 1.92 2.70
S5 5.45 6.17 10.89 29.41 091 0.94 1.53 2.15
Lafenwa S6 2.33 2.64 4.65 12.56  0.38 0.39 0.63 0.88
S7 2.29 2.59 4.57 12.35  0.37 0.38 0.61 0.86
S8 2.15 2.44 4.30 11.60  0.36 0.37 0.61 0.85
S9 2.61 2.96 5.22 14.10 041 0.42 0.68 0.95
S10 2.82 3.20 5.64 1523 044 0.46 0.74 1.04
Saje S11 18.12 20.55 36.24 98.69 391 4.04 6.54 9.20
S12 15.30 17.35 30.60 82.62 3.15 3.25 5.27 7.41
S13 6.24 7.07 12.47 33.68 097 1.00 1.62 2.28
S14 5.71 6.48 11.43 30.86  0.71 0.74 1.19 1.67
S15 5.39 6.11 10.78 29.10  0.65 0.68 1.09 1.54
Obada S16 2.98 3.38 5.96 16.09 041 0.42 0.69 0.96
S17 3.16 3.59 6.33 17.08 044 0.45 0.73 1.03
S18 322 3.65 6.43 17.37 045 0.47 0.76 1.07
S19 3.52 3.99 7.04 19.01 0.48 0.50 0.81 1.14
S20 3.41 3.87 6.82 1842 047 0.48 0.78 1.10
Idi-aba S21 2.83 3.21 5.66 1528  0.37 0.38 0.61 0.86
S22 2.89 3.27 5.77 15.58  0.38 0.39 0.63 0.88
S23 3.01 3.41 6.02 16.26  0.38 0.40 0.64 0.90
S24 3.59 4.07 7.18 19.38 047 0.48 0.78 1.10
S25 3.15 3.57 6.29 16.99 040 0.41 0.67 0.94
Min 2.15 2.44 4.30 11.60  0.36 0.37 0.61 0.85
Max 18.12 20.55 36.24 98.69 391 4.04 6.54 9.20
Mean 4.81 5.45 9.62 26.00 0.79 0.82 1.32 1.86
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Oral ingestion

The hazard index for oral ingestion (HI oral) for adult
males and females, children, and infants is presented
in this section. Notably, all sample points evalu-
ated recorded significant HI values (HI>1) for all
the age groups. HI oral values for adult males and
females, children, and infants range from 2.15-18.12,
2.44-20.55, 4.30-36.24, and 11.60-98.69, respectively.

The higher risk values for children and infants
compared to the adults were expected considering
that children’s immune systems are more fragile. A
similar trend of higher non-carcinogenic risks via
the oral route in children and infants was recorded
in the study of Akshitha et al. (2022) and Gao et al.
(2020). Likewise, adult females recorded higher oral
ingestion risks than adult males, which corroborates
the assertion of Gao et al. (2020) that gender plays a
critical role in the vulnerability to non-carcinogenic
risks, by evaluating the human health risks of nitrate
contamination in shallow groundwater sources in
Eastern China. The minimum and maximum risks
for oral ingestion for all age groups were recorded at
Lafenwa (S8) and Saje (S11) as shown in Table 3. HI
values of wells across the dumpsites environ increased
in the order of Lafenwa<Idi-aba<Obada < Oban-
toko < Saje. This result showed that groundwater aqui-
fers around the dumpsites in the Abeokuta metropolis
have been seriously polluted by leachates, and users
are vulnerable to diverse health consequences, par-
ticularly children and infants.

The maximum HI recorded in the wells assessed
is higher than the values recorded in shallow
groundwater sources around the mining site at
Anhui Province, China (Jiang et al., 2021), and
Degohlan village, Western Iran (Rezaei et al.,
2019). Meanwhile, Nyambura et al. (2020) evalu-
ated the probable health risks of metals (Pb, Cd,
and Ni) from groundwater sources in Kilimam-
bogo, Kenya, and the study recorded mean non-
carcinogenic risks of 272.0 for adults and 133.1
for children, although the reasons why the risk in
adults is higher than in children were not clari-
fied by the authors. Also, Ojekunle et al. (2022)
recorded extremely high mean HI values for adults
(1809), children (5427), and infants (8140) in their
study that assessed cancer and non-cancer risks of
metal contamination in wells around the Kurata
dumpsite, Sango, Ogun State, Nigeria.

Dermal ingestion

The values of hazard index (HI) through dermal
ingestion are presented in Table 3. The HI dermal
for adults male and female across the sample sites
ranges from 0.36-3.91 and 0.37-4.04, respectively.
All wells at Idi-aba, Lafenwa, and Obada have no
significant risks, while one sample point at Oban-
toko (S4) was significant for male and female
adults. Two wells around the Saje dumpsite (S11
and S12) were significant for males, and three wells
(S11, S12, and S13) have HI values above 1.0 for
adult females. This shows that both adult males and
females are likely to experience severe health con-
sequences by using the water from the wells for
domestic or aesthetic purposes.

All groundwater sources around the dumpsites
at Idi-aba, Lafenwa, and Obada recorded a similar
trend of no significant risks for children, while sig-
nificant risks were recorded by all wells in Obantoko
and Saje. The minimum and maximum HI dermal
values for children were recorded at wells S7 (0.61),
S8 (0.61), S21 (0.61), and S11 (6.54), respectively.
The difference in the number of significant risks of
wells in Obantoko between adults and children could
be attributed to the fact that non-significant HI val-
ues for adults are close to one (1). Jiang et al. (2021)
recorded lower non-carcinogenic risks of metal
through the dermal route for children in their study
on groundwater contamination from mining sites in
China. This implies that bathing children or other
aesthetic uses of water from the studied wells and
the environs of Obantoko and Saje dumpsites are not
advisable unless treated. Children who are exposed to
untreated contaminated water could experience acute
or severe health problems, including skin irritations.

The non-carcinogenic risks for infants via the
dermal route at Lafenwa and Idi-aba sample sites
were non-significant, except for one well each (S10
and S24) with significant non-carcinogenic risks
(HI>1), as shown in Table 3. In contrast, only
one well at Obada (S16) recorded non-significant
risks (HI< 1), but other wells have significant risks
(HI> 1) ranging from 1.03 to 1.14. All wells around
Obantoko and Saje dumpsites recorded significant
risks for infants with HI values of 1.47-2.70 and
1.54-9.20, respectively.

The overall percentage of wells with significant
risks for oral and dermal ingestions for all age groups
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is presented in Fig. 2. All sampled wells have sig-
nificant risks for oral ingestion for adult males and
females, children, and infants. The percentage of sam-
pled wells with significant non-cancer risks (HI>1)
for dermal exposure is 12% for adult males, 16% for
adult females, 40% for children, and 64% for infants
(as shown in Fig. 2). Considering the HI dermal val-
ues, the vulnerability to non-carcinogenic health risks
via dermal ingestion followed a similar pattern to the
risks of oral ingestion, with infants being the most vul-
nerable and adult males being the least at risk. Mean-
while, the trend of the percentage of significant wells
decreases from infant to adult male (infant> chil-
dren>adult female>adult male). Adimalla (2018)
reported 55.67%, 63.40%, and 92.27% of wells with
significant non-carcinogenic risks for adult males and
females and children, due to contamination of ground-
water sources in the semi-arid region of South India.

Cancer risk (CR)

The cancer risks (CRs) of metals (Pb, Cd, and Cr) in
sampled wells are shown in Table 4. The CR signifi-
cant level as recommended by the US Environmental
Protection Agency is 1.0E —04. Overall, CR for all the
sampled wells was significant across all age groups
for both oral and dermal ingestion routes. The highest
CR for adult males and females, children, and infants
through oral ingestion was recorded at Saje S11
(2.10E—-01, 2.38E—-01, 4.20E—-01, and 1.14, respec-
tively). Higher cancer risks for oral ingestion were
reported for both adults (30.64E —02—highest value)
and children (7.43E02) by Nyambura et al. (2020).

The same well (S11) recorded the highest dermal risk
(CR) values for all age groups: male (1.12E—03),
female (1.16E —03), children (1.88E —03), and infant
(2.64E—03). Similar trend of non-carcinogenic risks
(infant > children > female > male) was observed for
cancer risk exposure (CR) through both oral and der-
mal routes.

The cancer risk contribution of the metals (Cd,
Cr, and Pb) to all age groups for the entire sampled
wells is presented in Fig. 3. The order of toxicity was
Cd>Cr>Pb for all the age groups assessed in this
study. Cadmium recorded over 99% toxicity contri-
bution for adult males and females and infants, while
about 97% was recorded for children. Cadmium is a
highly toxic element and is mostly found in ground-
water systems (Kubier et al., 2019, 2020). Health
consequences of exposure to cadmium aside from
cancer include gastrointestinal diseases, chronic ane-
mia, and calcium homeostasis (Alam et al., 2020; Ali
et al., 2013). Improper sewage and solid waste man-
agement has been attributed to high cadmium content
in groundwater sources in different parts of the world
(Mahajan et al., 2022; Troudi et al., 2020). Therefore,
cadmium-containing substances should be stopped
from being discarded/dumped at open dumpsites in
the Abeokuta metropolis.

Studies have established the impact of seasonal
variations on groundwater quality and pollution
level (Khawla & Mohamed, 2020; Owamah, 2020;
Sahu et al., 2020; Wagh et al., 2018). Gao et al.
(2020) established the influence of seasonal varia-
tion (wet and dry seasons) on the overall health risks
of groundwater sources within the Karst geological
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Table 4 Cancer risk values for oral and dermal ingestion for the age groups

Dumpsite ~ Samples CR oral values CR dermal values
location code
Adult male Adult Children Infant Adult male Adult Children Infant
female female
Obantoko S1 386E—-02 438E-02 7.72E-02 2.08E—01 2.06E—-04 2.12E-04 3.44E-04 4.84E-04
S2 335E-02 380E-02 6.70E-02 1.81E—01 1.78E—-04 1.84E—04 2.99E—-04 4.20E-04
S3 336E-02 38l1E-02 6.71IE-02 1.81E-01 1.79E-04 1.85E—-04 2.99E-04 421E-04
S4 595E-02 6.74E—-02 1.19E-01 3.21E-01 3.17E-04 327E-04 531E-04 7.46E-04
S5 445E—-02 5.04E—-02 8.89E-02 240E-01 237E-04 245E-04 397E-04 5.57E-04
Lafenwa S6 213E-02 242E-02 4.26E-02 1.15E-01 1.14E-04 1.17E-04 1.90E-04 2.67E-04
S7 213E-02 242E-02 4.26E-02 1.15E-01 1.14E-04 1.17E-04 190E-04 2.67E-04
S8 205E-02 232E-02 4.10E-02 1.11E-01 1.09E-04 1.13E-04 1.83E—-04 2.57E-04
S9 2.18E-02 247E-02 435E-02 1.18E—-01 1.16E-04 120E-04 1.94E-04 2.73E-04
S10 243E-02 275E-02 4.85E-02 1.31E-01 1.29E-04 1.34E-04 2.16E—04 3.04E-04
Saje S11 2.10E-01 238E-01 4.20E-01 1.14 1.12E-03 1.16E—03 1.88E—03 2.64E—03
S12 1.74E-01 197E-01 348E-01 9.40E—-01 9.28E-04 9.58E—-04 1.55E-03 2.18E-03
S13 454E-02 S5.14E-02 9.07E—02 245E-01 242E-04 250E—-04 4.04E—-04 5.68E—04
S14 4.18E—-02 4.74E—-02 836E—-02 2.26E-01 223E-04 230E-04 3.73E-04 5.24E-04
S15 384E-02 436E-02 7.69E—02 2.08E—01 2.05E—-04 2.11E-04 3.43E-04 4.82E-04
Obada S16 238E-02 270E-02 4.76E—-02 1.29E-01 1.27E-04 131E-04 2.12E-04 2.98E-04
S17 243E-02 2.75E-02 4.85E-02 1.31E—-01 1.29E-04 133E-04 2.16E—04 3.04E-04
S18 247E-02 280E—-02 4.94E-02 1.33E-01 1.32E-04 136E-04 220E-04 3.09E-04
S19 259E-02 294E-02 5.19E-02 140E-01 138E-04 143E-04 231E-04 3.25E-04
S20 255E-02 289E-02 5.10E-02 1.38E—01 1.36E—-04 140E-04 228E-04 3.20E—04
Idi-aba S21 2.17E-02 246E—-02 434E-02 1.17E—01 1.16E—-04 1.19E-04 1.94E-04 2.72E-04
S22 221E-02 251E-02 443E-02 1.19E-01 1.18E-04 122E-04 197E-04 2.77E-04
S23 225E-02 256E-02 451E-02 1.22E-01 1.20E-04 124E-04 2.01E-04 2.83E—04
S24 267E-02 3.03E-02 535E-02 144E-01 143E-04 147E-04 238E-04 3.35E-04
S25 234E-02 265E-02 4.68E—-02 1.26E—01 125E-04 129E-04 2.09E-04 2.93E-04
Min 205E-02 232E-02 4.10E-02 1.11E-01 1.09E-04 1.13E-04 1.83E-04 2.57E—-04
Max 2.10E-01 238E-01 420E-01 1.14E+00 1.12E-03 1.16E-03 1.88E—03 2.64E—03
Mean 428E—-02 4.85E-02 855E-02 2.31E-01 228E-04 235E-04 381E-04 5.36E-—-04

unit in Eastern China. Authors related the high haz-
ard quotient and spatial spread during the wet season
to the impact of seasonal variation. Considering that
groundwater pollution could be influenced by run-off
during the rainy season, it could be assumed that the
sampling period (wet season) contributed to the high
and significant cancer and non-carcinogenic risks
recorded in this study. Nevertheless, the results have
clearly shown that poor solid waste management
through uncontrolled open dumpsites in the Abeo-
kuta metropolis has greatly impacted the groundwa-
ter system of the fast-growing city.

Also, it could be argued that higher concentration
is expected in the dry season due to low precipitation,

which could possibly increase the metal concentration
since the leaching process is continuous. Future stud-
ies are advised to evaluate the health risks at a wider
distance and across different seasons, to ascertain the
extent of pollution in the Abeokuta metropolis.

This study has shown that the users of the sam-
pled and neighboring wells in the dumpsite envi-
ron are highly susceptible to different kinds of
cancer and cancer-related illnesses (recurring flu,
skin irritation, development of malignant cells,
hormonal disruption, kidney failure, etc.), either
by drinking the water without treatment or via
daily domestic routines that involve water. Addi-
tionally, the extremely high risks for children and
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infants are an urgent call for drastic and holistic
measures to tackle the poor solid waste manage-
ment in the entire Abeokuta metropolis and build
a healthy environment. Appropriate sustainable
groundwater management approach and remedia-
tion technologies are urgently needed to reduce the
contamination rate and curb further spread within
the aquiferous units across the metropolis. Nota-
bly, the impact of past mining activity on the Saje
dumpsite and its environment has been made obvi-
ous with the results of the metals, non-carcinogenic
risks, and cancer risks for all the age groups, with
well S11 being the overall highly polluted well
assessed. This assertion is similar to the conclu-
sion of Jiang et al. (2021) that mining activities
and solid waste leachate impact the metals risks of
shallow groundwater sources in Northern Anhui,
China. Furthermore, soil/aquifer remediation meas-
ures for cadmium should be adopted to curtail the
current pollution level and future consequences.

Fig. 3 Percentage toxicity

of metals and contribution to
cancer risks for all age groups
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Digital elevation model

The digital elevation model (DEM) generated for
the study area as presented in Fig. 4 shows that the
metropolis has a higher elevation toward the north-
eastern part (Obantoko) and decreases southward
(toward Obada), with the western part having a lower
elevation compared to the eastern part (Idi-aba).
Also, the location of the Ogun River and its channels
is obviously depicted by the lowest elevation in the
metropolis (deep blue pattern).

Considering that Obada has the second highest
level of metal pollution and significant health risks
(dermal and oral routes), it could be assumed that
the low elevation and proximity to the downstream
of the Ogun River influenced the pollution of shal-
low wells in the area, since pollutants are expected
to be washed downstream across the river channel.
The elevated metal concentration and significant
risks of shallow wells in Saje could be traced to the
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Fig. 4 Digital elevation model (DEM map) of the study area showing the sampling points

past mining activities in the area. This is similar
to the established pattern between the elevation of
parts of Ogun State and the spatial distribution of
health risks and metals in groundwater sources by
Bankole et al. (2022)

Conclusion

This study evaluated the non-carcinogenic and cancer
risks of metal contamination of shallow wells due to
leachates from dumpsites in the Abeokuta metropo-
lis, Southwestern Nigeria. Five open dumpsites were
selected within Abeokuta Metropolis based on their
sizes, and twenty-five (25) groundwater samples were
collected from shallow wells within 500 m distance
from the dumpsites for laboratory testing and evalu-
ation of risks. Human health risks through oral and
dermal exposure for four age groups were evaluated.

The laboratory water quality results show that all
wells were acidic pH with high iron and cadmium,
while the wells around Obantoko and Saje had high
Cu and Pb concentrations above the established
standards, including a few wells at Obada. The high-
est electrical conductivity and TDS were recorded at
the wells at Saje.

Non-carcinogenic  health risks of metals for
oral ingestion were significant for all age groups,
across the dumpsites in the order of Lafenwa <Idi-
aba < Obada < Obantoko < Saje. HI increases from adult
males to females and children, while infants have more
vulnerability with the highest risk value of 98.69. Fewer
samples recorded significant risks of dermal expo-
sure for adult males and females, but all wells around
Saje and Obantoko dumpsites have dermal HI>1 for
children and infants. Cancer risks for all wells across
the age groups were significant (CR>1.0E—04) for
both oral ingestion and dermal routes. The metal
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contribution to cancer risks in the study area for all
age groups is in the order of Cd>Cr>Pb. The trend
of significant non-carcinogenic and carcinogenic risks
for oral and dermal ingestion is as follows: infant> chil-
dren>adult female>adult male. The results show a
high level of metal contamination and risks in the sam-
pled wells with possible extension to other parts of the
Abeokuta metropolis and portends the development of
cancers by users in their lifetime. Urgent drastic and
holistic remediation technologies are highly recom-
mended while Government should encourage a contain-
ment management strategy in the interim and relocation
of dumpsites far away from the metropolis as a lasting
solution, to reduce groundwater contamination.
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