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Abstract
The challenge of environmental management is multifaceted with multiple effects on the
physical, chemical and biological aspects of the environment. The paper assessed the effects
of palm oil effluent discharge on the physical, chemical and biological diversity of soils in
Akwa Ibom State, Nigeria. Data for the study were obtained directly from the field via
enumeration, measurement and laboratory analysis. Soil samples and related data were
collected using soil auger and sterile containers; ruler, measurement tape, and geographical
positioning system (GPS). The soil samples were obtained from three sample sites: 1. Point of
Discharge, (POD) to a radius of 100metres round the POD. 2. From Point of Discharge (FPD)
1 taken at 100 to 200 metres distance from POD and 3 from Point of Discharge taken at 200300 metres from POD. A total of five samples were collected at each sample site at a depth of
0-15cm (surface soil), making a total of 15 samples were collected put on the receptor bags,
sealed, labeled and taken to the Soil Science Laboratory, University of Calabar, Calabar, for
physical, chemical and biological analysis. The samples were collected during dry season
(November, 2016) which is the peak of the processing season. Results indicated that the pH of
the air-dried soils ranged from 4.7 to 4.8 and a generally low albeit impact of Al3+ in the soil
solution could be significant in terms of influencing the biochemical behaviour; sand, silt and
clay fractions varied amongst the sampled sites; Heterotrophic bacteria and fungi were fairly
high especially in POD sampled sites; and a total of eleven bacterial and eight fungal species
were identified. Proper effluent treatment prior to disposal to forestall long term aggregated
impacts on recipient soils was recommended.
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1. Introduction
There has been a renewed concern in scientific literature over the past decade that agriculture,
though fundamental to man’s sustenance is also the primary cause of the World’s
contemporary environmental issues. According to (Hansen, Alroe & Kristensen, 2001)
agriculture is responsible for environmental degradation. Soil degradation caused by
excessive use of agrochemicals and unsustainable farming practices is a threat to the earth’s
natural resources in all parts of the world but especially in developing countries such as
Nigeria. The use of agrochemical: (fertilizers and synthetic pesticides) have increased the
production capacity of farmers on the one hand and also increased the levels of soil
degradation on the other. Soil degradation challenges such as loss of fertility of soils, soil
erosion and nitrate leaching are common problems associated with agricultural practices in
Nigeria.
Agro-processing also contributes to pollution as noted by (Patricia, Dusen, Lundy and
Gliessman, 1991). Agro-processing industries contribute high levels of Biological Oxygen
Demand (BOD) into water-bodies and soils which adversely affects species life and diversity
of the recipient of the effluent discharge. Therefore, oil palm system: cultivation, processing,
consumption and waste disposal also raises soil degradation issues like other human activities.
For instance, the extraction process, generate 50 per cent of Palm Oil Effluent (POE) (Okwute
and Isu, 2007). Okwute & Isu (2007) estimated that every ton production of palm oil
consumes 5 to 7.5 tons of water translating to POE. Generally, Palm oil effluent contain
materials which at concentrations above threshold values are injurious to the recipient
environment at least in the short term and may prove to have long term damages if sustainable
measures of discharge are not adopted in the long term.
Processing of oil palm is carried out by small and medium scale farm households in Akwa
Ibom State, especially in the study area (Etim Ekpo Local Government Area, Akwa Ibom
State, Nigeria). Palm fruit Elaeis guinensis is the most important crop for the farming and
even the non-farming households and almost every household has its own milling station.
Therefore, though the scale of individual milling and effluent discharge may be small,
collectively, it is a massive production system, hence, effluent discharged untreated on the
nearby soils may have massive effect on the chemical and biological components of the soils.
This is because the processing procedure involves, quartering the palm bunches (cut into
four), leaving it overnight on the soil for easy manual separation of the fruit from the spikelet.
The fruits are boiled on hot flames using fuel wood for energy for one hour or two hours
depending on the flame of the fire and the species of the oil palm fruit and fuel wood.
Thereafter, the parboiled fruits are poured into a digesting machine alongside water to be
digested (mixed well), pressing it on the machine to extract oil and the effluent.
This effluent is then discharged with no treatment into the surrounding environment(soil). The
soil is one of the most dynamic sites for microbiological interactions in nature and is the
region in which several biological and biochemical reactions take place with consequent
production of organic matter for diverse plant growth. It is in view of this fact that (Wu,
Mohammed, Jahim and Anuar, 2009) stressed the need for treating waste water emanating
from palm processes before introducing to the environment. This paper therefore assessed the
influence of palm oil effluent discharge on the physical, chemical and biological diversity of
soils in Akwa Ibom State, Nigeria.
Palm oil effluent is derived from the extraction, washing and cleaning process of the palm
fruit (Elaeis guinensis). The effluents from the processing process contain cellulose fat, oil
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and grease (Agamuthu, 1995) which when discharged into aquatic ecosystem have been
known to cause considerable damage to aquatic species (Dans and Reilly, 1980). This is
because palm oil effluent contains high biochemical oxygen demand (BOD) 25,000 mg L-1,
chemical oxygen demand (COD) 53,6350mg L-1, oil and grease 8,370 mg L-1, total solid 43,
635 mg L-1 and suspended solids 19, 020 mg L-1 (Ma, 1995, 2000). Palm oil effluents thus
constitute a variety of waste. The multiple influences of palm oil on: socio-economic, health
and environment has been variously recognized by scholars. It is based on this fact that
several studies have been carried out on the socioeconomic and environmental impacts of oil
palm in the past five decades. Some of these studies include: (Okwute and Isu, 2007; Oswald
and Sama, 2002; Laurence, Koh and Butler, 2010; Koh and Wilcove, 2008; IPOC and WWF,
2004; Isinguzo, 1999; Fitzherbert, Struebig, Mu, Danielsen, Bruhl, Donald and Phalan, 2008;
Ebong, 1999; FAO 2002; Ahmad, Ismali and Bhatia 2003; Butler 2011; Chandrasekharan,
Sundram and Basiron 2000). Incidentally, all these studies did not look at the influence of
palm oil effluent on soil fungal and bacterial diversity, hence, the necessity of this study.
From the foregoing, the study investigates the consequences of disposing waste emanating
from Palm Oil processing on the biological diversity of soils in AkwaIbom State, Nigeria.
Specifically, the study objectives were:
i.
ii.

To examine the physical and chemical properties of palm oil effluent affected soils in
Akwa Ibom State, Nigeria.
To identify the fungal and bacterial diversity of palm oil effluent affected soils in
Akwa Ibom State, Nigeria.

2. Material and Method
Study Area: Etim Ekpo Local Government Area is located 50km from Uyo the capital city of
Akwa Ibom State. It is situated within 40 51-50 03’ North of equator and longitude 70 44’ East
of the Greenwich meridian. Etim Ekpo Local Government Area is bounded in the North by
Abak Local Government Area, South by Azunimi in Abia State, East by Ukanafun Local
Government Area, West by Ika Local Government Area and Essien Udim Local Government
Area. It comprises of seventy four villages and five clans: Utu, Uruk, Ikono, Obong and
Ututanang clan. It occupies 183.3 square kilometers with Utu Etim Ekpo town as it’s
headquarter (Essien, 2010).
Data Source: The data for this research paper were obtained directly from the field by the
researchers via enumeration, measurement and laboratory analysis. Relevant literature was
reviewed to validate the findings from the field.
Sampling: A purposive sampling section along Ikot Udobong, Akwa Ibom State, Nigeria was
chosen for the study because these areas receive direct and regular discharge of Palm Oil
Effluent (POE) from the mill stations in Ikot Udobong village (Usung akai) in Etim Ekpo
Local Government Area of Akwa Ibom State. The soil auger was used in collecting samples
which were stored in sterile containers for analysis. Other instrument include; ruler,
measurement tape, and geographical positioning system (GPS).
The soil samples were obtained from three sample sites: (1) Point of Discharge, (POD) to a
radius of 100 metres round the POD. (2) From Point of Discharge (FPD) 1 taken at 100 to 200
metres distance from POD and (3) From Point of Discharge 2 taken at 200-300 metres from
POD. A total of five samples were collected at each sample site at a depth of 0-15cm (surface
soil). Therefore, a total of 15 samples were collected put on the receptor bags, sealed, labeled
and taken to the Soil Science Laboratory, University of Calabar, Calabar, for physical,
chemical and biological analysis. The samples were collected during dry season (November,
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2016) which is the peak of the processing season. Results are presented as mean of each
sampled site.
Analysis of Soil Samples: Soil samples were collected from predetermined sample sites, air
dried for 7 days, sieved with a 2mm sieve mesh and used to test for particle size distribution
using Bouyoueos (1951) hydrometer method parameters; Soil pH was determined in 1:1 (soil:
water) ratio using the pH meter (Jackson, 1958a), Organic carbon was determined using the
Walkley and Black wet oxidation method (Walkley and Black, 1974), Total nitrogen was
determined using the modified Kjeldahl digestion method (Jackson, 1958b), Available
phosphorus was determined using the Bray No. 1-P method (Bray and Kurtz, 1945), The
exchangeable cations were leached with a IN NH40AC extraction method (Peech, 1945), K
and Na (Meq/100) were determined via flame photometer, Ca and Mg were determined by the
EDTA titration method, Exchangeable acidity was determined by the IN KCL extraction
method, Effective cation exchange capacity (ECEC) was by the addition of exchangeable
bases to the exchangeable acidity and Percentage base saturation was determine by the use of
the formula:
Total exchangeable

X

Effective cation exchange capacity

100
1

Heavy Metal: Buck Scientific 2000A and Barnhisel & Bertsch, 1982 methodology was
adopted to determine the heavy metal content of the soil.
Soil Sample Enumeration of Total Heterotrophic Bacteria (THB) and Fungi (THF): One
gram (1.0 g) each of soil samples from the sampled sites (POD FPD 1 and FPD 2) were
suspended in 10 milliliters (ml) of sterile distilled water. One milliliter (10ml) of the soil
suspension was diluted serially (using physiological saline) in ten-fold to the ranges 10-1-107.
One-milliliter aliquots of dilutions 102-106 were each seeded onto triplicate plates of nutrient
agar using surface spreading technique. Agar plates for enumeration of total heterotrophic
bacteria were supplemented with 50µg/ml of Nystatine (to inhibit fungal growth) incubated at
300C for 48 hours. Viable number of colonies per plate was multiplied by the reciprocal of the
dilution factor and recorded as colony forming units per gram (cfu/g) of soil (American
Public Health Association, 1998).
For total heterotrophic fungi, 1ml 10-3 dilutions were plated in triplicate on potato dextrose
agar (PDA) using surface spreading techniques. The medium was supplemented with 100 mg
of streptomycin and 15 mg of penicillin to inhibit bacterial growth. Culture plates were
incubated at 280C for 72 hours. Colonies were enumerated as colony forming units (cfu) per
gram of soil sample (cfu/g).
Enumeration of Hydrocarbon Utilizing Bacteria (HUB) and Fungi (HUF) from Soil: One
milliliter of 102-104 dilutions each was inoculated onto mineral salt medium agar of
Zajicsuplisson (Mobil, 1986). Medium for hydrocarbon utilizing bacteria (HUB) was
supplemented with 50µg/ml Nystatine (to inhibit fungal growth). Cultures for hydrocarbon
utilizing fungi were supplemented with 100mg of streptomycin and 15 mg of penicillin per
plate (to inhibit bacteria growth). The only source of carbon was provided after inoculation
via the vapour phase transfer using sterile filter paper saturated with about 5.0 ml crude oil
and placed on plate cover which was inverted to cover the culture plates. Plates were then
incubated for 7 days at 28 - 300C. Colonies of hydrocarbon utilizing bacteria and fungi were
enumerated as colony forming units per gram of soil sample (cfu/g).
Statistical Analysis: Descriptive statistics such as ranges, means, tables and percentages were
used for computing, organizing and presentation of data.
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3. Results and Discussion
Chemical Properties: The pH of the air-dried soils ranged from 4.7 to 4.8 Table 1. This
depicts strong alkalinity to near neutrality. The Electrical Conductivity (EC) values varied
from 0.089 to 0.774dSm-1 were recorded for the soils samples in all the sample sites Table
1.The organic carbon in soils of the prescribed area varied from 1.8 percent to 2.6 percent as
indicated in Table 1. Total nitrogen varied from 0.12 to 0.20 percent Table 1. Available
phosphorous varied from 31.62 to 32.25mgkg-.
The exchangeable cations for the surface soil samples were as follows: Ca (4.0–5.0 cmolkg-1);
Mg (2.6 – 3.2 cmolkg-1); K (0.12 – 0.19 cmolkg-1) and Na (0.07 – 0.08cmolkg-1). Effective
cation exchange capacity (ECEC) was very moderate in both surface and subsurface soils
with range values of 8.31 to 8.92 cmolkg-1 Percent base saturation ranged from 85 to 88
percent. Exchange acidity value for surface soils (0.24 to 0.72 cmolkg-1). This was generally
low albeit impact of Al3+ in the soil solution could be significant in terms of influencing the
biochemical behaviour. The result of the analysis of heavy metals content of soils of the area
show that all the heavy metal content is within the pollution permissible limits as
demonstrated on Table 1. This result implies that POE has not changed the chemical content
of the soils in Akwa Ibom State at present.
Table 1: Mean Values of Chemical Properties of POME soils (POD), Moderate effluent
affected soils FD 1 and None Effluent affected soils FD 2 with international pollution
permission limits (PPL) for agro-processing industries
CP
pH
Org C
T.N
AVP
Ca
Mg
K
Na
AL
H
ECEC
BS
EC
Heavy
Metals
Fe
Cu
Cr
Cd
Ni
Pb

Unit
%
%
Mg
Cmo/kg-1
CMo/kg-1
Cmo/kg-1
Cmo/kg-1
Cmo/kg-1
Cmo/kg-1
Cmo/kg-1
%
dSm-1

POD
4.7
2.2
0.12
31.65
4.2
3.2
0.14
0.08
0.24
0.78
8.64
88
0.089

FPD 1
4.7
1.8
0.12
32.25
4.0
3.1
0.12
0.07
0.6
0.42
8.31
87.7
0.67

FPD 2
4.8
2.6
0.14
32.2
5.0
2.6
0.19
0.07
0.72
0.34
8.92
85
0.77

PPL
5.1-6.5
2.0
0.20
20
10-20
3-8
0.6-12
0.7-12
4.1

Mg/kg-1
Mg/kg-1
Mg/kg-1
Mg/kg-1
Mg/kg-1

1326
7.0
10.62
8.74
0.74
2.92
0.03

1999
10.35
8.06
6.37
7.15
3.84
0.05

1326
8.01
8.00
6.00
7.12
3.45
0.04

10,000-100,000
2-100**
5-100**
10-100
20-500**

10
60-80
-

* = after Brady & Weil, 1996 ** = after Bohn et al 1985 CP = chemical property
Physical Properties: The physical properties of the soils sampled from the prescribed
location are presented on Table 2. The sand, silt and clay fractions varied amongst the
sampled sites. But, overall, the soils are classified in this study as more sandy in texture on all
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sampled site because the soils were characteristically coarse-textured with a high content of
sand exceeding 70 percent.
Table 2: Physical parameters (PP) of soils on sampled sites

PP

Unit

POD

FPD 1

FPD 2

Sand

%

78.0

77.0

78.0

Silt

%

11.7

10.7

12.7

Clay

%

10.3

12.3

9.3

Bulk density

Mgm-3

1.1

1.0

1.2

Pore space

%

60

62

64

Pp = Physical Parameters
Biological Diversity: The total heterotrophic bacterial counts range from 35 X 106 to 70 X
106cfu/g and the total heterotrophic fungi count also ranged from 11 X 103 to 27 X 103cfu/g
Table 3. The heterotrophic bacteria and fungi were fairly high especially in POD sampled
sites. This could be related to the high level of POE in the area that serves as attraction to
degrading microorganisms.
Table 3: Total heterotrophic bacterial and Fungal Counts across the sample sites

Sampled sites

Unit

Total bacterial count

Total fungal count

POD

CFu/g

70 x 106

27 x 103

FPD 1

CFu/g

60 x 106

25 x 103

FPD2

CFu/g

35 x 106

11 x 103

Legend: CFU/g = colony forming unit per gram of soil; 106 = dilution factor & 103 dilution
factor
A total of eleven bacterial and eight fungal species were identified. Bacteria and Funga
species identified on all the sample sites were classed as abundant species, bacteria and funga
occurring on only two of the sampled sites are classed as common while species that occur
only on one sample site was considered a rare species. Furthermore, any of the species
(bacteria, funga) that occur only on one sampled site and has less than 10 per cent occurrence
is considered very rare. Based on this classification, Leugothricspp (bacteria) is a rare species
identified only on FPD 2 with a percentage occurrence of only 2 as seen in Table 4.

Table 4: Percentage occurrence of identified fungal and bacterial isolates from sampled soils

International Review of Social Sciences and Humanities, Vol.13, No.2-Vol.14, No.1 (2017), 14-23

Identified bacterial and fungal species in soil
samples

Sampled Sites
% POD

% FPD 1

% FPD 2

Azotobacter (Gram-ve rod)**

30

30

0

Nitrobacter (Gram –ve rod)**

20

20

0

Rhizobium spp(Gram variable)**

25

10

0

Streptomyces spp (Gram variable)*

10

25

35

Acinetobacterspp (Gram-ve rod)***

13

0

0

Bacillus sp (Gram -ve rod)*

30

25

25

Pseudomonas spp (Gram-ve rod)**

55

12

0

Microscocusspp (Gram +vecoccus)*

40

30

15

Arthrobacterspp (Gram variable)*

20

7

5

Nitrospiraspp (Gram)***

12

0

0

20

0

0

0

0

2

0

25

1

25

20

4

2

2

0

Actinomyces**

0

30

25

Mucor**

2

0

10

19

11

1

0

0

5

Identified Bacteria

Nocardiaspp (Gram Variable)***
Leugothricspp (gram +vecoccus)***

+

Identified fungi
Rhizopun**
Aspergillum*
Cladosporium**

Penicillium*
Plecospora***

+

+

* = Abundant species ** = Common species *** = Rare species ***+ = very rare & critical
species

Discussion
Chemical Analysis: The pH of a soil is a fundamental indicator of the reactions taking place
in soils, therefore, an analysis of soil pH is a relevant starting point in every soil analysis. The
result of the study showed the soil pH to be in the range of 4.7- 4.8 values across the sample
sites, indicating that Palm oil effluent discharge has not affected the soil pH in Akwa Ibom
State. EC: This range of values is in tandem with the values of (Miller and Donahue, 1995) of
non-saline soils for sensitive crop species (FAO, 1974). The result implies the soils do not
have salinity problems and can be utilized for farming.
Organic Carbon: The level of organic carbon content in the soils is not detrimental nor
pollusive, thus, the soils can support cropping systems in the current state. The range of
values of nitrogen in the soils was rated low when compared with the medium range of 0.10
to 0.45 percent prescribed by (Holland et al., 1989) for soils of the area. These ranges are
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however inconsistent with the work of Ukaegbu and Akamigbo (2005) who reported average
total percentage of 0.08 in soils of the Cross River Coastal plain sands.
Phosphorus makes an important part of nucleoprotein in the cells nuclei, which control the
splitting of cell and growth of deoxyribonucleic acid (DNA) molecules. Available P contents
were high across all sampled sites as values were above 15mgkg-1 (FPDD, 1990), although,
this level of Phosphorous is an asset to farmers in this environment as fertilizer application is
not required for crop growth.
The abundance of bacterial and fungal numbers on POD is normal since there is a higher
content of organic matter on the POD soils than FPD 1 and FPD 2 soils, thus organic
degrading bacteria and fungi were more on the POD than the other soils samples. POE was
therefore responsible for the higher occurrence of bacteria and fungi on POD soils. This
finding corresponded with the assertion of (Alexender, 1977) “that human activities are
responsible for rapid increase in biological activities in soils”. However, very rare species
(Plecospora spp-fungi & Leugothric spp-bacteria) were found only on the FPD 2 (none
effluent affected soils). This is a cause for concern in the long term as the finding may imply
the eroding of bacteria and fungi species that are very beneficial to the optimal working of the
soil ecosystem. The abundance of Bacillus species in all the samples and 55 percent
occurrence of pseudomonas spp in POD is an evidence that pseudomonas spp has a vital role
to play in the breaking down and leaning processes. Nitrobacterspp (nitrifying bacteria
involved in nitrogen and production of bio-fertilizer) was also identified on POD soils.

4. Conclusion
Palm oil Effluent discharge has no influence on the physical and chemical parameters of the
soils in Akwa Ibom State as indicated by results of the findings. The soil is therefore, not
contaminated at present. However, the biological diversity of the soils has been influenced by
POE. Therefore, there is a need for proper effluent treatment prior to disposal to forestall long
term aggregated impacts on recipient soils.
This is because the identified bacteria diversity of POE affected soils was restricted to mostly
abundant and common species, whereas, soils that were not affected by POE discharge had
very rare species. Hence, appropriate measures such as: discharge on only designated and
controlled areas and use of centralized effluent water processing plant should be adopted and
adapted to threat the effluent prior to reuse and discharge on the soils. This is to forestall any
long term effects of aggregated POME on beneficial soil bacteria and fungi.
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