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Activities in the petroleum industry downsir ABSTRACT
necessary o ascertain the effect of !f?.e S”Efﬂ.nlsecror have been known to pollute the environment. It s
where much of such activities rake pl o c‘-’cn-..;”_,e‘,., on the sediments of the Benin-Ethiope Fluvial Sysiem
the study area and two control (u p.}a.c:e, SEd””ef”_' samples were collected from five sampling stations in
samples were analyzed for trace ,z.s r(.;a‘m.) sampling stations twice in a season for two years. Secliment
digestion with 2M HNO.. A”mvb‘“?;!a .\_.. b!}f method o{ﬂame atomic absorption spectromerry after wet
hvdrocarbons (TPH) Silrid Sanrie d (J";:rb‘wf iment physicochemical paramelers incliding total petroleun
organic carbon (TOC) (0.2040.13 q;; standard met{wa‘x Results obtained are, pH (5.1710.?"6). toral
(3180£3000 mgkg”), Cu (1.422.9 m i mr;! organic exiracis (TOE)+ (40904100 mgkg”). TP
353000 g, CU GRS mggl P O s a0 Cd (0152023
sy dren urve ound 10 be W-? . ;r?e.n;m’rmns of z{r.e wo oil pfframgfer.v (Le_‘TPH and TOE) in the
concentration Of TPH in the .5‘2’)’ 1 ,tc'r Xpimr e s concen.u'a{mn.s' irtithe comm.f area, The AavEs®
: : > study area very much exceeded guideline value. The sediments of the area 1S
polluted with petroleum hydrocarbons in addition to the sediments having high acidity. The sediments of
the study area are therefore of low qualiry.

Keywards: Perroleun industry downstream secioly Benin-Ethiope Fluvial Systent Oghara Town; Flame

atomic absorption spectromelry, rotal petroleum hydrocarbon; trace metals
(which consist mainly of petroleum refining,
_ production of lubricating oils and general
which attracts much  distribution of petroleum products). The main

egion. Oil pollution  (ypes of pollutants released to the environment by
f the petroleum industry are similar

INTRODUCTION

Oil pollution is a topical issue
atention in the Niger Delta r

in the region which is almost entirely derived both sectors 0
from oil spillages is known to be brought about by and consist of petroleum residues (petroleum
many factors which include cquipment failure as a hydrocarbons),  trace metals and polycyclic
result of non replacement of dysfunctional  aromatic hydrocarbons (PAHs). Release of large
equipment and leakages from pipes conveying oil quantities of these pollutants to the environment
from oil fields to port terminals or 10 other (e.g. through oil spillages) has been observed to
as refineries and quality result in in loss of and damage 1O biodiversity,
land, depletion of available

collection centres such

control centres. Oll sabot
has become very importan
Badejo, 2007). Crises over

age is another factor that depletion of arable
| of recent (Nwilo and potable water, and blockages of water ways (
oil pol]mion as a resull GESAMP, 1993: Luiselli et al., 2006: UNEP,
d much attention and 2011: Almeida et al., 2013). Soil and sediment

of oil spillages have receive _ i
thishas been directed mainly &l thc' upstream Paf“d?s and organic .rnam::r has been observcf:l Lo
sector of the petroleum indusity (which consist  be primary reservoirs for hydrocarbon since
mainly of petrolcum prospecting and processing hydrocarbons rapidly sorbed on the two materials
activities) and less attention has been dlrF:c[cd at (Monaco et al., 2015). Petroleum 1s observed (o be
’ n industry toxic to biological processes catalyzedd by soil

the downstream sector of the petroled!
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micro organisms, they are also known to inhibit
organic matter mineralization and cause root
mycorrhhizal infection ( Mathe et al., 2012
Monaco et al,, 2015). Health effect of trace metals
are cellularly based and involve binding of trace
metals to critical functional groups of enzymes
fmd other molecular structures that are important
in the physiological functions of the organism.
These processes of binding usually occur by
chelation, ion-exchange, ion replacement and
others (Onianwa, 2016). Individual ailments
caused by trace metals are well documented in
literature (Gola et al., 2016). The presence of high
concentrations of trace metals in oil spillage sites
impedes biodegradation of petroleum
hydrocarbons since trace metals are toxic to the
microorganisms involed in the biodegradation
(Almeida et al., 2013). It has also been observed
that the health of people close to oil spillage sites
and personnel involved in clean-up exercise are
adversely affected (Gwack et al, 2012).
Studiescarried out on the effect of the activities in
the downstream sectors of the petroleum industry
in the Niger Delta has shown that these activities
release significant amount of pollutants into the
environment (Nduka and Orisakwe, 2011:
Akporido and Kadiri, 2014: Akporido et al.,
2015).

The Benin-Ethiope Fluvial Systemconsist mainly
of two rivers i.e. the Benin river and the Ethiope
river (Fig, 1). Akporido and Kadiri (2014) and
Akporido et al. (2015) have shown that water and
sediments of the fluvial system around Sapele
Town are polluted by the activities taking place in
the downstream sector of the petroleum industries

in the area.

The present study area Islocated around Oghara
Town about six kilometers from Sapele and
activities in these downstream sector involve
offloading of petroleum products and lubricating
base oils into depots, production of lubricating oil
and the lifting of these products from the depots
for redistribution to filling station indifferent parts
of the country. All these activities brings about oil
spillages into the water of the fluvial system and

the surrounding soils.

The hypothesis of this study is that the sediment
of the fluvial system should be polluted by oil
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se petroleum downstream secty,

companies and petroleum residues and tragg
metals should be the main pollutants, also

physicochemical parameters of sediment shoy;

also be affected as a result. There is currently 3

paucity in information on the effect of the,
petroleum downstreaim SEctor COMPAnICs on th
water, sediment and soils, around Oghara are;
The study examined the effects of the activities j,
the petroleum downstream seclr
companies/factories in and around O_ghara lowy
on the quality of sediment of the Benin- Ethiop,
Fluvial system in area around Oghara Town. This
was done by determining the concentrations of
petroleum hydrocarbons and selected trace metals
(Cu, Pb, Zn, Cd, Ni, Fe) in the sediments of the
Benin-Ethiope  Fluvial ~ System and  algg
determining selected physicochemical parametery
of sediments, pH, total organic carbon (TOC),
total organic matter (TOM), and sediment texture
(clay, silt and sand) by particle size analysis.

spillages from the

MATERIALS AND METHODS
Description of Study Area:

The present study area lies within the following
coordinates, latitudes 5° 00" N, 6" 30" N and
longitudes 5°00'E, 6"45'E. The study area is also
shown in Figure 1 (Map of study area showing the
sampling stations). Five sampling stations were
established in the study area. These sampling
stations and their geographical coordinates art
given as follows: Rain Oil (5°56.5' N and-5°38.9
E), Nepal (5°32'N and 5°39'), Othniel Brooks (5
55.586 N and 5° 38.74' E), Prudent Energy (5’
54.122' N and 5° 41.884E), and Cybernetics ¢’
57.210'N and 5°59.025 E).Two sampling stations
were established upstream to the study area which
constituted the control area and they are, the First
Upstream station (5° 56.213'N and 5" 39.176 E).
and the Second Upstream Station (5" 55.510 N and
5°39.085E).

Design of Study, Collection and Preservation of
Samples:

Samples were collected twice in each season (i€
once in every quarter of a year) for two years [rom
April, 2014 to March, 2016, Surface sediment
samples were collected using a Van Vean
sediment grab sampler from the bottom bed
sediments and from the inter-tidal zone of th
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(TOE), and total petroleum hydrocarbons
total organic carbon (TOC) (or perce
carbon), and sediment texture (clay,
by particle sizé analysis. samples for
TPH were first wrapped i alummmn‘é .
before being kept in polythene bags. 52
these two parameters were kept 10 1cb L
transfer to the 1abor he la tobaloW .
gampics were kept in 2 a

C before analysis.
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sup
sediment and dit
ratio of 2:1 of waler L0 5€C
which the sediment particl
completely settled out leaving @
clear supernatant liquid on top of
the settled sediment particles. The
pH-meter was carlicr standardized
against two pH buffer solutions,
pH = 4 and pH = 7. TOC was
determined by @ modification of
the  Walkley-Black method
(American Socicly of Agronomy-
Soil Science Socicty of America,
1986)), The particle siz¢ analysis
was carricd oul using  the
hydrometer method, The  soil
texture which consists of clay, silt
and sand were determined using
this method (Allens, 1989). The
TOE was determined using @
modification of method employed

qilled water in @
liment in
ey have

- by Oudot et al. (1981) in which

PR £ the Reflux method was used.
\‘._\']j‘&__‘ A Partially thawed sediment samples
RN (200 g.) was placed in 4 round

nol (150 mL), 15
-extracted
added. ‘A double surface
attached to the flask and the
as refluxed for one and half
hours. The liquid extract from this procedure was
re-extracted with three portions of 30 mL analar
n-hexane.The combined organic (hexane) extract
was distilled (lo remove Solvent) and dried to
constant weight. TOE was calculated from this
weight of extract using eqiiation 1

TOE (mg/kg) »

distilled water were
Liebig condenser was
content of the flask w

(A-@)x10°
pry welght af experimental sample

Equation 1

h£tp://marnbI!-’a}xe.u.i'g/webmm!



Where:

?’): weight of TOE extract obtained forsample

B = weight of TOE extract obtained for blank (g.)

~FH Was obtained from the TOE extract by re-
dlssolvmg TOE extract in hexane in a 250-mL
glass‘beaker and 3 g. of partially activated silica
gel (ie. silica gel for column chromatography)
W_ﬂs added. The content of the beaker was stirred
with a magnetic stirrer for 5 min, The silica gel
(}Wth the fats it had adsorbed) was filtered out and
filrate solution collected in a clean dry round
bottom glass flask. The solvent was distilled off
and TPH extract dried to constant weight as done
for TOE extract. TPH was obtained from the
weight of this extract using equation 1.1.

Trace metals were determined by adding 50 mL of
2 M HNO; to 5 g. of dried sediment sample in a
250-mL glass beaker placed in a boiling water
bath for 2 h. with stirring at 15 min interval. The

CrMs = concentration of reference trace ety
study area '

CxMb = concentration of trace metal in refery |
matrix or background valug

— concentration of reference trace meg,
e i k nd value etal
reference matrix or backgrou

The background values of metals are the g,
surface average (shale values) (Turkian g
Wepohl, 1961) and the values are Cu = 45, p; |
20, Zn = 95, Cd = 0.3, Ni = 68, Fe = 47200
was chosen as the conservative or reference mey|
this is because Fe is a ubiquitous element in g
environments. The status of each sampling statio,
with respect to each of the trace metal is givep,
accordance to that used in Loska et al. (2004) 5,48
they are-as follows; ER < 2 shows “dcficiengy I
minimal enrichment”, ER 2 — 5 show
“moderate enrichment”, ER = 5 — 20 shpyy
“significant enrichment”, ER = 20 — 40 shoy
“very high enrichment” and ER > 40 shoy
“extremely high enrichment™.0

digest resulting from this was analyzed using an
atomic absorption spectrophotometer (Perkin
Elmer 200 USA) (Anderson and Morel, 1978;
Allens, 1989).

2) Contamination/Pollution (C/P) Index

The C/P index of each sampling station wilh
respect to a trace metal was calculated using the
average concentration of the trace metal in th
four seasons studied (i.e. two wet seasons and tw
dry scasons) and equation 3 was used in th
calculation of the C/P index. '

Indexes Used:

The indexes used included the - following,
enrichment ratio (ER), contamination/pollution
(C/P) index and contamination factor (CF)

C/P __ Concentration of trace metal in sampling stc’m'nn_- ’
Tolerable value of trace metal

1) Enrichment Ratio 21
- Equalion3

Enrichment ratio gives an indication of level of
anthropogenic input of a trace metal into an
environment (sediment or soil). The enrichment
ratio of each metal in each sampling station was
calculated using the average concentration of the
metal in the four seasons (i.e. two wet and two dry
seasons) for each sampling station and employing
equation 2 (Simex and Helz, 1981)

The tolerable level of trace metal in sediment wa
taken to be the target value of the metal in the
Environmental Guidelines and standards for the
petroleum industry in Nigeria (EGASPIN)(DER
2002).

The Lacatusu (1998) significance of interval was
used in the interpretation of the results of he
calculations and gave the pollution statuses of the

CxMs/CrMs ¢
= Equation . ; : :
ER CxMb/CrMb g 2 sampling stations with respect to the trace metals
These are given as follows; C/P index < 0.1 show
Where “ T Pl ; — 010~
very slight contamination”, C/P index = 0.10

0.25 shows “slight contamination”, C/P index #
0.26 — 0.50 shows “moderate contamination”, Cﬂ]
indf:x O.S}_ 0"?5 ShUWS usc'lw

CxMs = concentration of trace metal in study area
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contamination”, C/P index = @

«yery SEVere contamination™ C};ﬁ- = 1.0 shows

2.0 shows “slight pollution” P Ellndex =11 -
' ndex = 2,]

shows "moderate pollution” : -40
shows "severe pollution™, éfgf;;ndex =4]= 8:0
X =8,] - 16.0

T
chows vcr}‘i severe pollution™, and .
16.0 shows “excess pollution” . C/P index >

Statistical Procedures and
PaCkages E
mployed:

A Comparison of the mean of

the different sampling station each parameter in
seasons studied was carried Ous[' li‘“_d in the four
odafice  (ANOVA.single Factsmg analysis of
Microsoft Excel package (Microqog e e
2007 Version). The mean of c;: ; Co,rp?ramn‘
each parameter in the study arcaﬂ:{t’:;uanons of
with the mean of concentration of corn:f;O mps}-ed
parameter in the control area using t-iei(:n(t];:g
samples, as_sumjng unequal variances). This wa(;
used from the Microsoft Excel package'(Microsoft
Corporation, 2007 Version). A Pearson (2-tailed)
corrcla.tion of all parameters determined (with the
exception of pH) employing the statistical
pagkage of the social sciences (SPSS) (SPSS
Chicago, version 16) was also carried out.

RESULTS AND DISCUSSION
Comparison of Levels of Parame
Arca With Control Arca:

The average concentrations of TOE and TPH
were very much higher in the study area than in
the control area Table ). The average
concentration of TOE in Study was found to be
10.4 time the average concentration of TOE in the
control area. The average concentration of TPH
in study area was also found to be 12.1 times the
average concentration of TPH 10 the control.arca.
The average values Of these two parameters :rrlrijhg
study area, TOE (4090£4100 mgkg™) and |
(3180+3000 mgkg-l) shows that there 1S o;\
pollution in the sediments of the study af‘?a'[he
comparison of the means of bogh ;iﬁ;ar:c€6fb in
study area with their means in :
using t-test  (two samples, a.fss:ummgin 6311?1}-
variances) shows that the di alngs of
means are significant With P (2

0.000677 and 0.000283 for
respectively. The presence of

surface of sediment can impedc; .
oxygen into the sediment and this €

ters in Study

mu ]
the diffuston of

o bring about
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core

deficiency of oxygen in the sediment
the

resulti : P .. S
sed‘l[mg in anaerobic conditions within
iment core. This situation gives rise to increase

in : -
population of petroleum hydrocarbon utilizing
heterotrophic

mfcroorganisms and  other
microorganism  which  can break  down
hydrocarbons and release energy for themselves
and also build new cells under anaerobic
conditions. This increase: in population of these
mfcroorganisms (i.e petroleum utilizing
microorganisms) is done al the expense of the
s which

more beneficial aerobic microorganism
then decrease in population. This situation resull
in damage to and/or loss of biodiversity ( Luisseli
et al.,, 2006; Almeida. 2013). This effect is in
addition to other effect of organic substances in

sediment and soil already stated.

n in the sediments of
ly to be in the oil
industry

major

The source of this oil pollutio
the study area is most like
spillages  from  these petroleum

downstream  sector companies.  The
activities in the area involve movement of large
quantities of oil and spilled oil are visible on the
surfaces of water of the fluvial system in this arca.
The pH of study area sediment varied between 4.1
and 6.6 with an average of 5.17+0.86 and that of
control area varied between 4.8 and 6.6 with an
average of 5.63+0.52 (Table 1). Thus the acidity
of study area sediment Was much higher than
acidity of control area sediment. This high acidity
has been probably brought about by the
decomposition of organic matter and spilled oil
into humic acid and other acid related compounds.
These may have led to high acidity as years
increased. The concentrations of trace metals were
generally higher in the study area than in the
control area with the exception of Cd which had
an average concentration of 0.15£0.23 mgkg™ in
the study area and 0.22+0.26 mgkg " in the control
area. A comparison of the mean of the
concentrations of each metal in study area with
the corresponding parameter in the control arca
has shown that the differences in their means were
significant only in Zn and Fe with p[2-tailed]
value of 1.11E-08 and 0.00564 for Fe and Zn
respcctively. The average value of silt and clay
were generally lower in study compared with
control area (and invariably higher percentage of
sand). This indicates that the sediments of study

hctp://mm:-.1::Ho,fse_(;(q/uu&hmm!
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have poor retention g

; bility for pollutants and
nutrients,

Spatia! Variation of Levels of Parameters with
Sampling Stations iy, the Study Area:

The results did no

, t exhibit any definite pattern in
the variation of

levels of parameters from
upstream  to  downstream. The average
concentrations of the two ojl parameters were
bigher in Nepal-(TOE = 490044100 mgkg" and
TPH = 3180+2900 mgkg™) and Othniel Brooks
(TOE = 4760+5100 mgkg' and TPH =
3770+4100 mgkg™) sampling stations (Table 1).
The average value of TOE was lowest at the Rain
oil sampling station (3300+3400 mgkg™) and the
average value of TPH was lowest at the
Cybernetics sampling station (25502600 mgkg’
Y. No explanation is suggested for these
observations. The average concentrations of the
trace metals were generally higher at the Rain oil
and Prudent Energy sampling stations. A
comparison of the mean of the two oil parameters
and the six trace metals in the five sampling
stations of study area using analysis of variance
(ANOV A-single factor) shows that the differences
in their means are statistically significant only in
Fe with p[2-tailed] value = 6.23E-05.

Seasonal Vériations of Sediment
Physicochemical Parameters, Trace Metals and
the Two Oil Parameters:

The average concentrations of the two oil
parameters were extremely high in the first dry
season. They were however much lower in the
second dry season. The very high concentrations
of these two oil parameters in the first dry season
made the dry season average of their
concentrations to be higher than the average
concentrations of the two parameters in the two
wet seasons. A comparison of the means of these
two parameters in the four seasons using analysis
of variance (ANOV A-single factor) shows that the
differences in their means are significant with p[2-
tailed] values of 3.33E-11 and 7.09E-18 for TOE
and TPH respectively.

The average concentrations of Cd, Zn Pb and Cy
were higher in the wet seasons compared with the
dry seasons and the differences in their means
when compared using analysis of variance

Mambilla: journal of Sciences and the Environment
Vol. 5 No. 1: june, 2018 84

; r ) are significant w;

-single fﬂ{;g)ﬂo)l 18, 5.33E-09, Q‘H})T&[‘

cd, Zn, Pb and Cu respecy:,
and 0.0?;5 I“:;Zsrgoarlso lower in the wet Seasﬂn,“t]
P,Hl,:z: chidity) and the differences in ity e, -.5.
:lhlf four seasons are also s1gn1fxcam With ]
tailed] value of 4.32E_§-0?-_ Thlsl”lwrlf-ﬂ)reb ey
that rainfall played a significant role in arriyjy |
these levels of pollutants and physwochemic

parameters in the study area.

(ANOVA
tailed] values of

Results of Correlation of Concentratigpg
Parameters: '

Results of Pearson [2-tailed] corrclatipn of 1
concentrations of all parameters determined (yy
the exception of pH) shows that the follow,
pair of parameters are very strongly correlated gy
their correlation coefficient (in parenthesis) an
significant at 0.01 confidence level.: TOE an
TPH (0.884), TOE and clay (0.826), TPH and cly
(0.897), TOE and silt (0.864), TPH and g
(0.898), clay and silt (0.962), sand and Zn (0.454)
Cu and Pb (0.805), Cu and Zn (0.486), Pb and 7
(0.532), Pb and Cd (0.431), Pb and Ni (0.701),
and Cd (0.675), Zn and Ni (0.785), and Cd and ¥
(0.718). One other pair correlated strongly wit
the correlation coefficient being significant at 0,
confidence level, that is Pb and Fe (0.361), Tw
important observations are here made from thes
results of the correlation of the- parameters. The
first is that the two oil parameters correlate
strongly with clay and silt which shows that thes
IWo components of sediments retained them more. g
It can also be safely said that they arcjl
anthropogenic inputs in the sediment and the oyl
process in the area that can bring about such inp
of these oil parameters into the sediment is al
spillages from the activities of petroleum industry
downstream sector companies and their factories
The second observation ig that five of the tra
metals (Cu, Pb, Zn, Cd and Ni) correlated strong)
with one another, showing that they have identict!
Source. These five trace metals are (rac
components of petroleum which invariably means§
that they may be trace components of petroleum§
products, Although the concentrations of the five
trace metals did not correlate strongly with teg
tWo oil parameters, there is the chance that thy

trace metals have the same source as the 0§
parameters.
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Petrolewm Hydrocarbon Poilution of Sediments of the Benin-Ethiope F Jievial Sysiem Arowid the Og

One other thing to note here is the strong
F:or}'e]atlon between Fe and Zn. This appear to
indicate that Zn and Fe a]sq have their sources in
property development g observed by Akporido et
al. (2015) in study carrieq out on sediments of the
Bemn-Ethiope Fluvial gystem in the sapele area.
Zn and Fe are components of roofing sheets.
Oghara town is a rapidly developing urban area so
that the effect of urbanization can be seen in the

moderately high concentration of Zn and Fe in the
sediment,

Comparison of Average Concentration of

- Pollutant Parameters with Sediment Quality
Guidelines (SQGs):

The average concentrations of the pollutant
parameters were compared with three sediment
quality guidelines (SQGs) (Table 2). The SQGs
used are those of the National Oceanic
atmospheric Administration (NOAA) of USA
(NOAA, 1999), the Canadian Environmental
Quality Guidelines (CEQG) by the Canadian
Council of Ministers of the Environment (CCME,
1999) and the Environmental Guidelines and
Standards for the Petroleum Industry in Nigeria
(EGASPIN) by the Department of Petroleum
Resources (DPR) (DPR, 2002)(Table 4). The
results showed that the average concentrations of
the five trace metals ranked (Cu, Pb, Zn, Cd, and
Ni) fell below the lower limit of the three SQGs
used (ie. the effect range low [ERL] of the
NOAA SQGS, the target values of EGASPIN, and
the Interim sediment quality guidelines (ISQG) of
the CEQG). These lower limits of the sediment
~ quality guidelines are values below which adverse
effects of pollutants are unlikely to occur, in other
words, are conditions most desired for the
sediment in terms good and healthy environment,
Based on these comparisons, the concentrations of
the five trace metals do not therefore pose any
serious threat as pollutants. The average
concentration of TPH (318043000 mgkg™)
however exceeded the target value of EGASPIN
for mineral oil (petroleum hydrocarbon) (50
mgkg") although it did not exceed the
intervention value of 5000 mgkg'.  An
environment with concentration of TPH legs than
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a, Delta Stare, Nigg |
*“‘mu-%-n: [
the Target value is an cnviropmbent that ™ |
polluted with petroleum ’hydroc’ar _oln and g |
desired condition for‘S(ladlrrl]ent in relation 10 gy
health for organism living 1n seldllmenlt{ E‘x?eﬂdiﬂ
the target value therefore Iﬂt‘tans_t"lat.{ ere is g .'
threat to the health of the ozgams.m{s1 and p]{"llsi
the sediment. AS alrefld‘y stated 01 EOHUUOM
sediment can affect living ‘organisms advew?
and can even lead to damage (0 and |ogg 4

biodiversity among other ¢ffcct§.
Results of Calculations of Indexes:

Results of calculations of indexes showed
following: values of enrichment ratios ‘(ER) foy
all sampling stations were generally high y;
respect to Cu, Pb, Cd and Nickel. Based on g,
interpretation by Sutherland (20‘0_0) and Losk_aa
al.(2004), Rain Oil (12.0), Othniel Br_ooks (9.00)
and Cybernetics sampling . stations have
“significant enrichment” with copper whil
Prudent Energy Sampling Station (22.0) has “Very
high enrichment” with Cu. Four of the sampling
stations, Rain Oil (15.0), Nepal (7.50), Othnig
Brooks (15.0) and Cybernetics (7.50) havw
“significant enrichment” with Pb while the
Prudent Energy station has = “very high
enrichment”™ with Pb. All the sampling stations,
Rain Oil (66.2), Nepal (100), Othniel Brooks
(233), Prudent Energy (283) and Cybernetic
(267) have “extremely high enrichment™ with Ct.
Four sampling stations have “significan
enrichment” with Ni. They are Rain Oil (5.93)
Othniel Brooks (6.71); Prudent -Energy (11.7 and
Cybernetics (8.57). The result shows that These
Four metals (Cu, Pb, Cd and Ni) have been
enriched in the sediments of the study area by
anthropogenic input of the trace metals.

=

Values obtained for the calculations of
Contammanon/pollution index - were generally

low and no meaningful deduction could be made
from them.

The results of pH, TPH and each of the trag
metals obtained in the study area were compared
with  results obtained  for coa'rcsDONdif_-’g'
parameters in other countries and elsewhere if
Nigeria (Table 3). pH values for study area varigf
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from 4.1 10 6.6 (or average
.. moderately lower thgn Drfej '117i0.81) and this
cediments of the Benin-Ethio u'ls obtained for
arOU”q f;apele.Town (5.8+1 D)DCTF}UVIaI system
the acidity of study area Scdi‘mém ‘j!S means that
arts of the study area. High 1s high in most
prought about by decomposition ?fildx_ty \.vhich is
or breakdown of petroleum hydroe Olhgamc matter
products such as Humic acid and ora}r{ t;ns gl
advcrse.,ly thfﬁ health of living or 2S can affect
plants in sediment (fauna and ﬂora)g'??sms and
value of TPH for study area, 3180+3O§03Ver£gﬁ
(173 ~ 10745 mgkg") was found rtng :
comparable with average value obtained f i s
sediments of the Benin-Ethiope Fluvial soI tthe
around sapele Town. The sediments of the g s
Ethiope Fluvial System around Sapele Townel;:nc;
heen observed to be polluted with pctroleua e
B .t ot s pesle
downstream oil compani s ; pf:tl:oleum
‘ panies and their factories are
cap_ablc of polluting a water body with petroleum
residues from their activities which include
offloading of petroleum products and lubricating
base oil into depots and release of effluents from
lubricating oil production factories.

oncentration of Cd of study area,
7 mgkg'0) was found
It obtained for Bietri
D’ivoire by Koffi
Ebrie Lagoon aré
ultiple industrial
have been

The average €
0.15+0.23 mgkg" (0.0 - 0.
to be comparable with resu
Bay and Ebrie Lagoon in Cote
el al. (2014). Bietri Bay and
known to receive effluent from m
concerns and their water and sediment
observed to be polluted (Koffi et al., 2
average concentrations of the other tracc ==
were observed to be 1OWeET than concentration®

. . . in the
obtained for corresponding trace 8t

p . - 'ronmeﬂ'f
Marbiifa: Journal of Sciences and the EMV!

Yal, § Ma. I'JU"‘U; 20?8
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2;:? studies listed in Table 6. This has also
lrmcd‘observanon made when the average
ggncentratm@ of trace metals of study area were

mpared with Sediment Quality Guidelines
(SQGs) that, the concentrations of most of the
trace metals have not reach levels where they can
pose threats to the health of sediment organisims
and plants.

CONCLUSION

In this study

parameters (pH, TO
leiy. silt and sand]), trace meta
Ni and Fe) and two oil parameters (TOE and
TPH) were analyzed in the sediment of study area
and the control area. Result ha$ shown that pH of
study is generally low (between 4.1 and 6.6)
which means that acidity of sediment is high.
High acidity is not good for the health of sediment
dwelling organisms and plants. The average
values of total organic extract (TOE) anl total
petroleum hydrocarbon (TPH) were high (they are
higher than sediment quality guidelines). The
sediments of the study area is polluted with
petroleum hydrocarbon. The presence of high
concentrations  of petroleum hydrocarbon in
sediment can be toxic to biological processes and

<o can affect animal and ‘plant life. Environmental

authorities should monitor the activities of these

petroleum industry downstream sector companies
their factories to ensure compliance with
and regulations governing such

sediment physicochemica!
C. TOM, Soil texture [i.e.
Is (Cu, Pb, Zn, Cd,

and
guidelines
activities.
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