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The toxicological symptoms prevalent and reported in Elelenwo area were taken 
into consideration and the leachates quality of its notable dumpsites was 
investigated for possible links. In situ measurements were made and standard 
procedures followed for analyses of lead, cadmium and nickel as well as other 
physicochemical load of the leachates. The results obtained were compared with 
various guidelines set by some notable regulatory bodies. The outcome showed 
more than 100 folds toxicity levels above the various benchmarks especially for 
lead, cadmium and nickel. These dumpsites as a result are environmental 
hotspots for pollution distribution to nearby surface waters, air and wastewaters 
bodies as well as the ground water. There is a strong link between reported 
toxicological symptoms among inhabitants of Elelenwo and Leachates toxicity 
from these dumpsites and there is emergency need for clean-up action by 
appropriate authorities. 

               © 2019 International Scientific Organization: All rights reserved. 

Capsule Summary: Elelenwo dumpsites are environmental hotspots for spread of pollution to air, surface and ground water 
and there is a strong link between leachates toxicity and prevalent toxicological symptoms among Elelenwo’s inhabitants. 
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INTRODUCTION 
 
Municipal solid waste management in Nigeria is a serious 
environmental problem mainly due to the unfashionable, yet 
popular open waste dump method and incineration practiced 
by most waste disposal and management agency in the 
country(Aluko et al., 2003; Horsfall and Spiff, 2013). Despite 
ongoing enlightenment on the 5Rs of waste management 
namely; refuse, reduce, reuse, recycle and recovery, there has 
been uncontrolled multiplication in numbers and sizes of 
waste disposal sites and this is not unconnected with rapid 
urbanization, industrialization, population growth, rapid 
village-city migration of humans and other anthropogenic 
activities (Keenan et al., 2010; Bhalla et al., 2013; Aluko et al., 
2013). Rivers state with its heavy rainfall almost all year 

round and many open waste dumps is a potential source of 
leachates, which are liquids produced from percolation or 
infiltration of liquids through wastes in any dumpsite or 
Landfill (Monroe, 2001; Speigh 1996; Keenan et al., 
1984).Leachates quality vary from one dumpsite or landfill to 
another and this depends on the solid waste composition, 
precipitation, cover design, hydrogeology, age of landfill or 
dumpsite, Leachates interaction and among others, (Speigh, 
1996; Henry, 1996, Bhalla et al., 2013; Igbanoi, et al., 2019). 
Most unfortunately, leachates contains so many harmful 
substances like heavy metals, organic compounds, soluble 
salts, particulates, suspended matters which can grossly 
compromise soil, surface water, ground water qualities, and 
further (bio)-accumulate and biotransform in the 
environment and food chain (Aliks, 1992; Adnan, 2010; 
Guptaa, 2009; Patil et al., 2012; Igbano et al., 2019). 
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The health and environmental implications of heavy metals, 
soluble salts and pathogenic loading in leachates cannot be 
over emphasized and importantly leachates can leach into 

surface water and ground water. Both which could be 
sources of drinking and irrigation water for agriculture. 
Plants, aquatic species and soil micro-organisms accumulate 

 
Fig. 1: Map of Port Harcourt, Nigeria indicating sampling point (Elelenwo) Google Earth (2018) 
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these toxic substances (some which are non-biodegrable) 
with time and to the extent that the lower level of food chain 
becomes a real threat to life to animals and humans up the 
food chain. (Adnan, 2010; Adepegba, 2012; Iwuoha and 
Onojake, 2016; Igbanoi et al., 2019).Good quality drinking 
water is a gold standard for preventing diseases and 
improving quality of life. (Patil, et al, 2012). Recent United 
nation report puts the life expectancy in Nigeria just above 
50 year and this could be linked to contaminated air, drinking 
water and food we eat (Patil et al., 2012, Iwuoha and 
Onojake, 2016). 

Lack of data (existing and current) on leachates 
quality of the Elelenwo dump sites close to the Eleme woji 
river and well known Elelenwo dumpsites off East-West road 
and well reported increasing rate of Kidney failure, high 
blood pressure, reduced fertility and lung injury among 
residence of this area necessitate this research. The 
information derived could be of help to the people in 
authority, hence, the aim of the article is to investigate some 
physicochemical properties and heavy metals loading of the 
leachates at above dumpsites that could eventually pre-
dispose people to the above toxicological symptoms. 
 
MATERIAL AND METHODS 
 
The study area is the Elelenwo dumpsites approximately 
located with the following geographical coordinates of 
Latitude 40 42’N and longitude 60 59’E in Port Harcourt 
metropolis of Rivers State, Nigeria. See figure 1 for map of 
study area. Leachates samples were collected along the 
dumpsite axis at different distances from the massive heaps 
namely 5 m, 10 m, 100 m at a depth sufficient to bring out the 
leachates during the rainy season (June, 2018) from 
randomly selected leachates drains at the site in well labeled 
three different clean bottles that were rinsed with the 
leachates prior to sample collection for determination of the 
following physicochemical parameters; Electrical 
conductivity, Total dissolved solids (TDS), Chemical Oxygen 
demand (COD), Biochemical Oxygen demand (BOD5), pH, 
Sulphates, Lead, Cadmium and Nickel. Microsoft office excel 
2007 was used to express the results obtained before the 
discussion. Standard method by Ademoroti (1996) was used 
for determination of total dissolved solids. The pH `and 
electrical conductivity of the leachates and surface water 
samples were done in-situ with a portable water test kit to 
obtain accurate results. The pH of values was obtained by 
using mettle Toledo portable pH standard buffers (4.0 and 
7.00). The electrical conductivity meter was used to measure 
the resistance offered by the water samples between two 
platinized electrodes which has been standardized with 1412 
µ/cm conductance observed with 0.01M KCl at a temperature 
of 25 0C. 

The sulphate levels in the leachates and surface 
water were determined by the turbidimetric method. In this 
procedure concentration of the turbidity is calculated against 
known concentrations of 0.0148 g of anhydrous Na2S04 that 
was diluted to 100ml with distilled water. Sodium Chloride in 

hydrochloric acid and glycerol in ethanol solution was added 
after which 0.3g of Barium chloride was used to produce 
turbidity. The solution was stirred and absorbance values 
were noted at 420nm using Genesis 10UV 
spectrophotometer. The Iodometric-Azide modification 
method was determining BOD over a 5 days period while the 
open reflux method was used for COD determination. For 
heavy metal measurements, leachates samples were 
prepared by acid digestion followed by filtration through 
Whatman No.44 filter paper. The filtrate were used to 
analyze for the various metals using a flame atomic 
absorption spectrophotometer which has been standardized 
with known concentration of the heavy metals solution and 
applying the suitable hallow cathode lamp and resonance 
wavelength of each heavy metal.  
 
RESULTS AND DISCUSSION 
 
The concentration in mg/L of Lead, Cadmium and Nickel 
are expressed in Table 1, which also contains three 
different regulatory standard or guidelines for drinking 
water with their respective maximum levels approved as at 
2011 for the respective parameters. The regulatory bodies 
are; Australiasian Bottled Water Institute (ABWI) model 
code (2011), World Health Organization (WHO, 2009; 
2011) and CODEX Standard for National Mineral Waters 
(2011).The loading of Lead in Leachates at the two sites are 
above of their maximum regulatory limits. At site 1, we 
have 1.370 mg/L and at site 2, we have 1.942 mg/L. the 
concentration is higher at site 2 relative to site 1 by a factor 
of 1.4. The mean value of the two sites (1.656 mg/L) is 166 
times higher than both the WHO and CODEX maximum 
targets and 331 times higher than the ABWI (2011) limits. 

The simple implication of this permutation is lead 
intoxication of the leachates which will eventually find its 
way to the underground water and the Eleme Wogi River as 
well. Noteworthy is the fact that there is no centralized 
body treatment and distribution system in the region. What 
is popular is the bore-hole water that is only filtered and 
subsequently used directly for domestic and drinking 
purposes. The result is not surprising in view of the nature 
of the dumpsites which includes, used tires, dead car’s 
engines, used lubricating oil, grease, dead car batteries, 
discarded animal parts, foodstuff, industrial discharges, 
electronic components, paper etc, which are often 
incinerated periodically. The high levels of lead in the 
leachates might have resulted in toxicological symptoms 
that are now well reported and linked to the increasing and 
disturbing rates of organ failure mainly kidney, memory 
and learning difficulty, miscarried pregnancies, anemia, 
high blood pressure, and behavioral problems among the 
youths of this area. The high concentration of lead in rivers 
and boreholes in Niger-delta is well reported by Mgbemena 
and Obodo (2015). In similar way, cadmium at these sites 
has concentrations in the leachates that are disturbing. The 
value in the Leachates at site 1 is 0.028 mg/L, while at site 
2, it was 0.053 mg/L.  
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The values were above the maximum acceptable levels of 
any of the regulatory body. The leachates mean 
concentration for the two sites is 0.0405 mg/L, is 1.35 
times higher than WHO and CODEX maximum values, while 
it is 8.1 times higher than ABWI maximum value. No 
wonder that toxicological symptoms of Cadmium toxicity 

are common among Elelenwo inhabitants, the symptoms 
includes cancer, kidney damage and hypertension. The 
levels of Nickel in the leachates for the two sites by far 
exceed maximum regulatory targets of 0.1 mg/L, 0.07 mg/L 
and 0.02 mg/L for ABWI, WHO and CODEX respectively. 
The implication is that underground water, nearby surface 

             

  

     
 
Fig. 2: Physicochemical parameters’ concentrations of leachates in the two sites and their comparative match with 
the respective regulatory bodies’ maximum acceptable limit by world health organization (WHO, 2009) and Unites 
States Environmental Protection Agency (USEPA, 2009). 
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water and the food chain are exposed to nickel toxicity. 
Toxicological symptom of Nickel toxicity include; low 
sperm count , Eczema, acute lung injury and headaches. The 
toxicity levels of Nickel in the leachates cannot be 
unconnected to above toxicological symptoms. The 
leachates mean nickel value of 2.0655 mg/L is 21 times 
higher than the ABWI maximum value, 30 times higher than 
WHO (2011) maximum value and 103 times higher than the 
CODEX maximum value for drinking water. The toxic levels 
of Nickel in leachates as seen in our report are consistent 
with other reports for leachates and waste water in Niger 
delta (Iwuoha and onojake, 2016; lgbanoi et al., 2019).      

The pH of leachates in site 1 and 2 is 7.40 and 7.61 
respectively. Both are within the range of acceptable limit 
by WHO and USEPA, i.e. 6.5-9.5. Note the upper limit of 9.5 
was used in the figure 2a. The above pH values show 
carbonate-bicarbonate equilibrium shifting towards 
formation of more bicarbonate. No wonder, the carbonate 
levels recorded in the two sites are very low i.e 0.57 mg/L 
and 0.64 mg/L for sites 1 and 2 respectively. The pH value 
has a strong link with electrical conductance and total 
alkalinity. The electrical conductivity is an important 
parameter for water quality control (Igbanoi et al., 2019), 
the values in the two sites are respectively 1210 µs/cm and 
1435 µs/cm for sites 1 and 2 respectively. These values 
even though  below the benchmark of 2500 µs/cm indicate 
some remarkable ionic activity which could be linked to 
relatively high values of total dissolved solids and very high 
Chemical oxygen demands and Biochemical oxygen 
demands. Figure 2c shows leachates Electrical conductivity 
values for site 1 and 2 compared with WHO and USEPA 
values.  

The high BOD5 values for two sites i.e. 10.86 mg/L 
and 13.56 mg/L for site 1 and 2 showed that there is 
presence of decomposing or decomposed organic material 
in substantial quantity. It is an indicator of high microbial 
activity because the results exceeded the maximum 
acceptable values by WHO and USEPA i.e. 6 mg/L and 5 
mg/L respectively. High BOD5 values is linked to high COD 
values and indicates low dissolved oxygen content of the 
leachates. This also suggests that with heavy rains nearby 
river will be polluted or contaminated. The odour and 
aesthetic quality of the dump vicinity would be 
compromised. Figure 2b and 2d indicated the BOD5 and 
COD levels in the leachates in the two sides in comparison 

with their respectively regularly bodies’ maximum 
acceptable limit respectively. For COD values in the 
leachates, we have 180.48 mg/L and 167.54 mg/L for site 1 
and 2 respectively, while the WHO and USEPA maximum 
acceptable value are 10 mg/L and 40 mg/L respectively. 
Anaerobic decomposition of the dump site gives rise to the 
production of alcohol, methane and foul smelling hydrogen 
sulphide. The sulphide reacts with available dissolved 
oxygen to form sulphate leading to further depletion of 
dissolved oxygen. The presence of Fe2+ ion formed from 
various iron scraps in the dump lead to its oxidation, hence, 
the high COD level in the leachates. Increasing COD values 
in the leachates further depletes dissolved Oxygen in the 
leachates and making the dumpsite serious environmental 
concern to nearby water bodies and underground water 
quality. 

The low value of sulphate in the leachates in the 
two sites i.e. 0.041 mg/L and 0.022 mg/L compared to the 
WHO and USEPA maximum acceptable limit of 250 mg/L 
indicate other stabilizing factors in the dumpsite that 
reverses the formation of sulphate ion.  The high pH value 
of 7.4 and 7.61 collaborates this, as the non-acidic nature of 
the leachates. Figure 2e shows the comparison of sulphate 
levels against WHO and USEPA maximum limit. The total 
dissolved solid (TDS) in the two sites are below the 
maximum acceptable limit of 500 mg/L, however, the 
loading in the two sites, i.e., 414 mg/L and 375 mg/L for 
site 1 and 2 respectively shows that the dumpsite have high 
microbial activity on the biodegradable organic matter load 
of the dumpsite. There are also relatively high chemical 
transformations to form salts that are water soluble. Figure 
2f shows the leachates’ TDS levels in the two sites 
compared to the regulatory body maximum limit. Results 
revealed that the leachates in Elelenwo dumpsites, Rivers 
State, Nigeria are polluted, and under the current scenario 
of increasing water sheds pollution (Abbas et al., 2018; Ali 
et al., 2019; Barbosa Segundo et al., 2019; Camaño 
Silvestrini et al., 2019; Čelić et al., 2019; Chu et al., 2019; 
Costa et al., 2019; Fiorentino et al., 2019; Iqbal, 2016; Iqbal 
et al., 2019; Joshi and Gogate, 2019; Li et al., 2019; Ma et al., 
2019; Majdinasab and Yuan, 2019; Nzediegwu et al., 2019; 
Poblete et al., 2019; Qi et al., 2019; Wang et al., 2019a; 
Wang et al., 2019b; Yang et al., 2019; Zhang et al., 2019), 
there is need to monitor water bodies’ quality regularly and 
adopt the efficient methods to treat the wastewater 

Table 1: Concentration (mg/L) of selected heavy metals at two sites in Elelenwo dump sites with three different 
regulatory standards 
S/N Parameters Site 1 Site 2 *ABWI *WHO *CODEX 

1 Pb 1.370 1.942 0.005 0.01 0.01 

2 Cd 0.028 0.053 0.005 0.003 0.003 

3 Ni 2.063 2.068 0.100 0.02 0.02 

* = Food Standard Australia New Zealand (FSANZ), (2012). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.bosaljournals/chemint/
mailto:editorci@bosaljournals.com


ISSN: 2410-9649                                Iwuoha and Akinseye / Chemistry International 5(3) (2019) 198-205 iscientic.org.  

203 
www.bosaljournals/chemint/  editorci@bosaljournals.com 

(Caicedo et al., 2019; Hernández-Chover et al., 2018; 
Mohammadzadeh Pakdel and Peighambardoust, 2018; 
Salgot and Folch, 2018; Yu et al., 2019). 

 
CONCLUSIONS 
 
There is need to harmonize guidelines by the various 
regulatory bodies on the maximum accepted limit for the 
various water and wastewater indices and these indices 
should be based more on toxicological and microbiological 
loading in water and wastewaters.  Based on the results and 
discussions on this research, the government of Nigeria 
should not only declare a state of emergency on drinking 
water quality but also establish well equipped laboratories 
that will continue to monitor leachates threat to water 
quality. The toxicological symptoms exhibited by the 
Elelenwo inhabitants could be directly linked to the toxicity 
posed by lead, cadmium and nickel in the leachates of this 
dumps. The dumps in Elelenwo area is off course one of the 
major sources of environmental pollution especially to air, 
surface water and groundwater. Every step should be taken 
to reduce the noted toxicological symptoms reported in this 
area by properly and effective designing waste disposal 
management in this area. 
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