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Abstract: This study investigated the impact of plume emission on soil quality of New Idea Asphalt plant in Owerri
West, Imo State. Four (4) locations SP1 (100m) from point of emission, SP2 (300m) and SP3 (600m) in a farm land
with depths(0-30cm) were established in the downwind direction while a control location was also measured Skm
away from the emission point in the upwind direction. In the soil, priority parameters: TPH, Nitrate, Phosphate,
Sulphate, pH, Textural class, Moisture content, Total Nitrogen and TOC were investigated. The results of TPH in
the soil was in the range of 60.97 to 356.76mg/kg and belonged to the group of aliphatics(C7/,,C31andCs6) with Cy;
most contributed and Cj;; least contributed in variability of the thirty(30) original variables measured. The highest
concentration of 356.76mg/kg was most contributed by SP2 location. Correlation(r) matrix and Principal
Component Analysis (PCA) were basic statistical tools used to determine the interactions of the TPHs components
at p< 0.05. Further structure detections were made with means plot for this analysis. Soil pollution is a major public
health hazards, especially with inhabitants close to the industrial environment as there could be possible seepage
and subsequent ground water contamination. This contaminated water will subsequently be ingested by drinking and
this calls for serious public health intervention. Best Available Techniques (BAT) and policy reforms should
therfore be intensified as a measure for ecological efficiency in production processes. Assessment of Total
Petroleum Hydrocarbon and its Effect on Soil around Ashphalt Producing Facility in Obinze, Owerri.
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Introduction water). These contaminants are released to the
Petroleum products are integral part of our environment through accidents, as managed releases,
modern lives. It is nearly impossible to avoid or as unintended by- products of industrial,
exposure to hydrocarbons from petroleum products. commercial or private actions. Most TPH are
They either come from industrial activities, solvent introduced into the soil from atmospheric deposition
used at work or home or application of pesticides after local and long range transport from industrial
formulate from petroleum products. activity (8). This phenomenon can be deleterious to
The term total petroleum hydrocarbon (TPH) soil ecosystem as it can accumulate in the soils and
is used to describe a broad family of several hundred migrate into the subsurface (Balks et al. 1998). This
chemical compounds that originally come from crude results to changes in microbial populations and
oil. They are considered persistent hazardous activities at fuel contaminated sites (Aislabie et al,
pollutants, and include compound that can 1998).
bioconcentrate and bioaccumulate in food chain Contaminated soils are usually deficient in
(McElroy, 1983), (Heitkamp, 1988), acutely toxic macro and micro nutrients necessary for plant growth
compounds such as benzene (IARC, 2000) and benzo and uptimum yield. Osuji et al (2005) observed that
(a) and pyrene are recognized mutagen carcinogens beyond 3% concentration, oil has been reported to be
(Mortelmans, 1986). Total Petroleum Hydrocarbons increasingly deleterious to soil biota and crop growth.
are components of most fossil fuels and are But very little is known about the effects of TPH
ubiquitous in the natural environment (Ellenhorn, contaminants on the physical properties of Obinze
1988; Agency, 1993). TPHs are divided into two soil where the Asphalt plant is located. Although,
categories, the gasoline range organics (GRO) which loss of soil fertility through loss of soil organic
corresponds to small chain alkanes and diesel range matter, leaching of nutrients, loss of nutrient laden
organics (DRO) which corresponds to the lager chain topsoil, changes in soil pH and other forms of soil
alkanes. There are concerns with short term degradation are evident.
(accident) and long term exposures to petroleum Populations living in the vicinity of the
hydrocarbons e.g contaminated soil or drinking industrial sites may be at greater risk of potential
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exposure to TPH than the general population through
inhalation, ingestion and direct contact with
contaminated media (Agency, 1990).

This present work therefore was conducted to
assess the levels of TPH and their impact on the soil
around Obinze Asphalt producing plant.

Materials and Methods
Study Area.

This study was carried out in an asphalt
producing plant situated at Obinze along Owerri Port
Harcourt road in Owerri west Local Government
Area of Imo State. The area is located within 5°67N
and longitude 6°361 and 7°281E. Topography of the
area supports sizeable human population settlement
consisting of the indigenes and pockets of Hausa
communities  scattered in  small  discrete
concentrations. Climate of the area is tropical with
two distinct seasons (dry and rainy seasons). The
rainy season last between March and October with a
short dry spell in August popularly known as August
break. While the Dry season last between November
and February. (Njoku-Tony, 2008).The sand of the
area is sand/loam and vegetation is typical rainforest.
Annual rainfall ranges from 0.0mm to 2,500mm. The
mean temperature over most of the area is 27°C while
relative humidity is about 70-80% (IMSG, 1993).
The production capacity of the facility is designed to
produce 400tons of asphalt per hour but because of
some technical and environmental factors the facility
now produces at 300 to 320 tons per hour. The main
occupation of the people is agriculture and there are
also civil servants and traders.
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Fig.4: Location map of the study area

Sample Collection
Nine (9) soil parameters were investigated
viz: TPH, Nitrate, Phosphate, Sulphate, pH, Textural
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class, Moisture content, Total Nitrogen and Total
Organic Carbon. Soil samples were collected from
four sampling locations, SP1 (100m from point of
emission), SP2 (300m), and SP3 (600m) in the
prevailing wind direction while a control sample

S5km in the opposite wind direction were utilized for
the study. Soil samples were collected at these
different locations at the depth of (0-30cm) and
transferred into an aluminum foil paper bag, labeled
for each location and taken to the laboratory for
analysis.

Fig 1: A photographic plate of the vertical view of
the plume at Obinze, Owerri

Analytical Procedure

For TPH, the content was obtained by
shaking 10g of a representative fresh sample with
20ml of toluene and oil extracted determined by
absorbance at 420nm wavelength in a spectronic 21-
D spectrophotometer

Soil moisture content was determined by
using an oven dry method in which samples were
dried to constant weight (Ahuja et al, 1976) and the
difference in mass of wet and dry samples recorded
and expressed in percentage

WW—M
MC = ——— X 1009
I M‘;R—M %

For pH, the method of Jackson (1964) was
adopted. Air-dried sample was passed through a 2mm
sieve and afterwards, 20g of it was placed in a 50ml
beaker. 40ml of distilled water was added to it and
the mixture was stirred with glass rod and allowed to
stand for 30mins. The pH value was read off with a
coming pH meter (model 7).

Statistical Analysis

Descriptive  statistics and  graphical
illustrations as provided by SPSS© 17.0 and MS
Excel© 2007 were utilized in the analysis of data.
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Result

Nine (9) parameters: Total Petroleum
Hydrocarbon (TPH),Nitrate, Phosphate, Sulphate,
pH, Textural class (sand, clay and loam), moisture
content, Total Nitrogen and Total organic Carbon
(TOC) for soil were analyzed. These parameters
showed moderate to high variations in concentration:
TPH, Nitrate, Phosphate and Sulphate varied between

(30.05+0.51), 8.65 — 10.80(10.02+0.51) and 58.20 —
66.50(61.58+1.76)ppm  respectively. While pH,
Sand, Clay, Loam, Moisture Content, Total Nitrogen
and Total Organic Carbon varied between 5.00 —
5.60(5.33 - 0.13),65.00 — 72.00(69.25+1.49), 18.00 —
30.00(22.5042.63),5.00 — 10.00(8.25+1.18),2.00 —
3.00(2.50+0.29),0.14 — 0.16(0.15+0.01) and 1.30 —
1.80(1.50+0.11) ppm

3418 — 356.79(130.41£75.84), 28.90 — 31.00
Table 1.1 Descriptive Statistics for Soil
QUALITY MINIMUM MAXIMUM RANGE MEAN STANDARD
PARAMETERS ERROR
TPH 34.18 356.79 322.61 130.4100 75.83740
NITRATE 28.90 31.00 2.10 30.0500 0.504744
PHOSPHATE 8.65 10.80 2.15 10.0175 0.51102
SULPHATE 58.20 66.50 8.30 61.5750 1.759991
pH 5.00 5.60 0.60 5.3250 0.12500
SAND 65.00 72.00 7.00 69.2500 1.49304
CLAY 18.00 30.00 12.08 22.5000 2.62996
LOAM 5.00 10.00 5.00 8.2500 1.18145
MOIST. CONT 2.00 3.00 1.00 2.5000 0.28868
TOTALNITROGEN 0.14 0.16 0.02 0.1475 0.08479
TOC 1.30 1.88 0.05 1.5000 0.10801
C/N RATIO 8.67 12.86 4.19 10.0725 0.94412
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Fig. 1.5 Spatial variations in textural classes of
Ashphalt Plant in Owerri
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Fig 1.6 scree plot showing the thirty carbon
components and their extent of influence in the soil

Table 1.2: Rotated Component Matrix of
Extracted Variables
Parameter Component

1 2 3
Ci722 0.983
Css

0.991

Gy

0.969

A total of thirty(30) hydrocarbon variables were
analyzed in the soil locations. The screeplot (fig 1.6)
represents the eigenvalue of each component in the
initial solution

Extraction and rotation sums of square loadings
(fig 1.5) revealed that the first three(3) principal
components formed the extracted component on the
steep slope while the other components are formed
on the shallow slope.
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The rotated components in table 1.0 revealed that
the first component is highly correlated with C;;
/C2(0.983), the second component is most highly
correlated with C;4(0.991) while the third component
is most highly correlated with C;,(0.969).

Discussion

The high concentration of TPH detected in the
soil sample especially the point close to source of
emission could readily be attributed to TPH
contamination of the soil from the poorly treated
emission from the neighbourhood.

The test of homogeneity in mean variance of the
soil using the one way analysis of variance showed
high significant spatial inequality in means of the soil
parameters under study.

[F(11A366)> FCrit(3.952)] at P<0.05. USiIlg means Plot
for the structure detection of means difference, the
inequalities were revealed to be contributed by all the
parameters measured in all the locations.(fig
4.1......4.10). The most logical assumption could be
adduced to non-isotropic (different properties in all
direction) nature of the soil, high residence time and
runoffs of pollutants along the soil gradients
(Windgardner, 1996). From the results obtained, the
TPH components extraction falls into the group of
Aliphatics.

TPH in the soil ranged from 60.97 to 356.79.
The highest concentration is most contributed by
location two (SP2) 356.79mg/kg and less contributed
at control point 34.18mg/kg farther from the Asphalt
plant.(fig 1.1). There is significant difference
between the samples near the Asphalt plant and
control location from the plant. A review of existing
data on the Niger Delta by NDES (1999), Osuji
(2001) and Osuji et al (2004) affirms that such high
hydrocarbon levels affect both above-ground and
subterranean flora and fauna which are essential
adjuncts in the biogeochemical cycle that affects the
availability of plant nutrients. It is therefore asserted
that the Asphalt plant has significant impact on the
TPH content of the soil around it. The strong
significant associations observed between most of the
hydrocarbons agrees with the work of El-Deeb and
Emara (2005). The source of this study is therefore
generally believed to be of petrogenic and
hydrocarbonic origin and components are closely
related due to their molecular weight (Okoro, 2007)

Residual saturation of TPH in the soil determines
the degree of soil contamination and can act as a
continuing source of contamination for individual
compounds to separate from bulk product and
migrate independently in air (volatility) or ground
water (solubility)(Bauman 1988).

Total Nitrogen content in the sample location
nearest to the Asphalt plant is in the range of 0.14 to
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0.15% while the control location which is farther
away (5km) from the plant is 0.16%. Thus, the most
logical assumption is that the Asphalt plant has no
impact on Total Nitrogen content in the soil around
it.

However, the slight difference in Total Organic
Carbon from 1.8mg/kg near the plant (SP1) as against
the control away from the plant 1.5mg/kg showed
that Organic matter content increased following the
addition of carbonaceous substances within the plant
vicinity.

The significantly uncorrelated relationship
between pH and TPH components imply that
hydrocarbon ion concentration does not play any role
in the biogeochemical availability of TPL rather their
concentrations are anthropogenic in nature Agency,
(1999).

In pH and Moisture content, there was no much
significant difference between the sample location
near the Asphalt plant and the control. For pH in SP1
to SP3 were in the range of 5.3 to 5.6 and the control
location was at 5.0 while for moisture content, it was
in the range of 2.0 to 3.0% across the sample
locations. The plausible conclusion perhaps is that
the Asphalt plant has no significant impact on pH and
moisture content in the soil around it.

In Textural classes for sand, clay and loam,
there were slight differences between the sample
locations SP1 to SP3 against control location (fig
4.5d). The logical assumption could be the addition
of such levels of carbonaceous substances to the
impacted area which eventually affected the
concentrations of Carbon/Nitrogen ratio in the soil.

Carbon/Nitrogen is an essential nutrient in the
soil for plant growth. However, if there inputs to a
soil exceeds both the biological demand and storage
capacity, saturation becomes evident. This will
eventually lead to Nitrogen leaching from the soil,
causing soil acidification which incidentally alters the
soil chemistry.

The result of this study calls for public health
concern as it is confirmed that TPH are carcinogenic
(Agency, 1995)

Moreover carcinogenicity is transgenic as
oncogenes (cancer prone genes) could be inherited by
filial generations (Evans 1977, Cema 1996)

Man inevitably  suffers the risk of
bioaccumulation as a result of his position in the food
chain and his predisposition to other routes of
exposure.

Conclusion

In the quest to meet with developmental
challenges, man inadvertently destroys his nest by
creating air pollution and consequently impacting
adversely on human health.
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The results of this research have shown that the
Asphalt plant facility located along Owerri- Port
Harcourt road has measurable impact on soil in its
immediate environment especially for TPH.
Although the concentration of some of the soil
elements are negligible (asphalt plant has not
operated for long).It is obvious that more quantities
of TPH would be deposited in the environment with
more years of production. If we must put a stop to
this environmental menace, it becomes imperative
that a feasible and economically viable equipment
and techniques for controlling pollution irrespective
of its location must be provided. Pollution caused by
some of these pollutants can be reduced substantially
by using equipment like: Double Catalyst Double
Absorption(DCDA), Gravity Settling Chamber,
Electrostatic Precipitator(ESP), Scrubbers and other
properly designed plant, thus abating air pollution.

Government should introduce environmental
value added tax(EVAT), strict laws implemented to
make factories use pollution control measures or best
available technology for abatement.
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