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ABSTRACT 
In this study, the effect of the leachate from an open unlined landfill site in Aba, a commercial city in 

Southeastern Nigeria on groundwater is investigated. A total of 48 groundwater and 2 leachate sampleswere 

collected and were analyzed for various physical and chemical parameters and major ions according to 

standard methodsfor dry and rain seasons using AAs and titrimetric methods. Pearson correlation was used to 

determine the relationship between two parameters. The results showed that the physicochemical parameters, 

temperature,electrical conductivity (EC),  biochemical oxygen demand (BOD), Cl
-
, HCO3

-
, SO4

2
, NO3

-
, Ca

2+
, 

Mg
2+

, K
+
 and Na

+
 in both seasons are below the maximum admissible limits approved by World Health 

Organization (WHO) and Nigerian Standard for Drinking Water Quality(NSDWQ). Dissolved Oxygen Demand 

(DO) and Chemical Oxygen Demand (COD) have mean values higher than the permissible limits in rain but 

lower in dry season. The pH values for rain and dry seasons ranged from 3.38 to 6.95 and 4.47 to 6.25 with 

mean values of4.86 and 5.21respectively showing acidic condition and are not within the permissible limits set 

by WHO and NSDWQ standards. Groundwater in the study area is not hard, is fresh and acidic in nature. It 

falls within safe to tolerable to some extent category in rain and dry seasons respectively. The geo-statistical 

analysis revealed a perfect association between TDS and EC in both seasons. A very strong positive association 

was found to exist between COD, DO and BOD in both seasons also. Continuous and uncontrolled 

accumulation of waste leading to the production of leachate in the landfill will pose a potential risk to the 

source of water to the communities living around the landfill site. It is recommended that there should be 

continuous monitoring of groundwater resources in the area. 
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I.    INTRODUCTION 
Unlined landfills have become the choice for the repositories for municipal wastes collected from 

various parts of the metropolis.This is as a result of the absence of engineered sanitary landfills in many cities in 

Nigeria. The choice of these unlined pits is often done without proper Environmental Impact Assessments (EIA) 

on the suitability of such sites as waste disposal sites. Unlined landfills are land from which earth materials have 

been excavated from for other uses and creating borrow pits which exposes a large portion to the vadose zone 

bringing the position of the water table very close to the bottom of the pit. Hence leachate can migrate from 

unlined landfill and can contaminate groundwater around waste dumps. Water because of its polarity and 

hydrogen bond can dissolve, absorb, adsorb or suspend different substance (Oyelami, et al., 2013, Aderemi, et 

al., 2011, WHO, 2007, Mendie, 2005).  Therefore there is need for general measure and specific checks for 

groundwater constituents. This study was designed to study the effects of the unlined landfill on the water 

resources being used for drinking and other domestic uses at Aba, southeastern Nigeria by checking for the 

presence of contaminants to prevent the consumers from harm.    

 

Study Area Description  

The study area is located between latitude 5.07
o
N 7.22

o
SE and longitude 5.177

o
N 7.367

o
E in the South 

Eastern region Nigeria (Figure 1).   Aba as a town is a major economic contributor in the country Nigeria 

because it is a commercial city and hosts to industries of both small and large scale.   Aba lies within the rain 

forest zone in the Southeastern Nigeria. It has two seasons, the dry season and rainy season in a year. The 

rainfall regime is bimodal and its peaks are in July and September with little dry season known as August break 
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in-between. The mean annual rainfall of Abia State is between 2550mm and 2890mm. The mean temperature of 

the city is between 24
o
C to 34

o
C and relative humidity of 70% in dry season and 90% in rainy season.  

The geology of a place should be well understood before any meaning work on soil and water 

contamination can be done. This is because the dispersion of contaminants is influenced by the soil porosity as 

well as the rate of water movement. While some materials may allow contaminants to infiltrate through it to 

groundwater, others may allow the contaminants to build up around it to a significant level.  Sometimes, 

geology may be the source of contamination. Therefore, the geology of the study area will be understood as this 

will help in its geo-environmental risk assessment.  

Aba lies within a geological area known as the Niger Delta Basin. Short and Stauble (1967); Adegoke, 

O.S., (1969); Nwajide, C.S., (2013); geologically, classified the  study area into  three basic Formations having 

the Akata Formation at its base, the Agbada Formation at the middle and the Benin Formation which is recent at 

the top. The Benin Formation is the Formation that outcropped in the study area. It is a fresh water bearing 

formation consists of coastal plain sand which is unconsolidated and dominantly sandy.  

 

 
Figure 1: Map of the study area showing the groundwater sampling points. 

 

II.   MATERIALS AND METHODS 
Sampling was done within the rainy season months of May, June and July while the dry season 

sampling was done in December, January and February. Water sample were collected to cover industrial, 

commercial, and residential areas.  The water samples were collected directly from boreholes after 5 minutes of 

pumping from boreholes around the dumpsite. They were collected with labeled polyethylene bottles and kept 

away from the sun and heat in Styrofoam boxes with ice and then transferred to the laboratory within 12 hrs of 

collection. Before the bottles were used to collect water samples, they were rinsed with the water sample to be 

collected to minimize the chance of any contamination. Some of the parameters were recorded in-situ at the 

point of sampling while the analyses of other various water quality parameters were conductedfollowing 

standard analytical methods as described by APHA (1998). Results of the laboratory analysis were compared 

with International standards for drinking water (WHO, 2011) and Nigerian Standards for Drinking Water 

Quality Guidelines  (NSDWQ, 2007) respectively. A total of 50 samples were collected for rain and dry 

seasons. 

 

III.   RESULTS AND DISCUSSIONS 
The results of the physicochemical analysis of groundwater around the unlined landfill in rain and dry 

seasons are presented in Table 1 and Table 2. From the Tables the pH values ranges from 3.38 to 6.95 with a 

mean value of 4.86 in the rainy season and 4.47 to 6.76 with a mean value of 5.21 in the dry season against the 

NSDWQ (2007) and WHO (2011) standards of 6.50 – 8.50. These average pH values shows the acidic nature of 
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the groundwater in this area throughout the sampling periods. This indicates the presence of toxic metals in the 

water (Akinbile and Yussof, 2011). It can also be attributed to landfill gases arising from the unlined landfill as 

a result of the decay of organic matter from the dumpsite which has percolated through the porous subsurface to 

the aquifer as well as the quality of leachate from the landfill. This result is in agreement with the findings of 

Akinbile and Yussof (2011) that discovered that groundwater samples from boreholes around a landfill had an 

acidic pH values. Aba the study area is a commercial and industrial city that house different types of 

manufacturing industries of different scales. These industries emits gases containing CO2, NO3 and SO2 which 

are dissolved in the rain and fall as weak acid that infiltrates into the groundwater causing the groundwater to be 

acidic (Ojekunle, et al., 2020). 

Electrical Conductivity is a measure of the ability of a solution to conduct electric current. This 

therefore depends on the concentration of ions in water. Therefore the higher the concentration of ions, the 

higher the electrical conductivity while the lower the ionic concentration, the lower the electrical conductivity 

implying low inorganic content. The range of the Electrical conductivity values are 10 - 1770 (µS/cm) in the 

rainy season and 30 – 1000 (µS/cm) in the dry season with an average of (187 µS/cm) in the rainy season and 

116.8 (µS/cm) in the dry season. All the samples apart from Leachate sample in the rainy season are below the 

permissible limit of 1000 (µS/cm). Using salinity classification by Wilcox 1955 (Table 3 ), it was observed that 

the water quality in the study area falls within the safe water category apart from leachate in the rainy season 

which falls in tolerable to some extent category. 

 

Table: 3    Classification of Groundwater (after Wilcox, 1955) EC (µS/cm). 
Class Conductivity Range (Wilcox, 1955) Quality of water 

I < 1000 Safe 

II 1000 – 1500 Tolerable 

III 1500 – 2000 Tolerable to some extent 

IV 2000 – 2500 Intolerable 

V >2500 Health Hazard 

 

The large variation in EC values may be attributed to the anthropogenic influences in the area. 

The total dissolved Solids (TDS), has a range of 6.5 – 1150.5 with an average of 75.92 in rainy season and 19.5 

– 650.0 with an average of 121.53 in the dry season. Only the leachate and BH20 samples are >500 the 

permissible limit. BH 20 is located very close to the dumpsite and it is used as a car wash center. According to 

TDS classification by Freeze and Cherry in Table 4, the water type is fresh water type because TDS < 1000, 

(Freeze and Cherry 1979).  

 

Table 4: Simple Groundwater Classification Based on Total Dissolved Solids.(Freez and Cherry, 1979). 
Category Total dissolved solids (mg/l or g/m3) 

Fresh water 0-1000 

Brackish water 1000-10,000 

Saline water 10,000-100, 000 

Brine water More than 100,000 

 

The high concentration of EC and TDS in the leachate and BH20 can be attributed to the presence of 

inorganic components from the disposal of large quantities of industrial waste within the dumpsite. Maiti et al., 

(2016) also obtained high level concentration of EC and TDS from leachate sample.  

The variations for Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD) and 

Dissolve Oxygen (DO), 0.2 - 12.6 and 0.1 – 2.50, 0.32 – 12.8 and 0.06 – 1.00, 2.1 – 9.60 and 0.6 - 4.90 for rainy 

and dry season respectively. Ca
2+

, Mg
2+

, Na
+
 and K

+
 varied as follows 1.68 – 151.39 and 4.21 – 42.89, 0.59 – 

72.85 and 1.18 -21.95, 3.40 – 80.00 and 0.19 – 5.34, 0.334 – 80.50 and 35.00 – 115.00 in rainy season and dry 

season. SO4
2-

 varied from 0.00 – 5.00, in rainy season to 0.00 – 35.00 in dry seasons. These are within the range 

as described by Akobundu and Nwankwoala, (2013), which shows that the groundwater around the study area is 

free from possible sulphate toxicity which includes gastrointestinal irritation. The low level of SO4
2-

could be as 

a result of sulphate reducing bacteria (SRB) present in the water which is capable of reducing sulphates (SO4
2-

) 

to sulphides (S
-
) (Oyelamiet al, 2013, Abdurafuiet al., 2011). The bicarbonate (HCO3

-
) concentrations in both 

seasons ranged from 0.00-3892.00mg/L for rain with an average value of 155.70mg/L, and from 40.00-

228.00mg/L and a mean value of 88.00mg/L for dry season. Only the leachate sample recorded HCO3
-

concentration in rain season. The high concentration of bicarbonate in the leachate sample may be as a result of 

the decomposition of organic matter in the unlined landfill (Khashogji and El Maghraby 2013, Saha, et al., 

2019).Nitrate (NO3
-
) values ranged from 4.80-83.00mg/L with an average value of 18.26 mg/L in rain season 

and ranged from 8.00-52.00mg/L with an average value of 21.82mg/L. The mean values of all the 

https://link.springer.com/article/10.1007/s13201-019-1085-7#ref-CR29
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physicochemical parameters were below the permissible limits in both seasons except DO and COD in rain 

season values which were slightly higher. In a similar analysis carried out by Giadom et al., 2014, in Ariaria 

dumpsite in Aba, similar results were also obtained. 

The low levels of BOD and COD concentrations values indicate low organic content which means that 

the waste dumpsite receives little waste of organic origin. Hence low deamination process of amino acids during 

decomposition of organic compounds leading to low concentration of Nitrogenous compounds like Nitrites and 

Nitrates (Crawfor and Smith, 1985).   

 

Seasonal Correlation of Hydrochemical Parameters 

Table 5 and Table 6shows the correlation relationship between parameters. In both seasons, water 

temperature showed no correlation with other parameters. Positive correlation were found  to exist between pH 

and Cl
-
 , Ca

2+
, Na

+
, K

+
, in rain with high negative correlation with DO. In addition, in dry seasongood 

correlations also occurred with pH and Cl
-
, HCO3

-
 and Na

+
. Although K

+
 had high positive correlations with 

Na
+
, Cl

-
, and pH in rain season, such correlation became very poor in dry season. It is interesting to note that 

TDS had a perfect positive with EC in both seasons. This shows the fact that EC depends on the amount of 

dissolved ion in water at a larger extent (Ganiyu, et al., 2018).  This result agrees with the earlier work reported 

by (Mokuolu, et al., 2017, Ojekunle, et al., 2020). Positive correlations were observed between HCO3, EC, 

TDS, BOD, Ca
2+

, Mg
2+

, NO3
-
, Cl

-
 and pH in rain and dry seasons. Na

+
 had a highpositive correlation with Cl

-
, 

and pH in rain season, while in dry season it had a positive correlation with Mg
2+

 and pH. This means that the 

association of Na
+
 with other parameters is affected by the acidic nature of the groundwater. NO3

-
, Mg

2+
 and Cl

-
 

had a positive correlation in rain season with EC, TDS and BOD than in dry season where Mg
2+

 andNO3
-
 had no 

correlation with any parameter. High positive correlation also exist between COD, BOD and DO in both 

seasons. 

 

Table 1: Rain Season Physicochemical Parameyeters 

 
ND- not dictated 
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Table 2: Dry Season Physicochemical Parameters 

 
    Note: WHO: World Health Organization 

 NSDWQ: Nigerian Standard for Drinking Water Quality 

 

Table 5: Correlation Coefficients ofRain SeasonSampled Groundwater Parameters 

 
  Correlation is significant at 0.05 level (2-tailed) 
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Table 6: Correlation Coefficients of Dry Season Sampled Groundwater Parameters 

 
Correlation is significant at 0.05 level (2-tailed) 

 

IV.   CONCLUSION AND RECOMMENDATION 
The study of the physicochemical characteristics of groundwater samples around an unlined landfill in 

Aba Southeastern Nigeria were analyzed for Temperature, pH, COD, TDS, BOD, EC, Cl
-
, HCO3

-
, SO4

2-
, NO3

-
, 

Ca
2+

, Mg
2+

, Na
+
, K

+
. Although the physicochemical characteristics results showed no significant deviation from 

world health organization(WHO) and Nigeria standard for drinking water quality (NSDWQ) standards, it 

wasobserved that the pH values of all sampled sites in rain and dry seasons were found to be below the 

standards limit of the  WHO and NSDWQ. Pearson correlation coefficient was performed in order to ascertain 

possible relationship between analyzed parameters.A very strong positive correlation was found between EC 

and TDS as well as between Na
+
, pH and Mg

2+
 in both seasons. The study also revealed that anthropogenic 

activities from industries impact negatively on the physicochemical characteristics of groundwater samples 

under consideration. This implies a future threat on the groundwater in the study area which is the source of 

drinking water and other domestic purposes. This therefore calls for constant monitoring of the quality of 

groundwater resources in the area.  
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