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Abstract
The concentration of seven heavy metals in water samples was analyzed along the southwest coast of Ghana in the wet 
and dry seasons using atomic absorption spectrophotometer. Some physicochemical properties of the water samples were 
also determined to assess the quality of the water. The ranges of metal concentration in water in the wet season were; As 
(1.23–7.84 µg/L), Cu (4.10–24.09 µg/L), Pb (4.08–57.98 µg/L), Se (BDL-0.38 µg/L), Zn (2.86–17.75 µg/L) and Hg (0.023–
0.068 µg/L), whereas the ranges of metal concentration in the dry season were; As (2.30–5.78 µg/L), Pb (25.47–70.73 µg/L), 
Se (0.081–0.158 µg/L), Zn (0.79–22.80 µg/L) and Hg (0.004–0.047 µg/L). The results of physicochemical properties of water 
in the wet season were pH (6.83 to 7.52), EC (291.15–780.64 µS/cm), TDS (195.07–523.02 mg/L), DO (2.98–4.39 mg/L), 
BOD (3.33 to 6.84 mg/L), salinity (0.01 to 0.30 ppt) and temperature (27.06–30.94 °C), whereas the dry season recorded 
the ranges of pH (6.84–6.95), EC (516.83 to 660.67 µS/cm), TDS (307.07–442.65 mg/L), DO (1.71–3.04 mg/L), BOD 
(4.25–13.38 mg/L), salinity (0.22–0.28ppt) and temperature (28.46–30.44 °C). The results showed that the concentration of 
heavy metals in water was below the WHO standard except Pb which exceeded the limit. The mean heavy metal pollution 
index (HPI) were 130 and 143 for wet and dry seasons, respectively, indicating that the water HPI was above the critical 
limit (HPI > 100), hence unfit for drinking. All the physicochemical properties analyzed were within the WHO permissible 
limits except BOD.
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Introduction

Water quality is essential to the well-being and nour-
ishment of water system, and it is one of the important 
functional components of the terrestrial ecosystem. The 
qualities of these water bodies vary widely depending 
on location and environmental factors. Water quality is 
defined in terms of chemical, physical and biological con-
tent, and the quality changes with season and geographic 
area. Groundwater is an important source of drinking 
water in many rural areas and plays an important role in 
the socioeconomic development of the country (Yankey 
et al. 2011). The presence of heavy metals in the environ-
ment is widespread as a result of both natural and anthro-
pogenic activities and living organism are exposed to them 
through various pathways (Wilson and Pyatt 2007). Heavy 
metals are chemical elements with a specific gravity that 
is at least four to five times the specific gravity of water at 
the same temperature and pressure (Duruibe et al. 2007; 
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Obodai et al. 2011). They are among the most common 
environmental pollutants, and their occurrence in water, 
sediments and biota is as a result of inputs from natural or 
anthropogenic sources which may include domestic efflu-
ents and sewage, atmospheric deposition through rainfall, 
gas flaring, bush burning, fossil fuel combustion, paints 
(He et al. 2005). Urbanization and industrialization are one 
of the main indices of national and global development, 
but sometimes, while it enhances the quality of life, it also 
poses serious threats to the management of the natural 
ecosystem and public health (Umoren and Onianum 2005). 
Evaluation and understanding of the sources and impacts 
of the effects of heavy metals and physicochemical param-
eters of water is important for effective water manage-
ment and preservation of water sources. The assessment 
of water quality is therefore a vital tool to manage water 
resources within a particular catchment.

The objective of the study was to assess the seasonal 
variability in the concentration of heavy metals and the 
physicochemical parameters of the sources of drinking 
water along the southwest coast of Ghana near the Jubilee 
Oil Field in the western region of Ghana.

Materials and methods

The study area

The study was conducted in four districts along the south-
west coast of Ghana near the Jubilee Oil Field in the Western 
Region of Ghana. Four communities were selected as the 
study sites, in each district. The study communities were 
Atuabo in Ellembelle district, Half Assini in Jomoro district, 
Lower Axim in Nzema East municipality and Lower Dix-
cove in Ahanta West district (Fig. 1). The Western Region of 
Ghana covers an area of 23,921 km2, which forms about 10% 
of Ghana’s total land size. It is located in the southwestern 
part of the country which lies between 5° 23′ 24.7128″ N 
and 2° 8′ 42.0864″. It is bordered on the west by Ivory Coast, 
to the east by Central Region, on the north by Ashanti and 
Brong Ahafo Region and on the south by Gulf of Guinea. 
The total population of the region is 2,376,031 represent-
ing 9.6% (Ghana Statistical Service 2010). The region has 
about 75% of its vegetation within the high forest zone of 
Ghana. The southwestern part of the region is noted for rain-
forest, interspersed with patches of mangrove forest along 
the coast and coastal wetlands. Tropical dense forest and 

Fig. 1   Map of the study area
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semideciduous forest are also found in the northern part of 
the region. The region lies in the equatorial climatic zone 
characterized by moderate temperatures from 22 to 34 °C at 
night and day, respectively. The region is the wettest part of 
Ghana, with a bimodal rainfall pattern averaging 1,600 mm 
per year. The two rainfall peaks fall between May to July and 
September to October. The region also experiences intermit-
tent minor rains all year round. The humidity of the region 
ranges from 70 to 90% (https://​www.​ghana​distr​icts.​com).

Sample collection, preparation and analytical 
procedures

Water samples were collected from 20 different sampling 
points in the four districts in October 2014 and March 2015 
for the wet and dry seasons, respectively. At each site, five 
water samples were collected into a 500-mL plastic bottle 
which was washed and soaked in 10% nitric acid for 24 h, 
rinsed thoroughly with double distilled water and oven-dried 
(APHA 2005). The water samples for heavy metal analysis 
were acidified with 0.5% nitric acid (HNO3) to a pH below 
2.0. Water samples were acidified to minimize the precipita-
tion and adsorption of metals on the walls of the container 
(Sharma and Tyagi 2013) as well as to prevent microbial 
activity (Serfor-Armah et al. 2006). All the samples were 
well labeled and stored in an ice chest at 4 °C and trans-
ported to the Ecological Laboratory of University of Ghana 
for analysis. Water quality parameters such as temperature, 
pH, electrical conductivity, total dissolved solids, salinity 
and dissolved oxygen were measured in situ. Temperature, 
pH, electrical conductivity and salinity were measured using 
Horiba Digital Water Quality Checker (model U-50). The 
total dissolved solids (TDS) and dissolved oxygen (DO) 
were measured using OAKTON® PCD650. The probe end 
of the meter was dipped into the water samples to meas-
ure each parameter. The electrode of the meter was rinsed 
with distilled water after each sample measurement. Water 
samples were also collected into a dark airtight glass bottle 
for biochemical oxygen demand after five days of sampling. 
Water quality parameters were analyzed using standard pro-
cedures (APHA 2005). The concentration of heavy metals 
was measured using PINAAcle 900 T Perkin Elmer Atomic 
Absorption Spectrophotometer.

Assessment of water contamination

Contamination status of water samples was determined 
using the heavy metal pollution index (HPI). Pollution index 
was used to determine the combined effect of each heavy 
metal on the overall water quality (Reza and Singh 2010) 
and in order to assess the suitability for human consumption 
(Rizwan et al. 2011).

The HPI represents the total quality of water with respect 
to heavy metals, and it is calculated by assigning a weight-
age (Wi) for individual parameter which is a value between 
0 and 1 reflecting the relative importance of the individual 
quality consideration. This study used the WHO standards 
permissible value for drinking water.

The HPI was calculated using the following equation 
(Mohan et al. 1996; Milivojević et al. 2016; Chiamsathit 
et al. 2020):

where Qi is the subindex of the ith parameter, Wi is the unit 
weight of the ith parameter and n is the number of param-
eters considered; the subindex (Qi) of the parameter is

where Vi  is  the monitored value of metal of ith parameter 
and Si   the standard value.

The HPI value of drinking water less than 100 is classi-
fied as suitable for drinking (Balakrishnan and Ramu 2016).

Data analysis

Data obtained were analyzed using SPSS 20.0 version. 
Descriptive statistics were used to interpret the obtained 
data. One-way analysis of variance was used to test the dif-
ference between the sampling sites, and t test was used to test 
the differences between the wet and dry seasons. Differences 
were considered significant at p < 0.05. Pearson’s correla-
tion coefficient test (two-tailed) was used to establish the 
relationship between the concentration of heavy metals and 
physicochemical properties of the water samples.

Results and discussions

Physicochemical parameters analyzed

Results of the physicochemical parameters of water sampled 
analyzed during the wet and dry seasons are presented in 
Table 1. The mean pH of water recorded in the dry season 
was not statistically different (p > 0.05) from the wet season. 
The results showed that significant differences (p < 0.05) 
were observed among the communities during the wet sea-
son but no significant differences (p > 0.05) were observed 
among the communities during the dry season. The pH val-
ues in the wet season ranged from 6.83 to 7.50 with a mean 
value of 7.17 ± 0.24, whereas the dry season ranged from 
6.84 to 6.95 with a mean of 6.88 ± 0.04 (Table 1). The lowest 
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pH value was recorded at EA (site 1), while the highest was 
at AD (site 4) in the wet season. JH (site 1) and EA (site) 
recorded the lowest and highest values of pH during the 
dry season, respectively. The pH of the water was within 
the WHO (2004) permissible limit of 6.5–8.5 for drinking 
water. A pH value of water below 6.5 is regarded as acidic 
for human consumption because it can cause health issues 
such as acidosis and damage to the digestive and lymphatic 
system (Nkansah et al. 2010). At lower pH, the solubility 
of toxic metals in water increases which makes it harmful 
for consumption. According to Kim et al. (2002), the pH of 
this range may be attributed to the effects of bicarbonates, 
geology of the area and the buffering capacity of the water 
system. This result is in line with those reported by Koffi 
et al. (2014) and Mohamed and Zahir (2013) at Ivory Coast 
and India, respectively, but higher than the value 5.0 and 5.2 
reported by Chiamsathit et al. (2020) from Thailand.

The values of electrical conductivity of water in the dry 
season were generally higher than the wet season; however, 
statistical analysis showed that the means were not differ-
ent (p > 0.05) from each other. The mean EC values among 
the communities during the wet and dry seasons revealed 
that there were no significant differences (p > 0.05). The EC 
values in the wet season ranged from 291.15 to 780.64 μS/
cm with a mean of 491.84 ± 402.80 μS/cm, whereas the 
dry season ranged from 516.83 to 660.67 μS/cm (Table 1) 
with a mean of 574.29 ± 498.70 μS/cm. The lowest value 
of EC was recorded at EA (site 1) in the wet and dry sea-
sons, whereas the highest was recorded at NL (site 3) for 
the wet and dry seasons. The results of electrical conductiv-
ity were below the WHO (2004) limit of 1000 µS/cm for 
drinking water. Although conductivity is not a human or 
aquatic health concern, it serves as an indication of other 

water quality problems (Dan et al. 2014). The high values 
of electrical conductivity recorded could be attributed to sea 
water intrusion because of its proximity to the ocean. The 
electrical conductivity values recorded in this study are simi-
lar to those found by Gyamfi et al. (2012) in some selected 
suburbs of Accra, Ghana.

Generally, the values of total dissolved solids in the dry 
season were higher than the wet season. However, the results 
of the wet season were not significantly different (p > 0.05) 
from the dry season. The mean values of TDS observed 
among the communities in wet and dry seasons were not 
significantly different (p > 0.05) from each other. The TDS 
in the wet season ranged from 195.07 to 523.02 mg/L with 
a mean value of 329.68 ± 270 mg/L, whereas the dry season 
ranged from 307.07 to 442.65 mg/L with a mean value of 
364.90 ± 274.6 mg/L (Table 1). The lowest value of TDS in 
the wet season was recorded at EA (site 1) and the highest at 
NL (site 3), while the dry season recorded the lowest value at 
JH (site 2) and the highest at NL (site 3). The TDS measured 
in all sites were below the WHO (2004) permissible limits 
of 1000 mg/L. The TDS value of water close to 600 mg/L is 
acceptable, whereas those greater than 1000 mg/L are unpal-
atable for human consumption (Apau et al. 2014). According 
to WHO (1996), the concentration of TDS in water from 
natural sources varies from 30 to 600 mg/L depending on 
the solubility of minerals in the different geological regions. 
The results of TDS in this study are similar to those reported 
by Amfo-Out et al. (2012) at the Ga East Municipality of 
Ghana but higher than those reported by Chiamsathit et al. 
(2020) from Thailand.

The results of dissolved oxygen in the wet season were 
higher than the dry season. The DO showed no significant 
difference (p > 0.05) between the wet and dry seasons. The 

Table 1   Physicochemical 
parameters of water samples 
during the wet and dry seasons

Parameter Season Min Max Mean ± SD Standard 
(WHO 
2011)

pH Wet 6.83 ± 0.39 7.50 ± 0.08 7.17 ± 0.24 6.5–8.5
Dry 6.84 ± 0.06 6.95 ± 0.05 6.88 ± 0.04

EC (µS/cm) Wet 291.15 ± 196.05 780.64 ± 508.65 491.84 ± 402.80 1000
Dry 516.83 ± 199.53 660.67 ± 360.60 574.29 ± 498.70

TDS (mg/L) Wet 195.07 ± 131.87 523.02 ± 340.80 329.68 ± 270 1000
Dry 307.07 ± 374.26 442.65 ± 241.60 364.90 ± 274.60

DO (mg/L) Wet 2.98 ± 0.65 4.39 ± 0.92 3.72 ± 1.29 –
Dry 1.71 ± 0.40 3.04 ± 1.08 2.48 ± 0.09

BOD (mg/L) Wet 3.33 ± 0.88 6.84 ± 4.85 5.41 ± 5.10 –
Dry 4.25 ± 0.75 13.38 ± 2.27 9.18 ± 4.99

Salinity (ppt) Wet 0.10 ± 0.06 0.30 ± 0.19 0.18 ± 0.14
Dry 0.22 ± 0.08 0.28 ± 0.10 0.27 ± 0.24

Temperature (°C) Wet 27.66 ± 0.96 30.94 ± 3.38 29.05 ± 2.47 22–29
Dry 28.46 ± 1.17 30.44 ± 0.64 29.23 ± 1.44
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mean values of DO among the communities for both sea-
sons were not different (p > 0.05) from each other. The wet 
season recorded DO values ranging from 2.98 to 4.39 mg/L, 
whereas the dry season ranged from 1.71 to 3.04 mg/L 
(Table 1). The mean values of DO for the wet and dry sea-
sons were 3.72 ± 1.29 and 2.48 ± 0.89 mg/L, respectively. 
The lowest value in the wet season was observed at NL (site 
3) and the highest at EA (site 1). Additionally, AD (site 4) 
and JH (site 2) recorded the lowest and highest value of 
DO in the dry season, respectively. Dissolved oxygen (DO) 
in water is an important parameter in water analysis as it 
serves as an indicator of the physical, chemical and biologi-
cal activities of the water body (Manikannan et al. 2011). 
The DO values measured were below the WHO standard 
of 7.5 mg/L for drinking water. The presence of high con-
centration of organic matter, dissolved gases and domestic 
effluents leaching into the water system decreases the oxygen 
content of water. The high salinity and temperature recorded 
in this study are known to affect the dissolution of oxygen 
(Manikannan et al. 2011). The DO values recorded in this 
study were lower than those reported by Garg et al. (2008) 
at Bharatpur area, India.

The biochemical oxygen demand of water was generally 
higher in the dry season than the wet season. The results of 
BOD in the wet season significantly differed (p < 0.05) from 
the dry season. However, statistical analysis revealed that the 
means of BOD among the communities in the wet and dry 
seasons were not different (p > 0.05) from each other. The 
BOD in the wet season ranged from 3.33 to 6.84 mg/L and 
4.25 to 13.38 mg/L in the dry season (Table 1). The mean 
values of BOD for the wet and dry seasons were 5.41 ± 5.10 
and 9.18 ± 4.99 mg/L, respectively. EA (site 1) and NL (site 
3) recorded the lowest and highest values of BOD, respec-
tively, while EA (site 1) and AD (site 4) recorded the low-
est and highest, respectively. According to Oluyemi et al. 
(2010), BOD values less than 6 mg/L suggest that the water 
is least polluted with organic matter.

The results of water salinity recorded in the dry season 
were generally higher than the wet season. However, there 
was no significant difference (p > 0.05) between the dry and 
the wet seasons. The results of water salinity among com-
munities in the wet and dry seasons showed no statistical 
difference (p > 0.05). The values of salinity in the wet sea-
son ranged from 0.01 to 0.30 ppt) with a mean value of 
0.18 ± 0.14 ppt and 0.22 to 0.28 ppt in the dry season with 
a mean of 0.27 ± 0.24 ppt (Table 1). EA (site 1) and NL 
(site 3) recorded the lowest and highest value in the wet sea-
son, respectively, while JH (site2) and AD (site 4) recorded 
the lowest and highest in the dry season, respectively. The 
mean values of salinity recorded during the wet season were 
lower to the WHO limit of 200 mg/L, whereas the dry sea-
son was higher than the permissible limit. The high level of 
salinity in the dry season may be attributed to high surface 

evaporation, low flow of water, decrease in water level and 
sea water intrusion (Dan et al. 2014). These results are con-
trary to those reported by Manikannan et al. (2011).

Results of water temperature in the dry season were 
higher than the wet season. However, there were no sig-
nificant differences (p > 0.05) between the wet and dry 
seasons. No statistical difference (p > 0.05) was observed 
among the communities in the wet and dry seasons. Water 
temperature ranged from 27.66 to 30.94 °C with a mean 
value of 29.05 ± 2.47 °C in the wet season, whereas the dry 
season ranged from 28.46 to 30.44 °C with a mean value of 
29.23 ± 1.44 °C. The minimum value was recorded at AD 
(site 4) and the maximum at EA (site 1) in the wet sea-
son, whereas the lowest and highest in the dry season were 
recorded at JH (site 2) and NL (site 3), respectively. Temper-
ature may also be influenced by the depth of water, season, 
groundwater influx and air circulation as well as the time of 
sampling (Peirce et al. 1998). These results agree with those 
found by Koffi et al. (2014) in Ivory Coast.

Heavy metals concentration in water samples

Table 2 presents results of heavy metals concentration in 
water during wet and dry seasons. The wet season recorded 
the highest concentration of arsenic in water than the dry 
season. However, the mean concentration of arsenic showed 
no significant difference (p > 0.05) between the wet and dry 
seasons. Statistical difference (p > 0.05) was not observed 
among the communities during the wet and dry seasons. 
Arsenic in water ranged from 1.23 to 7.84 µg/L in the wet 
season and 2.30 to 5.78 µg/L in the dry season (Table 2). 
The mean concentration of arsenic in the wet and dry sea-
sons was 3.66 ± 2.50 and 3.21 ± 2.56 µg/L, respectively. The 
wet season recorded the lowest and highest concentration 
of arsenic at JH (site 2) and EA (site 1), whereas the dry 
season recorded the lowest and highest at NL (site 3) and 
EA (site 1), respectively. The concentration of arsenic in 
groundwater at all the sampling sites was below the WHO 
(2011) permissible limit of 10 µg/L. This result is contrary to 
those reported by Mukherjee et al. (2006) who found arsenic 
to be in the range of 1 to 64 µg/L at Obuasi and Bolgatanga 
in Ghana. The high concentration of arsenic in water was 
attributed to the presence of arsenopyrites and pyrites in 
the rock basement of the area. According to Bhattacharya 
et al. (2007), arsenic in groundwater has been detected in 
some countries which exceeded the WHO guideline value 
of 10 µg/L.

Copper was not detected in all the water samples analyzed 
in the dry season. Statistical analysis reveals that there were 
significant differences (p < 0.05) among the communities in 
the wet season. Copper ranged from 4.10 to 24.09 µg/L with 
a mean value of 11.50 ± 7.54. The lowest concentration was 
recorded at AD (site 4), whereas JH (site2) recorded the 
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highest concentration of copper. Copper enters the water 
system through mineral dissolution, domestic and industrial 
effluents or use of pesticides. The amount of copper detected 
in water at all sampling points was below the WHO per-
missible limit of 2000 µg/L. Gyamfi et al. (2012) reported 
higher values of Cu ranging from 3 to 308 µg/L than those 
obtained in this study which was also below the guideline 
values. However, some amount of copper is required for 
metabolism and the synthesis of hemoglobin, myoglobin, 
cytochromes and several enzymes (Maughan 1999), whereas 
high consumption of copper may lead to neurological com-
plications, hypertension, liver and kidney problems (Krishna 
and Govil 2004).

The results of water samples analyzed in the dry season 
showed a higher concentration of lead than the wet season. 
The wet and dry seasons showed no significant difference 
(p > 0.05) in the concentration of lead. The mean values of 
lead among the communities in the wet season showed no 
significant difference (p > 0.05) but statistical difference 
(p < 0.05) was observed among the communities in the 
dry season. Lead in water ranged from 40.88 to 57.98 µg/L 
in the wet season and 25.47 to 70.73 µg/L in the dry sea-
son (Table 2). The mean concentration of lead for the wet 
and dry seasons was 47.67 ± 6.76 and 53.06 ± 17.01 µg/L, 
respectively. The lowest concentration of lead was recorded 
at AD (site 4) and the highest at NL (site 3) in the wet 
season, whereas the lowest and highest were observed at 
AD (site 4) and JH (site 2), respectively, in the dry season. 
Lead naturally occurs in lead sulfide and other minerals. 
The concentration of lead in water at all sites exceeded the 
WHO (2011) permissible limits of 10 µg/L. Hence, the con-
sumption of water can pose a significant risk to the consum-
ers. The findings of lead in water which ranged from 90 
to 200 µg/L by Apau et al. (2014) were higher than those 
reported in this study. Lead is known to induce a broad range 

of physiological, biochemical and behavioral dysfunction in 
human and animals which affects the central and peripheral 
nervous system, hemopoietic system, cardiovascular system, 
kidney and liver (Hsu and Leon 2002).

Selenium in water was higher in the wet season than 
the dry season. Selenium showed significant difference 
(p < 0.05) between the wet and dry seasons. However, the 
wet season showed significant difference (p < 0.05) among 
the communities, but no statistical difference (p > 0.05) 
was observed among the communities in the dry season. 
Selenium in water ranged from below detection limit to 
0.38 µg/L in the wet season and 0.081 to 0.158 µg/L in the 
dry season. The mean concentration of selenium for the 
wet and dry seasons was 0.22 ± 0.14 and 0.12 ± 0.03 µg/L, 
respectively. AD (site 4) and EA (site 1) recorded the lowest 
and highest concentration in the wet season, whereas EA 
(site 1) and AD (site 4) recorded the lowest and highest con-
centrations in the dry season, respectively. The amount of 
selenium in water at all sampling sites was below the WHO 
(2011) permissible limits of 40 µg/L although significant 
difference was observed between the wet and dry seasons.

The level of heavy metals concentration in water sam-
ples analyzed in the study area increases in the order of 
Hg < Se < As < Zn < Cu < Pb.

The concentration of zinc in water was higher in the 
wet season than the dry season. The mean concentration of 
zinc for the wet and dry seasons was not different (p > 0.05) 
from each other. All the samples analyzed in the wet and 
dry seasons showed no statistical difference (p > 0.05) 
among the communities. Zinc in water ranged from 7.12 
to 22.60 µg/L with a mean value of 15.44 ± 5.89 µg/L. in 
the wet season and 0.79 to 22.80 µg/L with a mean value of 
15.08 ± 8.48 µg/L in the dry season (Table 2). The lowest 
and highest values of Pb in the wet season were recorded 
at NL (site 3) and EA (site 1), whereas NL (site 3) and JH 

Table 2   Heavy metals 
concentration of water samples 
during the wet and dry seasons

Parameter Season Min Max Mean ± SD Standard 
(WHO 
2011)

As (µg/L) Wet 1.23 ± 0.27 7.84 ± 7.71 3.33 ± 2.50 10
Dry 2.30 ± 2.18 5.78 ± 3.70 3.21 ± 2.56

Cu (µg/L) Wet 4.10 ± 2.01 24.09 ± 17.56 11.50 ± 7.54 2000
Dry – – –

Pb (µg/L) Wet 40.88 ± 7.75 57.98 ± 8.31 47.67 ± 6.76 10
Dry 25.47 ± 13.95 70.73 ± 34.88 70.73 ± 34.88

Se (µg/L) Wet BDL 0.39 ± 0.04 0.22 ± 0.14 40
Dry 0.08 ± 0.07 0.16 ± 0.02 0.12 ± 0.03

Zn (µg/L) Wet 7.12 ± 1.34 22.68 ± 8.02 15.44 ± 5.89 3000
Dry 0.79 ± 1.49 22.80 ± 24.20 15.08 ± 8.48

Hg (µg/L) Wet 0.023 ± 0.27 0.068 ± 0.50 0.042 ± 0.017 6
Dry 0.004 ± 0.002 0.047 ± 0.037 0.03 ± 0.016
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(site 2) recorded the lowest and highest concentrations, 
respectively, in the dry season. Zinc is an essential element 
required by human for optimum growth and development. 
The WHO permissible limit of zinc in drinking water is 
3000 µg/L. The concentration of zinc fell below this limit, 
thus suitable for human consumption. Gyamfi et al. (2012) 
recorded mean values of Zn ranging from 108 to 1876 µg/L 
which was higher than those reported in this study but below 
the recommended limit. The presence of high amount of zinc 
in water may cause a bitter taste and opalescence in water.

The wet season recorded the highest concentration of 
mercury in water than the dry season. The results of mercury 
in water for the wet and dry seasons were not significantly 
different (p > 0.05) from each other. The mean concentration 
of mercury among the communities showed no significant 
difference (p > 0.05) for the wet and dry seasons. Mercury 
ranged from 0.023 to 0.068 µg/L in the wet season and 0.004 
to 0.047 µg/L in the dry season. The mean concentrations 
of mercury in the wet and dry seasons were 0.042 ± 0.017 
and 0.03 ± 0.016, respectively. EA (site 1) and JH (site 2) 
recorded the lowest and highest concentrations of mercury 
in the wet and dry seasons. Mercury is a naturally occurring 
metal which occurs in trace amount in water, soil and rocks. 
It is volatile in nature which is released into the atmosphere 
through natural degassing of the earth crust. The most 
important anthropogenic sources of mercury pollution in 
the environment are urban discharge, agricultural materi-
als, mining, combustion and industrial discharge (Zhang and 
Wong 2007). Mercury content in water samples analyzed 
was below the WHO (2011) permissible limit of 6 µg/L, 
hence suitable for consumption. Similar observations have 
been reported by Adjei-Kyereme et al. (2015) who found the 
concentration of Hg in water to be less than 1.0 µg/L.

Heavy metal pollution index (HPI) in water

The mean values of heavy metal concentration recorded in 
the wet and dry seasons were used to calculate the heavy 
metal pollution index (HPI) of the water samples analyzed. 

Table 3 presents results of HPI of water for both seasons. 
The mean HPI recorded in the study area for the wet and 
the dry seasons was 130 and 143 suggesting that the HPI 
for both seasons is within the category of high heavy metal 
pollution according to Sobhanardakania et al. (2016). This 
could be due to the presence of high concentrations of lead 
water. The HPI in the dry season was higher than HPI during 
the wet season indicating the effect of water supply in water 
quality in the region. The HPI results in this study are in line 
with the finding of Boateng et al. (2015) from Ejisu-Juaben 
Municipality, Ghana, but contrary to the finding of Eldaw 
et al. 2020, Singh and Kamal (2016), Mirza et al. (2020) and 
Maskooni et al. (2020) who reported HPI value less than 
100 of underground water from North Kurdufan State, India, 
Bangladesh and southwest Iran, respectively.

Relationship between the concentrations 
of heavy metals analyzed in the water

The Pearson’s product moment of correlation coefficient 
was used to determine the relationship between the concen-
trations of heavy metals in water during wet (Table 4) and 
dry season (Table 5). For correlation significance, the crite-
ria value of probabilities (p < 0.05 and p < 0.01) was used. 
There was a strong positive correlation between EC and TDS 
which implied that an increase in EC causes an increase in 
TDS showing a direct relationship between the variables. 
Similarly, strong negative correlation was observed between 
DO and BOD which implied that a decrease in DO results 
in an increase in BOD indicating some source of water 
pollution.

A strong positive correlation was established between Se/
As during the wet season as well as Se/Hg during the dry 
season suggesting an increase in one causes the other metal 
to increase. In addition, strong negative correlation was 
established between Hg/As, Hg/Cu, Se/Hg, Se/Pb and Zn/
Hg during wet season suggesting an increase in one causes 
the other metal to decrease.

Table 3   Heavy metals pollution index (HPI) of water sample in the water supply system

Heavy metals Mean con. (µg/L), 
Vi

Standard value 
(µg/L), Si

Unit weightage, Wi Subindex, Qi Qi × Wi Mean HPI

Wet Dry Wet Dry Wet Dry Wet Dry

As 3.33 3.21 10 0.1 33.3 32.1 3.33 3.21 130 143
Cu 11.5 NA 2000 0.0005 0.575 NA 0.000288 NA
Pb 47.67 53.06 10 0.1 476.7 530.6 47.67 53.06
Se 0.22 0.12 40 0.025 0.55 0.3 0.0138 0.0075
Zn 15.44 15.08 3000 0.00033 0.514667 0.502667 0.00017 0.00017
Hg 0.042 0.03 6 0.16667 0.7 0.5 0.11667 0.08333
Sum 0.3925 51.1309 56.361
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Conclusion

The physiochemical parameters of water samples from the 
region were within the WHO permissible limit for drink-
ing water. There was seasonal effect on the physiochemical 
parameters of drinking water in the region with higher 
values recorded during the dry season compared to the wet 
except for pH and DO where higher values were recorded 
in the wet season. The concentration of the heavy met-
als in water was below the WHO standards except lead 
which exceeded the permissible limit. The concentra-
tion of heavy metals in water increases in the order of 
Hg < Se < As < Zn < Cu < Pb. The mean HPI recorded in 
the study for both seasons was above the critical index 
value of 100, hence unfit for drinking.
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Table 4   Pearson’s correlation coefficient between the physicochemical properties and heavy metal concentration in water samples analyzed in 
the wet season

pH EC TDS DO BOD Salinity Temp As Cu Hg Pb Se Zn

pH 1.00
EC 0.61 1.00
TDS 0.61 0.99 1.00
DO − 0.77 − 0.96 − 0.96 1.00
BOD 0.84 0.88 0.88 − 0.88 1.00
Salinity 0.49 0.98 0.98 − 0.89 0.84 1.00
Temp − 0.98 − 0.64 − 0.64 0.75 − 0.89 − 0.54 1.00
As − 0.66 − 0.43 − 0.43 0.39 − 0.79 − 0.43 0.78 1.00
Cu − 0.34 − 0.50 − 0.50 0.64 − 0.20 − 0.41 0.19 − 0.42 1.00
Hg 0.17 0.04 0.04 0.08 0.39 0.11 − 0.34 − 0.85 0.82 1.00
Pb 0.02 0.62 0.62 − 0.38 0.56 0.74 − 0.16 − 0.51 0.25 0.56 1.00
Se − 0.95 − 0.50 − 0.51 0.48 − 0.86 − 0.51 0.97 0.99 − 0.52 − 0.92 − 0.79 1.00
Zn − 0.55 − 0.59 − 0.53 0.49 − 0.84 − 0.62 0.69 0.95 − 0.36 − 0.83 − 0.74 0.99 1.00

Table 5   Pearson’s correlation coefficient between physicochemical parameters and heavy metal concentration in water samples analyzed in the 
dry season

pH EC TDS DO BOD Salinity Temp As Hg Pb Se Zn

pH 1.00
EC − 0.56 1.00
TDS − 0.14 0.78 1.00
DO 0.04 0.24 − 0.22 1.00
BOD − 0.62 0.29 0.43 − 0.79 1.00
Salinity − 0.97 0.39 0.04 − 0.22 0.72 1.00
Temp 0.30 0.62 0.82 0.21 − 0.17 − 0.46 1.00
As 0.98 − 0.68 − 0.24 − 0.06 − 0.56 − 0.93 0.16 1.00
Hg − 0.44 0.32 0.59 − 0.84 0.97 0.54 0.04 − 0.41 1.00
Pb − 0.13 0.46 − 0.03 0.97 − 0.64 − 0.08 0.31 − 0.24 − 0.68 1.00
Se − 0.75 0.16 0.13 − 0.68 0.94 0.87 − 0.46 − 0.67 0.83 − 0.56 1.00
Zn 0.13 − 0.86 − 0.98 0.01 − 0.26 0.01 − 0.88 0.26 − 0.41 − 0.19 0.02 1.00
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