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INTRODUCTION 
 

 Most developing cities in Nigeria exhibit features of unplanned growth, population explosion and informal 

settlement, leading to an irregular buildup of solid wastes. Wastes are unwanted and discarded materials from 

natural and artificial sources. Solid wastes can be classified based on source, environmental risk, utility and 

physical property. Based on source, solid wastes classification includes municipal solid wastes, industrial solid 

wastes, agricultural solid wastes, mining and mineral wastes. Municipal wastes include dust, leafy matter, 

building debris, treatment plants, residual sludge etc. [1]. Artificial sources of waste include household refuse, 

garbage, rubbish, street refuse, ashes, demolition debris and construction refuse wastes. Other types of solid 

wastes include junk automobiles, old furniture and wastes from slaughterhouses, schools, manufacturing plants, 

hospitals, agriculture and market waste [2]. Natural sources of wastes could be from dead wild animals and 

leaves from trees.   Generally, wastes are materials discarded by the users and the pattern of generation depend 

largely on the level of urban status, industries and economic status of the society [3]. Solid wastes are the 

organic and inorganic materials such as product packaging, grass clippings, furniture, clothing, bottles, kitchen 

Abstract 
 
This research analyzed the degradation of water quality due to municipal solid waste disposal in open dumpsites in 
a developing city, southeastern Nigeria. Ten water samples collected from boreholes, stream channels and hand-dug 
wells were analysed to assess the level of water pollution. Physical parameters such as acidity (pH), redox potential 
(Eh), temperature, turbidity, total dissolved solids and conductivity, were measured insitu with portable kits. 
Chemical parameters such as total hardness, carbonate, biological oxygen demand (BOD), chemical oxygen demand 
(COD), total dissolved solids, conductivity, sulphate (SO4), nitrate(NO3), bicarbonate(HCO3), BOD, COD and chloride 
were analysed by standard procedures. Flame test and atomic absorption spectrophotometer (AAS) were used to 
analyse for potassium (K), sodium (Na), calcium (Ca),  magnesium (Mg), aluminium (Al), iron (Fe) and manganese 
(Mn) concentrations. World Health Organization (WHO 2011), United States Environmental protection Agency 
(USEPA 2006) and Nigerian Standards Department of Water Quality (NSDWQ 2007) stipulated standard values for 
potable water. Mean concentrations of BOD (199.0 mg/L), COD(507.6 mg/L), turbidity (36.6 mg/L), total hardness 
(300 mg/L), pH (6.3), sulphate (363.76 mg/L), chloride (283 mg/L), sodium (6.7 mg/L), and manganese(0.5 mg/L) 
exceeded their standard values.  These indicated water pollution due to leachates from solid wastes dumpsites.  This 
study is useful in solid waste pollution studies both in Nigeria and other parts of the world. 
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refuse, appliances, paint cans, batteries etc. These wastes are produced in society, which does not generally carry 

any value to the first user [4]. Solid wastes encompass both heterogeneous masses of wastes from the urban 

community as well as more homogenous accumulation of agricultural, industrial and mineral wastes. Solid 

wastes can be classified into municipal wastes, industrial wastes, hazardous wastes and biomedical or hospital 

wastes [5] The leachate from these solid wastes consist largely of solids, microbial organism and in some 

situations, chemicals can contaminate groundwater in shallow wells [3]. In order to reduce the hazardous effects 

of solid waste disposal on residents and enhance the quality of the environment, this problem needs to be tackled 

frontally in an embracing manner [6].  

 

 In locations where waste collection and management have not attained satisfactory levels, it leads to dire 

environmental consequences. Wastes disposal without adequate management leads to environmental 

degradation, such as atmospheric gaseous emissions and groundwater pollution. This study is on municipal 

wastes disposal effects on groundwater. Abakaliki city is characterized by indiscriminate waste disposal sites 

close to water sources such as hand dug wells, streams and boreholes. These are sources of water for drinking, 

irrigation of gardens and other domestic uses. There is the possibility of migration of contaminant plumes from 

these waste disposal sites to nearby water sources, which can lead to water contamination. Analysis of 

physicochemical parameters and metal content in these water sources will serve as a guide to assess water 

quality to forestall the consumption of contaminated water by the residents, which is injuries to human health. , 

The provision of potable water for the growing population, is one of the targets of the Sustainable Development 

Goals (SDGs). 

 

 Most places in Nigeria depend on landfills for solid waste disposal as part of waste management practice. 

Adebera et al., [5] analyzed physicochemical and bacteriological parameters of water samples collected around 

solid waste dumpsites. The result showed a pH range of 5.9-6.4 recorded in some water samples within solid 

waste dumpsites, indicating some levels of groundwater contamination. This rendered the water unsuitable for 

drinking. Unlined sanitary landfills and open dumps are well known to release large amounts of hazardous and 

otherwise deleterious chemicals into groundwater, surface water, and soil to air via leachate and landfill gas [5]. 

A study by Mor et al., [7] revealed that the COD and BOD of such wastes may be in the region of 12000mg/L and 

700mg/L, respectively, with concentrations of inorganic chemical substances such as ammonia, iron and 

manganese.  

 

The effects of solid waste dumps on groundwater in Nigeria can be found in Kola-Olusunya, [8]. The author 

analyzed for microbiological parameters in groundwater around dumpsites at Olisosun in Lagos metropolis. The 

study confirmed the presence of fecal coliform, suggesting that the water is not potable. In India, Sohail and 

Saddiqui [9] investigated the effect of open landfills containing all sorts of municipal solid wastes and 

established that the groundwater was contaminated with Cd, Cr, Cu, Fe, Ni and Zn.    Open dumping of 

municipal solid wastes creates serious negative environmental impacts such as toxic gases, the attraction of rats 

and odor [10]. Afolayan et al., [3] tested groundwater quality in the urbanized area of Lagos in Nigeria to 

examine the impact of solid waste disposal sites on groundwater quality. Water quality parameters such as total 

suspended solids, temperature, pH and N recorded higher concentrations around closed landfills than 

operational landfills. Operational landfills contained higher levels of Cl, Cd, Fe and Pb than old landfills. 

Research conducted on solid waste accumulation phenomenon in Nigeria by Momodu et al. [6] proffered a 

solution to reduce the negative effects of solid waste on urban beautification and sanitation. In addition, to 

provide a solution towards minimizing the evolving solid waste encroachment in Nigerian cities. 

Omofunwanmwan and Eseigbe [11] examined the effects of wastes on groundwater quality in Benin Metropolis, 

Nigeria. Analysis of water samples collected close to refuse dumps for physical-chemical and biological 

parameters showed evidence of groundwater contamination. The work done by Omofunwamwan and Eseigbe 

[11] is similar to this research.  

 

At Chennai in India, soil and groundwater samples were collected by Raman and Narayanan, [12], near 

Pallavaran solid wastes landfill sites to study the possible impact of solid wastes in soil and groundwater 

quality. The study revealed that concentrations of some water quality parameters such as temperature, pH, 

hardness, EC, TDS, and TSS and trace metals were above permissible limits for potable water. The approach in 

assessing groundwater quality by the authors is in agreement with this study. Other works on the effects of solid 

wastes disposal and management on groundwater are summarized in [13; 14 and 15] etc.  Previous studies by 

Okeke et al., [16] and Ede and Paulinus [17] in the Abakaliki area anchored on hydrogeochemical quality. The 

studies did not include an emphasis on the effects of waste disposal on water quality as contained in this study. 

Nwofe [2] reported on the impact of waste management and disposal methods in some selected academic and 

economic institutions in the Abakaliki Metropolis. The method of investigation was by questionnaire while this 
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study employed empirical analysis of water samples to assess the environmental impact of solid waste disposal 

in the Abakaliki area.  

 

Open dumping of municipal solid wastes in Abakaliki is of serious environmental concern. Apart from defacing 

the aesthetics of the town also contaminate surface and groundwater. Abakaliki is noted for salty groundwater 

taste. Lack of engineered landfills for waste disposal has further exacerbated the problem of groundwater quality 

through the contamination of groundwater by leachate resulting from solid waste decomposition. 

  

The ultimate aim of this study is to investigate the impact of municipal solid waste disposal at open dumpsites 

on groundwater quality near the dumpsites. These water sources are used for drinking, irrigation and other 

domestic uses. The objectives of the study are: 

 (1) To assess the level of physicochemical parameters in water samples near solid waste dumps.  

(2) Analyze for potentially toxic metals such as manganese, iron and aluminum in groundwater around the 

dumpsites.  

(3) Recommend remedial measures for groundwater where there is evidence of contamination by solid waste 

disposal. This study analyzed for both physicochemical parameters and potentially toxic metals compared to 

previous works in the study area that considered only physicochemical parameters.  

 

1.2 Study area description 

The study area is located in Abakalikiis in Ebonyi state Nigeria and is situated within latitudes 60 19’ 2.628’’N 

and 60 19’ 21.3’’N and longitudes 80 8’ 7.037’’E and 80 06 56.6’’N (Fig. 1). The least elevation of 29m was 

obtained at location 1 (Rice mill waste dump) and the highest elevation of 73m was recorded at location 3 (Wansi 

Street Junction). Abakaliki Urban is accessible from Enugu, Afikpo and Ogoja-Abakaliki express roads. A 

network of intra-city roads within the study area includes Water Works road, Ogoja road, Ezza road and Onwe 

road. Apart from the tarred roads, footpaths crisscross the study area, which can be covered by tricycles and 

motorcycles.  Prominent dumpsites within the Abakaliki metropolis include Iyiokwu, waterworks, rice mill and 

Meat Market dumpsites. The Iyiokwu dumpsite is situated along Abakaliki-Afikpo road beside Iyiokwu River. 

The rice mill dumpsite is found within the premises of Abakaliki rice mill along Old Ogoja road while Water 

Works dumpsite is located along with Union Bank and College of Agricultural Science Campus (CAS) of Ebonyi 

State University (Fig. 1). 

 

Figure. 1 Sample location map 

Abakaliki area is characterized by a flat topography. Abakaliki basin is a subsidiary depression in the Benue 

Trough of Nigeria. The Abakaliki Basin is characterized by a tropical climate with an average rainfall of about 

980 mm. In the study area, two seasons are observed, which are rainy and dry seasons. The rainy season starts 

in March and ends in October, while the dry season starts from November to February, characterized by 
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seasonal water drought. The middle of this season is characterized by the harmattan, which is experienced 

within the months of December and January. The area is within the tropical rainforest. Surface drainage in the 

study area is irregular and consists of a number of small ephemeral streams. The streams generally flow 

through North-South (N-S) direction into the Ebonyi River. Ebonyi River is the major river that cuts across the 

study area. Other bodies of water are smaller streams, which drain into Udine, Iyiokwu and Okwerike rivers. 

These streams vary in size. Some are seasonal [17] and [18]. The drainage pattern in the study is dendritic, 

which is a function of lithological control. Abakaliki has luxuriant vegetation of the tropical rainforest 

characterized by trees, shrubs and varieties of other trees such as palm trees and coconut trees. Part of the 

vegetation is evergreen while some is deciduous [18]. 

 

1.3 Geology and hydrogeology 

 The study area is located in the southeastern part of the Lower Benue Trough of Nigeria. The Benue Trough is 

situated at the major re-entrant in the African continent and occupies an intra–continental portion and has a 

thick compressional folded cretaceous super crustal fill [19]; [20]; [21] and [ 22]. The study area is within the 

Asu-River Group, which consists of rather poorly bedded shale, occasionally sandy, splintery metamorphosed 

mudstones. Sandstone and sandy limestone lenses are highly jointed and fractured in the study (Fig.2). Younger 

intrusive rocks intrude the Albian Formation in the study area. The intrusive bodies have created fractures and 

secondary porosity in the study area in combination with numerous faults and joint systems.  

Agumanu [23] and Obasi et al. [18] established that the Abakaliki shale formation has an average thickness of 

about 500m. The shale is dominantly dark, laminated,  grey in color, blocky and indurated in some locations yet 

fissile, in some locations. The geologic history of the Abakaliki Basin is characterized by compressional tectonic 

stresses. The associated stresses cause metamorphism and fracturing of older marine volcanic rocks and primary 

porosity is low due to geologic conditions [16]. The authors suggested that the shale is of low primary porosity 

possessing very poor groundwater transmission and storage capabilities. However, the subsequent development 

of secondary porosity by fracturing and faulting has created increased bulk permeability of the fractured shale 

[24]. Abakaliki town is also characterized by the occurrence of pyroclastic rocks, which have been extensively 

weathered to give rise to shallow aquifers in the area [16; 25]. 
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Figure. 2 Geological map of the study area and environs 

2.  MATERIALS AND METHODS 

2.1 Field sample collection 

Water samples were collected from a dumpsite at a rice mill located at the Abakaliki Rice Mill, characterized by 

thick rice husk wastes which are produced from the mill. The waste dumpsite located at waterworks along Union 

Bank and College of Agricultural Sciences Campus of Ebonyi State University consists of garbages, spoilt clothes 

or wares. A water sample was also collected at the Iyokwu dumpsite along Abakaliki-Afikpo road beside Iyokwu 

River before Sperando Junction. Other locations include a hand-dug well at Felix Memorial Hospital, a hand dug 

well at Nise Street around Hope High International School. A borehole water sample was also collected at 22 

Uyamadu street at a distance of 30m away from Salt Lake Hotel. A borehole water sample was collected at 

Vanco Junction and from a hand-dug well at Onuiyi Street off Meat Market as a control. A water sample was 

also collected from a borehole at 5 Lagos Street off meat market and another borehole sampled at Ebonyi State 

University Nursery/Primary School at College of Agricultural Sciences Campus as a control (Fig. 1)  

Boreholes, hand-dug wells and stream water samples were collected from ten locations across the study area 

(Fig. 1, Table 1). The water samples were collected at various distances from the open dumpsites where 

groundwater contamination was suspected. The borehole water samples were collected at the wellhead before 

the water went through the tank or treatment units. The water samples were collected in 200ml clean 

polyethene bottles. The well was pumped for about two minutes before sample collection to ensure collection of 

representative samples. The surface water samples were collected below the surface. Prior to sampling, the 

plastic bottles were prewashed and rinsed with the water to be sampled and properly labelled. The samples for 

major anions and cations were acidified with a few drops of HNO3 acid at a pH of 2 to avoid loss of ions. The 

samples were kept at a temperature of  40C for two days before transported for analysis. 

Physical parameters such as temperature, pH, eH, EC, and TDS were measured in the field using the mercury-

in-glass thermometer, digital mv redox pH meter, conductivity meter, WA 3000 and conductivity meter, 

respectively. The choice of plastic bottle containers was to minimize contamination that could alter water 



12 
Citation: Sikakwe et al.,2020. Municipal solid wastes disposal in non-engineered landfills release deleterious chemicals that degrade water quality in a developing 

city. Journal of Applied Sciences Research., 16(5): 7-21. DOI: 10.22587/jasr.2020.16.5.2 

 

 

chemistry. The essence of acidifying the water samples for cation analysis was to homogenize and eschew 

absorption and adsorption of metals to the walls of the plastic containers. When water samples are acidified, it 

disallows most microbial growth and obstructs oxidation reactions and precipitation of cations [26]. A global 

positioning system (GPS) unit portable GARMIN Eltrex 76 was used for recording coordinates and elevations 

readings. The field sample collection was done in clement weather to avoid sample contamination. 

Table 1 Sample locations and GPS coordinates 

 Location Coordinates Elevation (m) 

1 60 19’ 2.628’’N  

80 8’ 7.037’’E 

27 

2 60 19’ 33.9’’N 

80 07’ 47.3’’E 

57 

3 60 19’ 32.4’’N 

80 07’ 48.8’’E 

73 

4 60 19’ 34.0’’N 

80 07’ 12.9’’E 

60 

5 60 18’ 58.9’’N 

80  06’ 04.4’’E 

51 

6 60 18’ 55.7’’N 

80 06’ 18.1’’E 

65 

7 60 18’ 56.0’’N 

80 06 20.22’’E 

54 

8 60 19’ 5.1’’N 

80 06’ 43.9’’E 

61 

9 60 19’ 11.44’’N 

80 06’ 51.5’’E 

56 

10 60 19’ 21.31’’N 

80 06’ 56.6’’E 

61 

 

2.2 Laboratory analysis 

The collected samples were transported to the laboratory for analysis. The samples were analyzed for anions (Cl, 

SO4, HCO3, NO3, CO3, COD, BOD and hardness using standard procedures. The cations (K, Na, Al, Mg,  Ca, Fe 

and Mn) were analyzed variously using flame test, ion chromatography and atomic absorption chromatography 

(AAS). 

2.3 Descriptive statistics 

SPSS software was used for computing descriptive statistics of water chemical data for comparison with 

standard world bodies such as WHO, USEPA and NSDWQ. 

2.4 Overview of the method of investigation 

Geochemical data analysis is the best data for studying environmental pollution. The water sample collection for 

analysis is relatively simple compared to the geophysical investigation. Analysis of water samples using 

analytical techniques involves direct measurement of the concentrations of physicochemical parameters and 

heavy metals resulting from waste disposal at dumpsites. Indirect measurement of force fields using geophysical 

methods to deduce the level of pollution is not an accurate technique for assessing environmental pollution 

compared to geochemical data analysis.  

3.  RESULTS 

3.1Water quality 

Detailed results of concentrations of physicochemical parameters, organics and inorganic ions /salts are 

presented in Table 2. Statistical summary of elements in the water samples, together with maximum allowable 

limits contained in Nigerian Standard for Drinking Water Quality [27], World Health Organization [28] and the 

United States Environmental Protection Agency [29] around the waste dumpsites are presented in Table 3. 
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Table 2 Detail results of physicochemical and heavy metals parameters in water samples 

Parameters Unit BH 

 1 

BH 

 2 

BH 

 3 

HDW 

4  

STR 

5 

HDW 

6 

BH 

7 

BH 

8 

 

HDW 

9 

BH 

10 

Temperature 0C 29.3 27.6 29.2 29.3 29.3 29.3 29.3 29.4 27.7 29.5 

pH - 6.6 6.2 6.5 6.3 6.2 6.1 6.3 6.4 5.6 6.4 

Turbidity NTU 54.0 0.0 27.0 45.0 77.0 16.0 39.0 65.0 0.0 43.0 

TDS mg/L 3.40 20.0 0.2 0.3 0.1 0.2 1.9 0.4 6.2 0.3 

Conductivity ʯs/cm 507.0 10.7 395.0 798.0 789.0 558.0 1142.0 431.0 34.5 599.0 

Total 

Hardness 

mg/L 280.0 320.0 316.0 292.0 320.0 348.0 336.0 280.0 260.0 248.0 

BOD mg/L 276.0 640.0 60.0 206 192.0 42.0 46.0 64.0 460.0 4.8 

COD mg/L 672.0 328.0 528.0 560.0 640.0 432.0 528.0 640.0 348.0 400.0 

CO3
- mg/L 225.0 220.0 150.0 350.0 130.0 200.0 250.0 280.0 260.0 290.0 

HCO3- mg/L 75.0 92.5 50.0 65.0 65.0 80.0 50.0 75.0 25.0 60.0 

NO3
- mg/L 2.4 4.6 3.5 3.3 3.8 3.2 5.1 3.1 4.23 2.6 

SO4
2- mg/L 472.0 19.8 305.0 467.0 417.0 272.8 272.8 491.3 448.0 471.0 

Cl- mg/L 164.0 56.0 130 180.0 530.0 350.0 900.0 242.0 78.0 200.0 

Ca mg/L 23.2 5.7 21.9 15.0 22.4 14.2 24.4 23.7 12.0 20.8 

Na mg/L 3.2 18.3 3.8 2.6 2.8 3.1 3.3 3.0 25.0 2.2 

K mg/L 8.9 0.0 6.6 6.2 4.9 1.3 7.4 4.8 0.0 5.2 

Mg mg/L 12.7 20.5 14.8 8.0 9.9 11.7 24.9 13.3 20.2 6.3 

Fe mg/L 0.0 0.1 0.2 0.2 0.0 0.2 0.0 0.3 0.1 0.2 

Al mg/L 0.02 0.2 0.04 0.1 0.1 0.1 0.1 0.1 0.2 0.1 

Mn mg/L 0.8 0.4 0.6 0.2 0.4 0.9 0.4 0.3 0.8 0.1 

Table 3 Statistical summary of physicochemical parameters and heavy metals in water samples 

Parameters Unit Mean St.Dev. Median Minimum Maximum Mode WHO,[28], 

USEPA, [29], 

NSDWQ,[27] 

Temperature 0C 29.0 0.7 29.3 27.6 29.5 29.3 - 

pH  6.3 0.3 6.3 5.6 6.6 6.5 6.5-8.5 

Turbidity NTU 36.6 25.9 41.0 0.0 77.0 0.0 5.5 

TDS Mg/L 3.3 6.2 0.3 0.1 20.0 na 500.0 

Conductivity ʯs/cm 526.4 343.6 532.5 10.7 1142.0 na 1400.0 

Total 

Hardness 

mg/L 300.0 33.0 304.0 248.0 348.0 280.0 50.0 

Carbonate(CO3

) 

mg/L 235.5 65.8 237.5 130.0 350.0 na - 

Bicarbonate 

(HCO3) 

mg/L 63.7 19.0 65.0 25.0 92.5 75.0 - 

Nitrate (NO3) mg/L 3.6 0.8 3.4 2.4 5.1 na 50.0 

Sulphate (SO4) mg/L 363.8 148.5 433.0 19.7 491.3 272.8 250.0 

Chloride (Cl) mg/L 283.0 257.4 190.0 56.0 900.0 na 250.0 

BOD mg/L 199.0 208.6 128.0 4.8 640.0 na 6.0 

COD mg/L 507.6 125.0 528.0 328.0 672.0 528.0 100 

K mg/L 4.5 3.1 5.1 0.0 9.0 0.0 12.0 

Na mg/L 6.7 8.0 3.1 2.2 25.0 na 12.0 

Mg mg/L 14.2 6.0 13.0 6.3 24.9 na 150.0 

Ca mg/L 18.3 6.3 21.3 6.0 24.5 na 75.0 

Fe mg/L 0.1 0.1 0.1 0.0 0.3 0.0 0.2 

Mn mg/L 0.5 0.1 0.1 0.0 0.3 0.0 0.4 

Al mg/L 0.1 0.1 0.1 0.0 0.2 0.1 0.05-0.2 
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Na -not available 

4. DISCUSSION  

4.1.1Physical Properties 

The temperature in the water samples displayed almost a constant value (Table 2). Temperature levels ranged 

from 27.6-29.50C with a mean and standard deviation of 29.0+0.7. The maximum temperature level was 29.50C, 

with a median of 29.30C and a mode of 29.30C. The temperature was generally high in locations proximate to 

dumpsites but lower in locations 2 and 9, which were sampled as control samples. The higher temperature in 

locations closer to the dumpsites can be attributed to effluents from the dumpsites. Temperature reflects air 

temperature when the water is surface water. Air temperature in surface water always differs from groundwater 

temperature, because groundwater temperature is due to the heat retained by aquiferous layers [30]. The 

concentration of pH ranged from 5.6-6.6 with a mean and standard deviation of 6.3+0.3 and possessing median 

and mode values of 6.33 and 6.4, respectively. The maximum value of pH (6.6) was obtained at location 3 

(Ukwansi Street Junction borehole) and the least value recorded in location 9 (Onuiyi Street hand-dug well 

control point (Fig. 3). The tendency of acidic nature of most water sample locations may be due to leachates from 

waste dumps. The pH range of 5.6-6.6 recorded is not in agreement with the standard prescribed by WHO [28] 

and NSDWQ [27] of 6.5-8.5 for potable water. The pH level is an indicator of the rate of solubility in comparison 

to the release of excess carbon (iv) oxide gas from rocks [30]. Conductivity values ranged from 10.7-1142mg/L 

with a mean and standard deviation of 526.4+343.6 mg/L. Conductivity recorded a median value of 532.5Mg/L. 

The highest level of conductivity was obtained at location 7 (Uyamadu Street about 30m away from Salt Lake 

Hotel dumpsite). The high value of conductivity can be attributed to leachates from waste dumps into the 

borehole water. Conductivity values were within permissible standards of 1400mg/L for potable water set by 

WHO [28]. Low conductivity values reflect fresh water [31]. Kamboj and Choudhary [14] recorded conductivity 

range of 1220-2945ʯs/cm in groundwater samples near dumpsites in Delhi, India. Conductivity is a valuable 

indicator of amount of material dissolved in water while total dissolved solids indicate the general nature of 

water quality and salinity [14]. The range of TDS in the study falls between 0.1-20.0mg/L. The highest value of 

TDS (20mg/L) was obtained at location 2 (CAS campus borehole near a dumpsite). Total disolved solids (TDS) 

values were noted to be generally low across the study area. Based on TDS classification by Rabinove et al. [32], 

the water is non-saline in the borehole. Adebara et al., [5] recorded total dissolved solids ranging from 144-

212mg/L in borehole water samples around solid waste dumpsites in Osogbo and Ede Metropolis in Osun State 

Nigeria.  In addition, TDS range from 232-286mg/L was obtained in Lagos metropolis from water samples 

around landfill leachate contaminated site by Kola-Olusanya, [8]. The TDS values obtained in this study were 

below USEPA [29] standard of 500mg/L for potable water. 

Levels of turbidity in water samples of this study ranged from 0-77 NTU (Table 3), with a mean and standard 

deviation of 36.6+26, and a median value of 41 NTU. The highest level of turbidity was recorded at location 5, 

which is located at Inyiokwu River near a dumpsite by Hope High International School Abakaliki. The lowest 

value of 0NTU was obtained at Ebonyi State University Nursery/Primary School CAS Campus (Fig. 3).  

It can be concluded that the borehole water at Ebonyi State University is non-saline and non-turbid. Turbidity 

values across the study were generally higher than WHO [28] standard of 5NTU for potable water. This can be 

traceable to solid waste dumpsites across the study area. Sohail and Siddiqui [9] established turbidity range of 

0.8-10NTU in water samples around dumpsites in India. Turbidity above permissible levels causes visual 

disorders [33].  Analysis  of physicochemical and bacteriological characteristics of groundwater was conducted by 

Okeke et al. [16]  to assessed groundwater quality for drinking purpose in Abakaliki town.. The groundwater 

satisfied quality standards for most of the chemical parameters with exception of pH and hardness. The pH 

ranged below 6.5-8.5 and hardness was above 100mg/L. The authors concluded that groundwater from shallow 

aquifer in Abakaliki town is therefor generally polluted in terms of physical, chemical and turbidity parameters. 

They attributed the source of pollution to be partly geological and partly due to leachate from solid waste sites. 

Their findings are in agreement with this study. 

4.2 Chemical parameters 
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4.2.1 Hardness 

Hardness concentrations ranged from 248-348mg/L with a mean and standard deviation of 300+33.0. The 

median and mode of hardness levels were 304mg/L and 280mg/L respectively. The values of hardness were above 

USEPA [29] standard of 50mg/L for potable water. Hardness is a measure of the occurrence and abundance of 

divalent cations (Ca2+, Mg2+). Omofonmwan and Eseigbe [11] measured total hardness concentrations from 21.4-

32.0mg/L in municipal solid wastes dumpsites around Benin Metropolis in Nigeria. Similarly, total hardness 

levels range of 280-5800mg/L were obtained by Vasanthi et al., [13] in water samples around municipal solid 

wastes disposal sites in Chennai. Soft water has less than 50mg/L hardness, moderately soft water 50-100mg/L, 

and hard water range from 100-200mg/L and very hard water is more than 200mg/L in hardness [34]. On this 

basis, water in the study area can be classified as very hard water. Hard water reacts with soap to form 

precipitates, thus reducing the cleansing action of soap. This is very common with borehole water in Abakaliki 

area. 

The level of carbonate (CO3
-) ranged from 130-350mg/L with a mean and standard deviation of 235.5+65.7 mg/L. 

Carbonate values recorded a median of 237.5mg/L. Carbonate levels and alkalinity of carbonate are both 

pointers to permanent hardness of water [35]. The concentration of bicarbonate (HCO3
-) ranged from 25-

92.5mg/L with a mean and standard deviation of 63.7+19.0 mg/L. The median and mode of bicarbonate values 

were 65mg/L and 75mg/L respectively. Nitrate recorded a mean and standard deviation of 3.6+0.8 mg/L and 

ranged from 2.4-5.1mg/L. The median value of nitrate was 3.4mg/L. The source of bicarbonate may be from high 

supply of CO2 by rainwater [36]. The carbon iv oxide may be from waste dumpsites. Nagarajan et al., [15] 

obtained concentration range of 189-824mg/L from leachate and groundwater samples around municipal solid 

waste landfill sites in Tamil Nadu, India. The nitrate levels in this study were below WHO [28] standard of 

50mg/L for potable water. Nitrate has proved to be a health hazard when it occurs in drinking water with 

concentrations in excess of allowable limits stipulated by WHO[28]. It is an indicator of pollution when it occurs 

in excess. Nitrate levels ranged from 9.5-81.00mg/L in groundwater samples collected in the proximity of 

selected solid waste disposal sites in a study conducted by Ali [37] in Kano, Nigeria. Nitrate levels in excess of 

50mg/L in drinking water can result in health conditions often life-threatening, such as methemoglobinemia or 

blue baby syndrome. 

Sulfate and Chloride levels ranged from 19.7-491.3mg/L and 56-900mg/L, respectively. Sulfate recorded a mean 

and standard deviation of 363.8+148.5 mg/L, while chloride obtained 283+257.4 mg/L. The mean values of 

sulphate and chloride exceeded WHO [28] and USEPA [29] permissible limits of 250mg/L for each parameter. 

Normally groundwater from igneous and metamorphic rocks contain lower concentrations of sulfate and chloride 

compared to groundwater from sedimentary rocks. In this case, the high levels of sulfate can be due to the 

presence of sedimentary rocks (shale, clays silts, etc.). At high concentrations in drinking water, sulfate may 

have an unpleasant taste, can cause laxative effects, and may be an indicator of contamination [37;38]. Chloride 

occurs in all-natural waters in varying proportions. Chloride is highly mobile and eventually reaches surface and 

groundwater aquifers from both natural and anthropogenic sources such as fertilizers, landfills, septic effluents 

[7]. Chloride can get into groundwater from solid wastes when it encounters rainwater then gains entrance into 

aquifers [11].  

4.3 Chemical Oxygen Demand (COD) and Biological Oxygen Demand (BOD) 

COD and BOD recorded ranges of 328-672mg/L and 4.8-640mg/L, respectively. The mean and standard deviation 

of COD was 507.6+125.0 mg/L, while that of BOD was 199.1+208.7 mg/L. Chemical oxygen demand had median 

and mode values of 528 mg/L and 528 mg/L, respectively. Biological oxygen demand recorded a median of 

128mg/L. Both BOD and COD values in this study exceeded levels of 0.8-5.0mg/L and 10mg/L prescribed by 

WHO[28] and NSDWQ[27] for potable water [39].  Dhere et al., [40] posited that unscientific disposal of solid 

waste plays an enormous role in the degradation of physicochemical parameters in groundwater such as BOD, 

COD. High BOD and COD in water depict high organic strength in water samples [7]. Also high levels of BOD 

and COD are some of the biological parameters that characterize the degradation of water quality [41]. Chemical  
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Oxygen Demand is a measure of oxygen equivalent to the organic matter content of the water susceptible to 

oxidation by a strong chemical oxidant and thus is an index of organic pollution [7]. 

The average abundance of anions in the water samples was in the order: SO4
2-->Cl2

->CO3
->HCO3

->NO3
- 

 

Fig 3 Spatial variation of selected parameters around the study area 

4.4 Major cations 

The concentrations of cations: K, Ca, Mg fall below allowable limits for potable water by WHO[28] and 

NSDWQ[27], with exception of Na that recorded levels that exceeded prescribed standards for potable water. 

The levels of potassium ranged from 0-8.9mg/L. Potassium recorded a mean and standard deviation of 4.5+3.11 

with a median of 5.061mg/L. Sodium levels ranged from 2.2-25mg/L with a mean and standard deviation of 

6.7+8.0 and a median value of 3.1mg/L. Magnesium attained a range of 6.3-25 mg/L with a mean and standard 

deviation of 14.2+6.0 and a median of 13.0mg/L. Calcium possessed a mean and standard deviation of18.3+6.3 

mg/L and ranged from 5.7-24.488 mg/L. Calcium had a median value of 21.4mg/L. Levels of K were below 

allowable limits by WHO [28] for potable water in all the locations. Sodium concentrations exceeded WHO [28] 

and USEPA[29] standards for potable water in locations 2 and 10. Location 2 is in Ebonyi State University 

Nursery/ Primary School at CAS Campus, while location 10 is at No 5 Lagos Street off Meat Market. Potassium 

and sodium source is mostly from dissolution of feldspars in water [27; 42]. Magnesium levels were below 

permissible levels for potable water by NSDWQ[27]. Calcium and magnesium are responsible for temporary and 

permanent hardness in water. Concentration ranges of potassium (4-76 mg/L), sodium (0-437mg/L), magnesium 

(5-209mg/L) and calcium 28-188 mg/L) were obtained in groundwater samples near a municipal solid waste 

disposal site in Erode City by Ragkumar et al., [38]. Calcium level was below the permissible limit of 75 mg/L by 

recommended by WHO[28] for potable water in all the locations. Major cation average abundance was in the 

order: Ca2+>Mg2+>Na+>K+. 

4.5 Heavy metal contamination 

Groundwater samples were analyzed for potentially toxic elements such as aluminum (Al), iron (Fe) and 

manganese (Mn), which are characterized as undesirable metals in drinking water. Allowable limits of Al, Fe 

and Mn in drinking water by WHO[28] are 0.05-0.2, 0.2 and 0.4mg/L respectively. Iron exhibited levels above 

permissible levels for drinking water in location 8 (2 Nwankwo Street Vanco Junction). In some locations 

manganese exceeded the permissible level of 0.4mg/L for potable water stipulated by WHO [28]. Manganese 

concentration ranged from 0.1-0.9mg/L with a mean and standard deviation of 0.5+0.3 mg/L and a median of 

0.4mg/L.  Dissolved metals can be present in form of free ions or may form complexes with organic and inorganic 

ligands. The presence of heavy metal ions in leachate is not only affected by amounts of metals present in the 
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waste mass but also the degradation processes within the disposal site. These are predominantly dependent on 

pH [43; 37]. Anaerobic groundwater may contain ferrous iron at concentrations up to several Mg/L without 

discoloration or turbidity in the water when directly pumped from a well. Iron also promotes growth of iron 

bacteria. At levels above 0.3mg/L, iron stains laundry and plumbing fixtures [37]. Manganese is not of health 

concern at all levels, but causing only acceptability problems of drinking water. At levels above 0.4mg/L 

manganese in water supply causes undesirable taste in beverage and stain sanitary wares and laundry. Even at 

a concentrations of 0.2mg/L, manganese will often form  coatings in pipes, which may slough off as black 

precipitate [37]. Solid wastes, when dissolved usually contain abundant manganese [44]. Manganese is 

objectionable in water in the same way as iron. It occurs insoluble manganese bicarbonate, which changes to 

insoluble manganese hydroxide when it reacts with atmospheric oxygen. Stains caused by manganese are more 

objectionable and harder to remove than iron [11]. 

Aluminum concentrations in water samples in this study area ranged from 0.02-0.2mg/L. The mean and 

standard deviation of aluminum was 0.1+0.1mg/L with a median and mode of 0.1mg/L and 0.1mg/L, respectively. 

The level of aluminum fell within the standard of  0.05-0.02 mg/L prescribed by WHO[28] and NSDWQ[27]. 

Sohail and Siddiqui [9], identified Fe, and Mn range of 0.2-18.2mg/L and 0.1-1.1mg/L respectively in 

groundwater samples near open dumpsites in India. Excess manganese intake causes a neurological disorder. 

Ede and Paulinus [17] established Fe range of 0.01-0.04 mg/L in groundwater samples around Water Works 

road, Rice Mill and Mechanic Village areas in Abakaliki metropolis. No lasting effect could be attributed to 

known exposures from aluminum in drinking water [45]. The average abundance of heavy metals in water 

samples in this study is in the order: Mn>Fe>Al. 

4.6 Spatial variation of physicochemical and heavy metal properties of water samples 

The levels of pH reflects the acidic condition in almost all the locations and most cases outside the range of 

permissible levels or potable water recommended by WHO[28] and USEPA[29] standards. The pH range was 

from 5.6-6.6 contrary to standard levels of 6.5-8.5 recommended by WHO[28], USEPA [28] and NSDWQ [27] for 

drinking water (Table 2). The acidic condition may be due to solid waste effluents from dissolved metal coatings 

and garbage. Turbidity was nil at the control point (locations 2 and 9), but highest in location 5 (Near Oyiokwu 

stream dumpsite). Turbidity is a function of the presence of fine silt and clay in water, which imparts cloudiness. 

Bacteria may cling to these fine particles which makes it a water quality criterion [46]. All the sample locations 

recorded turbidity levels within the prescribed value by WHO[28] for potable water. Groundwater hardness is a 

common problem experienced by residents in Abakaliki area. This hardness of water in Abakaliki  area can  be 

partly explained by the  geology of the terrain.. 

Sulfate had the lowest value of 19.7 Mg/L in location two, which is a control point. In addition, the highest value 

of 491.33 mg/L in location 10 (a borehole at No 5 Lagos Street). High sulphate level may be due to pyritization in 

the mine sites around Abakaliki area draining into the study area. 

 

Chloride level had the highest concentration of 900 mg/L in location 7 (Uyammadu Street) and the lowest value 

of 56mg/L in location 2 (EBSU Nursery/Primary School). Chloride levels in locations 5, 6 and 9 (Table 1) 

exceeded recommended standard of 250 mg/L by NSDWQ[27] for potable water. Sources of chloride are NaCl and 

KCl. This is possible because groundwater sources in Abakaliki have a characteristic salty taste. Sources of 

chloride can also be from solid garbage and fertilizers in soils. Shebangarani [47] obtained a range of 519.84-

53785.3 mg/L of chloride in groundwater near solid waste dumpsite in Asia. Biological oxygen demand (BOD) 

attained the lowest value of 4.8 mg/L in location 10 (number 5 Lagos Street borehole) and the highest value of 

640 mg/L in location 2 (Fig.4). Apart from location 10, every other location achieved BOD value above 

WHO[28]and USEPA[29] standards for potable water. Chemical Oxygen Demand values were abnormally higher 

than the limit of 10mg/L prescribed by WHO[28] and USEPA [29] for potable water in all the locations. 

Therefore, groundwater pollution is suspected with respect to COD. Okpanechi [9] obtained COD values of 

341mg/L and 420mg/L for borehole and hand dug wells close to solid waste open dumpsites in Samaria Zaria, 

Nigeria. 
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Figure 4. Spatial variation of selected parameters across the study area 

Sodium levels in the study had the highest level of 24.99 mg/L in location 9 (Onuibuigi Street of Meat Market) 

and the least value of 2.183 mg/L in location 10 (Fig. 4).  Sodium levels in location 2 and 10 obtained values more 

than 12 mg/L recommended by WHO [28] for potable water. Ali [37]) recorded sodium levels in a range of 635-

1303 mg/L in water points near solid waste disposal points in Kano, Nigeria. Manganese levels were higher than 

0.4mg/L recommended by WHO [28] in locations 1, 3, 6 and 9 while concentration of iron in only location 8 was 

above the value of 0.2mg/L recommended by WHO [28] for potable water. Ali [37] obtained ranges of 1.06-

27.51mg/L and 0.00-13.20mg/L for Fe and Mn respectively in leachates from mine dumps in Kano, Nigeria.  

In this study, there was detail analyses of chemical pollutants compared to previous work in this area which was 

not empirical. Unlike this study, analysis of hydrochemical parameterrs in Abakaliki area was not in relation to 

waste disposal sites but a general hydrochemical study for quality assessment. Previous work in the study area 

analyzed for inorganic pollutants while this study analyzed for both organic and inorganic pollutants. 

 

4. Conclusion 

Municipal solid waste disposal using non-engineered sites such as open dumpsites is a source of groundwater 

degradation. Groundwater degradation is prevalent in developing cities where standard waste disposal practices 

are not adopted. High levels of sulfate is a pointer to oxidation of sulphur in mine wastes commonly known as 

pyritization around mine sites which are common in Abakaliki area. The high concentration of biological oxygen 

demand (BOD) and chemical oxygen demand (COD) is evidence of high organic strength leading to degradation 

of water quality. Effluents from solid waste disposal sites increase acidity in groundwater. High chloride levels 

in water come from NaCl and KCl, which gives water a salty taste. Solid waste dumps effluents and fertilizers 

applications in soils are possible sources of chloride content in groundwater.  

Concentrations of pH, Manganese, Na, Fe, BOD, COD, turbidity, total hardness, Cl, and SO4 exhibited 

significantly high levels in most of the sampled water points. Manganese levels were above the WHO [28] 

specification for potable water in some locations. The levels of pH were acidic and were all outside acceptable 

limits for potable water recommended by NSDWQ [27]. The degree of total hardness was above limits 

recommended by WHO [28] for potable water. The water in this study can be described as very hard. That 

explains why it forms scales in kettles when boiled. The hardness is caused by calcium and manganese in the 

water. Sulphate levels in some locations were above levels stipulated by NSDWQ [27] for potable water.  The 

BOD and COD parameters were above prescribed limits by WHO (2011) and NSDWQ [27] for potable water. 
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This can be attributed to effluents from open dumpsites in the study area. Chloride and sulphate anions 

recorded higher values in water samples than NO3 and HCO3. The water samples attained higher levels of 

turbidity than stipulated levels by USEPA[29], WHO[28], and NSDWQ [27] for potable water. Among the 

cations, levels of manganese, sodium and iron achieved values in some locations higher than levels prescribed by 

world standards [28; 29 and 27] for potable water. Levels of Al, Mg, K and Ca were below prescribed limits for 

potable water. Concentrations of nitrate bicarbonate and carbonate fell below the acceptable standard for potable 

water. Similarly, levels of physical parameters such as TDS and conductivity were below prescribed limits by 

WHO [28] for potable water.  

From these findings, levels of physicochemical parameters and heavy metals recorded higher concentrations in 

water points proximate to solid waste dumpsites compared to the controlled point.  In this light, it is evident that 

effluents from open dumpsites in the area made their ingress into groundwater, thereby polluting them. 

Groundwater in Abakaliki is hard with a salty taste. This water hardness, coupled with the effects from 

municipal solid wastes effluents has imparted an objectionable odour to water in the study area. These findings 

on groundwater quality are in agreement with the reality of the groundwater situation in Abakaliki area. 
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