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Abstract 
Leachate, groundwater and surface water samples were collected from trenches dug into refuse dump site, hand 
dug water wells and borehole as well as surface water in the vicinity of the Effurun refuse dump site.  Some 
physico- chemical parameters such as pH, electrical conductivity (EC), total dissolved solids (TDS) were 
determined in-situ. While other such as chloride (Cl-), sulphate (SO4), nitrates (No3), ammonia-N (NH3-N), Pb, 
Zn, Cu, Cr, K, Na, Mg and Ca, COD and BOD were analyzed in the laboratory in accordance with standard 
laboratory procedures. The ratio of BOD5/ COD is less than 0.5mg/l for leachates from shallow trenches and 
0.1mg/l from deeper trenches, an indication of the impact of depth on the landfill stabilization. The leachate has 
no significant impact on groundwater quality as all parameters analyzed were below the WHO and Nigerian 
standard for drinking water quality (NSDWQ), except the concentration of NH3- N that is above the WHO 
standard but less than the NDWWQ, also the influence of landfill leachate on groundwater quality is dependent 
on the distance and depth of water wells. There was increase in the amount of the parameters analyzed for 
surface water, a reflection of pollution. The study concludes that in spite of absence of pollution, the 
Groundwater beneath the landfill has the tendency of being polluted in the distant future except the refuse dump 
site is upgraded to a well engineered standard landfill which is lacking in the whole of the delta state of Nigeria. 
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Introduction 
Landfills or open dumps have been demonstrated by several workers to pose serious threat to groundwater and 
surface water resources (Fatta et al., 1999; USEPA 1984), especially those constructed and operated without 
impermeable layers to reduce the potential of contamination. The degree of threat is strongly influence by the 
composition of the wastes in the landfill and the volume of leachates generated, as well as the location of the 
landfill from water bodies; groundwater and surface water (Slomwcznska and Slomcyznski, 2004). The 
decomposition of wastes in landfill is enhanced by moisture from precipitation, the physical, chemical and 
biological processes. Present in the landfill are solid phase, liquid phase (leachate) and the gas phase. The gas 
phase consists of carbon dioxide (CO2) and methane (CH4), while the liquid phase is very complex chemically 
and its composition is characterized by the presence of different types of dissolved organic compounds, 
inorganic compounds and heavy metals. This liquid is called leachate, which accumulates at the bottom of the 
landfill and subsequently percolated slowly into the soil to contaminate aquifer beneath it and adjacent surface 
water bodies.  The solid waste composition, particle size, degree of compaction, the hydrology, age of the 
landfill, moisture, temperature and available oxygen are the controlling factors that determine the rate of 
production and characteristics of the leachate.   
 In the course of waste stabilization, the organic constituents of leachate tend to decompose and stabilize with 
time and the inorganic constituents remain even long after stabilization has taken place (Jhamnani and Singh, 
(2009), and Longe, (2010). The age of the landfill controls the quantity of leachate produced in the landfill. Old 
landfill tends to generate leachates that are either weakly alkaline or neutral in nature, which are characterized by 
pH of 7.0 and 7.6. According to Slomwcznska and Slomcyznski, (2004), the very old landfill produces leachates 
that are alkaline in nature, whose pH ranges from 8.0 to 8.5. However, those landfill whose leachates’ pH ranges 
from 3.5 to 6.5 indicate leachates that are generated in the initial period of decomposition of waste. The acidic 
nature also indicates the presence of carboxylic acids or carbonate ions in the leachate. 
Several studies (Longe, 2010; Esmail et al, 2009; Longe and Enekwechi, 2007) have shown that leachates 
outflow and percolation are source of groundwater and surface water pollution adjacent to landfill sites.   
Consequently, landfill constitutes potential health hazards and environment problem.  In spite of these 
deleterious effects of landfills, they remained the cheapest and most widely accepted methods of deposing 
municipal solid waste (MSW) in most part of the world (El-Fadel et al., (1997); Dsakalopoulous et al., (1998); 
and Jhamnani et al., (2009). The solution to health hazards related to open dump site inevitably lies in the use of  
standard engineered landfills and recycling of waste, which are lacking in most developing countries, like 
Nigeria. 
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Solid waste management is a serious problem in Nigeria, as most cities lack standard engineered landfills.  The 
lack of provision of proper engineered sanitary landfills for disposal of wastes by the local government 
authorities and the state governments has given room for the proliferations  of open dumps that are  scattered in 
every in nook and crannies. These scattered refuse dump sites found everywhere have become eyesore to first 
time visitors to most cities in Nigeria. The twin city of Effurun and Warri is not an exception in this regards and 
being the heart of the hydrocarbon industry in the western Niger Delta of Nigeria, has experienced massive 
influx of population in the last five decades. Majority of the people in this city depends on shallow groundwater 
wells and boreholes for their portable water need, which is promoted by lack of public water supply 
infrastructures. The provisions of groundwater in the study area are often done by non-geologists and non-
hydrogeologists and the potential of groundwater contamination by refuse dump sites, septic tanks are often not 
taken into consideration when water wells are being drilled.  These coupled with the high infiltration rates and 
high hydraulic conductivity of aquifers prevailing in the area tends to make shallow wells prone to 
contamination by landfills and other non-source points. The consumption of groundwater from contaminated 
aquifers goes with health hazard implication. The aim of this paper is to characterize leachates from the Effurun 
municipal solid dump waste site and delineate the impact of it on both groundwater and surface water qualities in 
the vicinity of the dump site. 
 
Materials and Methods 
 Site Description 
Effurun is one of the towns geographically located within the western Niger Delta. It is situated some few 
kilometres away from the Atlantic Ocean. The Warri refinery, petrochemical company and other oil and gas 
companies are jointly located in Effurun and Warri, thus making it a twin city. The town is highly populated and 
characterized by high commercial activities. The municipal solid dump site is located along kilometer 30, Edjeba 
express road, Effurun in Uwie local government area of Delta state. It measures about 520m x 245m and it 
emanated from indiscriminate dumping of wastes about 30 years ago. It receives estimated quantity of 120 tons 
municipal solid wastes daily. The waste type consists of organic, non-organic, hazardous and non-hazardous. 
These wastes may have originated from domestic, agricultures, industrial and electronic wastes 

 
Figure1. Map of Warri- Effurun showing study area 

Sampling 
Groundwater samples were collected from two shallow hand dug wells and a borehole that are located down 
gradient of the dumpsite, they were designated GW1, GW2 and GW3. Leachate samples were collected from 
trenches dug into the dumpsites and designated LCH1, LCH2 and LCH3.  Also surface water samples were 
collected from bodies of water close to the dumpsite, are designated SW1, SW2 and SW3. Samples containers 
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were washed with detergent and rinsed with de-ionized water, thereafter rinsed with samples fluids prior to 
collection.  Rinsing with sample waters was a precautionary measure taken to avoid any interference that may 
arose from using contaminated samples containers. To preserve samples for heavy metals, COD, nitrates and 
ammonia analysis, few drop of concentrated hydrochloric acid was added to separate samples containers. Water 
samples were preserved in a cool box and subsequently taken to the laboratory for chemical analysis. 
 
Laboratory analysis 
The chemical analysis was initiated immediately as soon as the samples arrived at the laboratory without delay in 
accordance with the APHA (1994) methods. The various physico-chemical parameters analyzed for all the 
samples include pH, total dissolved solids (TDS), electrical conductivity (EC), Sulphates (SO4), chlorides (Cl-1), 
nitrates (NO3

-), phosphates( PO4), ammonium(NH3-N),biological oxygen demand (BOD), chemical oxygen 
demand (COD), Sodium(Na+), Magnesium(Mg+),Calcium( Ca+), potassium( K+). Heavy metals analyzed  
include iron(Fe3+), lead(Pb+), Zinc(Zn+), copper(Cu3+), chromium( Cr3+) and manganese(Mn+). 
 
Results and Discussion;  
The results obtained from the physico-chemical analysis of leachate, groundwater and surface water near the 
Effurun city municipal dumpsite are summarized in Table 1. 
The pH values for the three leachate samples examined ranged from 5.2 to 6.8, with mean value of 6.3.  The low 
value of pH is a strong reflection of an acid producing phase during the decomposition of wastes, the low value 
of pH measured, according to Alloway (1995) is an indication of leachate undergoing anaerobic or methanogenic 
phase.  Kjeldsen et al., (2002) described this phase of decomposition of wastes characterized by increased of pH 
from 6.0 to 8.0 with the production of volatile fatty acids and carbon dioxide. Similarly, Fatta et al., (1998) 
observed that the initial period of leachate formation is characterized by very low pH values and later with 
higher pH values at the methanogenic phase. The leachate LCH3 with a pH of 5.2 is therefore more acidic than 
the other two samples, LCH 1 and LCH2 respectively. The electrical conductivity (EC) values for the three 
leachate samples depict different values, in which LCH1 has the highest value of 4336.0µS/cm, followed by 
LCH3 with value of 1240µS/cm, while the lowest value of 961µS/cm was recorded for the LCH2 leachate 
sample.  
 EC 

µS/cm 
TDS 
mg/l 

Ca3+ 
mg/l 

Mg3+ 
mg/l 

Fe3+ 
mg/l 

Na+ 

mg/l 
K + 
mg/l 

No3
- 

mg/l 
Po4

- 

mg/l 
So4

3- 
mg/l 

Cl- 

mg/l 
NH4 
mg/l 

pH BODs 
mg/l 

COD 
mg/l 

GW1 1200.0 765.37 38.00 1.50 1.90 65.40 32.2 56.00 8.25 24.3
0 

225.00 0.90 6.3 16.40 35.00 

GW2 75.59 37.80 14.20 0.45 0.03 14.398 6.260 0.43 0.08 8.00 14.00 0.12 6.9 6.50 5.00 
GW3 20.24 9.67 11.38 0.10 0.001 10.71 5.79 0.08 0.00 0.00 8.90 0.00 7.1 0.00 0.00 
SW1 586.00 80.30 8.00 12.00 0.08 65.89 49.19 0.87 3.60 61.0

0 
40.50 1.23 7.0 8.00 88.00 

SW2 628.00 314.80 39.00 19.00 1.82 113.16 45.91 1.25 35.50 105.
00 

195.20 3.24 6.8 8.90 55.00 

SW3 694.50 694.50 28.00 24 1.08 118.72 47.87 1.02 50.34 100. 240.60 1.02 7.0 6.80 95.00 
LCH1 4336.0 2176 30.00 22.80 25.50 741.12 285.0

8 
74.60 110.70 750.

00 
950.00 36.83 6.9 1040 10200. 

LCH2 961.90 281.50 12.60 14.00 8.25 174.90 86.29 88.00 89.00 170. 192.00 22.50 6.8 40.00 200.00 
LCH3 1240.0 620.50 19.90 10.25 18.74 2043.8 78.42 89.00 67.00 200. 250.00 31.24 5.2 65.00 248.00 

Table 1: Physicochemical Characteristics of groundwater, surface water and leachate of the Edjeba expressway 
waste dumpsite. GW = Groundwater sample, SW =Surface water sample, LCH = leachate. All units are in mg/l 
except conductivity which is µS/cm and pH. 
   
These values reflect the presence of anions or inorganic materials in the leachate samples. There is significant 
variation in the values of total dissolved solid (TDS) among the three leachate samples, of which LCH1 has the 
highest value of 2176.00mg/l, LCH2 with a value of 281.00mg/l and LCH3 with value of 620.50mg/l. 
The value of BOD5 in leachate tends to indicate the maturity of the landfill/dumpsite. The values of are relatively 
different for all leachate samples. Of the three, LCH1 has a maximum value of 1040mg/l, LCH3 with a value of 
65.40mg/l and LCH2 with the minimum value of 40.00mg/l. Similarly, the COD values are in the same trend but 
with higher values, with LCH1 having a 10200mg/l, LCH2 with a value of 200mg/l and LCH3 with a value of 
248.00mg/l. These values obtained for both BOD5 and COD are consistent with those of (Ehrig, 1989 and 
Christensen et al., 2001) as normal range for a typical municipal landfill leachate. The high values of BOD5 
observed for LCH 1 is explained by microbial activity in the decomposing leachate yet to attained stability. The 
calculated ratio of 0.1mg/l for BOD5/COD suggests high organic strength for LCH1 and this ratio is similar to 
those obtained by (Amina, 2004;  Baha, 2005; Yoshida et al., 2002). The ratio of BOD5/COD also indicates the 
oldness of the landfill, as portrayed by Curi et al., (1994), they reported   that ratios of BOD5/COD which vary 
from 0.4mg/l to 0.6mg/l is a characteristic of a young landfill and this ratio decreases to 0.05mg/l to 0.2mg/l for 
a matured landfill. In addition Iren, (1994) asserted that as the BOD5/COD ratio decreases, the age of the landfill 
increases. The above assertion is applicable to landfills that have been closed and no longer receive wastes. It is 
suggested in this study that BOD5/COD ratio is probably dependent on the depth at which leachate samples are 
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collected for an open dumpsite that continues to receive wastes. In this case decomposition of waste is a 
continuous process as more wastes are dumped into the open dumpsite, which gives rise to different leachates 
that infiltrate into the subsurface. In the study LCH1 has a BOD5/COD ratio of 0.1mg/l within a 3m depth of 
collection, LCH2 has a BOD5/COD ratio of 0.2mg/l within 1.5m depth of collection and LCH3 collected from 
the near surface.   
The concentration of nitrate (NO3

-) in the leachate ranged from 19.47mg/l to 28.70mg/l. The highest observed in 
LCH3, with a value of 28.70mg/l and the lowest value was observed in LCH1. According to Fatta et al., (1999) 
nitrates are conservative contaminants as they are not affected by biochemical processes and natural 
decontamination processes taking place inside the landfill as well as their infiltration into the vadose zone. This 
explains why nitrates are potential threat to groundwater pollution. The value of ammonia (NH3

+) ranged 
between 22.50mg/l to 36.83mg/l for all three samples of leachate. The high content of ammonia in LCH1 is 
adduced to anaerobic condition that existed in the landfill and this may enhanced the decrease of nitrate towards 
ammonia gas phase. The values of ammonia obtained in the study are relatively low and not high enough to 
inhibit the activities of microorganisms that promote anaerobic processes.  Other anions analyzed include 
Chlorides (Cl-1), sulphates (SO4

-) and phosphates (PO4
-). The value of Cl-1 ranged between 170mg/l and 950mg/l, 

LCH3 has the highest value of 950mg/l and LCH2 has the lowest value of 170mg/l. Chloride is similar to nitrate 
in being a conservative contaminant and therefore poses serious threat to groundwater pollution.  Sulphates 
values for the three samples of leachate examined are quite variable and may have emanated from oxidation of 
iron sulphide present in the dump. The maximum value obtained is 750mg/l for LCH 1 and the minimum value 
is 170mg/l. The values of  phosphate is also variable as the value of LCH1 is 110mg/l, which is the leachate with 
the highest value and followed by LCH2 with a value of 89mg/l and LCH3 the least, with a value of 67mg/l. The 
presence of PO4

- in a leachate is dangerous as its presence in water increases eutrophication and correspondingly 
promotes the growth of algae.  
Table 2: Heavy metals characteristics of Groundwater, surface water and Leachates 

 Pb Zn Fe Cu Cr Mn 
GW1 <0,001 1.20 1.45 0.25 0.07 0.04 
GW2 <0.001 <0.001 0.01 0.094 0.094 <0.001 
GW3 <0.001 <0.00 <0.001 <0.00 <0.001 <0.001 
SW1 <0.001 <0.001 1.25 0.74 0.125 <0.001 
SW2 <0.001 <0.001 1.87 0.43 0.180 <0.001 
SW3 <0.001 <0.001 1.08 0.25 0.135 <0.001 
LCH1 0.210 0.875 25.5 5.24 0.529 0.257 
LCH2 0.005 0.425 8.25 2.01 0.349 0.085 
LCH3 0.050 0.111 18.74 4.85 0.416 0.109 

The heavy metals content of the leachate samples obtained from the laboratory analysis include lead (Pb), zinc 
(Zn), iron (Fe2+), copper (Cu), chromium (Cr) and manganese (Mn). Similar results have also been detected in 
leachate samples by Christensen et al., (1994). (Fe2+) has the highest concentration of 25.5mg/l of all the heavy 
metals present in the leachate, followed by copper with value of 5.24mg/l, whereas the lowest level is Pb, with 
concentration of 0.005mg/l, followed by manganese value of 0.085mg/l. The maximum concentration values of 
all the heavy metals examined is highest in LCH1. The high level of (Fe2+), in the leachate samples is evidence 
of dumping of iron and steel scraps wastes in the dumpsite and the high content of iron present in shallow 
groundwater aquifers in Niger delta. The quantity of Pb, though small, is attributed to availability of Pb related 
wastes such as batteries, paints and photography processing chemicals in the dump site (Moturi et al., 2004; Mor 
et al., 2005). On the other hand, the concentration of Zn depicts the dumping of batteries and fluorescent lamps 
in the dumpsite. Also detected in the leachate samples are Mn, Cr and Cu.  The presence of Cr in the leachate 
samples may have originated from the emission of automobile exhaust of diesel tanker vehicles which use the 
vicinity of the dumpsite as a garage  and other vehicle which ply the road that leads to oil refinery in the city. Cu 
is thought to have originated from the dumping of waste related to cement like bags in the dumpsite (Masoud et 
al., 2009). The different heavy metals detected is indication that the Effurun open dumpsite receives variety of 
wastes that reflects the origin of Pb, Zn, Fe, Cu, Cr and Mn (Moturi et al., 2004; Mor et al., 2005).The low value 
of heavy metals obtained maybe attributed to the dumping of mainly municipal wastes and small percentage of 
industrial wastes.  
 
Quality characteristics of groundwater and surface water 
Under normal circumstance there should be no variation in the concentration of the constituents of water. On the 
contrary variation in the ionic concentration of groundwater is expected in the direction of groundwater flow. 
The pH value for groundwater samples is slightly acidic to neutral in which the range is from 6.3 – 7.0. These 
values are consistent with the World Health Organization (WHO) and the Nigeria standard for drinking water 
quality (NSDWQ) permissible limit for portable drinking water, except GW1 with a pH value of 6.3. The pH of 
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the surface water samples ranged from 6.9– 7.0. The upstream surface water (SW1) sample has lower value than 
the downstream surface water samples (SW2 and SW3). The pH value of water has no obvious effects on the 
consumers. The normal pH of pristine water ranges from 6.5 – 8.5, pH values beyond this range is a strong 
indication of abnormality in the quality of water (Psecod, 1992). The electrical conductivity (EC) of water is 
reflection of the quantity of ionic constituents dissolved in it. The obtained EC ranges between 20.24 and 
1200µS/cm for groundwater samples, whereas the surface samples have values that varied from 586.00 – 694.50 
µS/cm. The maximum value of 1200 µS/cm was measured for GW1; this value is higher than the recommended 
standard by (WHO) and (NSDWQ) for portable water. GW1 that has the highest value of EC is actually the 
closest to the dumpsite than GW2, shallow as GW2 but shallower than GW3. The high value recorded for GW1 
is probably an indication of the effect of leachate on its quality. The high level of EC may be attributable to the 
percolation of leachate from the unlined refuse dumpsite into the groundwater beneath it. For surface water 
sample, the maximum value of EC measured is associated with the downstream sample (SW3), with a value of 
694.50µS/cm and a minimum value of 586.00µS/cm for the upstream sample (SW1). These values are high and 
they must have been caused by outflow of leachate into these bodies of surface water enhanced by precipitation.  
The concentration of total dissolved (TDS) in water assist to know the nature of quality and or its salinity. The 
obtained concentrations of TDS in groundwater in the study area vary between 9.67 and 765.37mg/l, whereas 
those for surface water range between 80.30 and 694.50mg/l. A high value of 765.37mg/l was measured for 
GW1, followed by GW2 with a value of 37.80mg/l and least value of 9.67mg/l for GW3. According to (WHO, 
2004) high level of TDS may be responsible for reduction in the palatability of water, inflict gastro-intestinal 
inconveniences in human and may also cause laxative effect particularly upon transits. These TDS values tend to 
decrease with distance of groundwater wells from the refuse dumpsite, along groundwater flow paths in down 
gradient direction and with depth at which the samples were collected. This is consistent with other results 
obtained by Olayinka and Olayiwola, (2000) and Longe and Balogun (2009) from landfills located in Ibadan and 
Lagos respectively. In addition, the work of Olaniya and Saxena (1977) has established measurable high level of 
TDS concentration as an indication of contamination of groundwater near refuse dumpsite. The concentration of 
Ca++ and Mg++ ions in natural water influences its hardness, which is the ability of the water to form lather with 
soap. Total hardness actually reflects the total concentration of Ca++ and Mg++ in mg/l, equivalent CaCO3.  In 
terms of hardness, the groundwater samples in this study are predominantly soft on the Durfor and Becker 
(1964) classification scheme. The value of Ca++ ranged from 11.38 to 38mg/l, the highest recorded value, is for 
GW1 and the least value for GW3. The concentration of Ca++ is below permissible range of (WHO,2004) and 
(NSDWQ) standards for portable groundwater, it has been known that consumption of water with very high 
concentration of Ca++ may leads to concretion in kidney or bladder stone and also causes irritation in urinary 
passage (Suman et al., 2006).  
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Fig 2: Influence of leachate on groundwater quality as a function of the distance from dumpsite. 
 
The content of Mg++ ions in the groundwater ranged from 0.10 to 1.5, these values are lower than (WHO, 2004) 
 and (NSDWQ, 2007) standards.  However, water with very high concentrations of Mg++ may be responsible for 
laxative effects due to its diuretic and cathartic nature, whereas insufficient of which may cause structural and 
functional changes. The value of Na+ ions in the water samples varied from 10.71 to 65mg/l. The higehst value is 
associated with GW1; the high value may have been influenced by leachate. The consumption of water with high 
concentration of Na+   ions is inimical to people with cardiac, renal and circulatory diseases.  On the other hand, 
the values for the surface water are relatively higher than those of groundwater samples. They ranged from 65-
118.72mg/l, with SW3 having the maximum value. The high values obtained for these surface water samples 
may be adduced to leachate effects. Ellis (1980) has demonstrated the presence of K+ in groundwater sample to 
the effect of leachate. The value of K+ in the groundwater samples varied from 5.79 to 32.2mg/l and 45.91 to 
49.19mg/l. The values for groundwater samples are quite low when compared to those of the surface water, 
which may be due to impact of leachate. The concentration of NO3

- in the groundwater samples ranged from a 
level of 0.08mg/l to 56.00mg/l. These values except GW1 are below the permissible level allowed for a drinking 
water of 10mg/l recommended by WHO. In addition, GW1 concentration is slightly above the permissible of 
NSDWQ of 50mg/l, the high concentration of NO3

- may have been influenced by leachate from the dump site. 
The values obtained for surface water ranged from 0.87 to 1.25mg/l, although low, they indicate some level of 
pollution by leachate. The occurrence of nitrate in groundwater may originate from different sources such as 
municipal waste disposal, engineered landfill and industrial wastewaters. High concentration of NO3

- is known 
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to inhibit the distribution of oxygen within the human body (Chapman, 1992, Lee and Jones-Lee, 1993: Alsabahi 
et al., 2009). Ammonia concentration in the groundwater samples has the range of not detected (ND) to 0.9mg/l. 
The highest value of 0.9mg/l was measured for GW1, which was above the limit of 0.5mg/l stipulated by WHO 
and lower than the standard of NSDWQ, while it was not detected in the GW3; which is from a borehole deeper 
than GW1 and GW2 respectively. The concentration of Ammonia in GW1 shows that it has been affected by 
leachate from the waste dump site. Phosphate values ranged from not detected to 8.25mg/l, with GW1 having the 
maximum value of 8.25mg/l, GW2 with a minimum value of 0.08 and not detected in GW3. While the 
concentrations of phosphate in surface water are significantly above those of groundwater; with values that 
ranged from 3.60 to 50.34mg/l. The high values of phosphate in samples GW1, SW2 and SW3 are strong 
reflection of the impact of leachate. The phosphate content of GW1 may pose a serious threat to groundwater 
than those of GW2 and GW3. A minute value of phosphate as low as 0.01mg/l in groundwater may result in the 
water being slimy and also promotes the growth of algal (Adekunle et al, 2007).The abundance of algal and 
slime in surface water samples in SW2 and SW3 underscore the above statement.   The range of the 
concentration of sulphates in groundwater samples varied from 8.90mg/l to 24.00mg/l and was significantly 
higher in GW1 than the other. The obtained values are lower than the standard of 100mg/l stipulated by WHO 
and NSDWQ for portable drinking water.  On the other hand, the concentrations obtained for the surface water 
samples were evidently higher than those of groundwater; this value varied from 61 to 105mg/l and was 
essentially higher in SW2. High quantity of sulphate in water is dangerous as it causes dehydration and diarrhea 
in children than adults (Longe et al, 2010).  The concentrations of Cl- were in the range of 8.40 to 225mg/l and 
significant proportion was found in GW1. Whereas the measured value obtained for surface water varied from 
40.50 to 240.50mg/l. These values are evidently low when compared to the standard stipulated by NSDWQ and 
WHO of 250mg/l recommended for portable drinking water. High quantity of  Cl- concentrations in water is 
utilized as proxy for pollution and as tracer for groundwater contamination (Loizidou and Kapetanois, 1993). 
Domestic effluents, fertilizers, septic tank and natural sources such as rainfall and dissolution of fluid inclusion 
are some of the sources that may contribute to high Cl- concentration in groundwater and pollution. According to 
the (WHO, 1997) high concentration of Cl- is detrimental to people with heart diseases and Kidney problem. The 
concentration of COD in water expresses the quantity of oxygen that is equal to the organic matter content of it, 
which is prone to oxidation by a strong chemical oxidant. Consequently, COD can be utilized as a proxy for 
organic pollution in water. COD concentration varied from not detected (ND) to 35.00mg/l for groundwater and 
was significantly higher in GW1. While those for surface water varied from 55 to 95mg/l and the maximum 
value was recorded in SW3. These values reflect the presence of organic contaminants in both surface water and 
groundwater, which may have been caused by the leachate from the waste dumpsite.   
 
Heavy metals in surface water and groundwater 
Among the heavy metals analyzed, Fe2+ has the maximum concentration of 1.45mg/l. The obtained value for 
GW1 is evidently higher than the 0.3mg/l standard requirement for portable  drinking water but GW2 and GW3 
fall within the standard stipulated by the NSDWQ and WHO for portable drinking water. The concentration of 
Fe2+ in the surface water samples ranged from 1.08 to 1.87mg/l and the maximum value obtained is 1.87mg/ for 
SW2, which is down gradient of the dump site. The colour of GW1 was brownish in colour compared to GW2 
and GW3 that were colourless; this however conforms to Rowe et al., (1995) findings, that a change in colour is 
often expected in groundwater which contains Fe2+. This strongly indicates that the leachates from the landfill 
may have impacted on the quality of GW1 and surface water; SW1, SW2 and SW3. Minute concentrations of the 
following heavy metals were detected in the groundwater samples and are below the required standard for 
portable drinking water of NSDWQ and WHO. This includes Cu with a concentration of 0.25mg/l, Zn with 
concentration of 1.20mg/l, Pb concentration was very insignificant as it value is <0.001 and Manganese with a 
concentration of 0.04mg/l. These concentrations may not pose health threat to the quality of the groundwater 
found near the waste dump site. The corresponding values of Pb, Zn, and Mn in surface water samples were also 
lesser than 0.001mg/l as in groundwater samples, except Cu with concentration of 0.74mg/l for SW1, 0.43mg/l 
and 0.25 for SW2, and Cr  values  of 0.125mg/l for SW1, 0.180mg/l for SW2 and 0.135mg/l for SW3. These 
concentrations are slightly higher than those of groundwater samples. The very low concentrations of heavy 
metals recorded in the study underpin the roles played by the occurrence of organic soils and clayey soils 
underneath the municipal waste dump site in the sorption of heavy metals (Suman et al., 2006 and Ohwoghere – 
Asuma, 2012).  Heavy metals tend to be immobile in the waste or waste- rock interface due to redox controlled 
reaction (Yanful et al., 1988). Also, the mobility of heavy metals is influenced by the physical sorptive 
mechanism and landfills posses’ intrinsic in-situ ability in minimizing the mobility of toxic heavy metals 
(Pohlands et al, 1993). These processes influencing the mobility of heavy metals in waste or soil have effect of 
attenuating the risk associated with the consumption of groundwater polluted by leachates. 
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Conclusion  
The BOD5/COD ratios revealed that leachate from the refuse dump site vary partially from being young to 
mature in age. The variation in age of the different leachates samples is basically influenced by the depth at 
which they are collected from and the continuing decomposition of refuse, as result of new wastes that are being 
added on daily bases.  
The quality of surface water near the refuse dump site contained more ions and cations than the groundwater 
samples. During wet season, decomposing refuses mixed with precipitation and subsequently flows as runoff to 
contaminate surface water bodies nearby. 
The analyzed groundwater samples obtained from the vicinity of the refuse dump site did not evidently reflect 
water quality that is affected by the leachates from the refuse dumpsite. Nevertheless the slightly elevated values 
of EC, TDS, NO3, Ammonia, PO-4 and COD obtained, strongly depict the influence of leachates on the 
groundwater quality and may pose serious threat to groundwater quality in the distant future. 
Iron and chromium concentrations are relatively higher than the permissible limit of WHO, 2004 and NSDWQ 
but other heavy metals are quite negligible. This is attributed to the presence of organic soils and the stratigraphy 
of the soil at Effurun waste dump site, which is responsible for retention and absorption of heavy metals. 
The distance and depth of the sink from the source of leachate has greater impact on the degree and extent of 
contamination of groundwater and surface water. The shallow wells in the proximity of the waste dumpsite has 
more concentrations of ions, cations and organic than those farther from it.  
Finally, it is suggested that the waste management board of the state and the Uvwie Local government council 
should partner to upgrade the Effurun city refuse dump site and others into well engineered sanitary landfills. 
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