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ABSTRACT

The presence of pollutantsin aguatic environment has become a source of
worry to the global community. Levelsof one of these major aquatic pollut-
ants, petroleum hydrocarbon, were studied in sediment obtained from five
villages in llgje community of Ondo State, Nigeria. The samples were
analysed using gravimetric and infrared(IR) spectroscopic methods. The
results displayed wide variations with concentration decreasing with depth.
The concentrations(in pugg?) inthewater asrecorded by the gravimetric(IR
resultsin brackets) methods varied between 0.11(12.0) to 2.55(24.0) while
in sediment between 61.8(24.0) to 199.3(135.0) respectively. Thealiphatic
components were found to be generally higher than the aromatic compo-
nents. The data obtained displayed alow level of microbial degradation
and high adsorptive sedimentation. The comparative assessment with the
reference siteisindicative of anthropogenic inputs of petroleum hydrocar-
bons due to oil spill, being the only noticeable source into this environ-
ment. The results showed that the gravimetric method is more sensitive to
TPH in sediment while the IR is of better response to water.
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INTRODUCTION

Petroleum hydrocarbonsarevery complex mixtures
andthecomplexity increaseswithincreasng carbon num-
ber?3, For severa decades, petroleum products have
becomevery common pollutantsin theenvironment as
considerable amount aredischarged into the environ-
ment throughindugtrid effluents, vandaization, spillage
(asapplicableinthe present study)e.t.c. Hydrocarbons
species can enter the aquati ¢ environment from anum-

ber of sources. Unlike other chemicals, itscontamina
tion result dmost entirely from misadventure. Although
themgjority of hydrocarbonintheaguatic environment
of Nigeriaand in particular, Ondo coastal water, are
anthropogenic in nature, researchers have shown that
somenatura sourcesof thischemical existi™™. Thereis
also abody of evidenceto show that certain organism
notably higher plants are capabl e of synthesizing hy-
drocarbonsg® and thesetoo could find their way into
aqueatic environment. Theselater sourcesare however
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Figurel: Map of study area

fairly minor and areunlikely toresult in significant con-
tamination.

Moreover, the determination of the contribution
from petrol eum and biogenic sourcesispossibleonly
on areative basig®.Total petroleum hydrocarbon
(TPH) inthiscontext refersto the measurable amount
of petroleum based hydrocarbon inthe matrices (water
and sediment) considered. Aromatic as a classe are
common environmental contaminant at petroleumre-
|ease siteswith some, especially the monoaromatics
having significant water solubility, and mohbility within
theenvironment. Some, such asthepolycyclicaromatic
hydrocarbons. (PAHS) can be persistent contaminants,
particularly in sediment and soil matrices?. The PAHs
hasa so beenidentified asapotentia carcinogen’®.The
analysisof TPH generated through oil spill into water
and sediment isaserious challengeto thechemist. The
phenomenon of weethering further complicatesthe prob-
lemsassociated with profiling of hydrocarbonsat con-
taminated sites. Consequently, the processof sampling,
storage, extraction, clean-up, separation and identifi-
cation/quantification deservescareful monitoring.

Thispaper reportsonthedetermination of TPH in
water and sediment samples. The study became nec-
essary because the disenchanted, depressed and aban-
doned peopleof 11agje Community of Ondo state, Ni-
geria, by smpleingpection, observation, andinterviews,
had constantly and painstakingly for someyearslived
inanunessy re ationship with economic, agricultura and
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medical uncertainty dueto persi stent negligence after
oil spill incidence. Moreover, no published investigetive
data has been reported on the TPH withinthe area.

MATERIALSAND METHODS

Sudy area

Ondo Stateismade up of eighteen(18) Loca Gov-
ernment councils and with a total land area of
14,793,189 square kilometers. The Statelies between
longitudes 4°30" and 6°14* East of the Greenwich
meridian, 5°45" and 8°15' North of the Equator. This
meansthat the stateliesentirely inthetropicsandis
bounded in the South by the Atlantic Ocean. There-
search focusesupon theriver withinthellge communi-
tiesin Ese Odo Local Government Areaof the state.
Thearearemansthemajor if not only sourceof marine
seafood likefish(of diverse species), crabsand peri-
winklestothestate and to agrester extent thenation. It
iIsan areawhere dramatic and impactive oil spillages
had and still occurring asaresult of oil activities by
chevron and shell petroleum companies. Salinity in-
creasesintheriver at high tide, and decreasesat low
tide. Theclimatic condition of theareaishumidwitha
temperaturerange of 26.2-27.6°C. Theareamap of the
study areaisasshowninfigurel.

Chemicalsand apparatus

Aspart of the quality assurance protocol, al the
chemicalsused were of analytical reagent grade. The
dichloromethane(DCM), hexane and tetrachloro
methane(TCM) wered| doubly didtilledinal glassap-
paratuswhilethealumina, silicagel, sodium chloride
and sodium sul phatewere soxhl et extracted with n-hex-
anefor 8hourseach. All glassware used werethoroughly
cleaned with hot detergentsand rinsed with distilled
water, then methanol and finally dried inthe oven at
120°C for about 6 hours.

Samplingand preservation

Fivevillageswereexaminedinthisstudy(TABLE
1) with oneother location at Ighokodaasareference.
The exact positions of the siteswere noted using the
global positioning system(GPS), to record the actual
global coordinateson the earth surface. Diverswere
used inmost of the samplinglocationsfor sediment col-
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TABLE 1: Siteidentifications and coor dinates

Names of pH Latitude Longitude Altitude
communities(sediment) (degree) (degree)  (meters)
1 éﬁr?)m 7.9-84 06°06'12.4" 004%6' 36.0" 12
2 Asumaga 6.0-6.1 06°03'20.9" 004°39' 589" 12
3 ObeNla 6.9-7.0 06°00'51.9" 004%2'40.2" 16
4 Ojumole 6.6-7.4 05%6' 054" 004%3' 102" 13
5 Awoye 6.8-7.8 05%55' 012" 004%8' 498" 12
6 Igbokodal  6.8-7.2 06°09'12.3" 004%44'32.4" 10
TABLE 2: Recovery data of oil in sediment with gravimetric
analysis
Amount of ol Amount o
added mg/L recovered mg/L /b recovery
2.00 1.65 82.15
3.00 2.54 84.2
4.00 3.61 90.3
10.00 8.95 89.5
25.00 23.16 92.6
Mean£S.D 87.9+4.2

TABLE 3: Precision data of ail in sediment with gravimetric
method

Amount of oil added mg/l.  Amount recover ed mg/l

5.00 4.55
5.00 4.61
5.00 4.67
5.00 4.59
5.00 4.63
Mean + S.D 4.60+ 0.45
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Figure2: Calibration graph of thesynthetic oil used

| ections because of the depth of the ocean. Contamina:
tion of thefidld sampleswereavoided by using clean,
appropriate samplersand containers.

Inaddition, samplesof water collectedintheWin-
chester glass bottleswere acidified to pH 2 with con-
centrated hydrochloric acidimmediately after collec-
tion. To each sample, about 15ml of DCM was added
and thesampleboattlesfindly dosedwith duminiumfoil -
lined cap. The sediment sampleswerealso collected
using APHA standard method?. Samples were col-
lected and rapped insgdea uminiumfoil after proper la
beling. The sampleswere subsequently placed inside
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coolerscontainingice-bag and transferred into thelabo-
ratory wherethey were preserved in thefreezer prior
toandyss.

Sediment deter mination by gravimetry and infra-
red methods

Thegravimetric method wasemployed after acare-
ful, satisfactory preiminary recovery and precision ex-
perimentswere carried out given an average % recov-
ery (TABLE 2) of 87.9+0.8 and average precision
(TABLE 3) of 4.60+0.12.The sediment digestion
method involvesthe extraction in asoxhlet extractor
with DCM followed by saponificationwith 0.7M-K OH.
The non-saponifiablelipids(containing the petroleum
hydrocarbons) were partitioned with three, 25ml ali-
quot of n-hexanein glass separatory funnels. Thevol-
umewas reduced on awater bath maintained at 30°C.
Thefind evgporationof theextract wascarried out under
nitrogen gasinside the fume cupboard. Thetotal ex-
tractable organic matter(TOE) was determined by
evaporating aknown amount of theextract(0.1ml) and
welghingtheresidue. Theextractableorganic matteris
givenasfollows
TOE.(ug/g)=Wt.of residue(pg)xvol.of extract(ml)/Amount
evapor ated(ul)xquantity of sampleextracted (g)

Theentire procedure above was repeated for the
total petroleum hydrocarbons(TPH) determination us-
ingthelR except that TCM wasusedin placeof DCM
though with extracares because of its carcinogenic ef-
fect. Thewet weight: dry weight ratio was cal cul ated
following the standard method of moisture determina-
tion of weight loseafter drying at 105°C for 3hours.

To clean up theextract, aPasteur pipettefitted with
asolvent cleaned glasswool plugwasfirst filled with
0.5g deactivated silicagel (5%w/w water). Thecolumn
wasrinsed thricewith 2ml hexane; the sample extract
wasthen placed on top of the column. The petroleum
componentsweretotdly euted with 12ml of hexanein
al. Theextract wasevaporated to drynessinsdefume
cupboard. Theweight by differencegivestheweight
of thetotal hydrocarbons.

In separating the diphatic from thearomatic, about
1.15g of deactivated neutral aluminium oxide(5% w/w
water) was used. The elution was performed with
hexane(for aliphatic) and hexanewith DCM (for aro-
matic) onratio basis. Thedifferent e uateswere evapo-
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TABLE 4: Total petroleum hydrocar bonsin sediment and water
by gravimetric methods
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L ocations %emoisW.wt/ TOE TPH® TPH?® THC

ture Dwt pglg pgg mgl  pgg
Ayetoro 232 214 4262 1169 018 1169
Asumaga 174 1.82 2272 1357 027 1357
ObeNla 329 245 2364 1457 213 1457
Ojumole 486 324 3989 1993 349 199.3
Awoye 431 263 3074 1838 326 1838
Ighokoda 157 1.24 1829 618 029 618

Meant S.D , 140.5+49.3, 1.6+1.6; w.wt: wet weight; D.wt: dry weight,
TOE: total organic extract; a: concentration in water; b: concen-
tration in sediment

TABLE 5: Corrdation resultsof TPH in sediment and water
with depth

TPHsy TPHwa Depth
Sediment 1 -0.903* -0.889*
Water 0.902* 1 0.856*
Depth 0.864* 0.953** 1

*Significant at the 0.05 level (2-tiled). N=6 in each case; **Sig-
nificant at the 0.01 level (2-tailed); Gravimetric and infrared
pearson coefficients are shown above and below the diagonal
line respectively; TPH_, & TPH_ : Total petroleum hydrocarbons
in sediment and water respectively

rated to drynessand theweight of thevial accurately
taken.

Extraction of water for IR and gravimetric

About 750ml diquot of thewater sample saturated
with about 100g of NaCl was placed into 2L separatory
funnel. The sampleswere extracted by shaking vigor-
ously with three portions of 15ml TCM (for IR) and
about 20ml of DCM (for gravimetry). Theextractswere
pooled together separately and washed thricewith three
portionsof 15ml of 0.1M Na,CO, ina100ml separat-
ing funnel and the organic layer separated and finally
dried with anhydrous sodium sulphate. Infrared mea-
surementsweretaken at 2930cn* and the correspond-
ing concentrations obtai ned by comparingwiththe IR
cdibration graph(Fgure2) obtained withthethreestan-
dard synthetic reference oil (n-Hexadecane, iso-octane
and benzeneinratio 15:15:10 respectively). Working
standardswas prepared from the stock solution by se-
rid dilution of thestock. For gravimetric determination,
the proceduresfor cleaning and separationinto diphatic
and aromaticfor sedimentswerecarefully followed. A
blank sample was obtained by risen an empty bottle
with TCM and carried through the procedure stated
abovein order to detect possibleinterferencesform
the glass container and the reagents used.

HIR-TPHiE=d) BIR - TFH :'.‘.':I.1
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Figure3: Digribution of TPH by | R method in water and
sediment acrossstudy area
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Figure4: Digribution of aliphatic and ar omatic by gravi-
metric method in water and sediment acrossstudy area
(Alph-aliphatic, and arom-ar omatic)

RESULTSAND DISCUSSION

Results

Leve sof petroleum hydrocarbons(TPH) and other
parameters in water and sediments by gravimetric
method are as presented in TABLE 4.The concentra-
tions (inugg?) inthe water asrecorded by thegravi-
metric (IR resultsin brackets) methodsvaried between
0.11(12.0) to 2.55(24.0) while in sediment between
61.8(24.0) to 199.3(135.0) respectively. The sediment
percentage moisture varied from 17.9%(Asumagavil-
lage) to 48.6%(Ojumole near Atlantic Ocean). Theto-
tal organic extract (TOE) gave arange concentration
from 227.2u9g-1(Asumaga village) to 426.2ugg-1
(Ayetoro community) onadry weght basiswithamean
valueof 292.8ugg-1.

Thebar plotsin figure 3 and 4 showsthe distribu-
tion of TPH and total aiphatic and the aromatic hydro-
carbonsinthewater and sediment respectively by the
two methods. Thevariationsinthe plots are expected
considering therelative positionsof thevillagestothe
oil wellslocations. For sediment, thediphaticand aro-
matic hydrocarbons(in ugg* dry weight) areasfollows,
with the mean and coefficient of variation(CV) given
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after therangein parenthesis, 84.6-152.2 (115.4+27.8;
CV(24%)) and 32.3-49.2 (40.9+7.1; CV(17%)) re-
spectively whilein water, the patternwas 0.11-2.55
(1.44+1.11,CV(77%)) and 0.07—-1.01(0.17+0.05, CV
(29%) respectively. Theimpact of depth cannot beun-
derestimated inthisreport. The concentration of oil in-
creased sharply from 38.5ugg*sediment at Obe-Nla
villageto 100.5uggsediment at Ojumolevillagewitha
16-13 metersdecrease in sediment depth. Thisisfol-
lowed by a gradual increase in the amount of oil to
135.0uggt sediment at Awoye village at a depth of
12meters. Theresultsshowed that TPH decreaseswith
increasing depth(TABLE 5, r=-0.889).Thisisbecause
shallow water are often laden with suspended solids
providing favourable conditionsfor sedimentation. Simi-
lar pattern has been reported by Burns and Teal ™ and
Walker et al.,[?. The study equally revealed that for
both gravimetric and IR methods, TPH inwater dis-
played positive correlation with depth(r=0.856 and
0.953 respectively). However, for the sediment, astrong
negativecorrelationexistin gravimetric TPH withwa
ter (r=-0.903) whilefor the IR, positive correlation
(r=0.902) exist with water.

Discussions

Sediment hasgeneraly beenidentified asthemain
fina accumulation steof water-borne constituents de-
rived from both natural and anthropogenic sources. They
act as both carrier and possible sources of chemical
constituentsinwaters. Severa authors have demon-
strated that in an aguatic system the underlying sedi-
ments can act asan indicator of processesin thewater
columni*7181,

Thedatain TABLE 4 indicated appreciablelevel
of total organic extract acrossthe samplinglocations
including thereference point. Theunusualy highvaue
obtained at Ayetoro(426.2ugg-1) was not unexpected.
Thisisbecausethe community isapopular and popu-
|ated settlement. Thesediment inthisregard servesas
resarvoirsof wastescarried through run off into theweter.
The same can be said about Ojumoleand Awoye vil-
lages, which areequdly of gppreciablesettlements. The
relativelow level of TOE at the control siterelativeto
the study areais perhapsindicative of someanthropo-
genicactivitiesand inputsinto theaguatic system.

The possiblethought of the pathways and fate of
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thiscontaminant in the environment isof great concern
to the scientific community, governmenta agenciesand
non-governmental bodies®”Y, Ingeneral, two main
factorsinteract to govern thefate of hydrocarbonsin
sediment; the penetration of oil whichisdecided by the
permeability of the sediment, often known as primary
oil Retention*?. Other factors such as temperature,
moistureand organic materid present equaly play con-
Sderableralesindeterminingthefateof oil in sediments.
Thedatainthisreport could have been dueto thecom-
mutative effect over theyears dueto population.

Thegenerdly highlevesinthe THC from the study
areas compared to thereferencelocation are no doubt
indicative of anthropogenicinputs. Themajor and per-
sistent sourceof oil into thesevillages comesthrough
oil spill duetooil activitieswithintheselocations. Oil
il usudly comesthrough theAtlantic Oceanintothese
communities. Thedistribution of TPH inboth matrix
along theriver course which showed apattern of de-
creasing concentration up stream Ayetoro village ap-
pear tofollow thehydrologica dynamicsaswell asthe
proximity to thevicinity of discharge. Theprevailing
conditionsof theAtlantic Ocean such aswave, turbu-
lence and wind speed enhancesthe spreadingand dis-
personof oil intothevariousvillages. Theresultsof this
isreflectiveinthelevelsof THP obtained in both sedi-
ments and water by both methods at Ojumole and
Awoye, villagesvery close and downstream Atlantic
Ocean.

Hydrocarbons, in theform of oil spill which are
carried up stream during flood tidestake severa days
to get flushed out of theriver system. It istherefore
poss blethat with thehigh residencetime, thesehydro-
carbons will undergo processes such as spreading,
evaporation, dispertion, emul sfication, dissolution, oxi-
dation, sedimentation and bi odegradation that will fa-
cilitatetheir deposition onthe sediment of theup stream
limits. Thespilled ail can produce ashading effect on
the phytoplankton below and inhibit growth. Thehigh
concentration inthewater may result into the presence
of non-volétile, potentialy environmentally pers stent,
water soluble aromatic fractions, with attendant, more
severe effect on aguatic biotathrough adsorptiont4.
With the recent commencement of oil explorationin
some parts of these villages, unless proper stepsare
taken, hydrocarbon pollution may beinevitableinthe
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nearest future.

Levelsof aromatic hydrocarbonswerefoundto be
much lower than the aliphatic counterpartsin thisre-
port. Thisisquitein agreement with reported dataon
petroleum hydrocarbonsin sedimentswithin Nigeria
(722 Additionaly, itisnot unexpected. Thisisbecause
for anaveragecrudeoail, the paraffinic portion hasbeen
reported to be usually grater than the aromatic por-
tion23,

It must however been emphasi zed that increased
leve of THC in sediment asreportedinthisstudy by IR
technique may al so be attributed to the method. The
infrared method generdly detects many hydrocarbons
which may includefatty acids. Thesefatty acidsare
noted to be avery large component of non-petroleum
hydrocarbons. Increased level especially at |ocations
whereoil ingtdlationswere not | ocated such asAyetoro,
Asumaga, Obe-Nlaand Igbokoda(hereferenceloca
tion) also implicated human settlementsasone of the
main sourcesof hydrocarbon pollution of theaquatic
environment. Possible sources of hydrocarbonsinto
theselocationsincludedisposal of crank caseoil and
|ubricants, accidental andintentiona dischargeof fuel
oilsand sewage®8.

Generdly insediment samplestheaveragelevel sof
TPH arehigher than those obtained from the water by
both methods. Thisisin agreement with literaturethat
sediment are ‘sinks’ where chemicals tend to concen-
tratel’%8 and that sediment could represents a long
deposition time of pollutants because organic com-
poundsthat have hydrophobic character can accumu-
latein the sediment and depending on the decomposi-
tion ratetheir concentration may be high. Polycyclic
arométic hydrocarbons(PAHS), becauseof their hydro-
phobic character show strong adsorption affinity tosolid
particlesin agueous matrices™.

CONCLUSION

Theleve sof petroleum hydrocarbonsin sediment
andwater fromthefivevillagesexamined varied widdly.
Thissuggeststhat the matricesfrom therespectivevil-
lagesare contaminated at varying degrees. Theresults
equally suggest anthropogenicinput of oil into theenvi-
ronment, aconclusion justified by comparative assess-
ment with the control site. The source of the oil was

Infrared and gravimetric estimation of total petroleum hydrocarbons
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identified to bedueto oil spillage, since oil operation
remainstheonly noticeableindustrid activity withinthe
area. It further reiteratesthefact that though oil compa:
niesmay claimed to have cleaned up the ocean when
oil spills, somelevels, especialy the heavier compo-
nents might have sank into thebottom sediments

Theleve of TPH recorded inwater inthisreportis
of environmental concern. Thisisbecausethelevel
present in water has adirect impact not only on the
aguatic biotabut aso on other recreationa activities
such asswimming, fishing, boatingandirrigation. The
toxicological effect of oil inwater cannot be overem-
phasized.

Though, therewereno clear indication of oil onthe
water at thetimeof sampling, thelevelsrecordedinthis
report probably resulted from dilution from sediment
bed. The dataa so indicated that the petroleum hydro-
carbonsentering theareaviaoil spill arepartially de-
graded, with theresidual material accumulatinginthe
sediment layers. Itisthereforeimportant to know what
type of hydrocarbons are entering the water and are
being deposited in the sediment, if theimpact the pe-
troleum hydrocarbonswill have ontheindigenoushbio-
logical communitiesexposed to theselocationsisto be
assessed. Moreover, subsequent studies should focus
on theeffects of the hydrocarbons onthemicro organ-
ismsthrough the use of more sophisti cated equipment
such as gas chromatography mass spectrometry
(GC-MS).
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