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ABSTRACT

Soil samples collected from palm- oil- mill- effluent-polluted soil were studied to
determine the effect of POME on soil bacteria and enzymes during different
seasons. Standard microbiological and biochemical methods were used to
enumerate the population and evaluate the activity of enzymes respectively. POME
caused a significant decrease (p=0.05) in the population of the microbial groups
studied at the different seasons. Total heterotrophic bacterial population decreased
from 6.4 x 10° +0.19 to 6.1 x 10%+0.01 in the dry season, and 4.1 x 10°+0.08 to 5.7
x 10*+0.15 during the rainy season. The population of the other bacterial groups,
phosphate-solubilizing, nitrifying, lipolytic, celluloytic and palm-oil-utilizing
bacteria followed the same trend. During the dry season, the activity of the
enzymes decreased, except that of acid phosphatase which increased from
2.60£0.02 umol-p-nitrophenol in the control to 2.90+£0.09 umol-p-nitrophenol in
the impacted soil. Lipase showed the least activity (1.30+ 0.05g™ 30 min) in the
impacted soil. In the rainy season, alkaline phosphatase showed the least activity.
Here, the activity of lipase increased in the impacted soil while the pollutant caused
a decrease in the activity of the other enzymes studied. POME impacted the
parameters studied negatively.

Introduction

Soil is the key component of natural
ecosystem (Adedokun and Ataga, 2007;
Adenipekun, 2008; Onuh et al., 2008), and
as such environmental sustainability
depends largely on a sustainable soil
ecosystem. Kolwan et al., (2006) defined soil
as the top layer of the earth’s lithosphere,
formed from withered rock that has been
transformed by living organisms. The soil is
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composed of five components: minerals,
water, soil air, organic matter and soil living
organisms. Due to its chemical composition
and physical properties soil forms a habitat
for massive amounts of microorganisms and
other living organisms.

Microorganisms found in the soil include
bacteria, algae, fungi, actinomycetes,
protozoa and viruses (Willey et al., 2008),
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but bacteria constitute the basic mass of all
soil microorganisms. They are characterized
by high metabolic activity. Most soil
bacteria are characterized by the ability to
adhere to surfaces of the mineral molecules
and to the soil colloids.

Man's industrial and economic activities in
his immediate environment have brought
about improved living conditions to him.
However, these activities produce wastes
which inevitably get disposed on land and
negatively shift the ecological balance thus
threatening man's life and health
(Olorunfemi et al., 2008).

The global production of palm oil is
growing at a very high rate and the pollution
caused by waste materials from the palm oil
mills has become a serious problem (Orji et
al., 2006). In Nigeria, the business of palm
oil extraction is dominated by the peasant
farmers who wuse mainly the semi-
mechanized method of extraction (Orji et
al.; 2006) and the palm oil mill effluent
generated is poured away into available
pieces of land near the mill (Orji et al.,
2006).

Palm oil is an edible plant oil derived from
the pulp (Reeves et al., 1999) of the fruit of
the oil palm Elaeis guineensis. Oil palm is
the most productive oil-producing plant in
the world, with one hectare of oil palm
producing between 10-35 tonnes of fresh
fruit bunch (FFB) per year (Hartley, 2004
and Ma et al., 2000). The palm has a life
over 20 years, but the economic life is 20-25
years

Palm oil mill effluent (POME) is one of the
major wastes from the palm oil industry and
it has the most problematic environmental
pollution potential among the palm oil mill
wastes. It is the residual liquid waste product
obtained after extraction of oil from the
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fruits of the oil palm (Orji et al., 2006).
Often palm oil mill effluent (POME) is
discharged  indiscriminately into  the
environment, particularly on farmlands
(Ogboghodo et al., 2001, 2003, 2006).
POME discharged from an oil mill, is
objectionable and could pollute streams,
rivers or surrounding land (Hartley, 2004,
Roslan et al., 2009). Orji et al., (2006)
showed that soils where palm oil mill
effluents were freshly discharged had very
scanty microbial population and diversity.
The entire ecosystem changes when new
materials are added to the soil, as
microorganisms die off or move away from
contaminants or pollutants. The soil
microorganisms have enzymes which make
them to show a variety of metabolic activity,
that ensures the permanence (continuity) of
element cycles in nature. The enumeration
of microorganisms and assessment of the
activity of soil enzymes provide an
integrative measure of the biological status
of the soil (Li et al., 2005).

This work assessed the effects of POME on
some groups of soil bacteria and the activity
of soil enzymes.

Materials and Methods
Soil Sample Collection

Soil samples were collected using
disinfected trowel from 0-15 cm depth, in
soils polluted with POME, and adjacent
agricultural land for the control samples;
from Mmahu in Ohaji/Egbema LGA noted
for palm oil processing in Imo State. A set
of soil samples was collected during the dry
season (December — March) and another set
of soil samples was collected during the
rainy season (April — October). The co-
ordinates  of  Ohaji/Egbema Local
Government Area are longitude 4°49" N and
latitude 6°34 E.
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Samples Preparations for Analysis

Bulked or composite soil samples from
impacted and control sites were air-dried,
ground, sieved (2mm) and stored at room
temperature (28+2°C) for 24h.

Microbiological Analysis

Estimation of Total

Bacteria (THB)

Heterotrophic

The method described by Okpokwasili and
Okorie (1988) was used to estimate the
population of heterotrophic bacteria in the
impacted and control soil samples.

Estimation of POME-utilizing Bacteria
(PUB)

One (1) gram of POME-impacted soil
sample was weighed and transferred into a
test tube containing 9ml of sterile distilled
water, shaken and serial diluted. T

hen 0.1ml aliquot of the appropriate dilution
was inoculated on to mineral salt of Mills et
al., (1978) as modified by Okpokwasili and
Okorie (1988); and POME as the sole
carbon source (Alias and Tan, 2005). The
inoculated medium was incubated at room
temperature (28+2°C) for 24h.

Estimation of Nitrifying Bacteria (NB)

An aliquot (0.1ml) of 10° dilution was
inoculated on mineral salt agar medium
[0.06 g CaCl,; MgS0,4.7H,0; 0.06 G FeCly;
0.106 g KH,PO4; K;HPO4; 0.06 g Ca(NO3),
and 0.488 g (NH,).SO,] solidified with 1%
Difco Noble Agar, using spread plate
technique. Bacterial growth was obtained
after 48-72h incubation at room temperature
(28+2°C) (Nwaugo et al., 2004).
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Estimation of Lipolytic Bacteria (LB)

This was carried out according to Mohan et
al., (2008). Aliquots of diluted soil samples
were plated on tributyrin agar for 24h, and
the formation of halo zones around the
colonies on tributyrin agar was considered
as positive result for the test.

Enumeration of Phosphate Solubilizing
Bacteria (PSB)

About 0.1ml of 107 dilution of soil sample
was inoculated on NBRI-BPB medium
using spread plate method, and incubated at
30°C for 3 days. The medium was solidified
with 1% Difco Noble Agar. Production of
yellow halos around the colonies was taken
as positive result (US Patent, 2003).

Enumeration of Cellulolytic Bacteria
(CEB)

The organisms were enumerated by plating
serially diluted soil samples on cellulose
agar which contained carboxy methyl
cellulose (CMC), according to the method of
Hatami et al., (2008).

Enzyme assay
Acid and Alkaline Phosphatases

They were assayed based on the colorimetric
estimation of the p-nitrophenol released by
phosphatase activity when soil is incubated
with buffered (pH 6.5 for acid phosphatase
activity and pH 11 for alkaline phosphatase
activity) sodium p- nitrophenyl phosphate
solution and toluene (Alef and Nannipieri,
1995).

Lipase Assay

The method described by Onilude et al.,
(2010) was employed in this assay.
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Urease Assay

This was assayed using the method
described by Alef and Nannipieri (1995).
The method is based on the determination of
ammonia released after incubation of soil
samples with urea solution for 2h at 37°C.

Cellulase Assay The assay method
described by Alef and Nannipieri (1995)
was used. The method is based on the
determination of released reducing sugars
after the incubation of soil samples with
carboxy methyl cellulose salt solution
(CMC) for 24h at 50°C.

Assay for Dehydrogenases

The assay method as described by Cassida et
al., (1964) was used. The assay involved
colorimetric estimation of 2, 3, 5-triphenyl
formazan (TPF) produced by the reduction
of 2, 3, b5-triphenyltetrazolium chloride
(TTC) by soil microorganisms.

Statistical Analysis

SPSS was used to carry out a paired sample
T-test to analyze the data and make
inferences.

Results and Discussion

Seasonal microbial loads: The control had
greater numbers of microorganisms than the
impacted soil in all the groups of
microorganisms in the different seasons.
POME had significant (p=0.05) negative
impact on the soil. During the dry season,
total heterotrophic bacteria (THB) had the
highest count in the control while nitrifying
bacteria (NB) had the lowest count in the
impacted soil. In the rainy season, the
population of the different bacterial groups
in the impacted soils decreased significantly
(p=0.05) when compared to the control.
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THB had the highest count both in the
control and the impacted soil (4.1 Xx
10°%40.08 - 57 x 10'+0.15 cfu/g)
respectively, while POME-utilizing bacteria
(PDB) had the second highest population,
having decreased from 3.1 x 10* +0.19- 1.1
x 10* +0.01cfu/g. NB had the least count in
the control (3.9 x 10° cfu/g). Phosphate-
solubilizing bacteria (PSB) decreased from
1.9 x 10* +0.19- 1.6 x 10%® +0.02cfu/g,
cellulolytic bacteria (CEBg decreased from
3.2 x 10*+0.25 — 5.2 x 10° +0.08 cfu/g and
lipolytic bacteria (LB) decreased from 1.7 X
10*+0.13- 1.9 x 10° +0.15 cfu/g.

Enzymes activity: In the dry season, except
for acid phosphatase which increased from
2.60+0.02 pmol-p-nitrophenol in the control
to 2.90+0.09 pmol-p-nitrophenol in the
impacted, the activities of the enzymes
decreased in  the impacted  soil.
Dehydrogenase had the highest activity in
the control (22.40+0.22 mg g™ 2h™), and
lipase showed the least activity (1.30+
0.05g7 30 min) in the impacted soil.
Alkaline phosphatase also showed very low
activity (1.40£0.12 pumol-p-nitrophenol).

POME affected the soil enzymes
significantly (p=0.05) as well, during the
rainy season. They all decreased in activity
in the impacted soil except lipase which
increased in activity (2.40+0.02 — 2.80+0.28
g’ 30 min). Alkaline phosphatase showed
the least activity (1.90+0.19 pmol-p-
nitrophenol) in  the impacted soil.
Dehydrogenase activity decreased from
28.76+0.3 mg g 6h™ in the control to
24.01+0.00 mg g™ 6h™ in the impacted soil
(though it had the highest activity in both the
control and the impacted soils), cellulase
from 4.10+0.19— 3.0+0.17 mg g* 6hY,
urease from 3.80+0.05 — 3.50+0.05 g™ 30
min and acid phosphatase from 3.60+0.02 —
3.1£0.01 pmol-p- nitrophenol.
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There was significant difference (p=0.05) in
the population of the bacterial groups in the
POME-impacted soil when compared to the
control (Tablel). The control had higher
numbers of microorganisms than the
impacted soil in all the bacterial groups,
indicating that POME had negative effect on
the microorganisms.  Although POME
contains metabolizable nutrients, the high
concentration of POME at the dump site,
together with excess water suppressed the
growth of the organisms. The excessive
moisture may have created anaerobic
conditions (Nwaugo et al., 2008).
Additionally, the decomposition of POME
by soil microbes could have induced O,-
depletion in the surface soil, thereby
inhibiting aerobic microbial activity (Nwoko
and Ogunyemi, 2010). The toxicity of
POME may also be due to the presence of
phenols and other organic acids which are
responsible for its phytotoxic effect and
antibacterial activity (Capasso et al., 1992,
Pascual et al., 2007). Total heterotrophic
bacteria (THB) had the highest count in the
control. Palm oil-utilizing bacteria (PUB)
had the highest population in the impacted
soil. This is expected because the pollutant
may have provided a good environment for
them to flourish, since it contains utilizable
components for the organisms. Zaliha et al.,
(2007) and Nwaugo et al., (2009) obtained

similar results with lipolytic bacteria. In this
work, phosphate-solubilizing bacteria (PSB)
and nitrifying bacteria (NB) had very low
densities in the impacted soil, which is
indicative of the adverse effect of POME
when it is in high concentration (Nwaugo et
al., 2008). Okwute and Isu (2007) observed
that ammonium oxidizers (nitrifiers) were
not present in POME-impacted soil but grew
in non-POME-impacted soil. POME, thus,
had adverse effect on nitrification, which is
very sensitive to environmental changes like
pH change. The POME increased the acidity
of the soil which affected nitrification.

The activities of the enzymes decreased or
increased significantly (p=0.05) in the
impacted soil (Table 2). The activities of the
enzymes decreased, except that of acid
phosphatase which increased. This may be
due to the high concentration of phenols and
other organic acids at the dump site (Pascual
et al., 2007). Dehydrogenase (DHA) showed
the highest activity, which is in accordance
with the population of the organisms. But
when compared to its activity in the control,
DHA activity reduced, which is indicative of
the stress on the organisms by the pollutant.
This agrees with Li et al., (2005), Walsh et
al., (1994) and Huang et al., (2009) that
DHA should form part of bio-indicators of
soil pollution assessment.

Table.1 Effect of POME on Microbial Load of Soil (cfu/g) in Different Seasons

Dry Season Rainy Season
Microbial Group Control Impacted Soil Control Impacted Soil
Nitrifying Bacteria 3.4x10°+0.19 1.2x10°+0.15  3.9x10°:0.19 1.6x10°+0.08
Phosphate Solubilizing Bacteria 1.1x10*0.01  1.3x10°+0.04  1.9x10*0.19 1.6x10°+0.02

Total Heterotrophic Bacteria
Cellulolytic Bacteria
Lipolytic Bacteria

Palm Qil Degrading Bacteria

6.4x10°+0.19
2.1x10%+0.19
1.4x10%+0.19
2.3x10%+0.26

6.1x10°+0.01
4.7x10%+0.13
1.6x10°+0.02
7.3x10°+0.13

4.1x10°+0.08
3.2x10%+0.25
1.7x10%+0.13
3.1x10%+0.19

5.7x10%+0.15
5.2x10°+0.08
1.9x10%+0.15
1.1x10%+0.01
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Table.2 Effects of POME on the activity of soil Enzymes Relative to the Control

Dry Season Rainy Season
Enzymes Control Impacted Soil Control Impacted
Soil
Dehydrogenase (mg g~ 6h™) 22.140+0.22 16.21+0.19 28.76+0.30 24.01+0.00
Acid Phosphatase (pumol-p-nitrophenol) 2.60£0.02 2.90£0.09 3.60+0.02  3.10+0.01
Alkaline Phosphatase (pmol-p-nitrophenol) 2.40+0.17 1.40+0.12 3.20+0.03  1.90+0.19
Urease (mg g™ 2h™) 3.40+0.09 2.90£0.18 3.80+0.05 3.50+0.05
Cellulase (mg g™ 6h™) 3.40£0.02  2.20+0.02 4.10£0.19  3.00+0.17
Lipase (g™ 30 min) 2.10£0.02 1.30+0.05 2.40+0.02  2.80+0.28
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