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0.01 ± 0.00 Cd to 10.64 ± 1.20 Mn and 0.01 ± 0.00 to 
7.53 ± 2.57 Mn at Ifetedo and Garage Olode. Going 
by WHO provision for drinking water, the study con-
cluded that the levels of heavy metals in the potable 
water samples could constitute serious health hazards 
over prolonged usage unless some water treatment 
protocols are adopted.
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hazards · Physicochemical parameters · Ife-South

Introduction

Water is perhaps the most essential resource on the 
earth required for drinking, cooking, tourism, and 
cultural purposes; it is also required for sanitation 
and sustaining of the earth ecosystem in addition to 
having a critical input in the industry (Mark et  al., 
2002; Mishra & Pandey, 2008). Water is also found to 
play a key role in climate and co-evolution of life on 
Earth (Bhoemick et al., 2017). Despite the abundance 
of water on earth, about 0.3% is usable (Bibi et  al., 
2016) and it is on record that about 30% of the entire 
global population have no access to potable water 
(WHO, 2017). A study has revealed that about 320 
million people in the African continent were excluded 
from drinking water services (Bazié, 2014), while 
drinking water availability in West Africa has been 
estimated to be below 60.00% (CMAE, 2008).

Abstract  To a large extent, public health can be 
prevented from being compromised by having access 
to potable water whose physicochemical fingerprints 
conform to the WHO Guidelines for drinking water. 
This study was carried out to assess the physico-
chemical properties and heavy metals speciation of 
groundwater in Nigeria. Water samples from thir-
teen sites were collected for three months and ana-
lysed for levels of pH, conductivity, nitrate, sulphate, 
phosphate, and heavy metals using standard methods. 
The results of the analysis revealed that the respec-
tive mean temperature, conductivity, pH, total dis-
solved solids, and oxygen reduction potential of 
Ifetedo sites were 27.57 ± 0.66  °C, 318.93 ± 108.58 
µS/cm, 5.29 ± 0.20, 207.40 ± 73.58  mg/L, and 
265.17 ± 11.29  mV, while those of Garage Olode 
were 28.53  °C, 275.04 ± 133.75 µS/cm, 5.23 ± 0.04, 
177.66 ± 89.37  mg/L, and 270.43 ± 37.75  mV. Total 
mean levels (µg/mL) of heavy metals ranged from 
0.04 ± 0.01 Cd to 26.21 ± 3.63 Mn at Ifetedo, while 
at Garage Olode, the range was between 0.02 ± 0.00 
Cd and 14.49 ± 5.70 Mn. The respective ranges of 
mean values (µg/mL) of exchangeable metals were 
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Groundwater (from wells and boreholes) is the 
main source of potable water in rural West Africa 
(Adamou et  al., 2020; Raphael et  al., 2018) as indi-
cated by several studies that were carried out to 
investigate the quality of drinking water in rural 
areas (Barakat et al., 2018; Khatri et al., 2016; Malek 
et al., 2019; Mulamattathil et al., 2015; Raphael et al., 
2018). Also, risk assessment for consuming unhealthy 
water has been carried out in West Africa, particu-
larly the challenges that the rural dwellers are facing 
(Adamou et  al., 2020; Degbey et  al., 2011; Dougna 
et  al., 2015; Raji & Ibrahim, 2011; Raphael et  al., 
2018). Some studies conducted in Nigeria to deter-
mine the potability of various water sources inferred 
that anthropogenic activities are the primary cause 
of pollution of these water sources (Egbueri, 2018; 
Ekere et al., 2019; Egbueri & Mgbeonu, 2020; Ukah 
et al., 2020).

According to WHO analysis, about 80% of dis-
eases are caused by consumption of unhealthy water 
in developing countries (Khan et al., 2013) and about 
3.1% of deaths occurred as a result of unhygienic and 
poor quality water (Pawari & Gawande, 2015). Water 
pollution is thought to be one of the primary causes 
of sickness, with over fourteen thousand people dying 
every day around the world (Egbueri, 2018; Egbueri 
et al., 2020a; Ukah et al., 2020). Trace metals occur-
ring as part of the contents of inorganic compounds 
have been recognized as substantial pollutants in 
many drinking water sources (Egbueri, 2020a,  b). 
Heavy metals penetrate the soil/water system and 
eventually pollute the food chain due to their non-
degradable nature (Azimi et  al., 2017; Pratush et  al., 
2018). Sometimes, groundwater contamination occurs 
naturally, but pollution is usually the result of human 
activities on the land surface. The source of heavy 
metals and other contaminants could be from waste 
generated mainly from households, markets, offices, 
farmland, spoilt electronic, and vehicle parts. These 
contaminants could penetrate the soil and contaminate 
the groundwater overtime.

Groundwater serves as the major source of water 
for the people of the study area. Up till now, there 
is a paucity of data on groundwater resources of 
Ifetedo and Garage Olode particularly in the area of 
physicochemical composition. The two towns are 
the economic hubs of Ife-South Local Government 
Area (LGA), actively involved in all-year-round 
agricultural practices, diverse commercial activities 

and semi-mega industrial engagements in water 
packaging, and artisan works that involve metals 
and wood. This study investigated the physicochem-
ical properties and heavy metal speciation analy-
sis of groundwater of Ifetedo and Garage Olode in 
Ife-South LGA of Osun State. This was to evaluate 
the extent to which the water conformed to World 
Health Organization (WHO) safety guidelines.

Methodology

Study area

Ife-South, a local government area in Osun State, 
Nigeria, has its headquarters in the town of Ifet-
edo on latitude 7.183°N and longitude 4.7°E with 
an area of 1.948 km2 (Omotola & Ofoize, 2019). 
The groundwater sampling regime covered the two 
major towns, Ifetedo and Garage Olode, in Ife-
South LGA of Osun State. The two towns are rela-
tively close to each other and are moderately pop-
ulated; the population of Ifetedo, using the annual 
26.8% increase, has been estimated to be 39,491 as 
at 2020. The geographical locations of the sampling 
sites are presented in Table 1.

Table 1   Grid location of the sampling sites

GPS grid coordinate Altitude (m)

Latitude (°N) Longitude 
(°E)

Sampling locations at Olode
   Abanise 07°21′44″ 004°34′27″ 253 ± 2
   Oluweri I 07°15′52″ 004°37′59″ 243 ± 4
   Oluweri II 07°15′52″ 004°37′58″ 241 ± 3
   Gbaro 07°15′42″ 004°37′48″ 251 ± 3
   Iyodun 07°15′49″ 004°38′27″ 280 ± 1
   Aba Cele 07°15′54″ 004°38′44″ 270 ± 1

Sampling locations at Ifetedo
   Alagbado 07°10′42″ 004°41′42″ 216 ± 3
   Oke-Awona 07°10′52″ 004°42′14″ 231 ± 2
   Isale-Ife 07°10′43″ 004°41′43″ 229 ± 1
   Otutu 07°10′12″ 004°42′42″ 247 ± 2
   Baba Akodi 07°11′12″ 004°42′17″ 242 ± 1
   Ayesan 07°11′09″ 004°41′42″ 225 ± 2
   Oke-Soda 07°11′04″ 004°41′32″ 229 ± 1
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Sterilization of apparatus

The newly purchased plastic bottles used for sampling 
were first washed with liquid detergent solution, rinsed 
properly with tap water, and then with distilled water. 
They were then soaked in 10% HNO3 for 48  h. This 
was followed by vigorous triplicate rinsing with dis-
tilled water. The bottles were then rinsed with the water 
samples at the sampling site three times before being 
filled to the brim with the sample to preclude trace 
metal contamination from any other source (Fig. 1).

Chemicals used and their sources

All chemical used were of analytical grade: HNO3, 
HClO4 (Riedel–de Haen, Germany), HCl (Sigma-
Aldrich, Germany), NaOH pellets, and NaCl (British 
Drug House, BDH, Chemical Ltd, Poole England). 
From these, reagent I (0.12 M HCl containing 100 g 
of NaCl in 500  mL solution) and reagent II (2.0  M 
NaOH and 0.34 M NaCl in 1 L of water) were pre-
pared using doubly distilled water.

Sample collection, handling, and storage

About 2 L of the water sample for metal and physico-
chemical parameters analyses was collected at various 
sampling sites. The samples were immediately trans-
ported to the laboratory for immediate speciation and 
anion analyses, while 2 mL of conc. HNO3 was added 
to the samples meant for total metal analysis at the sam-
pling site before being stored in the refrigerator at about 
4 °C. This was done to prevent microbial degradation.

Physicochemical study

The physicochemical parameters were carried out 
in  situ with the aid of a calibrated water instrument 
analyser (Ultra Meter II™6Psi Serial 620,769, USA). 
The samples collected were analysed for temperature, 
conductivity, pH, total dissolved solids, and oxida-
tion–reduction potential. In addition, concentrations 
of NO3

−, SO4
2−, and PO4

3− were also determined 
using appropriate standard techniques.

Fig. 1   Map showing the sampling sites
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Preparation of the samples for heavy metal speciation 
study

The method described by Ogunfowokan et al. (2013) 
for speciation analysis of heavy metals was adopted 
in this study.

Digestion of water samples for total metal 
determination

The water samples were digested using the method 
described by APHA (2005) in which case 20 mL ali-
quot of water sample was transferred into a Teflon 
beaker to which about 5 mL of conc. HNO3 was added 
along with a few Hengar granules. This was brought to 
a gentle boiling on a thermostated hot plate for about 
45  min while replenishing with conc. HNO3 to avoid 
total dryness. Thereafter, 5 mL mixture of conc. HClO4 
and conc. HNO3 in the ratio 1:1 was introduced into 
the sample (Christian, 2004) and then heated again 
to a slow-boiling for about 30  min making sure that 
evaporation to dryness was prevented as more of the 
acid mixture was added when necessary. The digested 
sample was quantitatively transferred into 25 mL volu-
metric flask and diluted to volume with doubly distilled 
water. A blank determination was carried out. Metals in 
the worked-up samples were directly quantified by AAS 
(PG 990 model) available at the Department of Geol-
ogy, Obafemi Awolowo University, Ile-Ife, Nigeria.

Quality control measures adopted

Blank determination

Alongside each determination was a blank to check 
for background levels of the heavy metals in the rea-
gents used particularly for the digestion procedures.

Recovery analysis

This was conducted to ascertain the precision of 
the analytical instrument used in this study since 
standard reference water material was not avail-
able when this study was carried out. Accurately 
measured 25 mL water sample was put into a Tef-
lon beaker and was spiked with 25 mL of 50 µg/mL 
of the standard heavy metal solution mixture. Also, 
another 25 mL water sample was put into a Teflon 
beaker and 25  mL of doubly distilled water was 

added. Both samples, after digestion protocols, were 
taken through instrumental analysis. The results 
obtained were compared, and percentage recoveries 
were evaluated. The percentage recovery (%R) was 
evaluated from the relationship:

where A is the metal concentration in the spiked sam-
ple and B is the metal concentration in the unspiked 
sample.

Replicate analysis

Triplicate analysis was carried out to further check 
the reproducibility of the methods used in this study 
along with routine analysis of the prepared stand-
ards and the blanks. The instrument was calibrated 
using the method of a standard addition to reduce 
the matrix effect.

Exposure and risk assessment

To estimate the daily exposure of an individual, 
USEPA suggests the lifetime average daily dose 
(LADD) as the exposure metric. The following 
equation is a similar representation of the daily 
exposure route modified from Chrowtoswski (1994) 
and adopted by Kavacar et al. (2009):

where CDI is the chronic daily intake (mg 
kg−1 day−1), C is the drinking water contaminant con-
centration (mg L−1), DI is the average intake rate of 
drinking water (3.7 L day−1 for male and 2.7 L day−1 
for female), and BW is the body weight (i.e. 65 kg). 
The hazard quotient (HQ) is calculated using the 
following equation (USEPA, 1992; Kavacar et  al., 
2009):

where RfD is the reference dose (mg kg−1  day−1). 
RfD values used in this study were obtained from 
USEPA IRIS (2010). Health risk assessment of the 
metals was interpreted based on the values of HQ and 
THI. Values less than 1 (HQ or THI < 1) means no 
risk.

(1)%R =
A − B

50
× 100

(2)CDI =
C × DI

BW

(3)HQ =
CDI

RfD
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Hazardous index

To estimate the risk to human health through more 
than one heavy metal (HM), the hazard index (HI) has 
been developed. The hazard index is the sum of the 
hazard quotients for all heavy metals which were cal-
culated by the equation below (Guerra et al., 2010).

It assumes that the magnitude of the adverse effect 
will be proportional to the sum of multiple metal 
exposures.

Statistical method used

Analyses of variance (ANOVA), correlation, and 
cluster analyses were used to interpret and deter-
mine the relationships existing among the results of 
the heavy metals obtained. Correlation and cluster 
analyses provide information on the interactions and 
sources of heavy metals in the groundwater.

Results and discussion

Validation of analytical procedure

The reliability of the analytical procedure adopted in 
this study was tested in terms of percentage recov-
ery of the analysed metals under experimental con-
ditions used. The percentage recoveries obtained, 
with a range between 83.78% Cd2+ and 98.2% Mn2+ 
(Table  2), fell within the 70–110% recovery range 
stipulated by the EU (1999) as the acceptable limit 
within which the analytical procedure is adjudged 
to be reliable. Thus, the measured values of met-
als obtained in this study are adjudged reliable and 
acceptable.

Physicochemical parameters of the groundwater 
quality

The mean values of physicochemical properties of 
the groundwater are presented in Table  3. The val-
ues obtained were compared with that of the World 
Health Organization (WHO, 2017) and the Standard 
Organization of Nigeria (SON, 2015) guidelines for 
drinking water.

(4)
THI = ΣHQ = HQMn ± HQZn ± HQCu ± HQPb ± HQCd

Temperature

The temperature values of Ifetedo water sam-
ples ranged from 28.10 ± 0.10  °C at Oke-Awona 
to 29.00 ± 0.10  °C at Otutu with a mean value of 
28.53 ± 0.31  °C, while those of Garage Olode sam-
ples, with a mean value of 27.57 ± 0.66  °C, ranged 
from 26.90 ± 0.20 °C at Oluweri II to 28.30 ± 0.10 °C 
at Iyodun. The coefficients of variations (CV) values 
are 1.08 and 2.39 respectively for Ifetedo and Garage 
Olode. Thus, there was no significantly different vari-
ability in the factors that could alter the temperature 
values of the studied areas. The metabolic rates of 
most groundwater organisms are controlled by tem-
perature; warm water aids microbial metabolism and 
reduces oxygen solubility. These two opposing factors 
would naturally favour the multiplication of anaero-
bic microorganisms leading to their increased activi-
ties at releasing more wastes into the groundwater at 
higher rates than expected. In the process, ground-
water becomes unsafe for domestic uses, and con-
sumption of such polluted groundwater could cause 
gastroenteritis, diarrhoea, and diseases such as chol-
era (Mbanugo et al., 1990). These temperatures were 
all above the WHO maximum limit of 25 °C (WHO, 
2011a; Sixtus et al., 2016). It is desirable to have the 
temperature of drinking water to be moderate (not too 
hot or cold) as this enhances its palatability.

Electrical conductivity

The electrical conductivity of Ifetedo water sam-
ples ranged from 108.00 ± 0.80 µS/cm at Okesoda 
to 503.00 ± 1.30 µS/cm at Baba Akodi with a mean 
value of 275.04 ± 133.75 µS/cm, while that of Garage 
Olode samples, with a mean value of 318.57 ± 108.58 
µS/cm, ranged from 192.70 ± 0.20 µS/cm at Abanise 

Table 2   Values of percentage recovery (%R) and calibration 
curve

Metal 
species

Amount 
(µg/mL)

The amount 
measured 
(µg/mL)

% Recovery Calibration 
curve, r2

Zn2+ 50 42.36 ± 2.56 84.72 0.9856
Pb2+ 50 41.89 ± 3.01 97.84 0.9889
Cd2+ 50 41.89 ± 2.71 83.78 0.9975
Cu2+ 50 46.44 ± 1.53 92.88 0.9987
Mn2+ 50 49.01 ± 3.72 98.02 0.9931
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to 476.00 ± 0.10 µS/cm at Abacele. The CV values 
were 48.63 and 34.04 respectively. The EC values in 
the groundwater samples were below the maximum 
permissible standard of 1000 μS/cm set for drink-
ing water (SON, 2015; WHO, 2017). Therefore, with 
respect to EC values, the groundwater samples of the 
studied communities were safe for domestic use such 
as drinking.

pH

The pH values for Ifetedo water samples ranged from 
5.19 ± 0.23 at Ayesan to 5.30 ± 0.04 at Alagbado with 
a mean value of 5.29 ± 0.20, while that of Garage 
Olode samples, with a mean value of 5.23 ± 0.04, 
ranged from 5.01 ± 0.05 at Abacele to 5.55 ± 0.21 
at Oluweri II. These values fell below the range of 
6.5–8.5 recommended by WHO and SON for drink-
ing water. Considering these pH values, the water 
samples were considered to be slightly acidic to be 
used as potable water. Some health-related issues in 
humans associated with exposure to extremely low 
pH values are an increase in eye and skin, irritation 

(HC, 2016). There could also be an increase in the 
solubility of metallic xenobiotics where water pH is 
consistently within acidic range.

Total dissolved solid

The TDS of Ifetedo water samples ranged from 
68.21 ± 0.10 mg/mL at Okesoda to 332.00 ± 0.20 mg/L 
at Baba Akodi with mean values of 177.66 ± 89.37 mg/
mL, while that of Garage Olode samples, with a 
mean value of 207.40 ± 73.58  mg/mL, ranged from 
123.30 ± 0.10 mg/mL at Abanise to 314.50 ± 0.20 mg/
mL at Abacele. The TDS results obtained in this study 
were within the acceptable limit of 1000  mg/L for 
domestic use (WHO, 2017). Relying on water sources 
with high TDS levels can increase the chances of hav-
ing kidney stones (Sharma & Bhattachatya, 2016). In 
addition, using water with elevated levels of TDS for 
drinking purposes could cause some health challenges 
for both humans and fowls especially where anions 
such as Cl− are responsible for the high levels of TDS 
in the water (Weltzien, 2002).

Table 3   Mean physicochemical properties of groundwater samples of Ifetedo and Garage Olode

Site Temperature (°C) Conductivity (µS/cm) pH TDS (mg/L) ORP (mV)

Ifetedo
   Alagbado 28.10 ± 0.20 163.10 ± 0.40 5.30 ± 0.10 103.00 ± 0.20 259.90 ± 0.10
   Oke-Awona 28.10 ± 0.10 350.00 ± 1.80 5.22 ± 0.20 229.00 ± 0.01 259.70 ± 0.30
   Isale-Ife 28.30 ± 0.20 314.00 ± 0.90 5.21 ± 0.40 203.00 ± 0.10 259.90 ± 0.10
   Otutu 29.00 ± 0.10 290.00 ± 0.50 5.24 ± 0.10 186.00 ± 0.20 255.90 ± 0.10
   Baba Akodi 28.50 ± 0.20 503.00 ± 1.30 5.22 ± 0.20 332.00 ± 0.30 255.80 ± 0.20
   Ayesan 28.20 ± 0.10 190.00 ± 1.50 5.19 ± 0.20 121.30 ± 0.20 253.90 ± 0.10
   Okesoda 28.40 ± 0.20 108.00 ± 0.80 5.21 ± 0.20 68.21 ± 0.10 255.90 ± 0.10
   Mean ± s.d 28.53 ± 0.31 275.04 ± 133.75 5.23 ± 0.04 177.66 ± 89.37 270.40 ± 37.75
   Range 28.10–29.00 108–503 5.19–5.30 68.21–332.00 253.90–259.90
   CV 1.08 48.63 0.76 50.31 13.96

Garage Olode
   Abanise 26.90 ± 0.10 192.70 ± 0.20 5.39 ± 0.01 123.30 ± 0.10 254.98 ± 0.02
   Oluweri I 27.00 ± 0.10 381.40 ± 0.30 5.38 ± 0.01 248.00 ± 0.20 258.97 ± 0.03
   Oluweri II 26.90 ± 0.20 367.00 ± 0.10 5.55 ± 0.001 239.00 ± 0.10 258.99 ± 0.01
   Gbaro 28.20 ± 0.20 279.30 ± 0.30 5.36 ± 0.001 178.00 ± 0.20 260.08 ± 0.02
   Iyodun 28.30 ± 0.10 216.00 ± 0.20 5.02 ± 0.02 138.00 ± 0.20 271.09 ± 0.01
   Abacele 27.30 ± 0.10 476.00 ± 0.10 5.01 ± 0.01 314.50 ± 0.20 284.99 ± 0.01
   Mean ± s.d 27.57 ± 0.66 318.57 ± 108.58 5.29 ± 0.20 207.40 ± 0.10 265.17 ± 11.29
   Range 26.90–28.30 192.70–476.00 5.01–5.55 123.30–314.50 254.98–284.99
   CV 2.39 34.04 3.78 35.45 4.26
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Oxidation reduction potential

The oxygen reduction potential in Ifetedo water 
samples had a mean value of 270.40 ± 37.75 (mV) 
and ranged from 253.90 ± 0.10 (mV) at Ayesan to 
259.90 ± 0.10 (mV) at Isale-Ife, while those of Garage 
Olode samples had a mean value of 265.17 ± 11.29 
(mV) with values that ranged from 254.98 ± 0.02 
(mV) at Abanise to 284.99 ± 0.01 (mV) at Abacele. 
There was no significantly different variability among 
the oxygen-reduction potential values of the studied 
areas. Oxidation–reduction potential (ORP) simply 
means a determination of water’s capability to oxi-
dize or reduce contaminants. When the ORP levels 
of a particular water sample ranged between 300 and 
500  mV, the water is considered healthy (Wetzel, 
1983). However, when the ORP value of water is low, 
the toxicity of certain metals and contaminants can 
increase, thereby increasing the amount of dead and 
decaying materials in the water that cannot readily 
clear off (Horne & Goldman, 1994).

Levels of metals in the water samples

The results in Table  4 revealed that the mean amount 
of total metals (Mn, Cu, Zn, Cd, and Pb) in the ground-
water of Ifetedo and Garage Olode towns was sig-
nificantly higher than the guideline limits stipulated by 
World Health Organisation (WHO, 2017) for drink-
ing water. The respective total metal burden (TMB) 
(in µg/mL) with respect to Mn, Cu, Zn, Cd, and Pb 
in Ifetedo was of the order: Okesoda (3.80) < Otutu 
(23.78) < Alagbado (24.63) < Baba Akodi (26.22) < Oke-
Awona (29.22) < Isale-Ife (31.41) < Ayesan (32.31), 
while that of Garage Olode was of the order: Abanise 
(39.56) < Abacele (39.88) < Iyodun (40.52) < Oluweri II 
(45.19) < Gbaro (47.32) < Oluweri I (50.10). The high 
metal load observed at Ayesan area in Ifetedo and Oluw-
eri I in Garage Olode could be a result of the geochemical 
composition of the underlying rocks around the well and 
aerial deposition of dust which might contain some of the 
metals. It could also be due to the slight acidic pH values 
which enhanced the solubility and mineralization of the 
metals from their underlying rocks and compounds.

The total Zn metal analysed in Ifetedo water sam-
ples with a mean of 8.23 ± 3.49  µg/mL ranged from 
0.84 ± 0.28  µg/mL at Okesoda to 11.02 ± 2.30  µg/
mL at Ayesan, while that of Garage Olode having a 
mean of 13.57 ± 2.39 ranged from 10.33 ± 1.99  µg/ Ta
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mL at Iyodun to 15.77 ± 4.62 µg/mL at Oluweri II. The 
exchangeable fractions at Ifetedo and Garage Olode 
respectively gave mean values of 5.67 ± 2.41  µg/mL 
and 6.70 ± 0.43 µg/mL, and a range of 0.90 ± 0.05 µg/
mL at Okesoda to 7.10 ± 0.04 µg/mL at Oke-Awona for 
Ifetedo samples, while the range at Garage Olode was 
from 6.00 ± 0.02 µg/mL at Gbaro to 7.10 ± 0.03 µg/mL 
at Iyodun (Table 5). The percentage of the exchange-
able fraction at Ifetedo and Garage Olode were 68.69% 
and 41.78% respectively (Table  6). The Zn val-
ues obtained in this study were lower than either the 
147.3 ± 30.4  µg/mL reported for hand-dug wells at 
Ile-Ife (Oluyemi et al., 2010) or the 45–350 µg/mL for 
boreholes and wells in Makurdi metropolis (Nsi and 
Ogori., 2005). However, the values were much higher 
than that reported by Oyeku and Eludoyin for Ojota 
area in Lagos water samples with values that ranged 
from 0 to 0.23  µg/mL (Oyeku & Eludoyin, 2010). 
These discrepancies might be a result of geological dif-
ferences, and to a lesser extent, from other anthropo-
logical influences. Most of the total and exchangeable 
levels of Zn detected in the current study exceeded the 
WHO guideline limit of 3 µg/mL (WHO, 2017).

By implication, anyone who drinks up to 1 L of the 
water per day would have exceeded the 15–20 mg rec-
ommended daily intake of Zn (World Health Organi-
zation, 2008), and hence, may suffer from Zn induced 
health problems such as nausea, dizziness, gastric 
ulcer, muscle pain, impairment of immune func-
tion, headaches, fatigue, possible renal failure, and 
increased blood level of insulin-like growth factor and 
testosterone, both of which are related to prostate can-
cer (Gonzalez et  al., 2009; Jamesone, 1997; Michael 
& Stanford, 2003). The CV values of 40.40 and 17.39 
were recorded for Ifetedo and Garage Olode respec-
tively, indicated a significant difference (at p ≤ 0.05). 
This implies that the Zn level was differently distrib-
uted at the two locations. However, from site to site 
within a location, there was no significant differ-
ence in distribution. Hence, the factors such as litho-
genic characteristics of the bedrocks that accounted 
for the presence of Zn in the water samples were not 
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Table 6   Percentage of exchangeable metals in the sample

Locations Mn Zn Cu Pb Cd

Ifetedo 22.02% 68.69% 26.62% 44.44% 50.00%
Garage Olode 40.59% 41.78% 12.76% 17.02% 25.00%
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subjected to sudden noticeable changes as could be 
witnessed in the case of anthropogenic factors. Zinc 
has also been found to be useful in the body for the 
healing process after injury, normal growth and devel-
opment during pregnancy, childhood, and adolescence 
also for proper sense of taste and smell (Cohen & 
David, 2007; Elinder, 1986); prostate enlargement and 
cancer in humans have been linked to low levels or 
excess of zinc in human body (Gonzalez et al., 2009).

Lead (Pb), with no known health benefit, had sig-
nificant amounts of it detected in all groundwater 
samples of the areas under study. The mean total Pb 
analysed in Ifetedo water samples with mean value 
of 0.36 ± 0.16  µg/mL ranged from 0.07 ± 0.05  µg/
mL at Okesoda to 0.50 ± 0.15 µg/mL at Otutu, while 
those of Garage Olode samples with a mean value 
of 0.94 ± 0.17  µg/mL ranged from 0.64 ± 0.01  µg/
mL at Abacele to 1.16 ± 0.33  µg/mL at Oluweri II. 
The exchangeable fractions of Pb at Ifetedo and 
Garage Olode respectively gave mean values of 
0.16 ± 0.06 µg/mL and 0.12 ± 0.03 µg/mL, and a range 
from 0.04 ± 0.01 at Okesoda to 0.20 ± 0.03 µg/mL at 
Baba Akodi for Ifetedo samples, while that of Garage 
Olode ranged from 0.05 ± 0.03  µg/mL at Gbaro to 
0.15 ± 0.02  µg/mL at Iyodun. The percentages of 
exchangeable fractions at Ifetedo and Garage Olode 
were 44.44% and 17.02% respectively (Table 6). The 
Pb values obtained in this study were lower than the 
4.01 ± 3.82 µg/mL reported by Oluyemi et al. (2010) 
for water samples of Ife North Local Government of 
Osun State and 4.9 ± 0.18 µg/mL reported by Abiola 
(2010) for groundwater in Ibadan. The elevated level 
of groundwater Pb observed in this study could be an 
indication of surface pollution resulting from auto-
mobile combustion of petrol containing organo-lead 
additives (that are still widespread in the environment 
due to the indestructible nature of metals), disposal 
of used lead-acid batteries, alloys, soldering met-
als, and so on (Oluyemi et al., 2010). Both the total 
and exchangeable levels of Pb detected in the current 
study exceeded WHO guideline limit of 0.01 µg/mL 
(WHO, 2017). By implication, anyone who drinks 
up to 1 L of the water per day would have exceeded 
the recommended daily intake of Pb. Hence, from the 
perspectives of their Pb contents, the water samples 
are unfit for long-term human consumption to avoid 
Pb-induced health problems such as the increased 
risk of hypertension and promotion of birth defects in 
pregnant women (Amadi et al., 2017).

The CV values recorded for Ifetedo and Garage 
Olode are 44.44 and 18.09 respectively. The Pb distri-
bution indicated a significant difference (at P ≤ 0.05) 
implying that the Pb level was not evenly but differently 
distributed at the two locations. There was no signifi-
cant difference in distribution from site to site within a 
location. Hence, the factors such as lithogenic charac-
teristics of the bedrocks that accounted for the presence 
of Pb in the water samples were not subjected to sudden 
noticeable changes as could be witnessed in the case of 
anthropogenic factors such as combustion of fuel con-
taining lead compound as anti-knocking agents. It has 
been reported that lead interferes in the biosynthesis of 
porphyrins and heme (Hodgson, 2010; Nuwayhid et al., 
2003). A high concentration of lead in the body affects 
the nervous system, proper functioning of kidneys, and 
blood circulation (Assi et al., 2016).

In the case of Cd, the levels detected in the 
water samples of Ifetedo had a mean value of 
0.02 ± 0.00  µg/mL. The values ranged from 
0.01 ± 0.00  µg/mL at Isale-Ife to 0.02 ± 0.00  µg/mL 
at Okesoda, while those of Garage Olode samples, 
with a mean value of 0.04 ± 0.01  µg/mL, ranged 
from 0.02 ± 0.01 µg/mL at Iyodun to 0.05 ± 0.03 µg/
mL at Oluweri II. The exchangeable fractions at Ifet-
edo and Garage Olode respectively gave mean val-
ues of 0.01 ± 0.00  µg/mL at Baba Akodi for Ifetedo 
samples, while that of Garage Olode ranged from 
0.01 ± 0.00 µg/mL at Gbaro to 0.01 ± 0.00 µg/mL at 
Abacele. The percentages of the exchangeable frac-
tions at Ifetedo and Garage Olode were 50% and 25% 
respectively (Table 6) which implies that factors con-
tributing to Cd levels at the two sampling areas dif-
fered from each other. The values of Cd obtained in 
this study were lower than the values (0.98 ± 0.67) 
µg/mL reported by Oluyemi et  al. (2010). The total 
and exchangeable levels of Cd detected in the current 
study exceeded the WHO guideline limit of 0.003 µg/
mL (WHO, 2017). Considering the Cd levels, the 
water samples were unfit for drinking, and long-term 
reliance of consumers on the untreated water for 
drinking purposes may portend Cd-induced health 
problems manifesting as cancer and weakness of 
bones (WHO, 2011b; Rahimzdeh et al., 2017).

The CV values of 0.00 and 25.00 for Cd distribu-
tion at Ifetedo and Garage Olode respectively indi-
cated a significant difference (at P ≤ 0.05), implying 
that Cd was not evenly distributed at the two locations. 
There was no significant difference in the distribution 
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of Cd from site to site within a given location. High 
levels of Cd in humans have been linked skeletal 
deformities, reproductive system disturbances, and 
grave embryonic developmental challenges (Hodgson, 
2010). Acute exposure to Cd could lead to nausea, 
vomiting, and abdominal pain (Hodgson, 2010; Jãrup, 
2003; Thompson & Bannigan, 2008).

The total mean level of Cu metal in Ifetedo water 
samples was 1.39 ± 0.62  µg/mL, having a range of 
0.56 ± 0.39 µg/mL at Okesoda to 2.16 ± 1.10 µg/mL at 
Oke-Awona, while that of Garage Olode samples with 
a mean value of 2.90 ± 0.56  µg/mL ranged between 
2.27 ± 1.07  µg/mL at Abanise to 3.83 ± 0.81  µg/mL 
at Oluewri I. The exchangeable Cu fractions at Ifet-
edo and Garage Olode respectively had mean values 
of 0.37 ± 0.15  µg/mL and 0.40 ± 0.02  µg/mL respec-
tively with a range of 0.30 ± 0.06  µg/mL at Isale-
Ife to 0.50 ± 0.01  µg/mL at Baba Akodi for Ifetedo 
samples, while that of Garage Olode ranged from 
0.30 ± 0.08 µg/mL at Oluweri I to 0.40 ± 0.02 µg/mL at 
Oluweri II. The percentage of exchangeable fractions 
at Ifetedo and Garage Olode were 26.62% and 12.76% 
respectively (Table 6). Both the total and exchangeable 
levels of Cu detected in the current study exceeded 
WHO guideline limit of 2 µg/mL (WHO, 2017) which 
implies that those drinking up to 1 L of the water per 
day would have exceeded the 2–3  mg recommended 
daily intake of Cu (WHO, 2008), hence may suf-
fer from Cu induced health challenges which include 
inflammation in the brain tissue, fatigue, hair loss, 
acne, allergies, depression, premenstrual syndrome, 
migraines, anxiety, panic attacks, kidney and liver 
dysfunctions, adrenal hyperactivity and insufficiency, 
learning disorders, autism, cancer, and severe neu-
rological defects (Ackah et  al., 2014; Uriu-Adams & 
Keen, 2005). It has been reported that a moderate level 
of copper in the body could serve as an antioxidant and 
helps the body to remove free radicals and prevent cell 
structure damage (Salama & Radwan, 2005).

The CV values of 46.60 and 18.98 respectively 
for Cu distribution at Ifetedo and Garage Olode indi-
cated a significant difference (at P ≤ 0.005) implying 
that the Cu level was not evenly distributed at the two 
locations. Hence, factors such as lithogenic character-
istics of the bedrocks that accounted for the presence 
of Cu in the water samples were not subject to sudden 
noticeable changes, but anthropogenic factors that 
might include unguarded disposal of copper-contain-
ing materials could be equally responsible.

The mean total Mn analysed in Ifetedo water sam-
ples has a mean value of 14.49 ± 5.70 µg/mL ranged 
from 2.31 ± 0.76 µg/mL at Okesoda to 18.68 ± 1.51 µg/
mL at Ayesan, while those at Garage Olode samples 
has a mean value 26.21 ± 3.63 µg/mL ranged between 
20.51 ± 5.59 at Abanise to 31.45 ± 3.54  µg/mL at 
Oluweri I. The exchangeable fractions at Ifetedo and 
Garage Olode respectively had 7.53 ± 2.57  µg/mL 
and 10.64 ± 1.20 µg/mL as mean values. The percent-
age of the exchangeable metal fractions at Ifetedo 
and Garage Olode were 22.02% and 40.59% respec-
tively (Table 6). The Mn values obtained in this study 
were lower than the 93.65 ± 0.16  µg/mL for hand-
dug well and 99.14 ± 0.23  µg/mL for boreholes of 
Ile-Ife reported by Oluyemi et  al., (2010). However, 
the values obtained were relatively high when com-
pared with the concentration of 0.005–0.0055  mg/L 
in well water and 0.14—0.15  mg/L in boreholes of 
Makurdi reported by Nsi and Ogori (2005). The total 
and exchangeable levels of Mn detected in the cur-
rent study exceeded WHO guideline limit of 0.15 µg/
mL (WHO, 2017). The recommended daily intake of 
Mn is 11  mg/L (WHO, 2008). Drinking just 1 L of 
the water per day would mean exceeding the recom-
mended quantity. A higher concentration of Mn in the 
body could lead to neurological toxicity characterized 
by facial muscle spasms, irritability, aggressiveness, 
hallucinations, and tremors (Iweala et al., 2014).

The CV values of 39.33 and 13.84 respectively 
for Mn distribution at Ifetedo and Garage Olode indi-
cated a significant difference (at P ≤ 0.05) implying 
that there was high disparity in the factors responsible 
for the occurrence of Mn at the two locations proba-
bly as a result of different lithogenic characteristics of 
the bedrocks and anthropogenic activities. It has been 
reported that ingestion of oxides of manganese and 
its compounds could lead to central nervous system 
disorder, a permanent neurological crippling disorder 
of the extrapyramidal system similar to Parkinson’s 
diseases and a diet deficient in Mn could lead to poor 
growth and impaired reproduction (Hidiroglou, 1979; 
Keen & Ziderberg-Cher, 1996).

Trends of coefficient of variation of metals 
in the water samples

Generally, coefficient of variation (CV) is a useful 
statistical tool that can be employed to interpret the 
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temporal and spatial distribution and variability pat-
tern of pollutants in an environmental matrix. Accord-
ing to the charts in Figs.  2 and 3, the trends of Mn, 

Zn, and Cu followed the same patterns for the sam-
ple locations, while the general trend was of the order 
Mn ˃ Zn ˃ Cu ˃ Pb ˃ Cd. This suggests that the metals 

Fig. 2   Chart of total metal 
trends in Ifetedo location

Fig. 3   Chart of total metal 
trends in Garage Olode 
location
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may have originated from a common source and the 
ratio of their composition is relatively constant. The 
geology of Garage Olode and Ifetedo relative to soil 
structure and mineral composition of the soil formed 
mainly from igneous rock weathering might have a 
link to the trend and the high content of these metals 
in groundwater serves as transporting medium of the 
minerals in the second deposition process.

Health risk index

Table  7 presents the health risk index parameter 
obtained for the total mean of the metals in the water 
sample obtained from the two towns. The hazard quo-
tient of Mn, Zn, Cu, Pb, and Cd in water from the 
study area were 82.742, 2.068, 3.053, 9.250, 1.780, and 
60.379, 1.509, 2.228, 6.750, 1.246 for male and female 
respectively. The fact that these values were greater 
than 1 implies that they pose a health risk to regular 
consumers of the water samples being investigated.

Concentration of anion levels in the water samples

The concentration of nitrate in Ifetedo ranged from 
20.35 ± 0.25  µg/mL at Ayesan to 79.32 ± 0.23  µg/mL 
at Okesoda with a mean value of 79.32 ± 19.99  µg/
mL, while that of Garage Olode has a mean value of 
41.41 ± 7.65  µg/mL, ranged from 31.95 ± 2.07  µg/
mL at Iyodun to 53.35 ± 1.06 µg/mL at Gbaro. These 
values fell within 50–100 µg/mL recommended SON 
standard of underground water (well) waters. By impli-
cation, the water is free of Algae cover which may 
result from eutrophication and consequently suffers no 
depletion in the dissolved oxygen. The CV values of 
25.20 and 18.47 recorded for Ifetedo and Garage Olode 
respectively show that there was no high variability 
among the nitrate values of the studies area.

The sulphate ion recorded in Ifetedo with a mean of 
150.37 ± 96.61  µg/mL ranged from 20.34 ± 0.56  µg/
mL at Baba Akodi to 270.34 ± 20.11 µg/mL at Isale-
Ife, while that of Garage Olode with a mean value of 
250.25 ± 3.05  µg/mL ranged from 10.23 ± 1.01  µg/
mL at Gbaro to 250.25 ± 3.05  µg/mL at Oluweri I. 
These values fell below 250 µg/mL SON standard of 
groundwater. A high concentration of sulphate ions 
can cause scale build-up in water pipes and may be 
associated with a bitter taste in water, and can have 
a laxative effect on humans and young livestock 
(Atoyebi, 2010). With CV values of 62.24 and 67.75, 
there was no high variability among the sulphate val-
ues of the studied areas.

The phosphate in Ifetedo has a mean value of 
0.04 ± 0.03  µg/mL ranged from 0.01 ± 0.00  µg/
mL at Otutu to 0.08 ± 0.02  µg/mL at Ayesan, while 
those of Garage Olode sample has a mean value of 
0.02 ± 0.01  µg/mL ranged from 0.001 ± 0.01  µg/
mL at Oluweri I and Abanise to 0.03 ± 0.03  µg/mL 
at Abacele fell below 5  µg/mL SON recommended 
standard for groundwater. The phosphate levels were 
generally low hence could not support the presence of 
blue algae growth on the walls of most of the sampled 
wells. The CV values of 75.00 and 50.00 recorded 
for.both towns indicated that there were relatively 
high variabilities among the phosphate values.

Cluster analysis of heavy metals in the ground water

The cluster analysis of the heavy metals in the 
groundwater is presented in Figs. 4 and 5. At both 
sites, the cluster analysis showed that a relationship 
existed among Mn, Zn, Cu, Pb, and Cd which meant 
that the presence of these metals might have been 
contributed from the same anthropogenic activities 
that occurred around the sampling sites (Table 8).

Table 7   Health risk 
assessment for total mean 
heavy metals concentration 
of the underground water 
sample

Metal Metal concentration 
(mg L−1)

RfD (mg 
kg−1/day)

CDImale (mg 
kg−1/day)

CDIfemale (mg 
kg−1/day)

HQmale HQfemale

Mn 20.350 0.014 1.158 0.845 82.742 60.379
Zn 10.900 0.300 0.621 0.453 2.068 1.509
Cu 2.145 0.040 0.122 0.089 3.053 2.228
Pb 0.650 0.004 0.037 0.027 9.250 6.750
Cd 0.030 0.001 0.002 0.001 1.708 1.246
THI = Ʃ HQ =  98.820 72.112
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Fig. 4   Cluster analysis of heavy metals in Ifetedo water samples
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Fig. 5   Cluster analysis of heavy metals in Olode water samples

Table 8   Anions levels (µg/mL) in Ifetedo and Garage Olode water sample for October, November, and December

Site NO3
− SO4

2− PO4
3− Site NO3

− SO4
2− PO4

3−

Alagbado 40.12 ± 0.18 170.23 ± 1.02 0.05 ± 0.04 Abanise 37.53 ± 1.06 110.12 ± 2.10 0.01 ± 0.01
Oke-Awona 40.56 ± 0.17 80.56 ± 1.02 0.07 ± 0.05 Oluweri I 38.24 ± 1.04 250.25 ± 3.05 0.01 ± 0.01
Isale-Ife 26.15 ± 0.08 270.34 ± 20.11 0.01 ± 0.01 Oluweri II 49.26 ± 0.12 150.67 ± 6.06 ND
Otutu 55.13 ± 0.07 180.56 ± 2.01 0.01 ± 0.00 Gbaro 53.35 ± 1.06 10.23 ± 1.01 ND
Baba Akodi 55.29 ± 0.12 20.34 ± 0.56 ND Iyodun 31.95 ± 2.07 60.59 ± 2.01 ND
Ayesan 20.35 ± 0.25 260.34 ± 5.50 0.08 ± 0.02 Abacele 40.15 ± 3.01 160.64 ± 2.06 0.03 ± 0.03
Okesoda 79.32 ± 0.23 70.19 ± 2.32 0.05 ± 0.04
Total 316.92 1052.56 0.26 248.30 742.50 0.05
Mean ± s.d 79.32 ± 19.99 150.37 ± 96.61 0.05 ± 0.04 41.41 ± 7.65 123.75 ± 83.85 0.01 ± 0.03
SON (2007) 50–100 250 5 50–100 250 5
Range 20.35–79.32 20.34–270.34 0.01–0.08 31.95–3.35 10.23–250.25 0.01–0.03
CV 25.20 64.24 75.00 18.47 67.75 50.00
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Conclusion

This study determined the physicochemical param-
eters, anions, total, and exchangeable heavy met-
als in groundwaters of Ifetedo and Garage Olode 
in the South Western part of Nigeria. The anions 
determined in the groundwater revealed that the 
values recorded were within the limits stipulated 
by national and international regulatory bodies for 
drinking and domestic waters. The values recorded 
for most of the physicochemical parameters deter-
mined were above the limits stipulated by national 
and international regulatory bodies for drinking and 
domestic waters, thus making the untreated waters 
unfit for domestic purposes. In addition, the ground-
water samples were contaminated with Mn, Zn, Cu, 
Pb, and Cd in their different species and at levels 
significantly above the recommended limit in drink-
ing and domestic water by regulatory bodies. Thus, 
groundwater samples of the two towns required 
some levels of treatment to qualify them for potabil-
ity purposes.

Data availability  All data generated or analysed during this 
study are included in this published article.
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