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INTRODUCTION

Toxic metals and petroleum hydrocarbons have
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An assessment of the effect of effluent from a lubricating oil producing
factory on sediments of the Benin River was carried out. Surface sediment
samples were taken from the river-bed and the inter-tidal zone (area
between high tide and low tide). The results of analysis of sediment
physicochemical variables and toxic heavy metals gave the average values of
parameters as: pH (4.9+1.1), total organic carbon (2.1+2.4%), total organic
matter (3.8+4.2%), clay (1.54+0.44%), silt (0.58%0.44%), sand (97.8+0.9%),
total organic extracts (TOE) (49600+12000 mg kg1), total petroleum
hydrocarbons (TPH) (41900+11000 mg kg1), Ni (0.14%0.17 mg kg1), Cd
(0.08+0.09 mg kg1), Pb (5357 mg kg1), Zn (92.1+170 mg kg1), and Cr
(4.1£2.0 mg kg1). The Pb level actually fell between the Effects Range Low
and Effects Range Median levels of the National Oceanic and Atmospheric
Administration (NOAA) sediment quality guidelines which indicated
moderate (or intermediate) contamination of sediment by Pb.The
geoaccumulation indexes of Pb and Zn for some sampling stations were
between 3 and 4 thus giving a pollution ranking of moderately high to highly
polluted to these sampling stations. The average concentration of TPH
exceeded both the soil/sediment target and intervention values of the
environmental guidelines and standards for the petroleum industry in
Nigeria EGASPIN) for mineral oil in sediment. Sediments of the river in the
study area are polluted with heavy metals and petroleum hydrocarbons.
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phenomenon of oil spillages. The Niger Delta area is known

accumulated in water, sediment and soils of the Niger Delta,
and have become a source of concern to environmental
authorities and the people of the area (Egborge 1991;
GESAMP 1993; NRC 2003). The loads of these contaminants
are further increased in the environment by the

to be heavily contaminated with oil residue resulting from
oil spillages (Hinrichson 1990; Okoko and Ibaba 1999;
UNEP 2011). The United Nation Development Programme
report (UNDP 2006) states that there have been a total of
6,817 oil spills between 1976-2001, which account for a
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loss of three million barrels of oil of which >70% has not
been recovered. The factors which contributed to these
spillages in the Niger Delta include corrosion of pipelines,
production operation and sabotage/theft (Nwilo and
Badejo 2007; SPDC Ltd. 2001). The effects of oil spillages on
the ecosystem in the Niger Delta have been very severe.
These include damage to and loss of biodiversity, reduction
of arable land, reduction of available potable water and
blockages of water ways (Amadi et al. 1996; Proffit and
Devlin, 1998; Ekweozor 1989; Luiselli et al. 2004; Luiselli et
al. 2006; Odokuma and Okpokwasili 2004; Okereke et al.
2007; Omo-Irabor et al. 2011; Osuji and Adesiyan 2005;
Kalita et al.,, 2009; Nie et al., 2010). The presence of heavy
metals in an oil spilled areas also affects biodegradation of
the spilled oil and hence the recovery of such areas
(Almeida et al., 2013). The health of workers in an oil
spillage area is often adversely affected by the spilled oil
(Lee et al,, 2009; Gwack et al., 2010) Sensitive ecosystems
such as mangrove forests take up to three decades to
recover from the effect of oil spillages, even after necessary
clean-up and bioremediation measures have been
completed (Ballou et al. 1989; Ballou and Lewis 1989;
UNEP 2011)

Quantification of petroleum hydrocarbon residues and
toxic metals in the Niger Delta environment have been
carried out and reported (Adami et al. 2007; Akporido
2009; Anyakora and Coker 2009; Chindah et al. 2004;
Davies and Abowei 2009; Ekpo et al. 2012; Iwegbue et al.
2008; Olajire et al. 2005; Osuji and Adesiyan 2005;
Otukunefor and Obiukwu 2005; Sojinu et al. 2010; Uzoekwe
and Oghosanine 2011; Adeniyi and Owoade, 2010; Umoren
and Udousoro, 2009)).

Toxic heavy metals have serious adverse effects on
environmental and human health. Lead is a neurotoxin and
is generally more ubiquitous in the mammalian body, lead
concentrations can accumulate inthe bone marrow where
blood corpuscles occur (Murphy, 1981). Lead has large
affinity for thiol and phosphate-containing ligands, inhibits
the biosynthesis of heme and thereby affects membrane
permeability of kidney, liver and brain cells thus resulting
in either reduced functioning or complete breakdown of
these tissues, Since lead is a cumulative poison (Forstner
and Wittmann, 1983). Plumbism is the disease caused by
lead poisoning and is associated with mental deficiency and
serious behavioural problems especially in children
(Forstner and Wittmann, 1983). Cadmium and mercury
compete with and displace in a number of Zn-containing
metalloenzymes by irreversibly binding to active sites
thereby destroying normal metabolism. A disease caused
by Cd named ittai-ittai is rheumatic in nature, killed many
people in one catastrophic episode of cadmium poisoning in
Japan in a zinc mine. Chromium is the least toxic of the
trace elements on the basis of its oversupply and

essentiality. Chromium (VI) compounds are approximately
100 times more toxic than Cr (III) salts. Inhalation of dust
containing chromium caused lung cancer with painless
perforation of nasal septum (Forstner andWittman, 1983).
Zinc is an essential element. Moderately increased zinc
concentrations in water from corrosion sources do not
induce any clinical manifestations, laboratory tests on
animals indicate however that metabolism of humans may
be affected (e.g. their mineral and enzyme budget)
(Forstner and Wittmann, 1983). The biological effects of oil
consist of acute and chronic toxic effects. Acute toxic effects
of petroleum hydrocarbons include mortality of organisms
and various narcotic effects, seedling mortality and
defoliation of lower zones of trees and shrubs. The chronic
toxicity of petroleum hydrocarbons are mainly sublethal
effects. They occur following acute (i.e. short-term-single
exposure) or chronic (continuous) exposure. The effects are
mainly the disruption in energetic processes, interference
with biosynthetic processes and structural development
and direct toxic effects on reproduction (Capuzzo et al,
1988)

The Benin River takes its source from 150 km north of
the town of Koko. It flows through the town in a southwest
direction into the Bight of Benin. Fishing as well as
harvesting of crayfish and shrimps occurs in the Benin
River. The river is also used for transportation since it is
wide and deep. The adjoining land is used for farming.
Arable crops cultivated in the area include yam, maize, and
pineapple. The tree and fruit crops include oilpalm,
coconut, mango and pawpaw. Vegetable crops include
fluted pumpkin. There has not been a reported incident of
oil spillage in the vicinity of Koko or the study area. There
was, however, a reported incident of the dumping of
hazardous waste imported into the country from Italy in a
location in the town which attracted the attention of the
Federal Government of Nigeria and the International
community. A large proportion of this hazardous waste was
later returned to Italy (Kocasay 2003).

As has already been observed, most of the studies on the
Niger Delta focussed on the effect of the upstream sector of
the petroleum industry on the environment i.e. on the effect
of the petroleum prospecting industry through oil spillages.
Much less work has been carried out on the effect of the
downstream sector of the petroleum industry. Some studies
have however been reported on the effect of refinery and
petrochemical effluent (Otukunefor and Obiukwu 2005;
Uzoekwe and Oghosanine 2011). UNEP (2011) has also
reported spillage of refined petroleum products in some
locations in Ogoniland, Nigeria. Iwegbue et al. (2008) has
also reported high concentrations of total petroleum
hydrocarbons in a motor-vehicle scrap yard and inferred
that the petroleum hydrocarbons observed were as a result
of indiscriminate spilling of lubricating oil on the soil. No



work has however been reported on the effect of effluent
from a lubricating oil producing factory. Therefore,
research on the effect of effluent from a lubricating oil
producing factory in the Western Niger Delta region on
sediment quality would be valuable. It is necessary to
assess the contributions of the lubricating oil producing
industry to the total petroleum hydrocarbons and toxic
metals load in water and sediments of rivers in the western
Niger Delta. The lubricating oil producing company also
produces plastic jerry cans for distributing the lubricating
oil. Effluents from this factory discharge into the Benin
River adjacent to the factory (see Figure 1).

This study examined the effect of effluents from a
lubricating oil producing factory on the quality
characteristics of sediments of the Benin River adjacent the
factory by determining physicochemical variables of
sediment samples and determining concentrations of
selected toxic heavy metals (Ni, Cd, Zn, Pb and Cr), total
organic extracts (TOE), and total petroleum hydrocarbons
(TPH) in sediment samples. The variables TOE, TPH, Ni, Cd,
Pb and Cr were specially chosen because they are
constituents of lubricating oil and may give a good
indication of contamination from such a factory. The
pollution status of each sampling station in the study area
was also determined and this was carried out by calculating
the geoaccumulation index for each metal in each site.

MATERIAL AND METHODS

The lubricating oil producing factory is located in the town
of Koko, Delta State, Nigeria. The source of the Benin River
occurs approximately 150 km north east of Koko and flows
through the town into the Bight of Benin (Figure 1).

Surface sediments were collected from the river-bed and
the inter-tidal zone.The inter-tidal zone is the area between
high tide and low tide. The length of the inter-tidal zone
varies with the width of the river and the physical features
of the area (whether flat or raised). The length of the inter-
tidal zone in the study area can be described as a range i.e.
10 - 20 metres. Grab sediment samples were collected by
means of a Vanveen sediment grab equipment. Samples
were collected twice in every season (dry and rainy
seasons) i.e. once in each quarter of a year over two years
from June, 2007 to March , 2009. There were altogether
seven sampling stations: two upstream from the point of
discharge of effluents from the factory into the river ( i.e.
the control area) and five sampling stations downstream
from point of entry of effluent (PEE) (study area). The two
upstream stations include those at Ubakporo (UBAK), and
Arunnologbo (ARUN). The sampling station at the point of
entry of effluent is designated as PEE. The other sampling
stations downstream from this point are at Ajalugbeti (AJA)
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followed by Uba-Iro (UBA), Uba-Tailor (UB-TA) and finally
[logun (ILOG). Surface sediment grab samples were
collected from the inter-tidal zone and the river-bed.
Samples were analysed for pH, total organic carbon (TOC),
total organic matter (TOM), TOE, TPH and the toxic metals
Ni, Cd, Pb, Zn and Cr.

Analytical procedures

The pH values of sediment samples were determined using
a pH-meter by dipping the meter electrode into the clear
supernatant liquid above sediment in a mixture with a
sediment to water ratio of 1:2. The Walkley-Black method
(Walkley and Black 1934) was used for the determination
of TOC as described in Klute (1986). The values for TOM
were obtained for every sample by multiplying the value
obtained for TOC by 1.724 (Klute, 1986). The Soxhlet
extraction method was employed in the determination of
TOE. 200 g. Of partially thawed sediment sample was
extracted with 150 ml of redistilled methanol for 10 h in a
Soxhlet extractor. 1.5 g. KOH pellets, 5 solvent- pre-
extracted boiling glass

beads and 20 ml of pre-extracted distilled water were
also added. This initial extract was subsequently solvent-
extracted with 30 ml of re-distilled hexane, and the extract
was filtered using a Whatman filter paper in a glass funnel
containing 2 g of anhydrous sodium sulphate pre-
moistened with re-distilled hexane. Three fractions of this
extract were combined in the round bottom flask which
received the extract. This was distilled to remove solvent,
and the remaining extract was transferred to a glass vial
where the extract was dried to constant weight (Adekambi
1989; Berthou et al. 1981; Oudot et al. 1981). A blank
determination was also made. Calculation of TOE from this
is given below: -
—1v (A-E)w10
TOE (‘H‘lg k'g } - Dryweightof sexperimental sample (g)

Equation 1.

Where:

A = weight of TOE obtained for the sample (g) and B =
weight of TOE obtained for the blank (g).

TPH was obtained for each sample from the
corresponding extract for TOE by a clean-up procedure
which involved re-dissolving TOE in hexane in a beaker,
addition of 3 g of activated silica gel and stirring the
mixture with a magnetic stirrer for 5 min. TPH was
obtained from this by using the same procedure as used in
obtaining TOE from the hexane extract. Calculation of TPH
was also done as for TOE above (Equation 1).

Metals were determined by adding 50 mL of 2M HNO3 to
5g. of dried sediment in 250- mL Kjedahl!’s flask placed on a
boiling water bath for 2h. with stirring at 15 min. interval.
The digest was filtered and subsequently analyzed using
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Figure 1: Map of study area showing a section of the Benin River and Location of the lubricating oil producing factory
Source: Directorate of land and survey, Governor’s Office, Delta State, Nigeria 2000

atomic absorption spectrophotometer (Perkin Elmer
AA200) (Anderson, 1978; Allens, 1989). Toxic metal

contents of effluent samples were determined by first
digesting the samples by adding 5cm3 of concentrated
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Table 1.Comparison of the concentration of parameters
of study area with those of control area

Parameters Study Area Control Area
pH 49+1.1 4.95+0.59
TOC (%) 21+24 29121
TOM (%) 3.8t4.2 5.0+3.7
Clay (%) 1.54 + 0.45 2.59+0.41
Silt (%) 0.58+0.44 0.92+£0.30
Sand (%) 97.8+0.9 96.6 £ 0.6
TOE (mg/kg) 49600 +12000 36600 = 10000
TPH (mg/kg) 41900+ 11,000 25700 £82,00
Ni (mg/kg) 0.14+0.17 0.01+0.01
Cd (mg/kg) 0.08 £ 0.09 0.01+0.01
Zn (mg/kg) 92.1+170 57 +48

Pb (mg/kg) 53+57 31+18

Cr (mg/kg) 41+£2.0 1.49+0.33

nitric acid 500 mL of effluent sample in a 1- litre kjedahl
flask. The contents of the flask was heated to boil gently,
this brings about digestion with pre-concentration. The
metal (Ni, Cd, Zn, Pb and Cr) concentrations were
determined from the digest solution by flame AAS (APHA-
AWWA-WEF, 1995).

To be able to assess the pollution status of each sampling
site the Muller geoaccumulation index (Igeo) (Muller, 1979)
was determined for each metal in each site.

Igeo = Log2[Cm/1.5Cb]

Where Cm is the concentration of metal in the fraction
analyzed of sample (<63 um) and Cb is the background
concentration of thesame metal. The factor 1.5 is inserted
to take into account the possible lithological variability. The
background value of an element is the maximum level of
the element in an environment beyond which the the
environment is said to be polluted by the element. The
background values of heavy metals are defined by
international standards and available in literature (Puyate
et al, 2007).The background values of the heavy metals
determined in this study are Ni = 38 mg/k; Cd = 10 mg/kg;
Zn = 70 mg/kg; Pb = 20 mg/kg; Cr = 30 mg/kg.

The quality control measures taken include the
determination of percentage recoveries of TPH and the five
toxic metals. The results of the determinations of
percentage recovery given as mean and standard deviation
of five determinations on a sample were 95.6+2.4%,
94.6x2.4%, 96.3+3.1%, 98.1£3.0%, 93.2+2.5%, and
94.4+1.5 % for TPH, Ni, Cd, Zn, Pb and Cr, respectively.
These all fall within the acceptable range (90-110%). Using
Microsoft Excel (Microsoft Corporation LTD), ANOVA-single
factor analysis was used for the comparison of means of
each of the variables in the four seasons studied (two dry
and two rainy seasons) and the mean of each variable in

five sampling stations in the study area, and the t-test (two
sample, assuming equal variance) was used to compare the
means of some of the variables of the study area with those
of the control area. The Pearson 2-tailed test was used for
the correlation of the values of all variables (with the
exception of the pH values) within the Statistic Package for
the Social Sciences (SPSS) (version 17) (SPSS, Chicago).

RESULTS AND DISCUSSION

The average concentrations of TOE (49,600+12,000 mg kg-
) and TPH (41,9004+11,000 mg kg1) in the study area were
very high as was expected (Table 1). The average value of
pH (4.9+1.1) was low indicating that the sediments are
acidic. This is to be expected as one of the end products of
biodegradation of petroleum is hydrogen sulphide. This
would have the effect of increasing the concentration of the
non-residual geochemical forms and solubility of toxic
metals and hence increasing the mobility of the toxic
metals, thus posing a greater threat to sediment dwelling
organisms. The average concentrations of Zn in study area
(92.1£170 mg kg1) and Pb (53457 mg kg'1) were also high.
The results for the three remaining toxic metals were
Cd=0.08+0.09 mg kg1, Cr (total)=4.1x2.0 mg kg! and
Ni=0.14£0.17 mg kg'. The concentration of Ni was
surprisingly low since Ni is an important trace metal in
crude oil. The oil in the effluent was however not crude oil
but a refined petroleum product; therefore, it is possible
that a high proportion of the Ni would have been removed
during refining or that the effluent released by the factory
had undergone some level of treatment that would have
removed a high proportion of the Ni. The average values of
TOC (2.1£2.4%) and TOM (3.8+4.2%) in study area were
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Table 2. Values of variables at each sampling station

Upstream Sampling Stations

Downstream Sampling stations

Variables ARUN UBAK PEE AJA UBA UB-TA ILOG

pH 5.030.59 4.89+0.63 5.4%1.7 47412 4.8+1.0 4.75+0.55 4.850.98
TOC (%) 2.9+2.1 2.942.3 1.14%0.77 1.6£15 3.93.9 0.86+0.80 2.9%2.7
TOM (%) 4.9:3.7 5.045.9 2.041.3 27426 6.7£6.7 1.5+1.4 4946
Clay (%) 2.48+0.41 2.66£0.41 1.63+048  1.68:0.6  1.50:0.38 1484046  1.45+0.34
Silt (%) 1.03+0.34 0.81+0.23 0.59+048  0.59:0.39  0.64+051  0.68+0.52  0.44%0.39
Sand (%) 96.6+0.5 96.6+0.5 97.8£0.9  97.7:0.94  97.8+0.9 97.8+0.9 98.1+0.8

35,600+9,8 48,000£1,7 52,800£7,30 5540063 49,600+160 42,20017,0

TOE (mg kg) 00 37,700+11,000 0 00 00 00
TPH (mgkg) 25,38817,3 26.000£9.500 43,0003,6 40,80000110,0 45,88814,7 43,00000116,0 37,30000114,0
Ni (mg ke'1) 0.01£0.01 0.020.01 0.14£0.17  0.18:0.17  0.184#0.22  0.07+0.10  0.13%0.19
Cd (mg kg) ND 0.01£0.01 0.08£0.08  0.09:0.12  0.07:0.10  0.08+0.11  0.06+0.07
Zn (mg kg1) 55450 58+49 188+330 30.6+5.6 154£170 62468 26427
Pb (mg kg1) 3120 3118 62+45 75489 60+60 37422 32416
Cr (mg kg1) 1.44+0.30 1.53+0.38 43+15 5.8+1.9 5.1+2.1 2.25+0.80 3.0+1.8

low and this, coupled with the high percentage of sand
(97.8£0.9%) or low percentages of clay (1.54+0.45%) and
silt (0.58+0.44%) in the sediment indicated that the
sediments of the river have low retention capacity for
pollutants. The implications of this are two-fold. First, the
concentrations of pollutants measured may be far lower
than the amount actually reaching the sediments surface;
secondly, pollutants such as petroleum may have
penetrated very deep underground since the underlying
geological rock type are mainly sedimentary rock and oil
may have penetrated water in the aquifer. If the latter
occurs, would have grave consequences for available
portable water in the area.

There was no definite pattern in the variation of the
concentrations of pollutants with distance from point of
entry of effluent to the furthest sampling station
downstream (i.e. [logun sampling station) in the study area
(Table 2). This may be as a result of additional amount of
pollutant brought in by tributary streams from oil
prospecting areas far from the bank of the river.
Stormwater runoffs from these areas are also capable of
bringing into the river additional amount of the pollutants.
These two phenomena of pollutants addition to the river
will not allow the gradual decrease in the concentrations of
pollutants from point of entry of effluents down to the
furthest sampling station (ILOG) as might have been
expected. It was only the average concentration of Zn
(188+330 mg kg1) that was highest at the point of entry of
effluents (i.e. point discharge of effluent). The average
concentrations of TOE (55,400+6,300 mg kg') and TPH
(45,800£4,700 mg kg1) were highest at Uba-iro (UBA),
while the average concentrations of Pb (75+89 mg kg-1) and
total Cr (5.8+1.9 mg kg1) were highest at Ajalugbeti (AJA).

The average concentrations of TOE, TPH, Zn and Pb were
lowest at ILOG sampling station. A comparison of the means
of the concentrations of TOE, TPH and the five heavy metals
in each of the sampling station with each other using
ANOVA-single factor showed that the differences in their
concentrations were statistically significant.

The pH of sediment was generally lower and therefore
more acidic during the rainy seasons (Table 3). This may be
as a result of acidic materials brought in from the
surrounding catchment by storm-water runoff. The TOC,
TOM, clay, silt and sand values did not change much with
the seasons (Table 3). The concentrations of toxic metals
(especially Zn, Pb and Cr) were considerably higher during
the rainy seasons. The TOE and TPH levels were however
higher during the dry seasons. The differences in the
concentrations of Pb and Zn during the seasons were
statistically significant as determined by the ANOVA-Single
factor analysis.

A comparison of average concentrations of the toxic
metals (Ni, Cd, Zn, Pb and Cr) in effluents with effluent
limitation guidelines in Nigeria (DPR 2002; FEPA 1991)
was performed. The average concentration for Ni (10.2+5.2
pg 1-'1) exceeded slightly FEPA effluent guidelines (10.0 pg I-
1). The average concentration of Zn (5,140£1,100 pg 1)
exceeded the FEPA (5,000 pg 1'1) and the DPR (1,500 pg 1)
guidelines. The mean concentration of Pb (4,470+320 pg I
1) also exceeded the FEPA (50.0 pug 1) and DPR (50.0 pug I')
guidelines. In addition, the mean concentration of Cr
(35.0£5.5 pg 1Y) exceeded the DPR (30.0 pg I'1) effluent
limitation guidelines. These results showed that the
effluents from the factory have ability to pollute a receiving
water body.

A comparison of the average concentration of the
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Table 3. Average concentrations of physicochemical variables, toxic metals, TOE and TPH over two rainy and

two dry seasons

Variable First Rainy Season  First Dry Season  Second Rainy Season Second Dry Season
pH 3.99+£0.90 5.80+0.80 4.14 +0.66 5.71+0.51
TOC (%) 38125 0.34+0.14 3.8+25 0.34+0.20
TOM (%) 65143 0.59+0.24 6.5+4.3 0.85+0.20
Clay (%) 1.89+0.24 1.07£0.01 2.02+0.24 1.21+£0.13
Silt (%) 0.89+0.18 0.018+£0.01 1.00+6.24 0.44+0.29
Sand (%) 97.2+0.38 18.9 97.0+04 98.2+0.5
TOE(mg kg1) 40,100 £ 13,000 52,100+17,000 43,900+ 12,000 57,600 + 3,400
TPH (mg kg1) 35,000+ 13,000 48,800 + 6,600 349,000+ 7,900 49,000 £5,400
Ni (mg kg1) 0.05 £ 0.01 0.019 +0.25 0.07 £ 0.08 0.25+0.16
Cd (mg kg1) 0.04 £ 0.01 0.11+0.14 0.04 +0.01 0.12+0.10
Zn (mg kg1) 165 + 24 17 £12 167 + 40 19+12
Pb (mg kg1) 71+ 60 23t16 88+ 69 3020

Cr (mg kg1) 43+1.7 34+23 46+1.8 39+£23

Table 4. Comparison of Sediment metals and total PAHs concentrations with sediment quality guidelines (SQGs) of the
National Oceanic and Atmospheric Administration (NOAA) (NOAA 1999)

Guideline Values (mg kg1)

Variables  Average Concentrations (mg kg-1) Contamination level
ERL ERM

Ni 0.14+0.17 209 51.6 Low or no contamination

Cd 0.08+0.09 1.2 9.6 Low or no contamination

Zn 92.1+170 150 410 Low or no contamination

Pb 53+57 46.7 218 Intermediate contamination

Cr 41+2.0 81 370 Low or no contamination

** ERL = effect range low
*** ERM = effect range median

pollutant variables (i.e. TOE, TPH and the toxic metals) of
the study area with those of the control area (Table 1 and
3) showed that the concentrations of most of the variables
were higher within the study area than in the control area.
A comparison of the mean values of TOE and TPH within
the study area with those within the control by a t-test (two
sample, assuming equal variance) showed that the
differences in their means are statistically significant. The
study area is thus more polluted than the control area. And
since the control area is just upstream to point of entry of
effluents from the lubricating oil producing factory, the
effluents from the factory are likely to be the source of a
large proportion of these pollutants.

The average concentration of Pb (53457 mg kg1) within
study area fell between the ‘effect range low” (ERL) and
‘effect range median” (ERM) of the NOAA (National Oceanic
and Atmospheric Administration) SQGs (NOAA 1999)
(Table 4), indicating moderate (or intermediate) Pb
contamination of the sediment in the study area. Other

metals (Ni, Cd, Zn and Cr) however showed low or no
contamination. A comparison of the average concentrations
of the pollutants (i.e. toxic metals and TPH) with
Environmental Guidelines And Standards for the Petroleum
Industry in Nigeria (EGASPIN) soil/sediment target and
intervention values (DPR, 2002) (Table 5) showed that the
average concentration of TPH (4.19x104+1.1x10* mg kg1)
exceeded both the target value (50.0 mg kg?1) and the
intervention value (5,000 mg kg?) for mineral oil. The
target values of EGASPIN are values which indicate the soil
quality levels ultimately aimed for while the intervention
values of EGASPIN are values which indicate the quality for
which the functionality of sediment or soil for human,
animal and plant life are threatened with being seriously
impaired. Concentrations in excess of the intervention
values correspond to serious contamination. The sediments
in this study area are therefore seriously contaminated
with petroleum hydrocarbons. Usually, such high levels of
petroleum hydrocarbon contamination create anoxic
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Table 5. Comparison of sediment metals and TPH concentrations with EGASPIN soil/sediment target and intervention values (DPR 2002)

. . Guideline Values L
Variables Average concentrations (mg kg-1) Inferred Contamination Levels
Target values (mg kg'1) Intervention Values (mg kg1)

Ni 0.14+0.17 35.0 210 No guideline value exceeded

Cd 0.08+0.09 0,80 12.0 No guideline value exceeded

Zn 92.1+170 140 720 No guideline value exceeded

Pb 53+57 85 530 No guideline value exceeded

Cr 4.1+2.0 100 380 No Guideline value exceeded

Mineral oil (or TPH)  4.19x104+1.1x10% 50 5000 Exceeded both guideline values i.e. high contamination.

*EGASPIN = Environmental Guidelines and Standards for the Petroleum Industry in Nigeria.

** Target values: They are values which indicate the sediment quality levels ultimately aimed for (or the baseline levels).

*** Intervention values: They are values which indicate the quality for which functionality of sediment for human, animal and plant life are threatened with being seriously impaired. Concentrations in excess of
the intervention values correspond to serious contamination

Table 6. Comparison of sediment metals concentration with Canadian Sediment Quality Guidelines for the Protection of Aquatic Life (Freshwater) (Canadian Council of Ministers of the
Environment (CCME) 1999).

Biological effects of concentration range defined by these values

. . 1 1 1 o
Toxic Metal Concentrations of Metals (mg kg1) ISQG (mg kg1) PEL (mg kg1) % 15QG 1SQG < % < PEL % PEL Contamination Level
Nickel 0.14+£0.17 - - - - - Not ranked
Cadmium 0.08+0.09 0.60 3.50 11 Applicable 12 not applicable 47 Not applicable Low or no contamination
Zinc 92.1+170 123 315 5 Applicable 32 not applicable 36 Not applicable Low or no contamination
Lead 53+57 35.0 91.3 < 5 Not applicable 23 Applicable 42 Not applicable Intermediate contamination
Chromium 41+£2.0 37.3 90.0 <2 applicable 19 Not applicable 49 Not applicable Low or no contamination

ISQGs = Interim Sediment quality guidelines (freshwater) (dry weight)
PEL = Probable effect levels (dry weight)

conditions in the surface and subsurface

soil/sediments because the oil film reduces gaseous
diffusion and increases the presence of anaerobic
organisms, which deplete available oxygen.
Depletion of oxygen in the affected sediment

environment increases stress to living organisms
(especially sediment dwelling biota), some of which
may eventually die of asphyxiation (Osuji 2001).

The average concentrations of the five toxic metals
(Ni, Cd, Zn, Pb and Cr) were also compared with the

Canadian Sediment Quality Guidelines for the
protection of Aquatic Life (CCME 1999), (Table 6).
Pb was found to cause moderate (or intermediate)
contamination of the sediment of the study area
since it fell within the Interim Sediment



Akporido and Ipeaiyeda 48

Table 7.Geoaccumulation index for each metal in each of the sampling station for each season
Heavy metals Ni Cd Zn Pb Cr
Background level 38 mg/kg 10 mg/kg 70 mg/kg 20 mg/kg 30mg
Seasons FR FD SR SD FR FD SR SD FR FD SR SD FR FD SR SD FR FD SR SD
PEE/BT -10.1 -10.5 -9.15 -8.54 -896 -7.22 -104 -293 -816 -2.54 2.6 -0.42 2.82 0.21 -291 -383 -3.07 -3.02
PEE/INT -101 -683 -105 -757 -822 -6.22 -896 -6.22 346 -137 322 -115 1.04 1.05 1.65 142 -284 -251 -285 -2.04
AJA/BT -10.5 -11.5 -852 -8.96 -8.96 -1.62 -112 -1.05 -1.25 328 -051 357 -042 -245 -3.14 -221 -342
AJA/INT -101 -715 -7.57 -715 -822 -542 -822 -6.22 -1.58 -1 -1.27 -085 0.49 0.37 1.19 083 -2.03 -219 -196 -2.23
UBA/BT -10.1 -10.5 -852 -8.54 -896 -7.22 247 -266 258 -2.79 204 -5.06 193 -311 -241 -3.77 -226 -398
UBA/INT -104 -6.83 -9.89 -6.69 -8.22 -822 -564 125 -226 151 -2.02 272 -122 293 0.1 -249 -197 -258 -2.16
UB-TA/BT -10.4 -109 -9.15 -8.54 -8.54 122 -216 135 -2.04 149 -044 183 -0.62 -3.8 -453 -354 -432
UB_TA/INT -10.1 -10.1  -7.57 -822 -5.64 -854 -6.22 -166 -187 -047 -136 -0.21 0.89 0.65 148 -3.27 -413 -3.06 -3.83
UBAK/BT -11.5 -125 -125 -11.5 -955 ND -7.22 056 -265 031 -243 1.26 -0.6 095 -0.67 -4.18 -453 -437 -497
UBAK/INT -10.9 -109 -115 -9.55 -105 -7.22 072 -251 0.64 -243 142 -029 126 -042 -3.67 -429 -424 -453
ARUN/BT -12.5  -125 ND -10.5 -7.22 0.6 -281 014 -293 129 -093 125 -093 -4.14 -4.9 -432  -4.64
ARUN/INT -12.5 -11.5 -125 -105 -955 -722 074 -288 057 -288 139 -041 133 -051 -4.02 -4.61 -4.1 -4.5
ILOG/BT -10.1 -10.4 ND -8.54 -8.96 -1.16  -7.13  -0.79 -396 0.07 0.08 0.76 0.16 -4.25 -4.9 -3.87 -4.64
ILOG/INT -104 -6.83 -10.1 -7.34 -822 -6.22 -822 -722 -023 -447 -0.1 -3.42 0.04 1.42 0.3 1.54 -2.71 -318 -256 -2.49

Quality Guideline (ISQG)-Probable Effect Level significant at 0.01 confidence level (2-tailed). This stations are ranked as moderately to unpolluted.

(PEL) range, where the incidence (%) of adverse
effect due to Pb is 23%. The fish resources and
other organisms of economic importance may have
been poisoned by Pb and this poison may
subsequently be transferred to humans through the
food chain. There is a high volume of exploitation of
edible animal resources (such as fishing and
collection of crayfish and shrimps) in this area and
this is still on the increase.

A Pearson 2-tailed correlation of the
concentrations of the pollutant variables (TOE, TPH,
Ni, Cd, Zn, Pb and Cr) showed that the pairs of TOE
and Zn (correlation coefficient = 0.699) and Ni and
Cd (correlation coefficient = 0.510) are strongly
correlated and their correlation coefficient are

shows that the members of the pairs may have
identical sources and that the toxic metals may be
associated with the oil entering the sediment.

Table 7 gives the geoaccumulation index (Igeo)
(Muller, 1979) of each metal for each sampling
station in each of the seasons studied (in this cases
the surface and subsurface depth are treated as
separate sampling stations). Table 8 shows the
ranking of the geoaccumulation indexes according
to their intensity of pollution. The Iz, of most metals
are zero or less than zero (0 or < 0). These are
ranking shows no pollution or they have
background concentrations of the metal. The [, of
Zn and Pb for many of the sampling stations for
some of the seasons also fell between 1-2. These

Some Igo for Zn and Pb fell between 2 - 3.These
sampling stations are ranked as being moderately
polluted. Those in this group are: UB-TA/BT,
PEE/BT, UBA/BT, and UBA/INT. These stations are
ranked to be moderately polluted with the
respective metals (Table 7). Some sampling stations
have Ig, values for Zn and Pb which falls between 3
- 4. These stations are ranked to be moderately
polluted to highly polluted. These include PEE/INT
which has Ige, values for Zn of 3.46 and 3.22 for the
first rainy and second rainy seasons respectively
and AJA/BT sampling station which have Ig, values
for Pb of 3.28 and 3.57 in first rainy and second
rainy seasons respectively. PEE/INT and AJA/BT
sampling stations are thus the most polluted
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Table 8. Geoaccumulation index (Muller, 1979) of heavy metal
concentration in sediments

Geoaccumulation index Class Pollution Intensity
0 0 Background concentration
0-1 1 Unpolluted
1-2 2 Moderately to unpolluted
2-3 3 Moderately polluted
3-4 4 Moderately to highly polluted
4-5 5 Highlly polluted
>5 6 Very highly polluted
Source: Praveena et al., 2007
Table 9. Comparison of present study with similar studies elsewhere
TOE TPH Ni Cd Zn Pb
Countr River Major activity in area Cr (mg/k Reference
Y ’ il (mg/kg)  (mg/kg)  (mg/kg) (mg/kg) (mg/kg) (mg/kg) " (M)
Nigeria Orogodo River Urban area - - 6.718 0.49 1.26 4.39 0.89 Puyate et al. 2007
- Ifie Creek and section . 1.46 + .
Nigeria Warri River Industrial area - - 43+25 0.65 - 31+17 - Akporido 2009
China Pearl river Estuary Transport of organic - - 35£10 - 140£142  48:14 87.6+22 Ip etal. 2007
chemicals
Nigeria Calabar River Petroleum prospecting - 0-798 - 16.0-29.0 3.00-277 3;)700_ 10.0 - 830 Chindah et al. 2004
. Transportation/ oil ) _ ) 0.005 - ) ) ) Kucuksezgin et al.
Turkey [zmir Bay spillages 0.427 -7.80 0.82 14.0-113 29.0-316 2006
- . . . Otokunefor and
Nigeria Bonny river industrial 15.2 - - - 0.21 0.01 - Obiukwu, 2005
49,600+ 41,900+
o . Effluent from lube 12,000 11,000 0.14x 0.08+ 921170 5357 44,90 (1.00
Nigeria Benin River 0.17(0- 0.09(0- (0.05 - (0.60 - Present study
factory (20,700- (20,200- 0.55) 0.35) 773) 194) -7.70)
63,500) 60,100) ) )

sampling stations by heavy metals. It is worth
noting that these two sampling stations are nearest
to the point of effluent discharge into the Benin

River by the Lubricating oil producing factory.The
calculations of the geoaccumulation indexes for the
metals have shown that Pb has the highest polluting

power followed by Zn among the five heavy metals
studied. A comparison of the results obtained from

the

present study with those for similar studies



elsewhere (Table 9) shows that results for most pollutant
variables in the present study are comparable with results
obtained for most of the other studies listed in Table 9.
Some were however higher or lower in other cases. The
average concentration of Pb 53+57 mg kg1 (0.60-194 mg
kg1) of study area is higher than those obtained for
Orogodo River (4.39 mg kg1) (Puyate et al. 2007), Ifie Creek
(3.1+1.7 mg kg1) (Akporido 2009), Bonny River (point of
impact of refinery effluent) (0.01 mg kg?) (Otokunefor and
Obiukwu 2005) but is comparable with that for the Pearl
River Estuary (48414 mg kg!) (Ip et al. 2007). This
moderately high value of Pb in the present study gives
credence to the earlier observation that the concentration
of the metal could have adverse effects on the fish
resources and other edible living organisms in the
sediment.

The average concentration of TOE 49,600+12,000 mg kg-!
(20,700-63,500 mg kg1) of study area by far exceeded the
average value obtained by Otokunefor and Obiukwu (2005)
for point of impact of refinery effluent on the Okrika arm of
the Bonny River (15.2 mg kg1). This is not surprising since
oily substances are even visible in the samples. The average
concentration of TPH 41,900+11,000 mg kg! (20,200-
60,100 mg kg?') also far exceeds values obtained by
Chindah et al. (2004) (0 - 798 mg kg1) for Calabar River in
a petroleum prospecting area and that by Kucuksezgin et al.
(2006) for Izmir Bay in Turkey (0.427-7.800 mg kg1). The
sediments of this river with an average pH of 4.9+1.1 are by
far more acidic than sediments of Ubeji Creek with an
average pH of 6.54+0.44 as observed by Uzoekwe and
Oghosanine (2011).

The Results obtained in this study indicate the level of
misuse of crude oil and petroleum products in the country
which invariably always leads to indiscriminate spilling of
oil in water, sediments and soils. Similar results were
obtained by Adeniyi and Owoade (2010) for three soil sites
along Lagos - Badagry Express Way in Nigeria. The average
concentrations of total petroleum hydrocarbons for the
three sites are: Iyana-lba garage (1st site) (19430£1270
mgkg1), Lagos University Bus Stop (2rd site) (16110£1850
mgkg1), and Adeniran Ogunsanya College of Education (3rd
site) (11430+4330 mgkg1). The average concentrations of
lead for the three sites are: 1st site (4.24+3.10 mgkg1), 2nd
site (3.72+0.60 mgkg1), and 3rdsite (3.70£1.32 mgkg-1). The
average concentrations of copper

observed for each site by the authors are: 1st site
(20.63%9.02 mgkg1), 2nd site (19.35%£3.61 mgkg1), and 3rd
site (16.76+3.02 mgkg!) (Adeniyi and Owoade, 2010).
Uzoekwe and

Oghosanine (2011) obtained results for Fe and Pb which
ranged from 2.76+0.03-4.29+0.00 mg 1! and 0.01+0.00-
0.01+x0.01 mg 1, respectively for water samples, and
9.4+1.5 mg kg! for Zn and 0.01£0.00 mg kg for Cd for

Akporido and Ipeaiyeda 50

sediment samples. The results obtained in this study also
compares well with that obtained by Akporido and Asagba
(2013) for the soils of the same sites which are: TOE
(56300+19000 mgkg?'), TPH (38700£12000 mgkg1), Cd
(2.0+£2.9 mg kg1), Zn (562+510 mg kg1), Pb (2272160 mg
kg1) Cr (94.5£150 mg kg1), and Ni (0.07+0.22 mg kg1).
These latter results obtained in the same study area for soil
confirms that the concentrations of these pollutants are
high in these study area.

Conclusion

The average concentrations of TOE, TPH and some of the
toxic heavy metals were high and did not have a definite
pattern of variation in magnitude with distance from the
point of entry of effluents (PEE) to the furthest sampling
station downstream (ILOG). The high acidity of the
sediments from all the sampling stations of the study area
is capable of increasing the mobility of the toxic metals
whose concentrations has been observed to be moderately
high (this it does by making the metals more soluble in the
water within the sediment matrix). This situation makes
the metal ions readily available for plant roots uptake and
ingestion by sediment dwelling animals (including various
species of fish). The inevitable consequence of this is the
uptake of the metal ions which will eventually enter the
food chain which involves humans and higher animals with
the resultant adverse effect on human and animal health. It
has also been found that the study area is polluted with
with toxic heavy metals (Pb and Zn) and total petroleum
hydrocarbons.

These pollutants may get to the sediments when the river
receives effluents from the factory and there is a build-up of
pollutants with time. To curtail this bad situation, the
lubricating oil producing factory should be made to
properly treat effluents coming from the factory before
disposal into the river. Effluent limitation guidelines for
disposal of effluents of various industries into inland
surface waters have been put in place by relevant agencies
of the Federal Government of Nigeria.

Two of such set of guidelines and standards are:
EGASPIN by The Department of Petroleum Resources and
National Guidelines and Standards by Federal Ministry of
Environment of Nigeria(formerly FEPA). It is however
observed that there may be lapses in the monitoring of the
industries by the enforcement agency concerned i.e. the
National Environmental Standards and Regulations
Enforcement Agency (NESREA). The government should
ensure that her environmental protection agencies strictly
monitor all industries for compliance with the established
guidelines and standards to bring about a healthier
environment.
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