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Abstract

Sixty-seven (67) groundwater samples from different land use areas such as dumpsites, industrial, markets and residential all
within Lagos, southwest Nigeria, were sampled and sent to ACME Laboratories, Ontario, Canada, for geochemical analysis
to determine some essential and toxic elements using inductively coupled plasma-mass spectrometer method. The purpose
was to establish baseline values for the geochemical composition of groundwater in some parts of Lagos as well as the health
risk assessment. Based on essential elements, 83%, 80% and 100% of groundwater samples were deficient in Ca, Mg and Se,
respectively, while 75%, 10%, 7% and 8% of samples can be categorised as soft, moderately hard, hard and very hard water,
respectively. The soft water, as well as different deficiencies in water, had been linked to heart problems, impeded growth,
fertility disorders and liver diseases. Concentrations of As, Cd, Cr, Pb, Ni and Fe were higher than recommended standards
in 2.94%, 1.5%, 1.5%, 29.4%, 4.4% and 4.7% of groundwater samples, respectively. Groundwater in the study area can be
classified between not contaminated (< 1) to very highly contaminated (CI>5) based on the contamination index. Highly
contaminated samples were within dumpsites and industrial areas. The land-use activities have a direct or indirect impact on
groundwater quality. The apparent sources of groundwater pollutants include industrial discharge, effluents, leachates and
municipal wastes. The result of total health risk index for both ingestion and dermal exposure to water showed values far> 1
for all the toxic elements and generally pose non-carcinogenic health risk hazards for child and adult population in the study
area. THI for samples from residential, market, industrial and dumpsites showed mean values of (9.60 and 3.75), (14.17
and 5.37), (9.8 and 3.4) and 95.44 and 37.48) for child and adult population, respectively. The degree of contamination in
groundwater showed the following trends: dumpsite > industrial > markets > residential in the study area.

Keywords Contamination - Deficiency - Groundwater - Lagos and toxicity

Introduction

Groundwater is the most available source of drinking water
in the developing parts of the world like Nigeria, and this
is based on the fact that presently about 90% of the citizens
make use of groundwater for drinking and other domestic
purposes. It is, therefore, necessary for groundwater to be
safe from any form of contamination. Groundwater is also
essential for industrial and agricultural activities; hence,
very vital for the growth and economic development of
every nation (Sojobi et al. 2014).
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Groundwater contamination from prolonged exposure to
environmental pollution is responsible for about 80% of the
diseases and mortality from this part of the world (WHO
1998). The composition of groundwater plays a significant
role in the determination of quality. Groundwater composi-
tion comprises of major and trace elements and can further
be classified as essential and toxic elements. Essential ele-
ments support the main metabolic activities in the human
system, and the deficiencies of these elements can lead to
many health issues. In contrast, toxic elements are all detri-
mental to the health of man and animal. The toxic elements
can get to the human system via oral ingestion by drinking,
dermal absorption and inhalation (Wu et al. 2009). Inha-
lation is the least path of exposure with regards to water
contamination.

The presence of Potentially Toxic Elements (PTEs) like
lead, arsenic, cadmium, chromium, nickel, zinc, copper,
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manganese, etc., in groundwater has become a severe threat
to both the environment and human health and hence a
global problem. These PTEs can be derived from both natu-
ral (weathering of bedrocks, volcanic activities) and anthro-
pogenic (industrial and agricultural activities, dumpsites,
mining, etc.) sources and later pollute or contaminate both
surface and groundwater (Khan et al. 2013). These toxic
elements are the cause of many health problems, especially
cancer of different human organs like liver, kidney, heart,
lungs, etc.

Lagos is a megacity with the most significant number
of industries in Nigeria. The ever-increasing population
in Lagos also contributed to an increase in urbanisation,
industrialisation and invariably water contamination due to
overexploitation (Odukoya and Akande 2015). Freshwater
scarcity is a global problem; therefore, there is an urgent
need to design a programme for groundwater monitoring
and regulation (USEPA 2017).

Lagos, Southwest Nigeria, has continued to experi-
ence a growing population and increased industrial activi-
ties since its foundation in 1967. Lagos abstracts over 180
million-gallon groundwater per day for both industrial
and domestic use which contribute to the deterioration of
groundwater resource (Odukoya et al. 2018). Water quality
analyses remain a focal point in the groundwater investiga-
tion. Therefore, monitoring of the levels and trends of qual-
ity parameters that are influenced by geology and various
anthropogenic activities become more feasible. Researches
in medical geology have shown evidence of health risks
with regard to trace elements exposure in different parts of
the world such as Europe, America, Asia and some Africa
countries. Deficiency of essential elements like Ca, Se and
Mg in groundwater has been cited as the principal cause of
different heart problems. Overexposure to toxic elements is
associated with many diseases ranging from cancer to heart
problems all over the globe.

Many studies have confirmed the effect of anthropogenic
contamination in groundwater composition and the health
risks (Li et al. 2010, Khan et al. 2013, Odukoya 2015 and
Odukoya et al. 2018). Past works on groundwater quality
in Lagos and even the entire country at large have been
minimal. There is no emphasis on the concentration of both
essential and toxic elements in groundwater based on the
deficiencies and toxicity of these elements. The outbreak
of different types of cancer in some parts of Lagos is due to
groundwater contamination, and the possible causes are yet
to be determined. The objective of this research is to carry
out a geochemical assessment of groundwater in some part
of Lagos, southwest Nigeria with regard to the concentra-
tion of essential and PTEs present in groundwater and the
health implications.
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Material and methodology
Study area

This study area is located in Lagos, south-western Nige-
ria, the most populated and industrialised city in Nigeria
and West Africa. It lies within latitude 6°30" to 6°43'N
and longitude 3°30' to 3° 27'E (Fig. 1). The population of
Lagos is estimated to be 9 million. However, some people
believe that the population can be double this amount,
and this makes Lagos the largest city in Africa based on
population (World Population Review 2019). The rapid
growth in population, urbanisation and industrialisation
has further enhanced the level of groundwater contami-
nation in the area. Lagos vegetation is Tropical Swamp
Forest which consists of the Freshwater and Mangrove
Swamp Forests due to the double rainfall pattern of the
study area. Over 40% of Lagos is covered by water, with an
additional 12% subjected to seasonal flooding (Iwugo et al.
2003). However, the entire location of the study area has
been disturbed by the human civilisation, which majorly
includes the construction of buildings and roads, thus leav-
ing the area in an unnatural state.

The climate can be classified as a dry and wet season.
There is a regular rainy season between April to Novem-
ber and the dry season from December to March. Har-
mattan period is between December and early February
(EIA report, Procter and Gambie 2010). Lagos and Lekki
Lagoon are the two drainage systems in the study area and
are fed by Rivers Oni, Oshun and Saga in the northern
parts of the lagoon (Emmanuel and Chukwu 2010).

The geology of the study area is within Coastal Plain
Sand of Dahomey Basin, which falls within the sedimen-
tary area of Nigeria. The geology of the study area which
consists of sands and gravels with thin shale/clay interbeds
with lignite of Miocene to Recent age is very porous and
forms a multi-aquifer system (Longe et al. 1987; Oteri
and Atolagbe 2003). There are four types of the aquifer
in the study area, namely the Abeokuta group, Ewekoro
formation, Coastal Plain Sands (CPS) and Recent sediment
aquifers (Longe et al. 1987). The primary aquifer is the
Coastal Plain Sands which can further be categorised into
four: recent sediments (<2 m), upper continental plain
sands (<30 m), lower coastal plain sands (200-250 m) and
Abeokuta Formation which is the basement (Longe 2011).

Sampling and analysis
Groundwater from boreholes and hand-dug wells were

collected from different locations in April 2017 (Fig. 1).
The study area includes industrial, residential, markets



Applied Water Science (2021) 11:54

Page3of 11 54

N
L "\ 3217498 l
Ifako/ljaye
Agege Ikorodu
. Ikeja 2 0%
_es ‘3,_»,2: Kosofe
. Aligosho

2 2
[=) o
S Shomol S
0 Oshodifsolo ~ Mushin >N 0
o 20 - £ o

e %2 Lagos Lagoon

Surulere Lagos Mainland
Badagry Ojo Ajeromilfelodun  Lagos Island
Apapa Eti Osa
Amuwo Odofin
T
1:200.000 3.217498
. 3
7.5 3.75 0 7.5 Kilometers

Fig.1 Sample location map of the study area

and dumpsite areas. The average depth to the ground-
water table in the study area is 16 m, and sampling was
with polyethene bottles of 1L capacity, sterilised before
sampling. Sample collection was following standard
guidelines outlined by APHA (1995) and Setpoint labo-
ratories (watericon.co.za). The samples were collected
using appropriate equipment and standard collection
procedures. GPS was used to determine sample location
points. The sampling bottles were kept in the refrigerator
(at 4 °C) and later sent to the laboratory for geochemical
analysis. The geochemical analysis took place in ACME
Laboratories, Ontario, Canada, using inductively coupled
plasma-mass spectrometer (ICP-MS) method to deter-
mine major and trace elements. The recovery rate for all
the metals based on the quality assurance ranged between
90 and 110%.

° Lag_Water_Body

Results and interpretation
Essential elements

This study investigated the quality of groundwater and
health impacts on residents based on the concentration of
major and trace elements in some parts of Lagos, south-
west Nigeria. Sixty-seven boreholes and wells samples
were collected from different parts of Lagos based on
land use which includes residential, industrial, markets
and some places with point source contamination like
dumpsites. The essential elements analysed included Ca,
Fe, K, Mg, Na and Se.

Calcium is one of the essential macro minerals required
for human body metabolic activities. The concentration
of Ca in mg/l ranged from 8.86 to 27.93, 13.84-333.3,
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Table 1 Summary of

: . Ca(mg/l) Fe(mg/l) Mg (mg/!l) Na(mg/l) Se (mg/l)
concentration of essential
elements in groundwater Residential Min  8.86 10 0.38 11.9 0.5
Max 27.93 772 10.56 107.13 6.9
Mean 18.03 189.78 4.46 55.49 2.84
Market Min 13.84 10 2.26 19.53 0.5
Max 3333 772 590.4 3643.1 6.5
Mean 71.97 245.45 63.30 411.05 2.32
Industrial Min 0.31 10 0.11 19.97 0.5
Max 28.3 416 27.49 275.2 3.6
Mean 2241 84.57 27.18 210.4 1.22
Dumpsite Min 0.84 10 0.41 3.93 0.5
Max 93.5 21,675 109.5 1443.3 27
Mean 11.95 2655.3 7.98 120.28 2.88
%age of samples with deficiency 83 0 80 0 100
%age of samples with toxicity 05 20 10 20 0

Percentages

m Deficiency

20 .I .I Toxicity
a Se

Ca Fe Mg N
Essential Elements

Fig. 2 Deficiency/toxicity of essential elements in groundwater

0.31-28.3 and 0.84-93.5 in groundwater within residen-
tial, market, industry and dumpsites, respectively (Table 1
and Fig. 2). The tolerable upper level of intake above
which there may be an adverse health effects in adults
was put at 2500 mg/day (FAO/WHO 2006) and drinking
water contributed mostly to this. The concentrations of
Ca were lower than acceptable limit of 250 mg/l in all the
groundwater samples except some of those taken within
the market area, which represented 5% of total water sam-
ples. Ca <30 mg/l is linked to a deficiency in groundwater,
and based on this, there was a deficiency of Ca in 83%
of water samples in the study area. All the groundwater
samples within residential areas showed deficiency in Ca,
which has is associated with muscle problems, extreme
fatigue, osteoporosis, depression and dental problems. At
the same time, excessive intake may stress the kidneys and
result in kidney stones.

Magnesium is another essential element, and it ranged
in mg/l between 0.38 and 10.56, 2.26-590.4, 0.11-27.49
and 0.41-109.5 for groundwater within residential, mar-
ket, industry and dumpsites areas, respectively (Table 1
and Fig. 2). Groundwater samples within the only market
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and industrial areas were above 50 mg/l recommended by
WHO 2012. 80% of the samples from all the study area
were less than 10 mg/l recommended for drinking water
and therefore are deficient in Mg. Magnesium deficiency
can cause heart problems, diabetes, anxiety, premenstrual
syndrome and migraine.

The concentration of sodium in the groundwater within
residential, market, industry and dumpsites areas in mg/1
were 11.9-107.13, 19.53-3643.1, 19.97-227, 506 and
3.93-1443.3, respectively (Table 1, Fig. 2). The WHO and
Nigerian standards for Na is 200 mg/1 for healthy people
and 20 mg/] for those with high blood pressure. 20% of
groundwater samples, which were mostly from industrial
areas were above 200 mg/1 while 93% were above 20 mg/l.
The high concentration of Na can cause kidney damage,
high blood pressure, sneezing and coughing. Deficiency of
sodium is associated with weakness, dehydration, cramps
and low blood pressure (Rose et al. 2000).

The concentration of iron in the study area ranged in
mg/l between 10 and 772, 10-772, 10-416 and 10-21,675
for residential, market, industry and dumpsites, respec-
tively. 20% of samples were higher than the recommended
standard, which can cause gastrointestinal upset such as
nausea, cramping, vomiting and constipation. The defi-
ciency of this element can cause anaemia.

Se ranged between 0.5 and 6.9, 0.5-6.5, 0.5-3.6 and
0.5-27 in mg/l within residential, market, industry and
dumpsites areas, respectively. All the groundwater sam-
ples in the study area showed a deficiency of Se and were
lower than 10 pg /I recommended by WHO guidelines to
prevent deficiency. Se deficiency can cause cardiovascular
diseases, cancer, thyroid problems and mental retardation
(Tebbutt 1983).
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Fig.3 Hardness of water in the
study area

Table 2 Summary of results for potentially toxic elements in water

M Soft water
B Moderately hard
Hard water

Very hard water

PTEs (ppb)  Residential Market Industrial Dumpsite WHO Guideline  %age
Mean  Range Mean  Range Mean Range Mean Range :tt:;?ard

As 1.05 0542 1.65 0.5-16.42 0.75 0543 9.25 0.5-173 10 2.94

Cd 0.12  0.05-0.2 0.14 0.05-0.5 0.16  0.05-0.42 0.98 0.09-4.4 3 1.5

Cr 295 0.5-8.7 3.09 1.1-6.6 3.16 0.5-14.6 66.14  0.5-1171 50 1.5

Cu 478 0.8-9.5 6.94 2.5-24 35.78  1.2-157 41.62  2.3-605 1000 0

Hg 046 0.1-1.2 0.01 0.1-0.1 0.1 0.1-0.1 032 0.1-4 1 3

Li 1.19 03-24 1.68 0.14.3 397 0.3-12.8 2.69 0.5-12 0

Pb 33 0.2-13.1 097 0.2-24 15.5 0.1-76.8 31.02 1.2-485 10 29.4

Se 3.0 0.5-69 2.11 0.5-6.5 1.0 0.5-3.6 3.7 0527 50 0

Zn 101.8  2.5-889.7 15.11 3.6-48.1 371.75  7.1-2365.1 207.47 4.1-3777 3000 0

Ni 276 0.4-4.2 12.25 0.7-103 7.1 0.7-28.4 32.65 0.4-604 20 4.4

Fe 2.53 10-772 2204 10-772 56.6 10416 26553  10-21,675 300 14.7

Groundwater hardness in the study area 3
% 30

Water hardness is the amount of calcium carbonate dis- § 20

solved in water in mg/l. Groundwater in the study area can o

be categorised as soft water, moderately hard, hard and § 10

very hard in 75%, 10%, 7% and 8%, respectively (Fig. 3). S o P o -0 _ - -89

The samples within dumpsite and industrial areas were §’ As Cd Cr Cu Hg Li Pb Se 2Zn Ni Fe
3

soft water while those within residential areas were hard
water. Soft water can cause different cardiovascular dis-
eases. World Health Organisation (WHO) has recom-
mended drinking of the water of at least 170 mg/l hard-
ness as CaCO; (Committee of Medical Aspect of Food
Policy, COMA 1994). Only 15% of the water samples,
mostly within residential areas, were within the WHO rec-
ommended standard and are between hard and very hard
water (Fig. 3).

PTEs

Fig.4 Percentage of PTEs above WHO Values

Potentially toxic elements in groundwater
Eleven potentially toxic elements (PTEs) were analysed, and

the result summary is presented in Table 2 with WHO, 2012
standard and percentage of samples above the standards. The
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values of Cu, Hg, Se, Zn and Li were less than WHO 2012
guidelines for all the samples. As, Cd, Cr, Pb, Ni and Fe
were above recommended guidelines in 2.94%, 1.5%, 1.5%,
29.4%, 4.4% and 4.7% of water samples, respectively (Fig. 4).
Samples above the recommended standards were those taken
around the market, industrial and dumpsite areas. The con-
centration of toxic elements in the residential area was within
WHO standards except for Pb and Ni. The variation maps of
the PTE:s in the study area are shown in Fig. 5 and showed
areas with high concentration.

Assessment of contamination in groundwater
samples

Contamination Index (CI) is used to measure the anomalous
concentration of elements due to contamination as presented
in Eq. 1 (Sundaray et al. 2011) and different classification is
shown in Table 3.

CI= ) MC/MAC (D
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Fig.5 Geochemical maps of some PTEs in the groundwater of study area
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Table 3 Classification of contamination index

Contamination index (CI) Classification

Cl=<1 Not Contaminated
CI=1-5 Slightly Contaminated
CI>5 Highly Contaminated

Mc =concentration of element in groundwater sample,
MAC =Maximum Allowable Concentration of element
recommended by WHO 2012 standard.

The result of Contamination Index (CI) showed that
groundwater samples from all the study area could be clas-
sified between not contaminated (< 1) to very highly con-
taminated (CI>5). The very highly contaminated samples
were those around the dumpsites, industries and markets
while water with low contamination was within the resi-
dential area (Table 4, Fig. 6). As, Cd, Cr, Pb, Ni and Fe
were responsible for the groundwater contamination.
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Table 4 Summary results

e Residential Market Industrial Dumpsite

for contamination index of
groundwater in the study area Mean Range Mean Range Mean Range Mean Range

Contamination index

1.85 0.21-5.79 2.51 0.22-12.4 18.19 0.24-172.68 16.5 0.33-197.5
Fig.6 CI of the groundwater in
the study area

1.85,5%
16.5,42% ‘
18.19,47%
2.51, 6% ¥ "
M Residential

Health risk assessments in groundwater samples

Exposure pathways of humans to contaminated ground-
water include ingestion, dermal absorption and inhalation.
The first two paths are more relevant in contaminated water
(Liyuan et al. 2010). The formulae to determine these two
pathways are presented in Eqs. 2 and 3 proposed by Miguel
et al. 2007 and presented in Wu et al. 2009. The parameters
to calculate the health risk assessment can be found in Odu-
koya et al. 2018.

Cw * IR * ABSg * EF % ED

Chronic Daily Intake(CDygeqion) =

BW « AT
@)
Chronic Daily Intake (CDperpq )
Cw * SA x Kp * ABSd * ET * EF % ED % CF
- BW * AT 3)

Hazard Quotients (HQ). Exposure to toxic elements in
water can lead to the potential non- carcinogenic human
health risks. It can be determined through Hazard Quo-
tients (HQ) using Eqs. 4 where CDI represented chronic
daily intake of toxic metal in (mg kg~' d™!) and RfD is the
oral or dermal dose (USEPA 2009). Table 5 shows all the
RfD values.

Total Health Risk index (HI) is the addition of all HQs
from all the pathways (Saha et al. 2017). i is the different
exposure pathways such as ingestion and dermal. When Hi

Industrial Area
Market

Dumpsite

is greater than 1, it means there is a possibility of adverse
health risk or need to investigate further (USEPA 2004, Sara
et al. 2017).

CDI

Hazard Quotient (HQ) = RD 4)
HI =)' HQi (5)
i=1

Assessment of human health risk based on exposure
to toxic elements in groundwater

The results of health risk assessments for all pathways calcu-
lated for adults and children in the study area are presented
in Table 5.

Hazard quotient (HQ)

Tables 5 and 6 show the results of HQ based on inges-
tion and dermal exposure calculated for eight potentially
toxic elements which are Pb, Zn, Cd, As, Cu, Cr, Ni and
Fe in the groundwater of the study area for adult and child.
Groundwater samples taken from industrial and dumpsite
areas showed that HQ values of all the eight toxic elements
were > 1 for dermal and ingestion pathways in both children
and adults’ populations. These results showed that all the
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eight toxic elements in the groundwater around the industrial
and dumpsite constitute dangerous health hazard through
exposure to both pathways. Groundwater samples taken from
residential and market areas showed that HQ values based
on exposure by ingestion were < 1 for all the eight PTEs and
therefore posed no serious health hazard via ingestion expo-
sure to the residents of the area. The values of HQ based on
dermal exposure showed that Zn and Cr in children and As
in both children and adults were > 1 in groundwater taken
from the residential area. Generally, all the eight toxic ele-
ments in groundwater within industrial and dumpsite areas
posed non-carcinogenic adverse health risks to the residents
of the area. Residents within residential and market areas are
exposed to adverse non-carcinogenic health risks based on
Zn, Cr, As and Ni in the groundwater from the two pathways
(Tables 5 and 6).

Health Index (HI)

The non-carcinogenic health risk index (HI) based on expo-
sure through ingestion for all the eight elements ranged
from 0.02 to 0.37, 0.03-0.38, 0.02-0.91 and 0.03-20.43 for
adults and 0.05-0.98, 0.07-1.03, 0.05-2.49 and 0.07-54.8
for children in samples taken from the residential, market,
industrial and dumpsite areas, respectively. HI via ingestion
calculated for adults showed values < 1 for all the samples
except those taken within the dumpsite. The reverse is the
case for children with HI > 1 for all the water samples except
residential samples. The results indicated adverse non-car-
cinogenic health risk hazard in children for all the samples
except those within residential areas. Only adults within
the dumpsite area are exposed to adverse non-carcinogenic
health risk hazards.

The non-carcinogenic health risk index (HI) based on
dermal exposure for all the toxic elements (Pb, Zn, Cd, As,
Cu, Cr, Ni and Fe) ranged from 1.49 to 13.86, 1.56-37.2,
1.5-17.87 and 1.55-673.78 for adults and 4.01-37.33,
4.22-102.92, 4.04-48.81 and 4.17-1692.06 for children
in samples taken from the residential, market, industrial
and dumpsite areas, respectively. The HI (Dermal) of all
the samples were > 1 in both adults and children indicating
values within non-carcinogenic harmful health risk hazard.

The total hazard index (Ing and Derm) for groundwater
taken from dumpsite showed the highest values and followed
the trend Dumpsite > Industrial > Market > Residential. The
results indicated that all the groundwater samples could
cause adverse non-carcinogenic health risk hazard based on
all the toxic elements when ingested orally and adsorbed
dermally by children. The groundwater within dumpsite,
industrial and market areas could cause different health
hazard to the residents, especially the children. (Fig. 7a—c).
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Fig.7 a.THI values for Dermal and Ingestion in Adult and Child
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Conclusion

The purpose of the study was to investigate the groundwa-
ter quality with emphasis on the health risk assessment of
both essential and eight potentially toxic elements (PTEs)
in groundwater within Lagos, southwest Nigeria, based
on land use. Sixty-seven groundwater samples were col-
lected from different parts of Lagos based on land use
which includes residential, industrial, markets and some
places with point source contamination like dumpsites.
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The essential and PTEs elements analysed included Ca,
Fe, K, Mg, Na, Se and Pb, Zn, Cd, As, Cu, Cr, Ni, Fe,
respectively.

1. The essential elements like Ca, Mg and Se showed
deficiencies in 83%, 80% and 100% of the groundwater
samples, respectively. They can cause diseases like heart
problems, impeded growth, fertility disorders and liver
diseases.

2. 75% of groundwater samples in the study area can be
classified as soft, 10% as moderately hard, 7% as hard
and 8% as very hard water. Most of the soft ground-
water were located around the dumpsites and industrial
areas, while the hard groundwater samples were within
residential areas. There is a link between soft water and
cardiovascular diseases in different countries around the
world.

3. The values of Cu, Hg, Li, Se and Zn for all the ground-
water samples were below the WHO, 2012 standard.
As, Cd, Cr, Pb, Ni and Fe were above recommended
standard in 2.94%, 1.5%, 1.5%, 29.4%, 4.4% and 4.7%
of water samples, respectively. Samples above recom-
mended standards were those taken around the market,
industrial and dumpsite areas. All the toxic elements in
the residential area were within WHO standards except
for Pb and Ni.

4. The result of Contamination Index showed that ground-
water samples from all the study area could be classi-
fied between not contaminated (< 1) to very highly con-
taminated (CI>5). Highly contaminated samples were
within dumpsites and industrial areas.

5. Some of the water samples taken from the study areas
showed non-carcinogenic health hazards with some of
the toxic elements when ingested orally by children.
Only some water samples taken within dumpsites can
be hazardous when ingested orally by adults.

6. Some of the water samples in the study area showed
non-carcinogenic hazard with all the toxic elements
when absorbed dermally by both children and adults.

7. It can, therefore, be concluded that land use in the study
area affects groundwater quality. The level of contami-
nation follows the trend dumpsite > industrial > mar-
kets > residential. It has also led to the contamination of
groundwater with Mn, Pb, Zn, Cd, As, Cu, Ni, Cr and
Fe and pose hazardous non-carcinogenic health risks to
the health of residents especially around the dumpsites
and industrial areas.
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