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Abstract

The research work was carried out in lThugbogo community Ahoada East, Southern Nigeria to
investigate the physical and chemical characteristics of soils affected by oil spillage. The
study location was identified along an oil pipeline track belonging to TOTAL E&P Nig. that
cuts across major farmlands in the area. A transect survey sampling technique was used in
this research work. The three major locations investigated designated as Location A, B and C
had experienced oil spill in 1995, 2002 and 2007 respectively. Three profile pits were sunk in
the following oil spilled locations in Ihugbogo at some intervals apart. The bulk density was
highest in location A (1.61 g/cm®), followed by location C (1.55 g/cm®) while the lowest
occurred at location B (1.43 g/cm®). Silt — clay ratio were high when critical limits were
considered suggesting young soils in all investigated soils. The exchangeable cations were
dominated by acidity suggesting that the oil spillage in the area has greatly depleted the basic
cations leading to the soils being higher in Al saturation (49.0, 59.0 and 51.0 5 %) and lower
in base saturation (35.0, 24.0 and 44.25 %) in locations A, B and C respectively. This
situation therefore indicates that crops planted in these soils will experience growth
retardation; poor stem development and wilting.
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Introduction

Contamination of soils by oil spill is a wide spread of environmental problem that requires
cleaning up of the contaminated site. Oil may affect soils in two ways; it may penetrate into
the soil, where it directly affects the plant root system, microbial population and oxygen
content. Crude oil in soil makes the soil condition unsatisfactory for plant growth. Oil spill
affects plants by creating condition which makes essential nutrient like nitrogen and oxygen
needed for plant growth unavailable to them (Adam and Duncan, 2002). Due to reduction in
the available plant nutrient or rise in toxic levels of certain element such as iron and zinc
(Udo and Fayemi,1975), plants are highly susceptible to oil exposure and this kills them
within a few weeks to several months. The general increase of heavy metal content in the soil
has been largely caused by crude oil spillage (Anoliefo et. al., 1995). Plant root can absorb
heavy metal in the soil most especially where there is contamination (Jardao et. al., 2006).
When these heavy metals are taken up by plant roots, it results in chlorosis, weak plant
growth, yield reduction, reduced nutrient uptake, disorders in plant metabolism and reduced
ability to fix molecular nitrogen leguminous plant (Guala et. al., 2010). The uptake of these
heavy metals by plants and accumulation in the food chain is a serious threat to both animal
and human health (Sprynskyy et. al., 2007). The presence of heavy metal in human body is
toxic and they accumulate in the soft tissues. High level ingestion of toxic metals has
undesirable effect on human which becomes obvious only after several years of exposure to it
(khan et. al., 2008). Qil spill have degraded most agricultural land in the state and have turn
hitherto productive areas into waste land with increasing soil infertility due to the destruction
of soil micro organism, and dwindling agricultural productivity. Farmers have been forced to
abandon their land, to seek nonexistent alternative means of livelihood. Aquatic lives have
also being destroyed with the pollution of traditional fishing ground exacerbating hunger and
poverty in fishing communities. Many researchers have reported a lower rate of germination
in petroleum or its derivative contaminated soil (Vevrek and Campbell., 2002). Petroleum
hydrocarbon may form a film on the seed, preventing the entry of oxygen and water (Adam et
al., 2002) and toxic hydrocarbon molecule could inhibit the activities of amylase and starch
phophorlylase and thereby consisting of small molecules and those that are water soluble are
more phototoxic for the germination. The main objective of the study is to evaluate the effect
of oil spillage on the physical and chemical properties of soil in Ahoada East, Southern
Nigeria.

STUDY AREA

Location

Ahoada is located on the Latitude 5°07° 01” and 5°4’ 26” N and Longitude 6° 39" 12”
and 6°65° 01” E. Elevation is below 100m above the sea level. The rainfall distribution is
seasonal, rain occurs, on the average, every month of the year, but with varying duration. It is
characterized by high rainfall, which decreases from south to north. Total annual rainfall
ranges from 2,700mm to 3,500mm in the region. The maximum monthly temperature ranges
from 28°C to 33°C, while the mean minimum monthly temperatures are in the range of 17°C
to 24°C. The hottest months are February to April. The difference between the dry season and
the wet season temperature is only about 2°C. Relative humidity is high (91 — 94%)
throughout the year and decreases slightly in the dry season.
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Location Coordinates of Study area

Location Long. Lat. Elevation (m)
ILA 6° 65 5°19” 60
ILB 6° 54" 5°23” 60
ILC 6° 60 5°11” 61

ILA, B and C: Ihugbogo locations A, B and C

Socio-economic Activities

About 50 percent of the active labour force engages in one form of agricultural activity or
another in which about 30 percent are women. The predominant food crops in the area are
yam, cassava, plantain, maize, cocoyam, and vegetable. The dominant trees are Mahogany
(Angio spp), Obeche (Protobullas spp) and Iroko (cassia spp).

Field Work

A reconnaissance study was carried out and the study location identified in Ihugbogo
community along an oil pipeline track that cuts across major farmlands in the area. The three
major locations investigated designated as Location A, B and C had experienced spillage in
1995, 2002 and 2007 respectively. Three profile pits were sunk in the following oil spilled
location in Thugbogo at some intervals apart. The morphological properties such as texture,
structure, boundary and roots were determined. Soil samples were collected according to
colour difference along the horizon in the profile pits respectively. The profile pits were
described using the procedure outlined by the FAO (1983). Soil sample collected were air
dried and sieved using a 2mm sieve.

Laboratory Analysis

The following soil properties were determined by standard routine laboratory methods as
follows: The particle size distribution was determined by hydrometer method according to the
procedures of (Gee and Or, 2002), Bulk density was measured by core method (Grossman
and Reinsch, 2002). Porosity was computed from bulk density and particle density. Soil p"
was determined potentiometrically in 1:25 soil liquid ratio (Hendershot et al., 1993). Organic
carbon was determined using method described by (Nelson and Sommers, 1982) and the
result of organic carbon was multiplied by 1.724 to determine the organic matter content.
Total available phosphorus was determined using Bray Il method (Olsen and Sommers,
1982).Total Nitrogen was determined using Kkjeidal digestion and technicon/Auts analyzer
method. Exchangeable base was determined by extraction of ammonia acetate (NH;Oac) of
pH 7.0 known as extractant in determining calcium, magnesium while sodium and potassium
was determined using flame photometer. The exchangeable acidity was determined using
extraction of exchangeable H* and Al**with KCI and titrated as outlined by (Mclaren et al.,
1994). The effective cation capacity was estimated by the summation of all the exchangeable
base and acidity.

Statistical Analysis

Coefficient of variation (C.V) ranked as follows: low variation < 15%, moderate variation >
15<36%. High variation >35% will be used to estimate the degree of variability of soil
properties (Wilding et al., 1994).

Results and Discussion

The morphological characteristics of soils of lhugbogo as revealed in Tables 1, indicated that
Locations A and C, had their structure ranged from crumbs at the uppermost horizon to
blocky and sub angular blocky at the lower horizons. Also there were few mottles, many
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roots at the uppermost horizons and few roots down the horizons. In Location B however
(Table 1), structure ranged from crumby at the surface horizon to prismatic at the subsurface
horizons. Root abundance ranged from many to very few down the horizons. At this location,
mottles ranged from very few to many. Since mottles distribution in soils is determined by
the redoximorphic characteristics of such soil. It therefore follows that reduction and
oxidation reaction in these soils have been affected by the oil spillage that occurred in these
soils. However, mottles ranged from few to very many in lhugbogo location B soils
indicating that a better oxidation and reduction reactions may be taking place at this location.
The duration, intensity and age of spillage could be a factor in the mottling behavior of soils
being investigated.

Table 1: Morphological Properties of the Studied Soils
IHUGBOGO LOCATION A

HORIZON STRUCTURE HORIZON ROOT MOTTLES
BOUNDARY
1 Crumby Abrupt Many
2 Crumby Wavy Few Very few
3 Blocky & sub angular ~ Abrupt Few
4 Blocky & sub angular Few
IHUGBOGO LOCATION B
HORIZON STRUCTURE HORIZON BOUNDARY ROOT MOTTLES
1 Crumby Abrupt Many
2 Blocky & sub angular  Gradual Very few
3 Blocky & sub angular  Gradual Few Few
4 Prismatic Very few Many
IHUGBOGO LOCATION C
HORIZON STRUCTURE HORIZON BOUNDARY  ROOT MOTTLES
1 Crumby Abrupt Many
2 Crumby Wavey Few Very few
3 Blocky & sub angular  Abrupt Few
4 Block Few

& sub angular
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Table 2: Soil physical properties of the site
Ihugbogo location A
Sample Horiz Sand (%) Silt (%) Clay SCR BD TC(%)
Depth (%) (g/cm3)
A 0-18 66.96 19.28 13.76 1.401 151 SL
AB 18-35 66.96 27.28  5.76 4.736 1.64 SL
B 35-58 70.96 21.28  7.76 2.740 1.61 SL
BC 58-107 86.96 7.28 5.76 1.263 1.68 LS
Mean 72.96 18.78  8.26 2.534 1.61
variance 1585.21 70.33 14.33
SD 39.81 8.39 3.79
CV % 10.85 4466 4583  17.25 7.06
Ihugbogo location B
A 0-19 58.96 13.28 13.76 0.96 1.40 SCL
AB 19-43 55.96 30.28  27.76 1.09 1.49 SL
B 43-75 52.96 23.28  23.76 0.97 1.41 SCL
BC 75-121 50.96 27.28 21.76 1.25 1.42 SCL
Mean 54.71 2353 21.76 1.06 1.43
variance 12.25 5492  34.67
SD 3.50 7.41 5.89
CV % 6.40 3149  27.06 24.65 5.98
Ihugbogo location C
A 0-20 82.96 9.28 8.76 1.06 1.52 SL
AB 2-37 81.96 10.28  7.76 1.32 1.54 LS
B 37 -68 78.96 9.28 10.76 0.86 1.56 SL
BC 68109  78.96 7.28 11.76 0.61 1.55 SL
Mean 80.96 9.03 9.76 0.96 1.55
variance 8.00 6.67 0.20
SD 2.83 2.58 0.44
CV % 3.49 31.18 2293 28.23 5.56

LS= loamy soil, SL= sandy loam, SCL= sandy clay loam

The results of physical properties are as shown in Table 2. Sandiness increased in location A
while it decreased in locations B and C. Mean sand was 72.96, 54.71 and 80.96% in locations
A, B and C respectively. Silt distribution increased from horizon A to AB and then decreased
in down the profile at location A. However, silt increased first in all locations and then
decreased subsequently. The mean silt in locations A, B and C were 18.78, 23.53 and 9.03%
respectively. Clay had no particular trend in their distributions within the horizons although
there were more clay contents near the surface at locations A and B while it increased down
the profile at location C. Mean clay contents were 8.26, 21.76 and 9.76% at locations A, B
and C respectively. Silt-clay ratio had no particular trend in their distributions across the
horizons. Silt —clay ratio can be said to be high in the investigated soils especially at location
A where mean SCR scored 2.534, followed by location B (1.06) while Location C scored
0.96. The high silt — clay content of these soils suggests that soils under investigation are
young soils. The values of the silt — clay ratio of the soils were 2.534, 1.06 and 0.96 in
locations A, B and C an indication that the soils are not old soils derived from old parent
materials and is of intense degree of weathering; as old soils usually have silt — clay ratio less
than 0.15, with low degree of weathering (Eze, 2014).
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Bulk density increased down the profile in all investigated soils and was higher at location A
where mean bulk density was 1.61 g/cm3, followed by location C which had 1.55 g/cm3
while pedon B location scored 1.43g/cm3. This invariably suggests a higher pore spaces at
the surface horizons of soils. Oil spillage tends to block the pore spaces in the soils resulting
to the death of soil microbes due to lack of oxygen. This situation reduces mineralization of
organic substances. High pore spaces recorded in the surface horizons may be attributed to
loosening of soil materials during puddling/cultivation of soil as well as the decreasing
effects of oil spillage down the horizons on the studied soils.

The relative high bulk density of the investigated soils, especially at location A may be due to
soil compaction as a result of oil spillage. The increasing trend of bulk density in the
investigated soils corroborates with those of Onweremadu et al., (2007) and Chikezie et al.,
(2009)

Akamigbo, (1999) reported that low soil organic matter was responsible for increased bulk
density in cultivated soils of Southeastern Nigeria. Ahukaemere and Akpan (2013) suggest
that there could be the possibility of migrating clay filling up the pore spaces in the horizons
of illuviation may account for the high bulk density values in the sub-surface horizons.
Moreover, frequent cultivation of land made the soil loose and ultimately contributed for the
low density in these layers. Results on bulk density were less than the critical limits for root
restriction (1.75 — 1.85 g/cm®) (soil survey staff, 1996) indicating the potential of the soil to
support arable crop production. The soils textural class of the investigated soils indicated that
location A ranged from sandy loam to loamy sand, location B had sandy clay loam as it
dominant texture while location C had a dominant sandy loam texture.

The chemical properties of soils of Ihugbogo soils are as shown in Tables 3. Soil pH as
measured in KCI was high in Locations A, B and C and their means were 4.86, 4.89 and 4.86
respectively. Organic matter decreased down the profile in all investigated pedons of soils of
Ihugbogo and means were distribution was highest in location A (2.86%) followed by
location C (1.93%) while the lowest organic matter was found in location B (1.3%). Also
total nitrogen (TN) decreased down the profile in all investigated soils. Total N had means of
0.15, 0.07 and 0.1% in locations A, B and C respectively.
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Table 3: Chemical Properties of the site
Ihugbogo Location A

sample pH  pH OC OM TN AvP ca®* Mg©® K'  Na* APF  H TEA TEB ECEC BS Al sat
(H,0) (KCL) (%) (%) (%) (mg/kg) < Cmol/kg > (%) (%)

A 539 483 188 324 016 7.07 040 014 004 008 112 036 148 067 215 31 52

AB 595 521 134 231 012 3.79 008 027 002 013 156 024 180 049 229 22 68

B 502 498 178 3.07 016 5.20 008 008 004 011 172 09 268 032 300 11 57

BC 489 443 164 283 014 554 288 413 004 012 184 044 228 717 945 76 19

MEAN 531 486 166 286 0.15 540 086 1.16 0.04 011 156 050 206 216 422 35 49

VARIANCE 023 011 016 016 000 181 1.84 394 000 000 010 010 028 11.16 12.28 08

SD 047 033 041 040 0.02 1.35 1.36 1.98 002 004 031 032 050 334 350 0.29

CV (%) 885 675 2445 142 133 2494 1575 171. 500 327 2019 20.16 256 1546 83.05 811 27.2

lhiinhnnn | neatinn R

A 547 488 106 1.83 011 2.98 032 133 005 013 1.60 040 200 183 383 48 418

AB 550 503 038 0.66 004 1.35 032 027 004 008 232 028 260 071 331 22 701

B 531 487 024 041 002 5.62 008 027 004 008 252 020 272 047 319 15 790

BC 515 477 134 231 012 5.15 017 013 003 005 204 176 380 039 419 9 48.7

MEAN 536 489 076 130 007 3.78 022 050 004 009 212 066 278 085 363 24 599

VARIANCE 0.03 001 028 083 0.00 394 001 031 000 000 016 054 056 045 022 3

SD 016 011 053 091 005 1.98 012 056 0.01 0.06 040 074 075 067 047 02

CV (%) 301 219 6967 7025 7143 5248 5377 111. 353 648 1880 111. 269 7851 1282 71. 146

Ihugbogo Location C

A 531 460 142 245 012 660 416 480 0.04 006 116 004 120 9.06 10.26 88 11.3

AB 517 461 080 138 007 398 008 008 005 016 1.88 020 208 037 245 15 76.7

B 530 458 118 203 010 295 010 083 0.04 015 1.88 024 212 113 325 35 57.8

BC 642 563 1.08 18 009 520 040 053 003 017 176 004 1.80 113 293 39 60.0

MEAN 555 486 112 193 010 468 119 156 0.04 014 167 013 1.80 292 472 4425 515

VARIANCE 034 027 007 020 000 248 39 476 000 000 012 001 018 1687 13.74 245

SD 058 052 026 044 002 157 199 218 0.01 005 034 010 042 411 371 156

CV (%) 1051 10.63 2290 2293 2140 33.65 167.12 139.86 352 36.3 20.63 80.62 2359 140.66 78.52 88.35 32.4

OC= organic carbon, OM= organic matter, TN= total nitrogen, TEB= total exchangeable base, TEA= total exchangeable acidity, CV= coefficient of variation,
Avail. P= available phosphorus, ECEC = Effective Cation Exchange Capacity, BS= Base Saturation
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Available P had no particular trend in the profiles of the investigated soils although the
surface soils had higher available P compared to the distribution down the horizons especially
in pedons A and C while pedon B tend to have more available P in its last two horizons.
Available P was highest in location A having 5.40 mg/kg, followed by location C having 4.68
mg/kg while location B had the lowest of 3.78 mg/kg in the investigated soils. The
phosphorus content of the representative pedons is generally low based on the rating for
Nigerian soils (<15 mg kg-1) (Enwezor et al., 1990; Adepetu, 2000). Generally, the low
phosphorus content may be due to high soil acidity (Uzoho et al., 2004).

The P content could be attributed to strongly to moderate acidic soils (pH < 5.0) which are
not conducive for the release of P. It has been reported that in acid soils, P is fixed by acidic
Al (Enwenzor et al., 1989).

Examination of exchangeable cations shows that calcium (Ca) had no particular trend
although it tends to increase down the profile in location A, however, in locations B and C,
Ca decreased down the profile. Mean Ca distribution in the examined pedons were 0.86, 0.22
and 1.19 Cmol/kg in locations A, B and C respectively. The Ca content of the soils were very
low (<2 Cmol/kg) according to Tabi et al., 2012). Abii and Nwosu (2009) who worked on
soils of the region stated that oil spillage reduces the exchangeable basic cation content of
soils. The low Ca content may lead to poor stem growth and discoloration of crops and low
crop yield (Awilo and Badejo, 2005). Exchangeable magnesium (Mg) had a similar trend
with Ca where it increased down the profile in location A and decreased in B and C. Mg
contents of these soils were low as means were 1.16, 0.50 and 1.56 Cmol/kg in A, B and C
locations respectively. Potassium (K) contents of the investigated soils were the lowest at it
registered 0.04 Cmol/kg in all locations of the studied soil. Also, Tabi (2012) noted that K
content of any soils less that 0.1 cmol/kg is very low, while Adenye et al., (2002) puts the
critical limits of K at 0.2 cmol/kg. This situation therefore suggests that crops planted in these
soils will experience growth retardation; poor stem development and wilting (Atubi 2006;
Brady and Weil, 1999). The Sodium (Na) contents had not particular trend of distribution in
all locations with means of 0.11, 0.09 and 0.14 Cmol/kg. However, Na content of the soils
being investigated were low (Tabi 2012) yet were higher in contents than Ca in location A
and K in all locations. This implies that oil spillage tend to increase the Na contents of the
soils as corroborating Odu (1972). Despite Na being one of the essential trace elements
needed by plants, it is however not an index for effective productivity according to Abii and
Nwosu (2009). Exchangeable Al dominated the studied soils and increased down the profile
in virtually all locations. The means of Al distribution were 1.56, 2.12 and 1.67 Cmol/kg in
locations A, B and C respectively. This high Al concentration of their overall effective
cations has however led to high Al saturation in the studied soils at the expense of
Exchangeable bases such as Ca and Mg which were low. With the levels of exchangeable
bases, the soils lack adsorptive capacity for nutrients. The low effective CEC of these soils
indicates their low capacity to retain nutrient elements, and low CEC renders soils unsuitable
for intensive agriculture (Kparmwang et al.; 2004). The low effective CEC of the soils
resulted from the effect of oil spillage on the soils of Ihugbogo community. The effective
CEC had means of 4.22, 3.63 and 4.72 cmol/kg which Tabi (2012) noted to be very low as
mean values were >20 cmol/kg. Also, the Effective CEC were dominated by exchangeable Al
which is an acidic cation thereby leading to the preponderance of acidity in the investigated
soils. The results especially the acidic nature of the soils and the deficiency of exchangeable
bases indicate that the soils are generally not fertile (base saturation <50 %) (Landon, 1984;
Eze 2013).

Worldwide Knowledge Sharing Platform | www.ijaar.org Page 38




International Journal of Advanced Academic Research | Sciences, Technology & Engineering | ISSN: 2488-9849
Vol. 3, Issue 3 (March 2017)

The acid nature of the soils may be due to high intensity rainfall in the area, which leaches
basic cations down the profile. This is because Ihugbogo is situated in the tropical rainforest
of the southern Nigeria where rainfall and other climatic factors are intense. Enwezor et al.
(1981) stated that leaching of Ca and Mg is largely responsible for acidity development in
soils. Also, it may be due to Al saturation of the exchange complex.

Table 4: Variability of Some Selected Soil Properties

Location A Location B Location C
Soil Properties | CV (%) Rank CV (%) Rank CV (%) Rank
Sand 10.85 LV 6.40 LV 3.49 LV
Silt 44.44 HV 31.49 MV 31.18 MV
Clay 45.83 HV 27.06 MV 34.03 MV
pH (KCI 6.75 LV 2.19 LV 10.51 LV
oM 24.45 LV 70.25 HV 22.93 MV
Avail. P 24.94 MV 52.6 HV 154 HV
TEA 25.6 MV 26.9 MV 23.59 MV
TEB 154 HV 78.51 HV 140.7 HV
ECEC 83.05 HV 12.82 LV 78.35 HV

LV= low variation, MVV= moderate variation, HV= high variation.

The variability of the soils properties of the investigated region as shown in Table 4 shows
that sand and pH varied lowly (CV>15%) in all the investigated soils. Silt and clay varied
highly (CV >35%) in location A but moderate (CV > 15< 35%) in locations A and B.
Organic matter varied moderately (CV > 15< 35%) in locations A and C and highly
(CV>35%) in location B. Available P was moderate (CV > 15< 35%) in location A and High
(CV>35%) in location C. Total exchangeable acidity (TEA) varied moderately (CV > 15<
35%) in all investigated locations. Total exchangeable bases (TEB) varied highly (CV>35%)
in all locations while effective CEC varied highly (CV>35%) in locations A and C and lowly
(CV<15%) in location B.

CONCLUSION

The investigated soils were very low in exchangeable bases when critical limits were
considered leading to very low base saturation. Al saturation was higher than normal in the
investigated soils. Among the major effects of oil spillage of Ihugbogo soils was depletion of
basic cations leading to over saturation of the exchangeable sites with acidic cations.
However, Na contents of the soils being investigated were low, yet higher in contents than Ca
in location A and K in all locations. This implies that oil spillage tend to increase the Na
contents of the soils. Despite Na being one of the essential trace elements needed by plants, it
is however not an index for effective productivity. This situation therefore suggests that crops
planted in these soils will experience growth retardation; poor stem development and wilting.
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