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Abstract: Solid waste management is a serious problem in Nigeria, as most cities lack 
standard engineered landfills. This has given rise to the proliferation of open dump 
site as a source of municipal solid waste disposal. The environment can be polluted by 
leachates from these dumpsites which occur at the end of the decay of solid waste, 
mixed with precipitates of surface water. As a result, surface water, ground water, air 
and soils become vulnerable to pollution from the dumpsite. Pollution index between 
active and closed dumpsites were evaluated using leachate pollution index (LPI) 
technique which is a tool for quantifying pollution potential of leachate generated 
from dumpsites.  These dumpsites are located at Nkpolu Junction along East-West 
Road (LS1), Chindah Borrow-Pit off Chindah Road, Mile 4 (LS2) and Rumuepirikom 
Community (off Iwofe Road) (LS3) in Port Harcourt metropolis. The LPI values for 
LS1, LS2 and LS3 are 3.91, 7.12 and 4.71 respectively. These LPI values were 
compared with the standard and it was revealed that all the dumpsites evaluated fell 
within the acceptable limits but LS2 was barely 0.3 below the standard and therefore 
the leachate generated is highly contaminated with a higher pollution effect than LS3 
and LS1 respectively, thus the Chinda Borrow-Pit (LS2) dumpsite site requires 
immediate attention in order to avoid large scale pollution incident to the environment 
and threat to human health. 

              Key words: Leachate Pollution Index (LPI), Dump site, leachate quality, physico- 
Chemical parameters 
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INTRODUCTION 

Solid waste management is a serious problem in Nigeria, as most cities lack standard engineered 
landfills. Landfills are primary means of municipal solid waste (MSW) disposal in many countries 
worldwide because they offer dumping of high quantities MSW at economical costs in comparison to 
other disposal methods such as incineration1. Majority of the municipal solid waste disposal sites are 
still open dumps especially in under developed and developing countries2.The absence of proper 
engineered landfills for disposal of wastes by the local and state governments has given room for the 
proliferations of open dumps that are scattered in every nook and cranny of the country2. These 
scattered refuse dump sites found everywhere have become an eyesore to first time visitors to most 
cities in Nigeria including Port Harcourt City (the hub of Nigerian oil and gas industry) where the 
study was undertaken.  

Landfill leachate produced as a result of organic dissolution from MSW landfill sites is generally 
heavily contaminated and consists of complex waste water that is very difficult to deal with 2-6. Many 
factors influence the leachate composition including the types of wastes deposited in the landfill, 
composition of wastes, moisture content, the particle size, the degree of compaction, the hydrology of 
the site, the climate, age of the landfill and other site specific conditions such as landfill design and 
type of liner used if any,7-9. 

The environment can be polluted by leachates from these dumpsites which occur at the end of the 
decay of solid waste, mixed with precipitates of surface water. As a result, surface water collection 
system (rivers, creeks, and lakes), subsurface collection system (groundwater reservoirs) and solid 
system (different soil layers) become vulnerable to pollution from the dumpsite. A number of 
incidences have been reported in the past where leachates have contaminated the surrounding soil and 
polluted the underlying groundwater aquifer or nearby surface water, 1, 10-13. 

It is therefore expedient that a comprehensive study be carried out on the assessment of pollution 
levels from these dumpsites, taking into account related parameters, which provide the overall 
perspectives of the pollution of the dumpsites. In this study, Leachate Pollution Index (LPI) was used 
for the assessment. LPI was formulated using Rand Corporation Delphi Technique14. The LPI 
represents the level of contamination potential of a given landfill. It is a single number ranging from 5 
to 100, which expresses the overall contamination potential of a landfill based on severe pollution 
parameters at a given time. It is an increasing scale index, where a higher value indicates a poor 
environmental condition 15. The standard value14 of LPI is 7.378. 

The LPI can be used to report pollution changes in specific landfill overtime. The trend analysis so 
developed for the landfill can be used to assess the post closure monitoring periods. The LPI can also 
be used to compare contamination potential of different landfills in a given geographical area or 
around the world. Other uses of LPI include ranking of landfill sites based on its contamination 
potential, resource allocation for landfill remediation, enforcement of standard, scientific research and 
public information14.This paper was aimed at determining the pollution potential between active and 
closed dumpsites, with a view of advising relevant authorities on dumpsites that require immediate 
attention in terms of introducing remediation measures. 

MATERIALS AND METHODS 

Description of Dumpsites: Samples were collected from three dumpsites (one active and two closed 
dump sites) within Port Harcourt metropolis, the hub of petroleum and gas industry in Nigeria                
(Figure 1). 
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Nkpolu location (LS1): Nkpolu location is a closed dumpsite site that is located by Rumuigbo 
Junction, along East West Road, approximately 10km East from University of Port Harcourt main 
gate. The dumpsite is delineated between Latitude 4O52’08.9”N and Longitude 6O58’52.8”E. While in 
existence, the dumpsite received waste from domestic, commercial, industrial and institutional 
origins16. 

Chindah Borrow-Pit location (LS2): Chindah Borrow-Pit location is an active dumpsite located off 
Chindah Road, Rumueme Community, Port Harcourt. It is surrounded by commercial, industrial and 
residential set up and delineated between Latitude 4O49’18.5”N and Longitude 6O58’18.9”E. The 
wastes are of different types, ranging from organic to inorganic, hazardous and non -hazardous. Like 
in all other existing dumpsites in the state, the waste stream is made up of domestic, market, 
commercial, industrial and institutional origins16.The borrow pit dumpsite is a non-engineered landfill 
with a huge heap of waste. Trucks from different parts of Port Harcourt collect and bring wastes to this 
site and dump them in irregular fashion. The wastes are dumped without separation but the scavengers 
who constitute the informal sector rummage through the waste, help in segregating them by collecting 
the plastic and metals and sell same to recycling industries (off-site recycling). 

Rumuepirikom location (LS3): Rumuepirikom location is a closed dumpsite site that is located off 
Iwofe Road. The landfill is delineated between Latitude 4O49’40.3”N and Longitude 6O57’55.6”E. 
while being in operation, the dumpsite received a mixture of municipal, commercial, and mixed 
industrial wastes with hazardous and non-hazardous constituents. 

 

 
Figure 1: GIS based map of the study area 

Sampling and Analysis: Leachate samples were collected using 1-litre plastic bottles that had been 
cleaned by soaking in 10% nitric acid and rinsed with distilled water in order to avoid contamination 
and allowed to dry before use. In each of the sampling site, the treated bottles were rinsed twice with 
the leachate to be sampled prior to filling to avoid dilution. Leachate samples were taken during rainy 
season. Since the dumpsites were not equipped with leachate collector system, leachate were sampled 
from the four extremes of dumpsite using the treated bottles after which the samples were properly 
mixed into homogenous sample in a 1-litre plastic container which then formed the leachate samples 
1, 2 & 3 for Nkpolu, Chindah borrow pit and Rumuepirikom dumpsites respectively. The samples 
were then transferred to the laboratory in an ice chest. Prior to analysis, the samples were allowed to  
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return to room temperature and measurement for leachate parameters were carried out. (Tables 1 and 
2) showed the parameters measured for each dumpsite. All the parameters were measured according to 
the standard method for the examination of water and wastewater by APHA, 2005. pH was determined 
by glass electrode method with a standard calibrated pH. Dissolved solids, and conductivity were 
metered in situ. An Atomic Absorption Spectrophotometer was used for metals analyses after samples 
were digested, using concentrated trioxonitrate (V) and the volume made up to 50ml with deionized 
water. Dissolved oxygen (DO) was determined by Azide modification of Winkler’s method. Open 
reflux method utilising potassium tetra-oxo chromate (VI) in boiling concentrated tetra-oxosulphate 
(VI) solution in the presence of silver catalyst was used to determine COD. Phosphate, was analysed 
by colorimetry using molybdovanadate method. Chloride was determined using Mohr Argentometric 
method while sulphate was analysed using Turbidimetric method. 

Calculation of Leachate Pollution Index (LPI): The data from the analysis of samples were used. 
The ‘P’ values or sub-index values for all the parameters analyzed were computed from the sub-index 
curves based on the concentration of the leachate pollutions obtained during the analysis. The ‘P’ 
values were obtained by locating the concentration of the leachate pollutant on the horizontal axis of 
the sub index value where it intersected the curve was noted. 

The ‘P’ values obtained for the parameters analyzed were multiplied with the respective weights 
assigned to each parameter. The LPI for each of the dumpsite leachate was calculated using the 
equation of Kumar et al .14 shown in equations below.  

Where,  

LPI = the weighted additive leachate pollution index, wi= the weight for the Ithpollutant variable, pi = 
the sub index value of the I th leachate pollutant variable, n = 18 and Σ wi =1.  

However, when the data for all the pollutant variables included in LPI is not available, the LPI can be 
calculated using data set of the available pollutants by the equation 

Where 

 
Where pollutant parameter for which data is available in this study as, m < 18 (16) and Σ wi<1  
 
RESULTS AND DISCUSSION 
 
Table 1 showed the characteristics and LPI of leachate from Nkpoludumpsite (LS1), Chindah borrow 
pit (LS2) and Rumuepirikom dumpsite (LS3) while appendix 1 and 2 presented the average sub index 
curves of pollutants. Electrical conductivity, phosphate, sulphate, dissolved oxygen and cadmium 
values were not available hence they were not used in computing the leachate pollution index for the 
dumpsite. (Figure 2) showed a chart of LPI of the dumpsite investigated and standard LPI value. 
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Table 1: Leachate Pollution Index for LS1, LS2 and LS3. 

S/N Parameters Location Sample  
Results 
 
   LS1     LS2           
LS3                  

Variable 
Weight 
(Wi ) 

Pollutant sub index 
value (Pi) 
 

Overall pollutant 
rating (wi.pi) 
 

LS1  LS2 LS3 LS1  LS2 LS3 

1. pH 7.96  6.55  7.43  0.055 4 5 5 0.220 0.275 0.275 

2. Total Dissolved 
Solid (mg/l) 

70.7  4985  1064  0.05 2 15 1 0.100 0.750 0.050 

3. Electrical 
Conductivity 
(μS/cm) 

134.7  9197  1974  - NA NA NA NA NA NA 

4. Phosphate (mg/l) 1.029  12.997  5.346  - NA NA NA NA NA NA 

5. Sulphate (mg/l) 1.995  6.940  3.210  - NA NA NA NA NA NA 
6. Chloride (mg/l) 33.6  2261  598.3  0.049 1 19 7 0.049 0.931 0.343 
7. Biological 

Oxygen Demand 
(mg/l) 

1.24  5.95  2.94  0.061 5 5 5 0.305 0.305 0.305 

8. Chemical 
Oxygen Demand 
(mg/l) 

3.10  14.87  7.35  0.062 1 7 4 0.062 0.434 0.248 

9. Dissolved 
Oxygen (mg/l) 

2.3  0.85  0.56  - NA NA NA NA NA NA 

10. Lead (mg/l) 0.006  0.012  0.008  0.063 5 5 5 0.315 0.315 0.315 
11. Zinc (mg/l) 0.098  0.154  0.139  0.056 5 5 5 0.280 0.280 0.280 
12. Iron (mg/l) 0.176  0.461  0.253  0.045 5 5 5 0.225 0.225 0.225 
13. Chromium 

(mg/l) 
0.001  0.003  0.002  0.064 5 5 5 0.320 0.320 0.320 

14. Copper (mg/l) 0.114  0.177  0.139  0.05 5 5 5 0.250 0.250 0.250 

15. Nickel 0.001 0.004  0.001  0.052 5 5 5 0.260 0.260 0.260 

16. Cadmium 0.001  0.008  0.004  - NA NA NA NA NA NA 

 TOTAL     0.61    2.386 4.345 2.871 

 LPI Value using 
equation 2  
 

       3.91 7.12 4.71 

 
The concentration of TDS, COD, EC, and Cl- was highest in LS2 while LS3 contained relatively 
higher value of same parameters than LS1 (Table 1). A significant difference between individual 
pollution ratings of TDS and Cl- for all the sites was observed due to the distinct difference in TDS 
and Cl- concentrations. Although the concentration of COD in LS1 leachate was higher than LS2 
leachate, the difference was insignificant in terms of individual and consequently cumulative pollution 
ratings. The concentration of heavy metals was fairly similar for all the dumpsites except for Fe where 
LS2 (0.461mg/l) almost has twice higher concentration than LS3 (0.253mg/l) and LS1 (0.176). 
However, the difference in the concentrations of chlorides for the three sample locations had 
significant influence on individual and cumulative pollution ratings. It is clear from Table 1 that the 
higher concentrations of TDS, COD, EC, Cl-, and to some extent Fe significantly influenced the 
cumulative pollution ratings of LS2. Because the individual pollution ratings of TDS and Cl- were 
lower for the case of LS1 and LS3, their cumulative pollution rating was consequently lower in 
comparison to LS2. 
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Figure 2: Leachate Pollution Index for Nkpolu, Chindah borrow pit and Rumuepirikom Dumpsites. 

 

Leachate is generally found to have pH between 4.5 and 6. The pH of the dumpsites analysed falls 
within the range of 6.55 and 7.96 which supports the findings of Christensen et al 17 and                    
Abbas et al 18. LS2 is said to have a young leachate as a result of the dumpsite being active, while LS1 
and LS3 have old leachates due to the fact that the dumpsites are closed. The pH values of the 
dumpsites analysed were all less than 8.0. LS2 has the lowest pH of 6.55 while LS1 has the highest pH 
of 7.96 among all the dumpsites. Initial low pH of LS2 may be due to high concentration of volatile 
fatty acids 19, while high pH values of LS1 and LS3 may be due to low concentrations of fatty acids. 
Stabilized leachate shows fairly constant pH with little variation and it may range, 6, 19, 20 between 7.5 
and 9.   

Kulikowska et al.20 Tatsi et al.21, reported similar range of pH from old landfill sites that are 7.46 - 
8.61 and 7.3 - 8.8 respectively. The pH of leachates from LS1 and LS3 dumpsite can be said to be in 
the stabilization stage because of their pH values of 7.96 and 7.43, while leachates from LS2 with a 
pH of 6.55 is not in the stabilization stage. LS1 and LS3 dumpsites are closed and therefore are not 
receiving any more waste materials which influences the leachate produced, this accounts for the 
leachates being in the stabilization stage. 

TDS comprises mainly of inorganic and dissolved organics. The amount of TDS reflects the extent of 
mineralization and a higher TDS concentration can change the physical and chemical characteristics of 
the receiving water 6, 22. The TDS of the dumpsites investigated ranged from 70.7 to 985 mg/L with 
LS1 having the lowest value and LS2 having the highest value. The leachate from LS2 can be said to 
have undergone more mineralization process because of the high value than leachate from LS1 which 
has a low value. The leachate from LS2 has a very high tendency to change the physical and chemical 
characteristics of the receiving water more than the leachates from other dumpsites. 

In the case of heavy metals, the concentration of heavy metals in Landfill leachate is fairly low7. In all 
the dumpsite analysed, lead ranged from 0.006 to 0.012 mg/L, zinc ranged from 0.098 to 0.154 mg/L, 
chromium ranged from 0.001 to 0.003mg/l, copper ranged from 0.114 to 0.177mg/l, nickel ranged 
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from 0.001 to 0.004 mg/L, and cadmium ranged from 0.001 to 0.008 mg/L. generally, leachates from 
LS1 had lower concentration than leachates from LS2. Concentration of heavy metals in a landfill is 
generally higher at earlier stages because of higher metal solubility as a result of low pH caused by 
production of organic acids17.  

As a result of decreased pH at later stages, a decrease in metal solubility occurs resulting in rapid 
decrease in concentration of heavy metals except lead because lead is known to produce very heavy 
complex with humic acids23. This support the likelihood of decrease in the concentration of heavy 
metals in all the dumpsites analysed in later years. However, the solubility and mobility of metals may 
increase in the presence of natural and synthetic complexing ligands such as humic substances24. The 
presence complexing ligands in the dumpsites analysed will increase the concentration of heavy 
metals. In general, the condition in each of the dumpsites investigated determines the concentration of 
heavy metals in later years. 

The concentration of chlorides ranged from 33.6 to 2261 mg/L in all the dumpsites analysed with LS2 
having the highest concentration and LS1 having the least concentration. According to                          
Deng et al. 23 the concentration of chlorides may range between 200-3000 mg/L for a one to two year-
old landfill and concentration decreases to 100 – 400 mg/L for a landfill greater than 5 - 10 years old. 

Figure 2 gives graphical representation of LPI values for each dumpsite. The comparison of LPI 
values for three dumpsites show that LS2 has the highest LPI value, while the LPI value for LS1 is the 
lowest. The LPI value of active dumpsite LS2 is slightly higher than both closed dumpsites LS1 and 
LS3.  Kumar et al.14 calculated LPI values for two active landfill sites and reported higher LPI (36.4 
and 39) than LS1 (3.91), LS2 (7.12) and LS3 (4.71).  

This can be ascribed to the lower individual pollution ratings of LS1, LS2 and LS3 due to the 
relatively lower concentrations of the individual parameters studied than that of the landfill sites 
studied by Kumar et al14. The lower LPI value for the three sample locations suggests that the landfill 
leachate is stabilized which is also indicated by the BOD5 and COD values given in Table 1. 

 The lower LPI value for a closed landfill site has also been reported by Kumar et al. 14, they also 
mentioned that an LPI value greater than 7 (LPI >7), indicates that the leachate is a polluting one. The 
fact that the LPI value for LS2 is greater than 7 and it is also currently operational and is receiving 
domestic and industrial wastes, shows that the runoff produced from LS2 should be attended first if 
the local management has to choose among the three landfill sites for leachate management and 
treatment. Because the characteristics of landfill leachate changes over time, the LPI value will also 
differ from one sampling period to another, hence the LPI value would correspond to the leachate 
samples analyzed at a particular time for a specific landfill site. 

Nigeria has no known leachate disposal standard and as a result a standard in India as noted by Kumar 
et al.15 was used. They opined that any LPI value which falls below the stipulated standard of 7.378 is 
accepted and any value above the standard is not accepted. The LPI values of all the dumpsites 
investigated were below 7.378. This implies the leachates from each of the dumpsites have no 
potential to pollute the groundwater within the vicinity of the dumpsites, the surrounding soil and the 
vegetation around the areas of the dumpsites. The LPI value of LS2 is barely 0.3 less than the 
stipulated standard therefore, the dumpsite is highly contaminated and poses serious threat to the 
environment and human health. 
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APPENDIX 

 
 

Appendix 1: The average sub index curve of pollutants (Kumar and Alappat, 2003b) 
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Appendix 2: The average sub index curve of pollutants (Kumar and Alappat, 2003b) 
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CONCLUSIONS 

The determination of pollution index between active and closed dumpsites in Port Harcourt, Nigeria 
was carried out using leachate pollution index (LPI). LPI is a very useful tool to assess and monitor 
the integrity of leachate generated from dumpsites and thus can assist to take necessary decisions.  The 
LPI values for LS1, LS2 and LS3 are 3.91, 7.12 and 4.71 respectively. LPI value for LS2 indicates that 
the leachates generated is highly contaminated with a higher pollution effect than LS3 and LS1 
respectively, thus the Chinda Borrow-Pit (LS2) dumpsite site requires immediate attention in order to 
avoid big pollution incident to ground water and threat to human health. This paper recommends that 
the Rivers State Waste Management Board in Nigeria should upgrade Chinda Borrow-Pit (LS2) to a 
proper engineered landfill. 
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