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ABSTRACT 
 

This study investigated the impact of local oil mills on the quality of on-site environmental 
resources in a growing urban center in Nigeria. Water, soil samples, dominant plant species, 
and macroinvertebrates were sampled and analyzed using standard procedure. Total 
dissolved solids, potassium, calcium, phosphate, dissolved oxygen and electrical conductivity, 
biochemical oxygen demand, and chemical oxygen demand of the water sampled were 
determined. The bulk density, soil moisture, soil organic matter, soil temperature, and soil 
pH of the sample collected were similarly done. Plant and invertebrate species sampled were 
identified using the most appropriate morphological techniques. Results of the 
physicochemical analysis of water samples revealed that there was no significant difference 
among the parameters across the sampled points at 95% level of confidence except in 
temperature (p = 0.422) while the results of soil analysis revealed that organic matter content 
was significantly greater (p > 0.05) compared to other property examined indicating that the 
oil mill decayed by-products contributed to the soil organic matter. The results of plant and 
invertebrate species showed that the upstream had the highest number of plant distribution 
while the source point had the highest number of macroinvertebrate species. This study 
therefore concluded that oil mill by-products do not pose any negative effect on the resources 
examined; rather, it will be more economically valuable for soil improvement. 
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INTRODUCTION 

Natural environment is always influenced 
by different kinds of modifications as a 
result of various anthropogenic activities 
(Okanlawon et al., 2015; Okueso, 2008). 
Thus, it is being subjected to a lot of 
changes due to various human influences 
such as agricultural, industrial, and 
construction activities and so on. Humans 
change the environment through soil 
tillage, application of chemicals to boost 
agricultural production, and construction 
activities such as roads, buildings, 
deforestation, dam building, and mining, 
among others (Nwankwoala, 2015; Shende 
et al., 2015; Tilman & Lehman, 2000). As a 
result of this influence, most natural 
endowments have been modified or 
changed from what they are in their 
natural states, and this happens from time 
to time. For instance, the application of 
chemicals such as fertilizers, when washed 
by runoff, could find their ways into the 
underground water thereby changing the 
quality status of the groundwater. The 
same scenario applies to soil quality and 
air quality, among others. However, there 
is no doubt that many of such human 
activities impact not only negatively on the 
environment and the resources therein but 
also positively. For instance, through 
human movement, especially transborder 
boundary migration, many plant and 
animal species have been transferred to 
another location from their natural 
environment. Such lives have become 
acclimatized to a new environment. 
However, the processing of agricultural 
products for added value is prominent 
among humans right from the creation. 
For instance, Ater et al. (2018) and Nelson 
et al. (2018) revealed that maize could be 
grinded to powdery form to make pap or 
cooked among other ways of adding value 
to the product. Similarly, Kehinde and 
Aboaba (2016) as well as Adeyemo and 
Okoruwa (2018) reported on various ways 
man could improve on the value of cassava. 
The processing of oil palm fruits is not new 
as many people in the zones where the 

plant is dominantly grown and found 
always extract red oil from the fruit among 
other by-products (Nwankwo & Nwosu, 
2018; Sarku & Appiah, 2017). The milling 
of oil palm has advanced from manual 
method to mechanical method. Despite 
this improvement in the technology in oil 
milling, both the manual and mechanical 
methods are still being combined in many 
localities. One of the major businesses of 
tropical women is the palm oil milling 
among other small- and medium-scale 
enterprises being engaged in and also 
being promoted by government policies to 
checkmate the scourge in the rate of 
unemployment and to ensure food security 
among other reasons. Palm fruits are 
obtained and then taken to the sites 
already designated for the purpose, most of 
which are often located close to dependable 
water sources such as rivers/streams or 
close to a borehole or dug-out well. The 
reason for their proximity to water source 
is that the resource forms a major input 
into the activity after the palm fruit. The 
location of these mills has however posed a 
lot of damages to other natural resources 
attached to the sites such as soils, plants, 
water, and also the aquatic invertebrates. 
At times, most of the wastes from 
processing activities such as effluents are 
often washed into the stream or, as solid 
wastes, dumped on top of the adjacent 
soils. Such indiscriminate dumps may 
have implied consequences on the natural 
resources on and around the mill such as 
water, either surface or subsurface, soil 
resources, and plant composition. Air 
quality is also perceived to bear the brunch 
of the oil mill activities. Invertebrate 
communities have been used widely to 
monitor environmental impacts of several 
nutrient-enhanced industrial outputs into 
aquatic ecosystems, such as aquaculture 
(Sutherland et al., 2007), pulp and paper 
(Kilgour et al., 2004), fish processing 
plants (Lalonde & Ernst, 2012), and 
sewage-treatment plants (Saunders et al., 
2007), but the effects of oil milling plants 
effluent/waste on invertebrates are yet to 
be established especially for a community 
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that generates part of its revenue from oil 
milling activities. On this note, this study 
has been embarked upon to investigate the 
impact of local oil mills on the in situ 
environmental resources within the site so 
as to evaluate the fitness of such resources 
for human use. Specific objectives are to 
assess the effect of local oil mills on the on-
site surface water quality, to determine the 
effect of the mills on the on-site plants and 
soil resources, and to determine the effect 
of oil palm effluents on the composition of 
vertebrates in the adjacent flowing stream. 

 

MATERIALS AND METHODS 

Study Area 

This research was carried out in Iwo, the 
headquarters of Iwo Local Government 
Area of Osun State, Nigeria. Iwo is located 
in Osun State in Southwestern Nigeria 
(Figure 1). The region has an area of 245 
km2 with a population of 191,348 according 
to the 2006 population census. The 
prevailing climatic condition is tropical 
with about eight months of rainfall (March 
to October) and about four months of dry 
season (November to February). Iwo is an 
agrarian economy depending on primary 
activities as a major source of livelihood. 
Such activities include crop farming, 
animal slaughtering, lumbering, fishing, 
and oil palm milling, among others. There 

are other secondary and tertiary activities 
in the town, but this is a negligible 
proportion among the populace. Among 
small and medium enterprises in the town 
is oil palm milling. One of the invasive 
plants in Iwo and its environment is the 
palm tree. The palm tree is dominantly 
found in the tropical environment, of which 
Iwo is one. Plantation of oil palm is found 
in most cocoa farms apart from other 
modern plantations being raised by both 
indigenes and nonindigenes. The 
prevalence of oil palm processing has been 
further encouraged by government policies 
through soft loans for the establishment of 
local mills, mechanization of the 
processing activities, and improved pricing 
system, among others. Thus, local oil mills 
are found in the nooks and crannies of Iwo, 
most especially along flowing streams and 
rivers like the Aiba and Yanyanhun 
streams, among others. Most of these local 
mills have names given to them by the 
operators at each site whether as a family 
or as other groups of individuals, after 
which they are known. For instance, there 
are several of these oil palm mills along 
Aiba downstream, namely, Aiba Oil Mills 
(Ebu Aiba), Alawe Mills (Ebu Alawe), and 
Ayewa Oil Mills (Ebu Ayewa), among 
others. Aiba Oil Mills (Figure 1) was 
specifically chosen for this investigation. 
Aiba Oil Mills is located along the Aiba 
River channel within the township of Iwo. 

 



IMPACT OF LOCAL OIL MILLS (EBU EPO PUPA) 17OGUNBODE, ET AL.

 

 
Figure 1. Map showing the study site (Aiba Oil Mills) in Iwo, Osun State, Nigeria. 

 
 

  

 

Methods of Data Collection and 
Analysis 

The data required for this study are water 
samples, dominant samples of plants, and 
invertebrate samples. The sampling was 
done in January, which falls within the dry 
season in the area. The following terms 
were used to describe the sampling points 
in the study: 

i. Source: This describes the 
point where mill wastes are 
deposited and where effluents 
gain entry into the river 
channel. This is located on the 
riverbed for water samples but 
on land area for other 
terrestrial parameters such as 
soil and plant samples; 

ii. Upstream: some distance away 
from the “source.” This is on the 
riverbed for water-associated 
samples and on land area for 
terrestrial parameters; and 

iii. Downstream: some distance 
away from the “source.” This is 
on the riverbed for water-
associated samples and on land 
area for terrestrial parameters. 

Water quality 

Samples of water are required to 
determine the variations in the quality 
status of water in the stream so as to know 
the impact of milling activities on it and its 
fitness for human consumption. As a result 
of the shallowness of the water, samples 
were taken from the surface of each 
sampling point such as the upstream 
(7.37°N, 4.48°E), midstream (7.28°N, 
4.38°E), and downstream (7.26°N, 4.09°E). 
A 2-L keg rinsed with distilled water was 
used to take the samples. This was done in 
three replicates. These were then taken to 
the laboratory for analysis to determine 
their total dissolved solids, potassium, 
calcium, phosphate, dissolved oxygen and 

electrical conductivity, biochemical oxygen 
demand, and chemical oxygen demand. 
On-site measurement of relevant 
parameters was also taken appropriately. 
The data were subjected to both 
descriptive and inferential analysis 
(ANOVA) using SPSS version 16.0. 

 

Soil samples 

Soil samples were taken from the topsoil 
(0–15 cm) using soil auger at the upstream 
(Lat. 7.35°N, 4.31°E), midstream (Lat. 
7.62°N, 4.23°E), and downstream (Lat. 
7.30°N, 4.28°E) and control points (Lat. 
7.25°N, 4.18°E) some meters away from 
the mill as recommended by the United 
States Environmental Protection Agency 
(2020). Similarly, samples were taken 
within the dump sections of the mill 
location. These samples were collected in 
order to assess the influence of oil mill 
activities on the soil characteristics and 
properties. The samples were taken to the 
laboratory and analyzed for bulk density, 
soil moisture, soil organic matter, soil 
temperature, and soil pH. 

 

Plant samples 

Samples of plants invasive to the oil mills 
were taken and compared with the other 
plants in the neighborhood (control site). 
The characterization of the plants was 
carried out at the Plant Taxonomy 
Laboratory of Obafemi Awolowo 
University, Ile-Ife. The plants were 
collected using a clean shovel into labelled 
polythene bags and kept in a cooler in 
order to retain their respective 
characteristics and/or properties and 
subsequently transported to the laboratory 
for analysis. 
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Macroinvertebrate abundance and 
distribution 

A 3-minute kick method with a D-frame 
net (700- to 800-micron mesh) was used for 
sampling invertebrates along the streams. 
The net was placed on the stream bottom 
and upstream substrate disturbed by 
movement through the environment. As 
substrate was disturbed, the operator and 
net moved upstream for the required time. 
Samples collected from the net were 

preserved in 70% alcohol and transported 
to the laboratory. In the laboratory, 
samples were washed in a 600-micron 
mesh sieve to remove alcohol, 
invertebrates were then picked from the 
substrate with the aid of a magnifying 
glass, and the entire specimens were 
counted and identified under a binocular 
dissecting microscope using the available 
keys. Sampling was done at three points, 
namely, source point, upstream, and 
downstream. 

 

RESULTS AND DISCUSSION 

 

Impact of Oil Palm Mill Activities 
on On-Site Surface Water Quality 

Table 1 shows the result of the mean 
variations in the physicochemical 
parameters across the sampling points. 

One-way ANOVA statistic (completely 
randomized design) using Duncan’s post 
hoc test showed that there was no 
significant difference between the 
physicochemical parameters across the 
three points at 95% level of significance 
except temperature (p = 0.422). Thus, it 
can be concluded that the results of 
physicochemical analysis are not sufficient 
to infer that the palm oil milling activities 
had any noticeable impacts on the quality 
of surface water during the period of the 
investigation.  

The water samples showed that the 
effluents from the milling activities have 
negligible impact on the water samples. 
This is not surprising as milling activities 
during this investigation were limited to 
the land area (some distance from the 
sample points) and the volume of work was 
low during the period of investigation to 
impact on water quality. These findings 

corroborate the results of Awotoye et al. 
(2011) and Izah et al. (2016). Izah et al. in 
2016 recommended biotechnological 
application as an option for waste 
management.  

Table 2 shows the results of soil property 
analysis. 

Impact of Oil Palm Mill Activities 
on On-Site Soil Resources 

The results of soil property analysis are 
presented in Table 2. The results revealed 
that there is no significant difference in the 

soil property except in organic matter 
(p > 0.05). This could be attributed to the 
accumulated decayed oil mill by-products.  

This observation corroborates the findings 
of Okwute and Isu (2007). 

Impact of Oil Palm Mill Activities 
on Macroinvertebrate Abundance 
and Distribution 

The results of the abundance and 
distribution of macroinvertebrates are 
presented in Table 3. 
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Table 2. Results of Soil Property Analysis 

Sampled 
Site 

Field 
Capacity 

(g/kg) 

Bulk 
Density 
(g/cm3) 

Particle Size Distribution Organic 
Matter 
(g/kg) Sand (%) Clay (%) Silt (%) 

Upstream 0.94 ± 0.0
1 

0.88 ± 0.0
1 

56.07 ± 0.0
1 

25.00 ± 0.5
8 

18.93 ± 0.0
1 

0.29 ± 0.0
1 

Source 0.70 ± 0.0
1 

0.95 ± 0.0
1 

61.11 ± 0.0
1 

17.80 ± 0.0
1 

21.09 ± 0.0
1 

0.59 ± 0.0
1 

Downstrea
m 

0.88 ± 0.0
1 

0.86 ± 0.0
1 

50.45 ± 0.0
1 

20.00 ± 0.1
5 

29.55 ± 0.0
1 

0.21 ± 0.0
1 

Control 
Point 

0.69 ± 0.0
1 

0.84 ± 0.0
1 

49.80 ± 0.1
7 9.55 ± 0.01 40.65 ± 0.0

1 
0.18 ± 0.2
1 

 

Table 3. Distribution of Aquatic Macroinvertebrate Species from Three Different 
Points of an Oil Milling Site 

Invertebrate Species Source Upstream Downstream 
ODONATA 
 Aeshna grandis 5 0 0 
 Sympetrum fonscolombii 7 0 0 
 Anax junius 3 0 0 
 Libellula saturata 5 0 0 
 Ladona deplanata 2 0 0 
ORTHOPTERA  
 Gryllotalpa sp 6 0 2 
DIPTERA  
 Mosquito larvae 12 18 0 
EPHEROMEPTERA  
 Adult mayfly 11 0 0 
 Larvae mayfly 24 64 10 
 Unidentified larvae 64 0 0 

 

The result shows the abundance of 
macroinvertebrates collected from an oil 
milling site. Samples were collected from 
three points on the Aiba Stream; namely, 
the first point is the source point for the 
deposition of the milling effluent, the 
second point is the upstream, and the third 
point is the downstream. Among the three 
points of collection, the source point had 
the highest number of macroinvertebrate 
species while the downstream had the 

lowest. The source point also had the 
highest varieties of the insect species 
(Table 3). Mayfly larvae were the most 
abundant in all the sites sampled while 
mosquito larvae were abundant at the 
source point as well as the upstream.  

The invertebrates collected in this study 
were all insects; some were terrestrial 
while others were aquatic. Majority of 
these insects have what is called amphi-
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Table 1. Variations in the Physicochemical Parameters Across the Sampling Points 

S/
N 

Des
c. 

pH EC T°C BOD 
(mg/L) 

COD 
(mg/L) 

Alkalin
ity 

(mg/L) 

Turbid
ity 

NO3 
(mg/L) 

PO4 
(mg/L) 

SO4 
(mg/L) 

TDS 
(mg/L) 

TSS 
(mg/L) 

TH Oil and 
Grease 

TS 
(mg/L) 

A US 6.3 ± 0.
58 

688 ± 1.
00 

38 ± 0.
58 

8.21 ± 0
.01 

134 ± 0.
00 

120 ± 0.
58 

0.3 ± 0.
03 

0.031 ± 0
.00 

0.011 ± 0
.00 

0.024 ± 0
.00 

10.60 ± 0
.01 

60.40 ± 0
.00 

273.0 ± 0
.58 

0.95 ± 0
.01 

41.00 ± 0
.88 

B S 11.2 ± 0
.0 

632 ± 1.
15 

38 ± 0.
58 

7.66 ± 0
.01 

110 ± 0.
58 

225 ± 0.
00 

0.2 ± 0.
03 

0.029 ± 0
.00 

0.030 ± 0
.00 

0.046 ± 0
.00 

24.40 ± 0
.01 

13.60 ± 0
.01 

268.0 ± 0
.58 

0.69 ± 0
.01 

38.00 ± 0
.58 

C D 9.6 ± 0.
058 

673 ± 0.
58 

37 ± 0.
58 

8.01 ± 0
.00 

150 ± 0.
58 

160 ± 1.
15 

0.3 ± 0.
02 

0.058 ± 0
.00 

0.014 ± 0
.00 

0.050 ± 0
.00 

16.10 ± 0
.00 

31.10 ± 0
.00 

300.0 ± 0
.00 

1.03 ± 0
.01 

47.20 ± 0
.00 

Note. N = 3, where N is the number of replicates; US = upstream, S = source, DS = downstream, EC = electrical conductivity, BOD = biochemical oxygen demand, COD = 
chemical oxygen demand, TDS = total dissolved solids, T°C = temperature, TSS = total suspended solids, TH = total hardness, TS = total solids in milligram per liter 
(mg/L).  
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life. This is because they spent a certain 
part of their life cycle (usually the 
immature stages) in water and others on 
land (Dolný et al., 2014; Resh & Carde, 
2009). 

Members of the order Odonata were the 
most abundant insect species at the source 
point with different species among which 
the red-veined darter Sympetrum 
fonscolombii was the most abundant. This 
is surprising as the green darner is known 
to be the most common and abundant 
species throughout North America 
(Dunkle, 2000), although they breed in a 
wide range of habitats including streams 
and occasional rivers (Paulson, 2009). The 
blue corporal Ladona deplanata sampled 
in this study was just two in number; this 
is not unexpected as these insects have 
been known to breed less frequently in 
streams (Dunkle, 2010). The presence of 
Ladona deplanata in this water body is 
indicative as they are known to be 
associated with infertile waters, but on the 

contrary, mayfly larvae, which were the 
most abundant in this study, are known to 
indicate an unpolluted environment. This 
means that to a large extent the water 
body is still a safe environment provided 
the number of L. deplanata is maintained 
or reduced. The mayfly larvae were 
present in large numbers in all the sites 
sampled, which indicates that the water 
body assessed in this study is 
environmentally healthy as opined by 
Stokstad (2014). Similarly, Suter and 
Cormiery (2014) revealed that mayflies 
cannot be present in a water body 
contaminated with heavy metals as they 
are too sensitive to water quality and they 
are a major source of food for most aquatic 
vertebrates that humans also use as food 
(Grant, 2001; Parker, 1994). 

Impact of Oil Palm Mill Activities 
on On-Site Plant Composition 

Table 4 reveals the distribution and 
diversity of plants in the oil mill site. 

 
Table 4. Plant Distribution and Diversity in an Oil Milling Site Along Aiba River 

Plant Species Source Upstream Downstream 
Amaranthaceae 
Alternanthera 
sessilis 

+   

Gomphrena 
globosa 

 + + 

Acanthaceae 
Nelsonia 
canescens 

+   

Ruellia 
tuberosa 

 +  

Poacea 
Panicum 
brevifolium 

+   

Malvaceae 
Sida acuta  +  
Capparidaceae 
Cleome 
gynandra 

 +  

Solanaceae 
Physalis 
angulata 

 + + 

Aizoaceae 
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Trianthema 
portulacastrum 

 + + 

Poaceae 
Panicum 
maximum 

 +  

Asteraceae 
Synedrella 
nodiflora 

 +  

Ageratum 
conyzoides 

 +  

Synedrella 
nodiflora 

  + 

Convolvulaceae 
Ipomoea 
asarifolia 

 +  

Caesalpiniaceae 
Senna hirsuta  +  
Boraginaceae 
Heliotropium 
indicum 

  + 

Urticaceae    
Laportea 
aestuans 

  + 

Cyperaceae    
Cyperus iria   + 
Paspalum 
vaginatum 

  + 

Commelinaceae    
Commelina 
benghalensis 

  + 

Rubiaceae   + 
Pentodon 
pentandrus 

   

 

Plant species distribution in the oil milling 
site along the Aiba River is shown in Table 
4. The upstream had the highest number 
of plant distribution with 12 different 
species while the source point had the 
lowest. Gomphrena globosa, Physalis 
angulata, and Trianthema portulacastrum 
were the species present both at the 
upstream and at the downstream. None of 
the plant species was on all the sites. The 
plants collected from this study are all 
lower plants, and majority are weeds as 
well as herbs; for instance, Gomphrena 
globosa, which was among the most 
abundant plants sampled in this study, is 
a weed and known worldwide for its 

medicinal properties (Lans, 2007; Roriz et 
al., 2014; Silva et al., 2012). Physalis 
angulata too is a widely distributed weed 
of tropical, subtropical, and warmer 
temperate regions; it is frequently found 
near rivers, and it grows best in moist, 
fertile soils at very high densities (Travlos 
et al., 2010). This discovery implied that 
the soil resources in the oil milling site are 
rich in plant nutrients. Trianthema 
portulacastrum in addition is a weed that 
is widely distributed across Africa and 
America, and it is also known as a 
medicinal herb in the cure of certain 
common diseases (Shivhare et al., 2012). 
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CONCLUSION AND 
RECOMMENDATION 

The physicochemical analysis showed that 
the oil milling activities had no significant 
impact on the quality of the water body 
studied. Similarly, the results of soil 
analysis revealed that the by-products of 
the oil milling activities contributed to the 
organic matter content of the soil. The 
results of plant analysis indicated the 
presence of plant species that are globally 
known for their medicinal values and a 
sign of soil richness in fertility. The 
implication of this analysis is that the oil 
mill by-products add nutrients to soils, 
which may be valuable for farming 
purposes if found in farmland areas.  
The presence of macroinvertebrates in the 
surface water body implies that the oil 
palm milling wastes do not pose any threat 
to aqua life abundance and distribution, 
and being filter feeders, the effluents from 
the mills serve as good source of food to 
them. 
 
This investigation therefore concludes that 
oil mill by-products do not pose any 
negative effect on the resources examined 
but rather contributed to the organic 
content of the soil. Further studies are 
therefore recommended to see the 
possibility of using the oil palm by-
products in the formulation of biofertilizer. 
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