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                                                               ABSTRACT 

This paper assessed the impact of land use on groundwater samples collected in Ilesa West Local Government Area. The impact 

points within the predominantly residential area are open refuse dump sites, and auto-mechanic workshops. Water samples were 

collected from residents, and within and around the two impact points for twelve months to cover the two major seasons (dry 

season and rainy season).  The samples were collected from 69 points spreading over the different landuse categories. Parameters 

analyzed are pH, electrical conductivity, temperature, total dissolved solids, basic anions and cations using standard methods. 

Analysis of heavy metals (Fe, Pb, As, Cr) was carried out with Atomic Absorption Spectrophotometer and microbiological analysis 

was conducted using most probable number of counting coliform. The mean pH of water samples at the residential area, dumpsite 

and mechanic site were 5.61, 6.31 and 4.63 respectively. The maximum concentration of TDS at the residential was 1022mg/L while 

that at the dumpsite was 733mg/L.  Concentration of the heavy metals were higher than the permissible in all the areas and 

microbial distribution was highest at the dumpsite.There was significant difference among the sources at p<0.05. The impact points 

have greatly influenced the characteristics of the water and it is suggested that policy makers should re-evaluate the landuse 

pattern and continue a monitoring program of the study area. 

Keywords: Land-use, groundwater quality, dumpsite area, auto-mechanic area ,physic-chemical parameters, heavy metals  

1.0  INTRODUCTION 

Groundwater is part of the precipitation 

that infiltrates into the soil; so it is a 

component of the hydrologic cycle. The 

major ions or electrically charged particles 

present in rain water are Ca, Mg, Na, Si (as 

Si(OH)4), SO4,Cl, nitrogen compounds and 

the total concentrations of all constituents 

typically are less than 5 to 10 mg/L. The 

majority of the remaining ions are typically 

from airborne particulate matter and gases 

from industrial emission, automobile 

exhaust and the evaporation of volatile 

chemicals. The sustainable development of 

every country is controlled by the 

availability of surface and groundwater 

[24]. In Africa, groundwater is a critical 

resource playing a vital role in both human 

life and ecosystem [1].  Currently, 

groundwater contamination has become a 

challenging problem, because of its 

susceptibility to pollution both by natural 

and anthropogenic processes [12]. [13] 

reported that there is human activity 

imprint on the hydro-geochemistry of 
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groundwater  in Ilesa shallow wells. [14] 

concluded that groundwater in Ilesa town 

should be subjected to further treatment. 

[16] linked the diarrhea reported in Ilesa 

with poor quality of drinking water of the 

children.[7] reported that coliform bacteria 

occur in high numbers in wells and 

boreholes in Ilesa. On a national level, it 

was reported that Nigeria urban 

groundwater quality is influenced by 

geology and geochemistry of the 

environment, landfill/dumpsite leachate, 

rate of urbanization, industrialization, 

heavy metals, bacteriological pollution and 

effect of seasons [15]. [17] reported that the 

wells located close to dumpsite have high 

levels of concentration of  physico-chemical 

and heavy metals compared to wells far 

(>50 m)from  the dumpsite.  [8] reported 

that the concentrations of pH, EC, TDS, Mg, 

NO3, PO4 and Fe were higher than the limit 

and baseline concentration and this was an 

indication of pollution from dumpsite 

leachate. The groundwater within 0.55 km 

radius to municipal solid waste landfill had 

high concentration of Fe and this resulted in 

contamination from dumpsite leachate [2]. 

Several literatures have reported different 

concentration of groundwater parameters 

and it was concluded that dumpsite will 

remain a relevant source of pollution to 

groundwater in foreseeable future. Studies 

have also shown that activities in most 

auto-mechanic villages are a possible threat 

to groundwater in the future since heavy 

metals pollution have been reported to be 

one of the most serious environmental 

problems nowadays [9]. In Nigeria, the 

activity of auto-mechanics is one of the 

major routes for entry of heavy metals into 

the environment to cause heavy metal 

contamination of soil and groundwater [22]. 

When leachates from activities percolate 

into the ground, they pose threats to the 

groundwater because they are non-

degradable in the soil [18].  

Several literatures have reported 

groundwater contamination from auto-

mechanic activities and it was concluded 

that there is a need to conduct studies in 

other Nigerian cities so that ground water 

in contrast to surface water is naturally 

protected from chemical and biological 

contamination. The present study aimed at 

assessing the effects of land use on the 

groundwater quality.  The quality of water 
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is identified as the normal, physical and 

compound condition of the water, and 

additionally, any adjustment that may have 

been initiated by anthropogenic action [6].  

2.0 STUDY AREA 

This study was conducted in Ilesa West 

Local Government Area (LGA) in Osun 

State, Nigeria. The LGA was carved out of 

the then Ilesa local government in 1996. It is 

geographically located within coordinates 

070 36’ N and 0040 40’E and 070 42’N and 

0040 46’E. It has a total area of 63 km2. The 

study area belongs to a humid tropical type 

with humidity throughout the year and a 

mean annual rainfall of 1600 mm.  

Geologically, the study area is within the 

basement complex of the crystalline rocks 

of Nigeria and it is underlained by mainly 

biotite-gneisis schist and amphibolites 

complex [13]. The LGA is made up of 10 

wards. The location of the study area is 

presented Figure 1. 

3.0 MATERIALS AND METHODS  

The land-sat imagery was used to classify 

the different land cover of the study area. A 

field study was then conducted to identify 

the different categories of land use. For ease 

of assessing the effect of landuse on the 

quality of groundwater, a physical features 

classification was done; fully residential 

area, areas close to dumpsite and close to 

mechanic workshop. A total of 69 wells 

points were surveyed and imported into 

the study area map using ArcGIS 10.1 as 

presented in Figure 2.Water sampling was 

done for rainy and dry seasons to represent 

the two seasons adequately. Well depths 

were measured at the beginning of each 

sampling exercise using a water level 

meter. Basic anions, cations and heavy 

metals were analysed using standard 

methods [5] and microbiological analysis 

was carried out using most probable 

number (MPN) of counting coliforms. The 

results obtained were subjected to different 

types of statistical analysis: descriptive 

statististics, Analysis of Variance (ANOVA), 

Pearson correlation, factor analysis and 

cluster analysis. The hydro-chemical phases 

of the groundwater was developed using 

PAST (Paleontological Statistics) software. 
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Figure 1: Map of the study area 

 

 

 
Figure 2: Location of sampling points on the study area 

 

4.0 RESULTS AND DISCUSSION The descriptive statistics (Table 1) of all 

parameters investigated in the study area 

(wells in  
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fully residential areas, wells around 

dumpsites and wells around mechanical 

area) revealed that most of the parameters 

were within WHO standards except for pH, 

TDS, EC, K and the heavy metals. 

4.1 Wells in fully residential areas 

The mean pH (5.61±0.73) around the fully 

residential area showed an acidic 

groundwater but the range (4.1-7.3) 

revealed alkaline situation in some of the 

wells. The temporal variation of pH 

fluctuated during the period of sampling 

and the variation was entirely different 

from that at the dumpsite and mechanic. 

Most times, low pH in groundwater is 

connected with very little or no dissolved 

carbonate and hydroxyl ions or when the 

hydrogen ions are high. Most acid rain have 

pH values near 5.6 [10] and once on the 

ground, some of the acidic precipitation 

infiltrates downward to mix with 

groundwater and can affect the 

groundwater pH. The pH did not correlate 

with any other parameters but the values of 

the pH obtained in this study agreed 

with[13] and [7]. This shows that acidity 

around the study area has not changed over 

time.  Acidity in water is not in itself 

harmful to health, but it can be naturally 

soft and corrosive. Water with a low pH 

could contain elevated levels of toxic 

metals, cause premature damage to metal 

piping, and have associated aesthetic 

problems such as a metallic or sour taste. 

The mean concentration of TDS 

147.29±201.11 (Table 1) and the range (8.3-

1022) revealed high dissolved solids in 

some of the wells.  When TDS levels exceed 

1000 mg/L it is generally considered unfit 

for human consumption because some of 

the individual mineral salts that make up 

TDS pose a variety of health hazards. The 

TDS around the residential area correlated 

strongly with EC (r = 0.99), Cl(r=0.91), Ca (r 

= 0.84) hardness (r = 0.84) , Na (r = 0.88) and 

K (r = 0.91). The strong correlation with Cl 

may be anthropogenic but it was not 

established.  If water has a moderate to high 

total dissolved solids content, it can affect 

taste or may have unpleasant odours. The 

temporal variation did not vary 

significantly for the sampling periods. 

Generally, most of the values of EC at the 

residential areas were far below the WHO 

limit of 1000 µS/cm except for some wells. 

The temporal variation of EC followed a 
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definite trend with month of June having 

the highest. The range of potassium in the 

residential areas was high (Table 1) and the 

variation was entirely different from that at 

the dumpsite and auto-mechanic area. 

Potassium is commonly found in soils and 

rocks and because it is released slowly 

upon dissolution of rocks, concentration 

increases as residence time in ground water 

increases.  [20] reported that Na2O and K2O 

were high in Ilesa basement complex thus 

the high value of potassium may be a 

geological issue.  

The mean concentration of Fe was 1.37 

mg/L in wells around the residential area 

(Table 1) and it was present in almost all the 

water samples at concentration higher than 

permissible limit (0.3 mg/L). Though Fe can 

be found in most hydro-geological 

environments, they are only dissolved in 

groundwater under reducing (anaerobic) 

conditions. The pH in the study area is low 

and solubility of metals increases in acidic 

groundwater. Generally, the value did not 

agree with values of [13] but [7] reported 

higher values in some boreholes.  This 

implied that over the years, dissolution of 

iron has increased and the pattern of iron 

concentration over the season varied. The 

concentration of Pb at the residential areas 

was higher than 0.01 mg/L permissible 

limit. Lead could enter water from 

household plumbing systems containing 

lead in pipes, solder and fittings. The 

amount of lead. dissolved from the 

plumbing system depends on several 

factors, including pH, temperature, water 

hardness and standing time of the water, 

with soft, acidic water being the most 

plumbo-solvent [23]. The solubility of lead 

near pH 6.5 can approach or exceed 100 

µg/l. Thus, dissolution from pipes and 

distribution system may most likely 

influence the concentration at the 

residential area. Excessive lead in water can 

cause serious health problems especially for 

infants, children and pregnant women [19]. 

The concentration agreed with the findings 

of Ayoade and Ibitoye (2012). The temporal 

variation of arsenic in residential areas 

showed the concentration was higher than 

the permissible limit (0.01 mg/L). 
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Table 1. Mean, standard error and range of water quality parameters for wells around classified physical features of the study area 

  

Parameters Wells around residential area 

 

Wells around dumpsites area Wells around mechanic site 

 

pH (no units)  5.61±0.04(4.1-7.3) 6.31±0.09(5.0-7.4) 4.63±0.06(4.1-5.1) 

DW(m) 8.64±3.42(2.45-15.40) 4.98±0.57(1.83-9.8) 1.99±0.08(1.20-2.90) 

TDS (mg/L) 147.29±11.17(8.3-1022) 

 

420.07±24.93(268.00-733) 89.81±4.48(30.1-132.7) 

 

EC(µS/cm) 233.86±18.64(12.34-1625.0) 671.33±44.01(35.80-1277) 145.95±7.04(93.1-221.0) 

Cl (mg/L) 25.88±2.14(1.40-298.43) 68.66±8.29(8.54-212.70) 18.4±1.21(7.8-27.5) 

SO4 (mg/L) 10.5±0.42(1.28-33.76) 13.82±1.42(2.68-27.82) 13.08±1.82(2.33-27.82) 

NO3 (mg/L) 1.28±1.55(0.07-8.68) 1.88±0.31(0.10-6.26) 1.60±0.25(0.1-3.85) 

Ca (mg/L) 15.05±1.0(1.66-132.29) 44.50±2.65(21.50-79.15) 5.42±0.41(1.66-10.52) 

Mg (mg/L) 1.79±1.0(0.00-10.84) 2.96±0.42(0.13-9.91) 1.33±0.25(0.13-4.55) 

TH (mg/L) 45.87±2.50(6.5-330.15) 123.5±6.37(71.69-210.85) 19.67±1.62(6.52-37.59) 

TA (mg/L) 34.36±1.78(4.00-196.00) 

 

153.00±13.16(16.00-260.00) 19.63±1.54(8.00-34.00) 

HCO3 (mg/L) 41.23±2.133(4.80-235.20) 183.60±15.79(19.20-312.00) 23.55±1.85(9.60-40.80) 

CO3 (mg/L) 20.61±19.20(2.40-117.60) 91.80±43.25(9.60-156.00) 11.78±4.52(4.80-20.40) 

Na (mg/L) 21.77±1.45(0.98-107.5) 42.21±4,21(13.24-91.42) 23.65±1.28(1.80-33.01) 

K (mg/L) 13.12±1.58(0.22-176.01) 58.73±4.21(35.00-108.30) 2.35±0.18(1.01-4.01) 

Fe (mg/L) 1.32±0.070 (ND-9.25) 2.00±0.24 (0.38-5.04) 1.18±0.14 (0.38-2.40) 

Pb (mg/L) 0.08±0.10 (ND-0.73) 0.03±0.03 (ND-0.10) 0.05±0.14 (ND-0.15) 

As (mg/L) 0.16±0.03 (ND-3.88) 0.033±0.25 (ND-3.73) 0.16±0.08 (ND-0.56) 

Cr (mg/L) 0.19±0.18 (ND-0.73) -0.17±0.19 (ND-0.78) 0.15±0.17 (ND-0.45) 

DW-Depth of wells: TH-Total hardness : TA- Total Alkalinity 
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Arsenic is a characteristic of most 

groundwater but could also result from 

human activities which migrate into the soil 

and because groundwater moves slowly, it 

may continue to dissolve and concentrate in 

the aquifer. [3] reported high arsenic 

content of 0.12 -8.60 mg/L at the mining site 

in a peri-urban Ilesa. It is therefore 

necessary to investigate the study area for 

gold tailings. Long term ingestion of high 

concentrations of arsenic from drinking 

water can give rise to various health 

problems; internal cancer, particularly of 

the lung, bladder, liver and kidney had 

been linked with arsenic in drinking water 

[4]. Long term ingestion of high 

concentrations of arsenic from drinking 

water can give rise to various health 

problems; internal cancer, particularly of 

the lung, bladder, liver and kidney had 

been linked with arsenic in drinking water 

[4]. The highest mean concentration of 

chromium was detected in the water 

samples around the residential areas and it 

was higher than the permissible limit of 

0.05 mg/L. Cr (VI) anions can be absorbed 

on positively charged surfaces such as 

oxides and hydroxides of Fe, Mn, and Al. 

Adsorption of Cr (VI) on these adsorbents 

is usually limited and decreases with 

increasing pH . The values agreed with the 

result of [7].  Low levels exposure of Cr can 

irritate the skin and cause ulteration. Long 

term exposure can cause kidney and liver 

problem and damage to circulatory and 

nerve tissue  

4.2 Wells around the dumpsite. 

The mean concentration of pH of wells 

around the dumpsite (Table 1) indicated a 

slightly acidic to alkaline groundwater.  The 

pH did not have any strong correlation 

with any parameter at the dumpsite. But 

from the ANOVA analysis, water samples 

from the three classes of land use were 

statistically significant (p<0.05) which 

suggested that a clear difference existed 

between the different landuse categories. 

The mean pH at the dumpsite agreed with 

the values reported by [2], [8] and [17]. 

Landfill exploited for a long period of time 

gives rise to alkaline leachate [11]. The 

dumpsite was used for all forms of solid 

wastes most of which were biodegradable. 

The mean concentration of TDS was 

moderate as majority of the wells were 

within the acceptable limit of WHO except 
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for a well around the dumpsite (M090) 

which on physical assessment was on the 

uphill side of the dumpsite and had the 

highest depth. At the dumpsite, TDS has a 

moderate correlation (r = 0.65, 0.53) with Cl 

and K, respectively. It however has a strong 

correlation with EC (r=0.89) and Na (r= 

0.73). This was supported by the ANOVA 

analysis where there was statistical 

significance (p<0.05) between wells around 

the dumpsite and around the residential 

area. The mean depth of wells around the 

dumpsite was 4.55 m (Table 1) and this 

shows that the water level in this area is 

high. Its correlation (r = 0.76, r = 0.87 and r = 

0.78) with TDS, Na and K respectively may 

be expected. The concentration of 176.01 

mg/L of potassium recorded in some of the 

wells was higher than 10 mg/L 

recommended. The values obtained in this 

study agreed with the findings of [13] and 

[8] but some literatures reported a much 

lower range of the parameters in a 

basement complex of southwestern Nigeria. 

The values of potassium and sodium in the 

study area have not changed over time. The 

mean concentration of Fe at the dumpsite 

area was higher than the residential area 

but the range (Table 1) was lower. At the 

dumpsite areas, all forms of wastes 

including metal scraps were equally 

dumped along other wastes. The temporal 

distribution of Fe showed a fluctuating 

trend in the residential, dumpsite and 

mechanic areas but high concentration 

above permissible was continuously 

observed at the dumpsite area. The 

correlation (r = 0.71, r = 0.75 and r = 0.98) 

with the depth of well, depth of well to 

water level and TDS was high while the pH 

(r=0.60) was fair. Mean concentration of Pb 

in wells around the dumpsite area was 0.03 

mg/L and it was higher than permissible 

limit (0.01 mg/L).  Open air incineration of 

waste material at dumpsites can increase Pb 

concentration [19]. The presence of Pb in 

the groundwater samples around the 

dumpsite area did not follow a definite 

trend but it was constantly present in two 

dugwells (M090 and M091) in Figure 2 and 

it did not have any correlation with any 

other parameter. The mean concentration of 

As and Cr in water samples around the 

dumpsites (Table 1) was higher than the 

permissible limit (0.01 mg/L) and (0.05 

mg/L) respectively. The correlation of Cr to 
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other parameters was similar to that of Fe 

but As has a very strong correlation (r=0.97, 

r=0.76) with pH and the temperature of the 

water samples   

4.3 Wells around mechanic area 

The parameter that was not within the 

permissible range around the mechanic 

area was  pH (no correlation with any other 

parameter) and the heavy metals. The mean 

concentration and the range of the pH 

values indicated an acidic groundwater 

(Table 1). The ranges of Fe, Pb, As and Cr 

values (Table 1) were higher than the 

permissible values. The activities at the 

mechanic area involved stockpiling of 

metals and engine parts and leachates were 

seen infiltrating into the bare floor. 

4.4 Principal component analysis (PCA), 

cluster analysis and hydro-geochemical 

facies 

For the physico-chemical parameters, 5 

principal components (PCs) were obtained 

which explained 82.937%, 81.92% and 

79.001% of the total variance for residential, 

dumpsite and auto-mechanic areas 

respectively. The first PC in the residential 

area (Figure 3a) was described by Na, TDS, 

EC, K, Cl, Ca and hardness. The PC (Figure 

3b and 3c) showed that hardness was 

absent at the dumpsites and at the 

mechanic area indicating that the PCs were 

entirely different. The dendogram 

produced from the cluster analysis (Figures 

4a) allowed identification of three clusters 

of associated characteristics in the water 

samples around the residential areas 

(Figure 4a), three around the dumpsite 

(Figure 4b) and four around the mechanical 

area (Figure 4c).  The different hydro-

chemical phases in the study area revealed 

that the dominant anions in the residential 

area are HCO3 (100%) >Cl (92%) > SO4 (70%) 

while the cations are in the order of Na +K 

(100%) > Ca (100%) > Mg (80%). The tenary 

map for the dumpsite revealed a different 

trend as the anions are in the order of HCO3 

(100%) > Cl (89%) > SO4 (22%) and the 

cations are in the order of Na + K (100%) > 

Ca (62%) > 14%.  At the mechanic area, the 

anions are in the order of Cl (70%) > HCO3 

(59%) > SO4 (50%) and the cations are Na +K 

(100%) > Ca (50%) > Mg (29%).  

4.5 Microbiological analysis 
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The occurrence and percentage distribution 

of the microbes revealed the highest in 

wells around the dumpsite and the 

mechanic area but the period of occurrence 

is different. Wells around the residential 

area reported 52%  for E.coli  while other 

organisms varied within the months. 

Bacteria could enter groundwater and 

water supply wells through many 

interacting variables related to land use, soil 

types, depth to water, types of geologic 

strata and method of well construction [21] 

, thus the existence of the microbes 

occurring singly and in combination in the 

water samples may be anthropogenic  

influenced.   

5.0 CONCLUSION AND 

RECOMMENDATION 

The different statistical analysis has 

revealed different water chemistry for the 

different land use in the study area, thus 

the location of the dumpsite is a 

contributing factor to the poor water 

quality. The activities of the auto- mechanic 

area has not affected the groundwater 

reasonably but the present practices of 

discharging oil and petroleum products on 

cemented floor cannot be sustained. It is 

recommended the present land use in this 

area be reviewed and a routine monitoring 

of wells be conducted. 
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a)  Residential area                                      b) Dumpsite area   

 

 
c)Auto-mechanite area 

Figure 3: Principal components for water quality parameters of wells in residential area, dumpsite 

and around auto-mechanic site 
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a)Dendogram of clusters in wells in residential area     b) Dendogram of clusters around  

                                                                                           dumpsites 

 

 

 

 

 

 

c)Dendogram of clusters of wells around auto-

mechanic area 

 

 

 

 

Figure 4: Dendogram of clusters for wells around residential , dumpsite and auto-mechanic 

areas. 
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