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ABSTRACT :

This study investigated the 1mpact of long term apphcauon of palm o1l waste on physxcal and_
chemical properties of a sandy Ultisols (Arenic Kandiustult) in Uga, Nigeria. Soil sarnples were.
collected from the surface (0-10cm) and subsurface (15-25¢cm) of palm oil polluted site. Another
surface (0-10) and subsurface (15-25) samples were collected 15 meters. away in the palm oil
unpolluted (control site). Core samples were from both soils. All the samples WETe. analyzed for
selected physical and chemical properties. The result showed that both soils were loamy sand but
varied in the other physical properties as bulk density and total por031ty ‘The two soils were
strongly acidic, but had more carbon, nitrogen and phosphorus in the- palm oil polluted soils than.
in the unpolluted soils. The result indicated that the area affected with the palm oil'mill effluent "
(POME) had more nutrient status but reduced plant growth due: 1o cloggmg of water and
restricted aeration. The other forms of land degradation identified in the area: were erosion,:
deforestation, bush burning, and sand quarrying. Efforts at com’oatmg Iand degradatlon by the
Uga indigenes in other to protect their land from enyironmental devastation ‘should be.
intensified. Knowledge of the component and proper d1sp051t10n of these pollutants should be -
made known to the people of Uga. e e

 Keywords: Keywords Degradatmn Palm oil mill efﬂuent food securlty Env1ronmentalf
hazards_ . : Rl
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INTRODUCTION . treatment and.’i dlscharged e s -
Palm oil processing is carried out in mills agncultural landthat is used for arable farming

where oil is extracted from palm fruits. Large (Umeugochukwu '2001). This effluent is a.

quantities of water are used during the serious land and: aquatlc pollutant when .

extraction of crude palm oil from the fresh discharged 1mmed1ately into the environment.’.
fruits and about 50% of the water results in Besides the presence: of lipids - and volatile

palm oil mill effluents (POME). It is estimated ~compounds, the inhibitory effects of POME on
that for 1 tonne of crude palm oil produced, 5-  living tissues, could also be due to presence of

7.5 tonnes of water will end up as POME water-soluble phenolic compounds (Radma |
(Ahmed et al., 2003). It has been observed that  2001; Perez et al., 1992) 5 :
most of the POME produced by the small scale S
traditional operators in Uga undergo no
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_19011 is. a fundamental base for agricultural .
" production system and. therefore deserves to be |

" sariovaly egnasrves, The relationahip hetween .

- the cropland. degradatlon and food production
“deserve. to. be looked ati very well

f,‘degradatlon problem is 'a.serious 1r-hlem

‘confronting: the people of Uga, in Anambra‘
' State. Land. degradation is: the diminution of .
“soils current ot potefmal ¢apacity to produce .
food, feed and fiber as a result of one or more

: degradatlve processes

rUnderstandmg soﬂ degradatlon causes and .

. /processes. are cssentlal for better management
of the “soil. The 1mportance ‘of maintaining or

‘improving " the soil - physical and chemical
properties in- agnculture has been reported by -

many researchers.: Lal and: Greenland (1977)

“stated that -the - development of 'stable and

‘v1ab1e system-.of soil management in tropical

region with a harsh climate or environment '
* 'must be based on a thorough understanding of .

‘the soil physical: and chemical condition, if it
were to be mcamngful Ahn (1974) considered -
-:thctt the physics of the soil was as important as '

its’ chemistry and:. that any chemical
shortcommg rmght be made good simply by

‘adding the necessary. fertilizer; but no amount |
of nutrient -would - ‘make ‘up for poor soil
physwal properties. Soil ‘structural conditions |

‘and "

investigate the effect of POME: on soil

hysical and chemical properties and suggest a
gat);er way of disposing the effluent to e:ﬁ

food production and security.

MATERIAL AND METHODS ‘

The area under investigation is located within
~ longitude70 4’E and latitude 63 56'N. It is
about 32km south of Awka, Anambra statc
capital. The study area falls within humld
tropical zone. The two major seasons in “the
area are wet and dry season with the former
lasting for 8 months (April- October) and the
latter for 4 months (November-March). The
average annual rainfall is 1485.2mm  with
maximum temperature of 350 C. The
temperature is generally high and rarcly falls
to 210 C throughout the year. The mean.
annual temperature ranges from 270C-350C
(Badiane, 2009). The relative humidity ranges
from 40%-92%. The vegetation of the area is
rain forest with mainly grassland and savannah
vegetation. The dominant land uses are cereal
and arable cropping systems. The soils are
classified as an ultisol (Arenic Kandiustult)
bases on USDA soil classification system
(Umeugochukwu, 2010). Soils of ar€as
affected with palm oil effluents and another
area not affected by the effluent were collected
and analyzed.

afe-important if,. for: example 'yield responses ,

of agrlcultural crops to fertilizer inputs are to
‘bc. opurmzed (Smxth et al 1989)

POME 1s Ihc mdst polluted orgamc residue -
gencrated from palmoil. It:is composed of :
" Untreated: POME -

high organic " content.
contains high concentratlon of free fatty acids,
proteins ‘and: plant tissues but it is non toxic
(Ngan et al;;
~ oxygen demand BOD whlch makes it more
pollutmg than other domestzc sewage (Okwute
et: al, 2007} ‘Palm oil mill effluents had been
discovered by the people of Malaysia as better

1996). 1t has a high blologlcal '

Soil sampling method
- Soil sampling: Soils of the two sites (polluted
and unpolluted) were collected from 0-15 and
15-25cm depth. For purposes of analysis, the
surface samples were composite sepatately
from the sub surface samples. Undisturbed
. core samples were collected from the surface
(0-10cm)- and subsurface (15-25cm) of palm
oil polluted and unpolluted site. - The
unpolluted samples were collected 15 meters
- away from the palm oil polluted site-and all
- were analyzed for selected physical and

chemical. :

organic . compost for agncultural produc‘uon :

than chemical fertilizer after treatment: to
réemove the oil in the’ efﬂuent (. APOC, 2004)
The situation at Uga 1s contra.ry as no plant
was found growmg ‘on the area where the
efﬂuents were. disposcd Tlns study is' to

Laboratory Analysis Methods
' The samples were taken to the laboratory in
‘well labeled polyethene bags. They were air
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dried and sieved to pass through 2mm sieve.. RESULTS AND DISCUSSION
The fine earth fraction was analyzed for the Impact of the: POME on the Soil.
following physical and chemical properties; Preliminary ‘observation - shows that pollu

physical properties selected include: Particle - of the soil” w1th palm oil waste and o
" _size distribution- Sand, S | Clay; Bulk domestic wastes was prornment in the st
Density, Porosity. Chemical properties were area. It affected land use in terms of p

pH. Organic Carbon, Total Nitrogen, growth. There was little’ or mo plant s
Available P, C.E.C, and Exchangeable Cations growing on the area polluted with POME e
(Ca2+, Mg2+84 , Na+ and K+85). : though it contained more -nutrients than
Particle size analysis was determined by Gee = unpolluted site: There was more siltation
- and Bauder (1986) method. The textural ' the polluted"site'Which was as a result
classes were determined from the USDA soil clogging of the pore sizes which of cot
textural triangle. Bulk density was obtained by  restricted aeranon ‘Thelack of air-in’ thexe 4
the method of Blake and Hartge (1986). Total as predicted: ‘could posmbly result to. 1ack
Porosity was calculated from the values of the plant growth. desplte the nutrients containec
bulk density using the method described by the POME. The tmpact ef this® pollution
Vomicil (1965). mostly felt in wet season when it form:
Soil pH was obtained in 1:25. soil/water extract ~suitable breedmg ground for most vectors
of the composite samples according to Mclean dlseases i %
- (1982) method. Available P was determined ;o
‘by the Bray 2 extract Olsen and Sommers Physmal propertles I
(1982). Cation Exchange Capacity (CEC) was The particle size. dls,tnbutlon results in td.bi'
determined by the NH4OAC displacement = indicated that. the fine: earth- fractlonq W
method and exchangeable acidity by titrimetric =~ dominated mamly by sand followed by ¢
méthod  after extraction with 1.0N KCl and " silt ““in. " both’ “soils.” " The textu
(McLean, 1982). Total exchangeable bases classification of the. two. soils was-loamy sa
(Ca2+, Mg2+, Nat and K+92 ) were The mean values of the clay (11.0%), tc
determined using IN NH4OAC extrantant sand (81. 5), and coarse sand-(32.0) collec
method ( Thomas, 1982), where Ca2+ and from both soﬂs lndlcated that the - h;g,h
Mg2+ 93 were obtained on an Atomic values were . obtamed from  the- unpolim
. Absorption Spectrometer; Na+ and K+ 94 by soils. The pollutcd 3011 ‘had hlgher medn ¢
flame photometer. Base saturation was content of (7 5) than the unpolluted soil
calculated from TEB/CEC x 100, where TEB  (1.5). The top.soil of the polluted site record
= total exchangeable bases. Soil orgaric more sand fraction- than its sub layer whloh
carbon (OC) was determined by Nelson and the same trend: with the unpollutcd site, T
Sommer (1982) method. Soil organic matter subsurface layers in ‘both' soils had more ¢l
_was obtained by multiplying percentage  content. Their clay mean values were 110 a
carbon by 1.724. Total nitrogen was 12.5 in the polluted- and the unpoiluted SO
determined by the macro-Kjeldhal method of -respectively. The trend ‘of the silt cont
~ Bremmer and Mulvaney,(1982) varied. It was mote in- the top soil of t
: . polluted site than the unpollutcd site (Tnblc 1
Statistical Analysis
The statistical analysis consists of descnptlve Bulk" Densxty, Total Poroslty and Pore si
statistics and paired sample T-test. Descriptive  distribution:, -The ‘bulk densﬂ:y values- we
statistics shows the means of the chemical and obtained from ‘both:top- and sub soils of t
physical properties of the different soils two, soils.: The ‘bulk: density value obtain
* (polluted and unpolluted soils.) The paired t- from the top* soil of the polluted site’ (.1

test compared the differences in mean among g/cm3) was lower than that of the fop soil

14 glompy Thei bu
the two sites. | . ghﬁgs}ggoggaec}mi?npcgros t}g m?)es averagy
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- Chemical prt')‘[')er.,'t'ies_?. R ‘
“The soil pH was generally low. It ranged from

© ol the two goils.‘ -

'.‘;"[_"h'é 'm"ea_ﬁ:f valuesof 'soiil"t ‘organic- matter
(1.82%) was higher in the .palm oil polluted

“The two. soils had high amounts of available
‘phiosphorus. The mean values of the two soils -
‘were - 62ppm;-and. 56ppm -for polluted and
‘wipolluted soils respectively. The polluted had
‘more P than the unpolluted soil. There was no .
difference in the trend of distribution of -
‘phosphorus in the top soil and the sub soil of

the polluted and' unpolluted soils. There was

no- significant - difference in .the available -
phosphorus of the two soils.

A !,:QZ' -g‘;’"c_r'rl3:,'_ ‘-,':5‘(2'1'%,‘-'35“._%;.17-%j-‘:r_cspcctivcly and .

‘the unpolluted -soil - yalues were 1.45 g/cm3, .
Aave, 9%, '10% ‘mgpagti%iy..f"'!‘ha mean bulk'

~density of the polluted soil is lower than the
“mean bulk density of the unpolluted so*' "able’
2. The polluted ‘soil with fower bulk density
recorded - higher . total = porosity than the

unpolluted soil with higher bulk density.

4.8-4.9 H,0 for all the soils.. The mean value of

“the pH for the two soils was the same (4.3)

(table 3). The soils ‘were extremely acidic.

‘There was no significant difference in the pH .

soil ‘than in the unpolluted:soil (0.86%). The

wvalues increased with-depth: in the palm oil ;
polluted soil and decreased with depth in the
‘unpolluted soil (Table: 1).:The. topsoil of the :
palm oil pollited ‘soil ‘had 1.72% and 1.93% -

organic -matter in the ‘sub " layer while the

‘unpolluted soil had 0.97% in the topsoil and
© 0.76% in the subsurface. The differences in
‘mean was_ significant (P>0.05). the values of
the polluted soil and the unpolluted soils were .
statistically different. " fhsE ‘

the unpolluted sample . respectively. The ..

differences were not significant at P>0.05. The

base saturation had mean value of 73% in the :
polluted soil than in the unpolluted soil (57%). -
The exchangeable acidity mean value for the -
both soils was of the same value (2.0).
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For both soils in the polluted and unpolluted
sites, mean exchangeable Na  was

0.15meq/100g and  0.10meq/100g, 0.45
meq/100g and 0.35 meq/100g of K, 0.5
meq/100g and 0.4 of Ca, in polluted and
unpolluted soils respectively. Mg had mean
value of 0.3 in both soils. Na, K and Ca had

. higher mean values in the polluted soils than in
* the unpolluted soils.

DISCUSSION '

The relatively high sand content in the area is
the reflection of the effect of the sandy parcnt
material. The dominance of sand size patticles

would have emanated from the presence of

. such particles in the parent material of the

soils. The parent materials of the soils of

eastern Nigeria have been noted to influence

the texture of the soils derived from them
(Akamigbo and Asadu cited in Asadu and
Agudosi (1994).

The relatively higher clay content in *the
subsurface layers in each site may have
resulted from the process of eluviation from
the upper- horizons. The low clay content
observed in the upper layers of these soils may
further indicate the degree of weathering and
leaching that the soil has undergone (Asadu et
al: 2008). The higher silt content observed in

. the upper layer of the polluted soils may be

due to the effect of palm oil mill effluent. This
can be attributed to reduced floatation of silt
particles in runoff and hence reduced carting
away of silt particles by overland flow.
However the soils of these areas are inherently
low in silt content (Akamigbo, 1984)
essentially due to low content of these
particles in the original parent material.

- A test of mean difference carried out (o
bk PGS e ' compare the mean values of the particles size
‘The mean values of the ACEC and ECEC in

-the polluted soil was 1.15, 2.3 and 1.47,2.5 in

analysis data between the two soils, however
showed that the mean clay, silt and sand

contents were significantly different at P>0.05. -

Thus the palm oil mill effluent (POME)
influenced the particle size distribution in the
soil significantly. Salimon (2007) noted that
the impact of POME on the physical properfies

. of soil depends on the method of application.
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POME retards growth of cowpea at the early
stage, enhances nodulation when applied in a
controlled manner and inhibits nodulation
when applied in a large quanti' He also noted
that it can be used as organic f=rtilizer material
to improve degraded sandy and low orgamc
_ matter soils.

The lower bulk density in the palm oil polluted
soil can be attributed to the accumulation, of
palm oil effluent in this soil. The bulk density
value was lowest on top of the polluted site
showing that the effect is more at the zone of
application. As you go down the sub layers,
the effect reduced. Palm oil mill effluent
contains a lot of organic materials of low bulk
density (Harrison, 1995) and so impacts this
. property to the soil. There was increase in the

values of the bulk density down the layers both
in the polluted and the unpolluted soils.

Increase in total porosity is often correlated
with “decrease in bulk density. This was
- observed in the samples of the polluted and
" unpolluted soils where the mean total porosity
was lower in the polluted soil than the
unpolluted soil. The paired t-test showed
significant difference in the samples from
polluted and unpolluted soils. The mean t-test
of porosity was 51gmﬁcantly higher in the
unpolluted soil than in the polluted soil at

© P05

- It has been reported that When raw POME is
dlscharged the pH is acidic (Hemming, 1977)
but seems to gradually increase to alkaline as
biodegradation takes place. Soil acidity is one
of the principal factors affecting nutrient
availability, therefore availability of major
nutrients (N,P,K) cannot effectively promote
high yields of crops if soil pH is not correct.
The uniformity in the soil pH indicated that the
POME had started undergoing degradation.
The low pH noticed in the POME could be as
“a result of presence of phenolic acids and
oxidation of the organic  acid oompounds
(Nwoko, 2010).

~ The higher values of organic matter in the

polluted soil confirms the report of ( Falodun
et al, (2010). Ho oblerved that POME uonta.inl

)

relatlveiy hlgh amount of plant nutnents |
may also be due “the accumulation - of
effluent on the: 3011 “This is the reason PC
can be used for- growmg ‘crop and amen
soil fertility depletion. Nwoko (2010) repo
that POME amended plots gave higher m
height that SIgnlﬁcantly differed from:tha
control. Smnla.rly, POME application
resultant positive yields may be attribufe
the ab111ty of the' porne to stimulate the ticti
of micro orgamsrn m the sub51st1ng qmi/p
env1ronment ;

The availabl‘e'}, pho]s,phoru's' is more in

polluted soil than in the unpolluted soil. -
palm oil mill effluent affected the availabl
of phosphorus in the' polluted soil, The hig

‘mean value of phosphorus in the polluted :

is in line with-the work of Haun (1987) wh
suggest poss1b1y hxgh absorption in the soil
a possible prec1p1tat10n of phosphate. He a
said that there is a good evidence that Sugge
that phosphorus is the dominant elem
controlling: " carbon . and- Nitrog
1mmob1hzatlon The un1forrmty in the

reflected in the avaﬂable P as acnd so1ls tenc
fix phosphorus : e :

According to Rhodes (1982) CEC usua
expressed in. meq/lOOg 15 "a measure

quantity -of rcadlly cxchangeable catic
neutralumg ncgatlvc chargcs in-the soil. T
high values of the CEC in the: POME show
that the soil :is ‘enriched with' the followi
exchangeable bases .Ca,, Mg, Na and K due
the presence of POME in the' soils. Increase
CEC could be attribitted to increase in’ |
dependent charges .as well. as addition.

organic matter: from the efﬂuent as observ
by Okwute" (2007) The . 'CEC -and ™1t
exchangeable: a01d1ty had no difference in t
two soil but the base saturation - show
significant difference: at~ p>0 05 in the t
soils. The base saturatxon average value

more than 50% confirms the reason the soil
fertile. The hlgher value-of B.S in the pollut
soil is an evidence of hlgher feruhty than t

unpolluted soﬂs
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_CQNQLUQIQN i |
The first impression. that couid be got from

“and a ‘wasted land The: absence of vegetation
was. not. surpnsmg since the POME soil’s
ability to, retain ‘wafer: could ‘cause clogging of
soil pores and hence water Iogglng of the soil
(Chan et al,. 1980) Excess ‘water. in the soil
réstricts micro- orgamsrns and their activities

. been shown to be acidic in nature,
. advisable to be treated before application to
_the soil. Proper use of POME could lead to

, through the soll in sufficient quality to mett

. the oxygen demand of the organism.
POME soil env1ronment was that of hareness

From the data generated in the study, it is

‘ obvious that the physical and chemical

properties of the POME soils is different from
that of the non POME. Since the POME has .
it is

by’ preventmg oxygen movement into and
. : ‘ improved so1l fertility and soil structire.

Tdble 1 The selected physwal propertles of the polluted and unpolluted soils

: Demgnatnon "Depth Clay Silt Tsand FS CS BD T. P T.C
] - & : (em) (%) (%) (%) ‘s
Polluted Soil-_ ‘i Top polluted 0-10 10 8 48 ~ 36 + 12 - 54 - Loamy
T " Subpolluted | - 15-15 12 7 81 40 _..:28 .1.3.:° 50 . Sand
Unpolluted So_il . Top unpolluted” . 0-1 11 1 88 44 36 .14 .47 . Loamy
_‘,‘ s Sub unpollured 1525 " 14 2 84 40 32 1.5 43 Sand
Taple 1 2 ’I‘he chemlcal propertles of the polluted and unpolluted soils. y
Dcpth pH CL OMY S Ne T AvP Exchangeable Bases C.E.C . B.S Exch.
(Cm) ' (glkg} (En’kﬂf '_(glk'g) : (mgfkg) . (emol/kg) (emol/kg) (%) Acidity
Soeme (cmol/kg)
e o Na* ' K' ca* Mg" ACEC ECEC AL H'
e .Pollufed 'sou R W ! - ;
0-10: " 4.9 0102 T2 00.08 - 0 62 0.02 006 06 0.4 1.3 2.66 83 0.2 0.1
15-25 49 7 L00 . L93 . 0.06. 62 0.01 0.03 0.4 0.2 5. 10 1.94 64 02 . O.l
Crt W Unpolluted soil: "oy 0 ox s i .
0-10. - 487007 TR 0,09 56 0.01  0.04 04 0.3 1.05 2.10 75 02 0.1
1535 4.8 044 : 076‘ .005 o 5. 0.01 0.03 04 0.3 1.9 2.94 39

02 0.l

: l .rble 2 Mean value and T value/mgnlficant levels of soil physical properties of polluted
and unpolluted sonls in Uga.

.Parameter ‘Mean Std Dev. Std. Error M.D T-Value
Clay P1 e o RS I 1.00 -1.50 -3.00
R Py - 1250 .2,12 1:50 -4.50 -3.00
f Sand PI SAURs0 s S 071 0.50 -2.00 -1.00
PZ. 8600 - 2.83 2.83 6.00 - 6.00
C_.S:-P-l o . 3200: 7 5,66 4.00 | - %
B ) 34 00" ' '2.83 2.00 : '
S PY ;,_,_ 75{) “0.71 0.50
L PR e 15 0.71 0.50
By P R o 4707 5.00
hT A5 0 .07 5.00
TP P1- 4 5200 2.83 2.00
B SR 4500 .83 2.00

-Lugend T Sand total sancl C S = coarese sand B.D = Bulk Density, T.P = Total porosity.
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