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Abstract 

Physicochemical characteristics of soils from three communities (Umualumaku, 

Umeze II and Eziama) in Imo State, Nigeria, receiving application of palm oil 

mill effluent (POME) were investigated. Results obtained indicated that the soil 

sample from Umualumaku sampling station had the highest pH (5.25), 

conductivity (30.35 μs/cm), nitrate (50.73 mg/l), phosphate (10.10 mg/l), iron 

(5660.00 mg/l) and cadmium (4.20 mg/l), compared to the soil samples of the 

other two sampling stations (Umueze II and Eziama). It was observed that the 

raised concentrations observed in all the parameters investigated in the three 

sampling stations compared to the control samples was  indicative of the fact that 

the raw POME was capable of impacting the soil. These results thus showed that 

raw POME is able to improve soil fertility and growth performance of crops if 

controlled application is practiced.  
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I. Introduction 
 

Palm oil mill effluent (POME) is complex wastewater obtain from processing the 

fruit of the palm tree (Elaesis guineensis). The characteristics of POME depend 

on the quality of the raw material and the production process applied. POME 

usually has a low pH (4.0-5.0) [1]. Other substances present in POME include 



2                                                                                  C.I.A. Nwoko and L.N. Ukiwe 

 

suspended solids, oil and grease and inorganic matter [1]. Due to the high 

concentrations of organic acids and the presence of microbes, the chemical 

oxygen demand (COD), and biochemical oxygen demand (BOD) of POME are 

usually altered. 

POME may impact adversely on the environment. Untreated POME if discharged 

on the soil or water system could considerably contaminate the system. The 

substance is treated by several methods including ponding [1], aerobic and 

anaerobic digestion [2], as well as physicochemical processing [3]. 

Several studies have documented evidence showing the impact of POME on the 

environment. Recently, Awotoye et al. [4] investigated the impact of palm oil 

processing effluent discharge on the quality of receiving soil and river in Ondo 

State, Nigeria. Result obtained from the study revealed that significant variations 

exist in some of the parameters (pH, COD, BOD and inorganic metals) studied. 

The authors noted that the downstream section of the river being the receiving 

location of the waste POME was more polluted than other sections of the river.  

When POME is discharged into river waters, the water system turns brownish, 

smelly and slimy [5]. Consequently, fish and other aquatic organisms in the river 

are killed. Investigations on the environmental impact of untreated POME on 

some physicochemical parameters (pH, phosphorus, organic carbon and inorganic 

minerals) conducted by Okwute et al. [6] on a dump site in Anyigba, Nigeria, 

revealed that there were obvious alterations in physicochemical parameters of the 

soil at the POME discharged dump site, and the authors concluded by advising 

that since POME was acidic in nature, some form of processing should be applied 

to the substance before it is discharged on the soil.  

In a related study, Okwute & Ijah [7], examined changes in microbial population 

of POME polluted soil amended with chicken droppings and cow dung. The 

researchers observed that the combination of chicken droppings and cow dung 

significantly increased the microbial population of the soil and enhanced the 

microbial degradation of the POME polluted soil. 

Studies on the use of microbes to encourage enhanced degradation of POME 

polluted soil have been documented. Iwuagwu & Ugwuanyi [8] observed that 

microbial activity in raw POME could be enhanced by addition of yeast isolates 

(Saccharomycess sp), while the treatment of POME by a microbial consortium 

developed from compost soils was investigated by Nwuche et al.[9]. The 

researchers revealed that when isolate species of microbes were inoculated into 

aerobic diluted POME effluent, the COD and pH of the effluent reduced to 

approximately 44% of the initial concentrations. The study, thus, concluded that 

aerobic POME treatment holds a prospect for remediating the effect of the 

effluent on the environment. Meanwhile, documents published by 

Soleimaninanadegani and Manshad [10] reported that the process of isolating 

indigenous microorganisms in POME was an effective way of biodegrading the 

effluent since the process yield significant reduction in the color, COD and BOD 

concentrations of the effluent. According to Eze et al. [11], POME should be 

properly treated before discharge into the environment. This process avoids a 

situation where untreated POME could impact adversely on the environment, 

since it has been established that POME is acidic with a high BOD concentration  



Physicochemical characteristics of soils                                                                 3 

 

 

[12]. In their contributions, Ohimain et al [12] observed high concentrations of oil 

and grease, BOD, COD as well as inorganic minerals in POME from a dump site 

in Elele, Nigeria. Their findings encouraged recycling of POME rather than 

discharge of the mixture in the environment, because the mixture could lead to 

severe contamination of environmental system if not properly treated before 

discharged. 

The present study aimed at estimating some physicochemical parameters of soil 

samples from POME discharged dump site in three localities (Umualumaku, 

Umueze II, and Eziama) in Imo State, Nigeria. 

 

II. Materials and Method 
 

A. Sample collection 

 

The chemicals and reagents used in the present research were of analytical grade 

obtained from BDH chemicals Limited, UK. 

Fig 1, shows the sample location of the various sampling sites. Soil samples were 

obtained from the dump site of the first sampling station (Umualumaku sampling 

station) where the untreated POME is discharged freely in the environment. A 

control sample (free from POME effluent) was also obtained 200 m uphill 

(samples are not contaminated from run-off coming from the POME discharged 

site) from the Umualumaku sampling site. 
 

 
 

Fig 1. Map showing location of sampling sites 
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Visual field inspection was conducted on all sampling site to assess the 

differences in vegetation, topography and soil structure of the site. The quadrate 

approach was adopted for sampling at the POME discharged and control sample 

sites. A plot of 20 m by 20 m each were delineated at the two sampling sites and 

soil samples were collected at 15 cm deep from the surface soil using auger drills. 

Four sets of soil samples were collected at the first sampling point and these were 

later mixed to give a homogenized soil sample. This procedure was repeated at the 

control sample site. 

The samples were separately stored in cleaned polythene bags, labeled and taken 

to the laboratory where they were separately sieved through a 2 mm mesh sieve, 

placed in another cleaned polythene bags, properly labeled and stored in a 

refrigerator at 4oC to maintain the samples in a stable state until analysis. 

 

B. Physico-chemical analyses   

 

Soil pH was determined using a pH meter (model PHS 25), while soil 

conductivity was also measured using a Conductivity meter (model CO 155). 

Nitrate (NO3
-), phosphate (PO4

3-), and sulphate (SO4
2-) were all determined by 

methods described by I.I.T.A [13]. Heavy metals; lead (Pb), zinc (Zn), iron (Fe) 

and cadmium (Cd) were all estimated using X-ray fluorescence as described by 

I.I.T.A [14]. 

Three repetitions were performed for each analysis and the mean concentrations 

obtained for each parameter. 

These procedures were repeated at Umueze II and Eziama sampling sites. 

 

C. Statistical analysis 

 

Data was analyzed using analysis of variance (ANOVA). The F-test was used to 

test for statistical significance difference in concentrations of POME from 

sampling sites. 

 

 

III. Results and Discussion 
 

 

Table 1: Physicochemical parameters of POME samples from various sampling 

stations 
 

 
Samplingstations                   Umualumaku(i)         Umueze II(ii)       Eziama(iii)Control 

Parameters                                       Mean ± SD         Mean ± SD         Mean ± SD         Mean ± SD 

 

 pH                                               5.25  ± 0.1            3.93  ± 0.2        4.01  ± 0.1            5.60  ± 0.1  

Conductivity (μs/cm)                  30.35 ± 0.0           22.41 ± 0.1      10.91 ± 0.1            35.30 ± 0.1 

Nitrate (NO3
-) (mg/l)                   50.73 ± 0.1          18.90 ± 0.0         39.30 ± 0.1            14.20 ± 0.0 

Phosphate (PO4
3-) (mg/l)               10.10 ± 0.1          9.24   ± 0.0        6.72 ± 0.0              3.68 ± 0.0 

Sulphate (SO4
2-) (mg/l)              430.33 ± 0.0        309.00 ± 0.0       277.00 ± 0.1          110.00 ± 0.0  
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Table 1: (Continued): Physicochemical parameters of POME samples from 

various sampling stations 

 

 
Pb (mg/l)                                     0.50 ± 0.2            1.20 ± 0.1           0.50 ± 0.0               0.31 ± 0.0 

Zn (mg/l)                                     1.30 ± 0.0            2.40 ± 0.1           2.50 ± 0.2               0.15 ± 0.0 

Fe (mg/l)                                     5660 ± 0.1      2055.00 ± 0.1       894.00 ± 0.2           156.34 ± 0.0 

Cd (mg/l)                                     4.20 ± 0.1            1.10 ± 0.0           1.80 ± 0.0               0.71 ± 0.1  

F= 1.36 between (i) and (ii); P<0.01  

 
 

 

 

Table 1 shows values of the physicochemical properties of soil samples collected 

from POME discharge sites at Umualumaku, Umueze II and Eziama sampling 

stations. The soil sample from Umualumaku had the highest pH (5.25), while the 

lowest pH of the studied area was observed at Umueze II (3.93).  

Several studies have demonstrated that when POME is discharged on soil, the pH 

of the soil gradually increases due to the action of biodegrading bacteria. Raw 

POME is acidic with a pH range from 3.0-5.0, but this pH range steadily increases 

as biodegradation sets-in [6]. 

 

 

The conductivity (μs/cm) values observed in the present study indicated that the 

soil sample from Umualumaku sampling station had the highest conductance 

(30.35μs/cm). This observation showed that the POME effluent discharged at the 

Umualumaku sampling station contained a lot of inorganic nutrients. However, 

values observed for nitrates (50.73 mg/l), phosphate (10.10 mg/l) and sulphate 

(430.33mg/l) were also highest for Umualumaku sampling sites. Compared to the 

control sample, all the sampling sites investigated in the present study revealed 

high concentrations of sulphates. 

 

 

Researchers are of the opinion that phosphorus presence in soils influences the 

rate and mobilization of nutrients such as carbon and nitrogen in the soil [14], 

possibly due to the high absorption rate of phosphorus in the soil particle [15]. 

These findings tend to support the claim by the present study that the POME 

discharged at the studied sampling sites contained appreciable concentrations of 

phosphates. 

There were high concentrations of Fe in all the sampling sites studied, and 

compared to the control sample, concentrations of Pb, Zn, and Cd were also 

raised. These finding indicates that the POME effluent studied in the present 

research contain high concentrations of inorganic minerals capable of impacting 

the soil. Lim and P’ng [16] had earlier observed increased concentrations of 

inorganic elements in soil after receiving application of untreated POME effluent. 
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IV. Conclusion 
 

 

The present study has observed that the application of raw POME on soil alters 

the chemical content of the soil. The increase in pH, and inorganic nutrients 

content of the soils studied in the present research is indicative of the fact that 

controlled application of untreated POME to soil, if encouraged, would increase 

the nutrient content of the soil, thus promoting healthy growth performance of 

crops. However, long term application of raw POME to soil should be 

discouraged due to environmental issues as well as the increased biological and 

chemical alteration of the soil system and human health related problems 

generated by the POME mixture.  
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