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ABSTRACT: This study evaluates the physicochemical characteristics, total and available copper and zinc in soils
affected by four palm oil mills effluent (POME) of Oghareki in Oghara Kingdom, Delta State, Nigeria using standard
methods. The results showed generally increased pH, organic matter, electrical conductivity, available phosphorus,
exchangeable bases and cation exchange capacity (CEC), compared to the non-POME-contaminated soils.
Concentrations of the exchangeable bases increased in the order, Na < Mg < K <Ca, in both the POME- and non-
POME-soils. Data of total copper and zinc also revealed higher amounts in the POME soils. Total copper in POME-
and non-POME-soils gave means of 0.232 and 0.212 mmol/kg, and 0.237 and 0.219 mmol/kg in respect of zinc,
respectively, with no significant difference (P<0.05). The increased amounts of the different soil physicochemical
parameters recorded in the POME-affected soils may be accounted for by their enhancement with every discharge of
the effluent on one hand, and perhaps, the greater level of biodegradation and mineralization of the constituent organic
matter, on the other. The study lends support to the view that raw palm oil mill effluent (POME) could alter the
physicochemical properties of the receiving environment.
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Palm oil is an important agricultural product world-
wide. In Nigeria, palm oil constituted a major export
commodity for many decades before agriculture was
relegated to the back seat of economic importance
following the discovery of crude petroleum in
commercial quantity during late nineteen fifties.
Nevertheless, the production of palm oil has continued
in many communities across the southern parts of the
country where the cultivation of the oil palm tree
remains an active and flourishing business. Palm fruit
processing which involves several unit operations is,
therefore, carried out manually by means of locally
constructed equipment and under conditions which
lead to poor quality of products (Ohimain and lzah,
2014). The residual liquid left behind after extraction
of the oil, referred to as palm oil mill effluent (POME),
is discharged untreated into the surrounding
environment. The effluent consists of a complex
mixture containing about 95% water and 5% solid, oil
and grease (Onyia et al., 2001; Singh et al., 2010; Wu
et al., 2009). It has adverse effect on the environment,
creating offensive odour and polluting water and soil
into which it is discharged (Okwute and Isu, 2007).

Reports show that POME contains macronutrients,
including phosphorus, nitrogen, potassium and
magnesium and micronutrients, including zinc,
copper, cadmium, manganese, chromium and iron
(Madaki and Seng, 2013; Ubani, et al., 2017). The
presence of these elements in soils treated with POME,

therefore, may result in the alteration of their
physicochemical properties. Nwoko and Ukiwe
(2016), observed increased concentration in all

parameters investigated in POME-contaminated soils,
compared with control soil samples. The authors
concluded that POME was capable of impacting on
soils and could improve soil fertility and growth
performance of crops under controlled application.
Other reports also indicate that raw POME alters the
physicochemical parameters of soils and water, but
reduced impact on the environment was observed
when treated before being discharged (Okwute and
Isu, 2007; Eze, et al., 2013). Momoh (2019) and
Maliki (2020) in more recent studies have indicated
enhanced growth performance of Amaranthushybridus
and tomato, respectively, in soils treated with palm oil
wastes including POME. Increased yield and growth
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performance have similarly been reported in respect of
Napier grass and Pennisetumpurpureum, respectively,
in soils treated with palm oil mill effluent (POME),
attributing the effect to improved soil productivity
(Haryani et al., 2019; Osman, et al., 2020).
Investigations on the status of elements in soils are
conducted either for agricultural purpose to reveal
their potential to enhance crops production, or for their
environmental pollution potential. Zinc and copper are
important trace elements in both respects. In soils they
are beneficial when they serve as micronutrient to
plants, but may be a source of environmental hazard
when they are present in underground water sources,
especially above threshold limits. The amount of an
element extractable with relatively mild reagents is
used as an index of its availability, and various soil
tests have been developed for the extraction of trace
elements in soils. The use of a single reagent that will
simultaneously extract elements in amounts similar to
those extracted by reagents known to be effective for
the extraction of the individual elements has gained
interest over the years. In this regard, HOAc, dilute
HCI EDTA and DTPA have, among several others,
been found suitable for the simultaneous extraction of
number of trace elements under different conditions
(Ponnamperuma, et al., 1981; Tyler and McBride,
1982).Agricultural activities are carried out around the
palm oil mills of Oghareki in Oghara Kingdom,
Ethiope West Local Government Area, Delta State,
Nigeria. The literature and information obtained from
the operators of the mills revealed the absence of
previous studies of any scientific concern on the soils.
It is important, therefore, that some knowledge of the
effect of effluents from these mills on the soils of the
surrounding environment be obtained. Therefore, this
study evaluates the physicochemical characteristics
and total and available copper and zinc in soils affected
by four palm oil mills effluents of Oghareki in Oghara
Kingdom, Delta State, Nigeria.

MATERIALS AND METHODS

Study Area:The Oghareki community in Oghara
kingdom, Delta state, Nigeria, has a number of palm
oil mills located in it that are still in operation. Some
of the mills which have existed for several decades
were inherited by the present operators from their
parents. They are mainly smallholder practitioners in
the business who lack the financial capacity that will
enable them acquire the necessary machinery and
other equipment to upgrade their operations and add
value to their products.

Sample Collection and Treatment:Six samples of soils
were collected during the dry season from the land
around each of four local palm oil mills in Oghareki
community of Oghara kingdom which have been
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receiving effluents that are discharged untreated after
the oil has been removed at a stage during the
extraction process. Surface soils were collected at a
depth of 0 - 20cm along the opposite edges of the
shallow drainage channels that carry away the effluent
from the point of discharge, and within 30m from this
point at intervals of about 5cm from each other after
the loose top soil had been removed. Samples were
similarly collected from adjacent land not less than
10m away from the channels and which ordinarily, did
not receive any effluent. These samples served as
control. Following sampling, the samples were air-
dried in the open laboratory air for seven days, crushed
and sieved using a 2mm mesh size sieve. In order to
obtain the final sample for laboratory analysis, the six
different samples from each of the mills were bulked,
thoroughly mixed and kept in appropriately labeled
polypropylene bags pending analyses. Further sample
pre-treatment involved only the sieving of the 2mm
grains to pass through a 0.5mm sieve for the
determination of organic matter.

Sample Analysis:The pH of the 2mm sieved soil
samples was determined in a 1:1 (m/v) soil-water
suspension using a pH meter (SEARCHTECH PHS-
3C), while soil conductivity was measured with a
conductivity meter (DDS-307). Available phosphorus
was extracted by following the Bray 5 NO.1 procedure
as described by Udo, et al., (2009) and determined
using a UV-Visible spectrophotometer (752N).
Exchangeable bases (Na*, K*, Ca?*, and Mg?*) were
extracted with a neutral solution of NH40OAc and
determined by atomic absorption spectrophotometry
(AAS), while exchangeable acidity (Al** and H*) was
estimated by titration with 0.1 mol. dm® NaOH
solution after extraction with 1mol. dm= KCI solution.
Cation exchange capacity (CEC), on the other hand,
was determined by summation of the exchangeable
bases and exchangeable acidity, while soil particle size
distribution was determined by the hydrometer method
of Day as described by Osaigbovo and Orhue (2011)
using sodium hexametaphosphate as dispersing agent.
The wet oxidation method of Walkley and Black
described by Osaigbovo and Orhue (2011) was used
for the determination of organic matter and atomic
absorption spectrophotometry was used for the
determination of total and dilute HCI- and EDTA-
extractable zinc and copper in the aqueous suspensions
of the soils.

RESULTS AND DISCUSSION

The results of the different soil physicochemical
properties are presented in Table 1 from which it can
be seen that the mean values of the parameters
determined in this study were generally higher with
regard to the POME-affected soils. Both of these soil
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samples indicated acidic reactions. The POME-
affected soils gave a mean pH value of about 4.5 and
are less acidic compared to those of the adjacent non-
POME-affected ones with a mean of about 3.9. Maliki
et al., (2020) reported similar increase in pH of
POME- treated soils compared with that of untreated
soils, and is in agreement with the findings of some of
the other similar reports which indicated that raw
POME, though acidic in reaction, gradually becomes
alkaline with time as biodegradation by microbes sets
in (Nta et al., 2020; Osubor and Oikeh, 2013; Nwoko
and Ukiwe, 2016). The result, however, is in contrast
with the findings of Awotoye, et al., (2011) and
Chinyere, et al., (2018), both of which showed that the
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non-POME affected soils were more alkaline than the
POME affected soils. It is also important to note here
that although plant growth and performance were not
investigated in the present investigation, mention
needs to be made of the performances of crops,
particularly okra, which was cultivated almost
exclusively in all the four sites sampled. The plants on
portions of the land which received the effluent tended
to show better performance than others that fell outside
it. Nonetheless, pH is only one of the several factors
which influence plant growth and the acidity level of
the soils may not have been such that was capable of
causing any negative observable effect.

Table 1: Physical and Chemical Properties of POME and Control Soils of Oghareki Community

Ea Exchangeable Bases Soil Texture
pH EC Organic  Matter  Available H* AP+ Na* K* Ca* Mg#*  CEC Sand Silt+
(H20)  (uS/cm)  Carbon (%) Phosphorus (%) Clay
(%) (mg/dm?) (%)
POME affected soils
Range 2.87- 205.20- 0.13- 0.22- 0.85- 27.6- 298- 087- 351- 390- 335 9831- 92.96- 5.92-
5.20 250.0 0.90 1.56 9.80 38.0 69.80 156 32.06 7535 416 19043 94.08 7.04
Mean  4.52 218.75  0.59 1.02 531 3487 4125 121 1613 2930 371 126,57 9377 6.23
STD 1.11 20.97 0.35 0.61 3.87 4.87 19.16 028 1340 3382 0.36 43.56 0.54 0.54
NON POME affected soils
Range 3.01- 195.1- 0.07- 0.12- 0.15- 353- 131- 0.78- 3.10- 2.82- 237- 58.0- 92.36- 6.79-
4.71 206.9 0.44 0.76 7.71 107.7 87.2 139 4.67 61.88 3.80 205.13 9321 7.64
Mean  3.93 202.27 0.33 0.58 3.08 67.85 4142 093 4.05 1771 276 13472 9292 7.07
STD 0.81 5.45 0.17 0.31 3.48 3471 3193 030 067 29.44 069 60.87 0.39 0.39

EC: Electrical Conductivity.

Electrical conductivity measurements gave mean
values of 218.75 uS/cm in POME-contaminated soils
and 202.27 uS/cm in non-POME soils. The result may
be indicative of high concentrations of mobile matter,
especially those of inorganic nature, in the soil
solution. The conductivity values were higher, but
non-significantly (P< 0.05) in the POME-
contaminated soils than in the corresponding non-
POME soils, which is in agreement with the findings
of. Osunbor and Oikeh (2013), who reported similar
increased conductivity of POME-treated soils,
compared to non-POME affected soils. Nta, et al.,
(2020) also reported highly significantly different
values of electrical conductivities between POME-
and non-POME soils of Abak Local Government area,
Akwalbom state, Nigeria. Mean values of available
phosphorus were respectively, 5.31 and 3.08 mg/dm?®
in POME and non-POME soils, with no significant
difference (P<0.05). Nta et al., (2020) and Chinyere
etal., (2018) also reported higher P values for samples
of palm oil effluent-receiving soils of South-south and
South-east, Nigeria, respectively. However, Osubor
and Oikeh (2013) recorded values of available P that
showed a reversal of these results; with POME-
contaminated soils recording lower available P. The
authors remarked that this could have grave
implications for soil P fertility in the soils

Ea: Exchangeable Acidity

CEC: Cation Exchange Capacity

concerned.Very low values of organic matter of mean
1.02 percent and 0.58 percent in the POME and non-
POME affected soils, respectively, were recorded.
This soil property is vital to plant growth and
performance.  Awotoye, et al., (2011) reported
similarly low values of organic matter which were also
lower in non-POME soils, compared to those of
POME-contaminated soils. Nmaduka, et al., (2018)
also showed that organic matter and organic carbon
were higher in soil samples affected by POME. For
POME-affected soils of Anyigba, Okwute and Isu
(2007) reported a mean value of 3.39% and 2.31% for
non-POME soils in respect of organic carbon. A
similar report of organic matter content of some soils
of Gombe state also revealed low values of this soil
property (Mustapha et al., 2011). It is believed that the
critical threshold of organic carbon value is 2%, while
the organic matter is about 3.4%, below which
potentially serious decline in soil quality will occur
(Loveland and Webb, 2003). In essence, therefore, the
values of organic matter obtained in this study may be
interpreted to mean that the productive capacity of the
soils for agricultural purpose will be negatively
affected as a result of poor soil chemical properties and
impairment of soil nutrient cycling mechanism. This
conclusion becomes valid when considered from the
point of view of Fontan et al., (2003), that low quality
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of organic matter limits the amount of energy available
for soil microorganisms and in turn the rate of soil
carbon mineralization.The results of particle size
analysis showed that the soils of the sites sampled are
characteristically sandy and may lack good water
holding capacity. This was the finding of Noguera et
al., (2003), who reported influences on water holding
capacity, electrical conductivity and macro- and
micro-nutrient content of different particle sizes of the
soils investigated by these authors. Exchangeable
bases of the soils were found to be lower than those
reported to be low by Ahukaemere et al., (2016) in
respect of soils of Egbema, Southeastern Nigeria and
Mustapha, et al., (2011) in Gombe, Northeastern
Nigeria soils. The present investigation, however,
showed that the non-POME affected soils were poorer
in this soil property than was obtained for the POME-
contaminated samples. In this regard, sodium and
potassium, respectively, had mean values of 1.21 and
16.13 mmol/kg, in POME and 0.93 and 4.05 mmol/kg
in the non-POME soils. Calcium and magnesium, on
the other hand, had mean values of 29.30 and
3.71mmol/kg in POME soils, respectively, and 17.71
and 2.76 mmol/kg, respectively, in the non-POME-
affected soils. While the increases recorded in the
values of exchangeable bases in POME-affected soils
is in agreement with the findings of some of the earlier
investigations (Osunbor and Oikeh, 2013; Nmaduka,
et al., 2018; Maliki, et al., 2020), Ubani et al., (2017),
however, reported comparatively lower values of these
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elements in POME-contaminated soils and decreased
plant growth and performance with increase in effluent
concentration. It was also observed in the present
study that the concentrations of the bases increased in
the order, Na < Mg < K <Ca, in both POME- and non-
POME-contaminated soils. The higher values
observed in the POME-contaminated soils may be
related to the continued additions of the elements with
every discharge of the raw effluent and perhaps the
greater rate of mineralization of the organic matter
which in itself lends support to the higher pH values
recorded for these soils. Mean of values in respect of
the cation exchange capacity (CEC) of the soil samples
were 50.35 and 25.45 mmol/kg for the POME- and
non- POME-contaminated soils, respectively. The
result reported by Chinyere et al., (2018), however,
showed that POME-affected soils had higher exchange
acidity and CEC in the samples investigated. CEC of a
given soil is important to the availability of,
particularly, ionic species and according to Chukwuma
et al., (2010) and Wu et al., (2009), increase in CEC
could decrease the availability of certain trace metals,
such as copper and zinc in soils due to increased
nutrient sorption.Table 2 shows the values of total and
available copper and zinc in the soils investigated.
Mean total copper contents of the experimental soils
were 0.232 and 0.212 mmol/kg in the POME-and non-
POME-affected soils, respectively, and showing no
significant (p<0.05) difference.

Table 2: Total and Available Copper and Zinc in POME and Control Soils of Oghareki Community.

Total EDTA HCI
(x 102mmol/kg) (x 102mmol/kg)  (x 10”Zmmol/kg)
Cu Zn Cu Zn Cu zZn
POME affected soils
Range 18.21- 20.21- 7.10- 6.47- 5.10- 4.50-
26.82 25.86 12.61 12.14 11.53 11.41
Mean 23.25 23.69 10.01 9.74 8.63 7.77
STD 4.17 2.42 2.36 2.43 2.69 2.82
NON POME affected soils
Range 17.21- 17.08- 6.37- 5.46- 3.10- 4.12-
23.83 23.96 9.58 11.50 1054  10.95
Mean 21.20 21.73 7.53 8.98 6.59 8.08
STD 3.08 3.14 142 2.57 3.28 3.36

With regard to total zinc content, on the other hand, a
mean of 0.237 mmol/kg was obtained for the POME-
soils while the non-POME soils produced a value of
0.219 mmol/kg with no significant (p<0.05) difference
occurring between the two values. Total copper in
soils of Lower Benue Valley was reported to be in the
range of 2.72 to 49.8 mg/kg, while zinc gave total
content of range 6.50 to 77.50 mg/kg (Sha’Ato et al.,
2012). A range of 15 to 52 mg/kg total copper content
was reported by Chude and Obigbesan, (1982), with a
mean of 35.8 mg/kg for tree crop plantation in South-
western Nigeria, while Kparmwang et al., (1998)

reported a range of 15 to 65 mg/kg with a mean of
41mg/kg for soils of Nigeria savanna. These latter
authors also reported a range of 25 to 265mg/kg with
a mean of 89 mg/kg in respect of total zinc content in
the same soils. For a similar investigation on soils of
Benue valley, Sha’Ato et al., (2012), obtained total
zinc content of range 6.50 to 77.50 mg/kg, with a mean
of 9.0 mg/kg. The authors observed that zinc content
increased with increase in clay content of the soils. The
mean values obtained by these authors are generally
much higher than those obtained in the present
investigation which had their highest mean value, in
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some cases, being lower than the lowest value of the
respective ranges reported by the earlier authors. This
may be traceable to a combination of the factors of low
soil organic matter indicated earlier and to a much
greater extent, the influence of the coarse-textured
sandy nature of these soils (Noguera et al., 2003;
Loveland and Webb, 2003). However, in spite of the
low total content of these two important metals in the
soils studied, the result revealed higher values in the
POME-affected soils than was found for the non-
POME soils, indicating a level of contribution from the
effluent. The HCI- and EDTA-extractable copper in the
POME-affected soils produced means of 0.086 and
0.102 mmol/kg, respectively. For the non-POME-
affected soils on the other hand, means of 0.066 and
0.075mmol/kg, respectively, were obtained with no
significant (P<0.05) difference between the results for
the POME and non-POME-affected soils. Although
the result is in agreement with that of an earlier report
(Ako et al., 2002) with regard to the relative strengths
of these two extractants, a much earlier investigation
(Lombin, 1983a) had reported a range of 0.54 to 1.69
mg/kg with a mean of 1.03 mg/kg, and 0.49 to 1.60
mg/kg (mean 0.87mg/kg) for dilute HCI- and EDTA-
extractable copper, respectively, in soils of Nigeria
semi-arid savanna. This result showed that HCI was a
more effective reagent for the extraction of copper,
contrary to what the present investigation has proved
in favour of EDTA for both POME- and non-POME
soils. Moreover, Tyler and McBride (1982) had
observed that HCI is less effective in the extraction of
zinc, cadmium, copper and nickel from non-acid
mineral and organic soils, attributing the effect to
partially irreversible binding of the metals in organic
matter. The contribution of Ojobor (2020) to the
effectiveness of soil chemical extractants, however,
showed that HCI was more efficient than EDTA for the
extraction of zinc, while the reverse was the case for
the extraction of copper. Furthermore, Alva (1992) had
reported that EDTA extracts predominantly from the
organic fraction of soils.The results of extractable zinc
gave means of HCI- and EDTA-zinc to be 0.078 and
0.098 mmol/kg, respectively, for the POME soils. For
the non-POME soils the study produced means of
0.081 and 0.090 mmol/kg, respectively. No significant
(P<0.05) difference occurred between HCI-zinc in
POME soils and in non-POME soils. Similarly, there
was no significant (P<0.05) difference between
EDTA-zinc content in the POME and non-POME
soils. In respect of HCl-available zinc in unpolluted
sois, Kparmwang et al., (1998) reported a range of 3.0
to 6.20 mg/kg, with a mean of 4.65 mg/kg and
Mustapha et al., (2011) had a range of 0.13 to 0.37
mg/kg and a mean of 0.22 mg/kg. Again, attention is
drawn to the fact that as found for total and extractable
copper in this study, more zinc was extracted by EDTA
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than by dilute HCI and that the effluent may have
impacted on the soil’s micronutrient content. The
reason adduced earlier for the superiority of EDTA
over HCI in respect of copper may still be valid in
considering the effect of this extractant on available
soil zinc.Percent of total copper and zinc extractable
by HCI and EDTA are presented in Table 3, to give a
clearer indication of the relative effectiveness of these
extracting reagents in the POME and non-POME-
affected soils environment.

Table 3: Percent of total Cu and Zn extracted from POME and
non-POME soils ofOghareki.
Cu Zn Cu/Zn
HCI EDTA HCI EDTA HCI EDTA
37.16 43.87 32.80 41.16 1.15 1.07
31.04 35.52 37.12 41.35 0.84 0.86

Without doubt, EDTA showed greater effectiveness
than dilute HCI as soil Cu and Zn extracting reagent
and it is also clear from the ratio of Cu/Zn that more
copper was extracted from the POME soils by each of
HCl and EDTA than from the non-POME soils. In the
non-POME soils, on the other hand, each of the
reagents extracted generally higher amounts of zinc
than copper. In the analysis of soils of the savannah
region of Nigeria, Lawal, et al., (2012) obtained HCI-
Cu and HCI-Zn values of 1.73 and 4.49 mg/kg,
respectively, in basement complex soils and 1.00 and
4.17mg/kg in sedimentary soils, respectively. Several
other authors have reported values of available copper
and zinc which also showed higher levels of zinc
(Isika, 2019; Ahukaemere et al., 2016; Oyinlola and
Chude, 2010; Kparmwang et al., 1998). Kingsley et
al., (2019) also reported consistently higher HCI-Zn
than HCI-Cu in virtually all the soil depths of the four
different slopes investigated. This observation tends to
suggest a probable negative effect on available copper
in relation to zinc in these soils environment, or that
zinc’s mobility is enhanced more above that of copper
in the presence of the extractants. In this regard of
mobility of the elements in soils, Sha’Ato et al., (2012)
reported greater mobility of zinc compared to copper,
which is explained by the association of copper with
organic matter, soil minerals, Fe and Mn oxides, which
renders it less mobile (.Okwute and Isu, 2007).
However, it is noteworthy that the effectiveness or
efficiency of the extracting reagent is also subject to
the formation constant of the metal-extractant complex
which for Cu-EDTA and Zn-EDTA complexes, are
18.5 and 16.3, respectively (Bohn et al., 1985).

Conclusion:The results gave a general indication of
higher values of the parameters determined in the
POME- than in the non-POME-contaminated soils and
that EDTA was a more effective extracting reagent for
copper and zinc in both the POME- and non-POME-
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affected soils. Furthermore, both extracting reagents
generally extracted more copper from the POME- than
from the non-POME-contaminated soils. However,
with regard to zinc, it was observed that higher
amounts of this element were extracted from the non-
POME-contaminated soils, compared to copper.
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