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ABSTRACT

On January 12, 1998, a 24-inch crude oil pipeline linking Idoho offshore platform and the Exxon-Mobil Qua Ibo terminal
facility onshore, ruptured on the inner shelf of the Gulf of Guinea, S.E. Nigerian nopst. The consequences was the release of over
40,000bbl of Nigeria crude oil into the sea. More than 700km length of the coastine fncluding the mangrove swamps were oiled.
Cleanup and containment equipment and dispersanlt were immediately deploypd;in quick response to the spill. Movement of oil
slick was westward along the direction of prevailing winds, cument and waves and stranded large quantities of spuied oil ashore on
Brass, Forcados, Escravos and Lagos Lagoon coastal shores. Environmental impact studies to determine the acute effect of the
spill commenced 24 hours after and the components studied included fisheries, benthos. chemistry, plankton, for Foth offshore and
riverine/estuaries compartment of the aquatic environments. Mortality of aquatic bio-communities was nol apparent immediately
after spill, though planktonic organisms along spill track showed reduction in cell counts when compared with counts in the non-
oiled zones. Benlhic communilies showed no significant population changes from unimpacled areas and mean populalion densities
were generally low. The pelagic food fish and shell fish species such as pseudotholitus elongatus and Callinectes amartum caughl

in the area one week after the spill recorded high accumulation of petroleum hydrocarbons in body muscles.
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INTRODUCTION

A 24-Inch crude oll pipeline ruptured at Exxon-Mobil-
Idoho offshore platform on 12" January, 1998, releasing an
‘estimated 40,00bbl of light crude into the marine environment
‘over the inner confinental shelf of the Gulf of Guinea off the
Atlantic coast of Nigeria. Many adjoining mangrove swamps,
lagoons and esluaries were oiled. Rapid clean-up and
containment response was undertaken by Exxon-Mobil Oil
'‘Company, Government and non-governmental agencies
within 24 hours of the splll.

Weather condilions enhanced an efficient and
immediate technical response such as the use of floaling
booms though the prevalling winds during this period tended to
spread the oil westward, snd current interplay stranded oil
ashore (Conomos 1979, Smith 1982). The ecological and
economic impacts of whal is slill the bigges! accidenlal spill in
the Guinea Gulf region, is still being invesligaled and
monitored for long-lerm effects and recovery (Ewa Oboho,
1999). Similar incidents of oll spills into the aquatic systems
have been documented worldwida. For instance, a 42" pipeline
ruplured and released over a million gallons of diesel fuel in
Greenville South Carolina in 1996 while an oil tanker ran into a
bridge and spilled 180,000 gallons of fuel oll In Portland Maine
in 1996. Similarly, al Paulsboro New Jersey, a vessel los!
256,000 gallons of crude oll in 2005 and also at Baylown,
Texas, a vessel hit at dock released 1,500 barrels of VTO into
the walers, :

The objective of the present study was to assess lhe
fale and effects of the known quantity of the Nigerian light
crude on the Iropical continental shelf waters and their
adjoining mangrove swamps. This will provide a basis for
future studies, since lhis region is a8 major oil producing area
and therefore, very susceplible to olling. Moreover, the spill
site al Idoho plalform is one of the best-characlerized sites of
its kind in the world. The present paper describes (he clean-up
slrategy adopted and the elements and finding3 of lhe acute
effects of the spill based on field invesligations

MATERIAL AND METHODS
The study area
The Idoho-offshore platform is located al approximately 120m
deep on the inner continental shell of the Gulf of Guinea
(4°30N: 8°00E) (Figure 1). The salinity of the water is 25 6%
at the surface and < 9%. at 120m depth, while lemperalure is
29° C at surface and < 26° C al boltom (Asuquo, 2004) The
region is exposed lo benthic storms for several duys during the
rainy season (June -October) during which daily-averaged
near surface currents velocities could excaed 18cm/sec.
Periodic lidal waves and non-periodic wind generated currenls
and slorms play 8 very important role in lhe lransport and
redistribution of malerials in the coaslal marine walers. Swells
generated by storms (South West Monson) reach the coast
with periods varying between 6 to 13 seconds
with an average of 10 to 12 seconds. Wave heights in this area
averaged 1.5 meters. However heights of 2 to 3 meters occur
especially during the stormy months (June-Oclober). The
coastal fealures of the spill region include a strand coast at the
eastern flank from the Imo River boundary across the Croas
River estuary to the Nigeria/Cameroon boundary (border) and
Is characterized by mud and predominantly fine-grained
sand. The residence time of stranded oil is short (ca 30 mins)
since the area is dominantly a high-energy environment. There
Is also a barrier-lagoon coast, which extends 250km eastward
from |he border of Nigeria-Benin Republic connecting many
rivers and creeks and finally joined the sea through Lagos
harbour. The sediment varies from medium lo coarse sand.
The Niger-Delta region is characterized by a large
expanse of mangrove coastal wetlands and some exposed
sand shorelines. An intricale network of rivers, creeks and
water pools bordered by species of mangrove plants are
common features of the shelter zones of lhe della region
These are the mos! productive regions of the world in terms of
fisheries resources and therefore very sensitive and vuinerable
to an oil spill. There is also the Mahin-mud coast, which
consists of exiensive mud flats bounding low lying coastal
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. Fig. 1: Map of the Nigeria coastiine showing the spill site, drift routs, the level of ciling and the Environmental Sensitivity Index

(ESI) Map of the Nigerian coastiine.

creeks wilh mangrove species dominating the planis. This
could retain spilled petroleum for a rather longer period due to
the muddy sediments.

FIELD SAMPLING TECHNIQUES

Sedlment and water samples ware collected with VII‘I
Veen grab (0. 1m? ) and rosetie water sampler respectively, at
stalions esiablished ,along a ftransect parallel to the oil
trajectory. Samples were collected al distances of approx.
10km apart. For benthic investigation, five replicates of
sadiment were collected and washed ihrough a 1mm
aluminum sieve at each station, and the residue labeled for
sorting and Kentification of organism in the
Planulnnnetmtwedms-eknmbrSmmiotMn
sample collection at each fransecl. Samples were labsled and
fixed for laboralory identification.

Sediman samples for enumeration of bacteria were
obtained wilh a sterile plastic syringe cut in ihe end to enable
plugging out small sediment cores of the upper Scm of the
sediment oblained from sediment core sample. Samples for
snumeration of bacteria in the water were taken by means of a
sterile glass ayringa equipped with a 1.0 pm pore size filler io
separate other parficies from the water. intact sediment core
for aclivity measurements wers logged oul by means of sterile
glass tube (id. 25mm, length 2560mm}. All microbial samples
were brought 1o the laboratory and processed within 3 hours.
Enumerations of total heteroirophs was estimated by the plate-
spread {echnique (APHA, 1988). Duplicale sediment samples
from 5 core samples were diluted in filtered sterile sea water.
One tenth of selected diiutions was pipetted onto a pre-dried
PCA medium (Boucher af al, 1884). Al piates were incubated
at smblent temperature of 26°C for two days before counting.
Accapted range for counting wera 30-300 colonles/plate.
Hydrocarbon utilizing bacteria were counied in the same way
on a mineral salt medium with Nigerta fighl crude oil added o
Ihe medium in a concentration of 2mg/1 and estimated by the
most probable number (Walker and Colwefl, 1976).

The hydrocarbon-degrading odbtlly in the sedimenis
was measured as mineraiization of '‘C-hexadecane in intact
sediments cores. The qualitative determination of hydrocarbon
concentration in sediment samples was carried out on hexane
extracts using fluoreacence (Perkin Eimer 3000),
with Nigerian Light Crude as reference. A iolal of 10 beach
sites were sampled for ofl effects on the Intertidal elevations
along transects. Investigations included hydrocarbon analysis
of sediments, waler and fauna.

RESULTS AND DISCUSSION

Table 1 shows the types and quaniity of dispersants
applied during the spill containment pmgrammed From day 1
of the spill (12" January, 1998) lo day 4 (15" January, 1988),
cumulative quantities of Gold/Crew Brand ol dispersant were
applied o the spilled cil. This geometric daily increass in
dispersant quaniily applied was necessary considering the facl

Table 1. Cumulative dispersant spplied

du J 12-
1998 o o nng January 12-18,

Date: “Cumulative Typee of d
January, Quanlily of apyzlem oot
1998 dispersant applied
foble) |
12 9 Gold Crew
13 40 Gold Crew
14 76 Gold Crew
15 140 Gold Crew
16 212 Gold Crew Core exil
9500
17 2335 Gold Crew Core exit
18 2355, 9527 5
Core exit 9500 49527
Core exil 9527

that mousse formation can render disparsants ineffective due
to the difficulty of penetration of dispevsant into the mousse
and to its rapid removal from ihe mouse surface into the water
column by waves and sea surface furbulence (Boucher ef al,
1984). The impact sludies aimed at investigaling the short-
term effect of the spill on two major components: the ofishore
and the river festuaries, bolh of which were designed to detect
the acute effect of the spill on watear and food resources of the
coastal inhabitanis.

Table 2 presents ihe sedimenl composition, organic
carbon conlent and total hydrocarbon in the spill area. The
gedimeni, which composed of fine muddy sand, could only
support a limited populalion of macro fauna despite the high
organic iood content. This is atiribuled o the anoxic condition
brought about the deplation of dissolved oxygen utilized in the
biodegradalion of high organic matier in sediment. Low benthic
count could also be arsocisted with the clogging potential
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* " Table 2. Sedimenl composition, organic carbon and total hydrocarbon in spilled ares (IDOHO-Sangana), January 1996. '

Component GPS.Coord. Long Clay % Sit% Send  Organic Tol.
Aal. % Carbon % Hydrocarbon

mg/kg
Conlrol 4°286N 2 20 78 18.5 50
7°S9E
D1 4°26'N 7°48'E 5 20 75 20 9.4
D2 4%29'N 8 2 70 188 .
7°58°E
D3 4°24'N 12 30 » 68 25 13.0
7°50E
D4 421N 5 12 83 55 -
7°39E "
DS 22N ] 10 85 186 . 124
T°39E
D6 422N 5 4 50 30 "
T°Y9E
D7 4°23N 20 18 65 22 .
: YE
D8 22N 20 30 50 256 .
7‘3:5
D9 &SN 12 31 57 205 9.4
‘fvs
ID 10 10N 25 0 45 328 -
7°%05'€
D 11 15N 20 25 55 281
JE
D 12 17N 10 15 % 06 "
6°53;E
ID 13 16N 12 k) 57 205 5
6"6'E
D14 414N 25 40 k] k' :
E
D15 12N 5 45 50 328 -
\ 6%15E
ID 18 L12N 10 25 85 6 -
6°04'E
017 416N 15 65 0 385 .
; 'E
D 18 L10N 10 10 25 4 -
6" 40E
of the fine silt particies. Feeding and respiralory structure of Plankion diversity and populstion densities were
inverisbrates were in the perile of being resdily clogged by generally higher in the control station (200 individualsfitre)
fine silt. Ahough some oll was detecied within 24 hours of which was localed 5km east of the pipeline rapture point
spll in sediment, the impoverished fsunal density could not be compered fo0 plankion sbundance slong the spil route. A
directly reiated 10 oil presence, since mortaiity of benthic fsuna v Checkist of dominant plankionic organisms in Nigerian conetal
wes nol noticeable Immedialely after the spil when walers during the spill period is presenied in Table 4. the
investigation was carrled out. dominant phytoplankton species Included Microsystis,
However, from day 5 of spill to day 7, stronger combinations of Lyngbya, Coscinodiscus and Pereneme.
dispersents (Gokd Crew, Core Exil 9500 and Gold Crew exit .me&mmmmu.nm crustacean
1527) were appiied to spilied oll. Thicker lenses or paiches of larvae and a few copepods. The generally low planktonic
oll were observed 10 move slong the lesding edge of slicks, densities along the siick route could be stiribide to reduced
and dispersants were more effective when applied directly to light penetration into the waler column, caused by oil slick and
the thicker lenses rather than the triafing sheen or thinner sheen. This may have caused phyloplankion species to drop
sick. Dwing the clean-up operation offshore, pumping out of the photic zone inlo the deeper aphotic region. During
sfficiency was greatly enhanced by injeclion of demuisifiers the daylime, zooplankionic forms operated at deepest levels (o
together with dispersants Into oil/ mousse mixtures avoid predation. Also shadow cest from drifling oil perhaps
The distribution of plankion along ihe leading edge of induced photophobic response, which look zooplankion
slick Is shown in Table 3. Plankion densities were generally species further down from the nesr surface region (Gwillian,
low slong the route. Phytoplankion densities varied from 10 1962; Forward, 1976, 1977, Moore and Cobb, 1985). Direct
Wmun,lm«'zrn:rwemso toxic effect of crude oll on phytoplankion in offshore spill are
individuals after Brass (4°12°N;6°15°E) sbout 200km from the rare since most clwysophyles and chiorophyles have the
spil poinl. Zooplankion also showed density fuctuation capacity lo accumuisie and metabolze both aliphatic and
spetially siong the splll route. Around the spill point, densities sromatic compounds from crude oll (Thompson and Eglinton,
ranging from 2.5 Individuals were recorded, while values a8 1979). As sunlight penetration fs restricled by surface slick,
fow 88 3 individuals end ae high as 30 individusisiiire were primary produclivity of continentsl shell waters along the ol
.observed kilometers away from the spill zone. roule would have probably decressed. But this was not (he

case rather there is an agreement similer lo the cbservations
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Table 3. Plankton density along splil route, January, 1988.

C. Pochpadrame Lana .
Desmicinm Swarisi Ag. S
Pediastrum simpfex (Meeper ) Lemm,
L. Boryanum (Yusping Menegh

P. Simple Meyer

Scenewdestus Accumiontus
Tetreacion Sy

Divislon Daciljaclonhyla

Coscinndicns centrols Her
Coscinodicns roihi}

Cyclotella meneghiniana huz
Cycloiella bodonica

Podosira Sp

Amplora exigue Ervmow
Cocconels Placentvla Her
Complonema Lannolata Her
Synosigma Scalproide (Rahh) Clave
Niteschia filiformis (Wisu) Husted.
Pimularia boralix Her

Symedra capint

Symedra nina Her

Cyanophyis

Oscillatorta Sp

Lyngheyer, Sp, microcysts

Diversity Density (no of Divarsity Density (No of
Location (co-ordinate ) {No of individuals) (No of individuals)
: species) species

428N 7° 59'E conirol 18 200 4 35
4%28'N 7°48'E 1 10 2 5 ;
4%20'N 7°58'E 5 20 2 2
4"24N 7°50'E 5 10 3 10
421N 7°39°€ 9 20 2 10
4"22'N 7°39E 1 10 3 5 »
4%22N 7°39E 7 20 4 30
423N 7°29°E 2 10 4 6
422N 7°24'E - . - 10
L 4N 79E 3 (] 3 .
4£L10N 7°05'E 2 10 3 10
155N 7°03€ 3 20 2 10
£1TN 6°53'E 5 10 1 5
16N 6°36'E 4 20 3 3
414N 6" 26E 6 a0 6 10
£L12N 8" 15E 3 50 4 3
£12N 6°%04'E 3 30 1 16
4%e'N 6" 54'E 1 20 2 4

Table 4, Checkiis! of dominent pankion In Nigerian coastal wales during e siidy

Class Phytoplankion Zoopl:nkion

Diviging " Chlorophyin

Cosmartisan aboverion Bl Grazc hinnhiin N
C. Monitigorme (Tinping Rufis Kerdrclha o

Copeponddes Crelop
Drsesponnx Spr

Fish equy
Puricatunmy Sp
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indicating Increased productivity such as during the Bravo spill
{Lannergen, 1978), lhe Tseals spili (Johansson, 1980), Torrey
Canyon Spill {Smilh, 1970) and Bunker C oil from the
Kurdistan (O' Boyle, 1980).

Zooplankion also accumulate and metabolize crude
oil components and can survive ofishore spillages. Bul
persistence of oil [fraclions in their biomass even after
depurations could be a significant factor in the transfer of
hydrocarbon or their metabalites to higher tropic levels and
pose long term consequences for aquatic food chains.

MICROBIAL BIOMASS ALTERATION

The observations in this investigation confim earfier
findings conceming microbial dynamica in oil polluled
sediments (Alias, 1982; Gassmen and Gimkel, 1983; Traxler

and Vandemeulen, 1581). In all the siles along the slick roule,
both the hydrocarbon utilizing bacteria and the heterolrops
showed an initial marked decrease in number, which probably
was due to a toxic effect of the initial high concentration of oil
in off-shore waters. After 1 day, the eflect seem to be
neutralized by the system and a rapid increase in bacteria
numbers occurred (Fig 2). Similar patiems for the conirol
indicated a minor or minimum coniamination with oll.

Chemical dispersanis applied on offshore walers to
conlain the ofl did not seem to have affecled biodegradation of
oll. The fact that there was initia! decrease in numbers of
micro-organism within the first 10-12 days of spill, followed by
rapid bicom compared 10 non-impacted
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natural ecosysiems, inferred litlle or no effect of applied
dispersant. The reeson could be that, the products are highly
water-soluble and are dispersed or diluied within & short time
of application by the huge volume of the offshore water.
Further’ more the use of such agents might increass the
sinking of oll and Its parcolation into ihe sediments

BENTHIC STUDIES

A tolal of 2256 macrobenthic fauna distributed among
36 species wers found in samples collected along the iransect.
The faunal composition of the spilled region 48 hours after the
‘spill and 1 year before the spilt incident are comparsd and
presented In Table 5. Data before the spill were collected
during & sea bed survey In 1957. Values are iaxa perceniage
.contributions 1o the mean tolal number of macro faunal
JIndividuals in the sample unit of each study. Percentages
‘whose differences are not significant al the 95% confidence
‘evel are jointly underlined. Polycheates dominate the macro-
ibanthic numerically accounting for aver 55% of the individuals
with a maximum of 60%.
A The beat represented families In order of relalive
abundance wers the Spionidee (13) species, followed by
Ophelides (12),Cimsiutida (9), Magelonidese and the
Naphtydidae (3). The sscond most dominant were ihe
crustaceans, which were represented by a number of species.
Species of Pssudunciols, Bybils and Rhepoxinius snd the
relative proportions of dominant crusiacesns: the tanaids,
isopoda, amphipoda and cumaceans fell within the range
obtained In earfier sea-bed surveys in the region (Ews-Oboho,
1984}. The number of individuels ranged from
0-15 per atation whila the biomass ranged from 0 -3.8 g/m’.

2

No significant difference (p> 0.01, F-test on ANOVA) was
found betwesn conlrol sile (5km) east of tha ruptured poim)
and those siong the spil! route. This probably could be due to
stability of the offshore sediment in this acea as indicated by
the consolidated siale of the mud subatratum allowing for
equilibrium existence of benthos and probably the fact that
spilled oli al sea takes awhile to be iransported and trapped
into sediment. The bulk of organic materials in sediments
(excluging the fauna ) im lhe study am: (s derived by
sedimenlation from the overtying water column. This forms the
basic food resources for the benthos.
The identities of the species coflected and their proportional
representations showed litle varialion bstween cores.
Similarities were apparemt when the percentage of
reprasentation of ihe major taxanomic groups wers compared
with the comparable data from studies befors the spil.

Short term effects of oil on macrobenthos was not

high concenirations {Rossi and Anderson, 1877;Widdos et al,
1882; Augenteid et al, 1982, Borpmen et al, 2004,0gri ef ),
2001;;Borgman and Norwood, 2002; Asuquo #f &, 2004). This
Is perticularly the case with suspension feeding bivalves and
deposit feeding polychastes. Secondly, the quantily of spilled
ol accumulation at the bottom within 48 hours of the spill may
not have been enough to cause Immediate disaster for iha
berthos and thirdly, plume of crude oll component from the

point along elong the boltom mey have been
od and dispersad by waves and high ddal currents
slenl in these arsas which might have made fine
particles of reeciive ol pofiuisnts to remesin in

|}
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INSHORE INVESTIGATIONS

The adjoining estuartes and rivers are breeding and nursery
grounds for most fish species of continental shelf origin and
oiling effect was assessed based on the tissue concentration
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Fig.3: Levels of THC in some food fish species in the olled areas of Ibeno and Oron, 28 days after Lhe spill.
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ominant food fish species in the area. The hydrocarbon
levels in the pelagic fish species caughl 3 - 5 days after the
spill in the oiled areas of beno and Oron are ilustrated in Fig,
3. In il species studied in the olled and non-olled areas (Table
6), values of THC were higher than Uniled Natio-'s 25mg/ or
25ppm lhreshold for hydrocarbon in the fish (\suquo and
Udoh 2002; Asuquo ef al, 2004), thus posing a public health

threat to ihe food resources of the local inhabitants. Levels of
stotal hydrocarbon (THC) monitored for 28 days afler the spill
in the common swimming crabs (Caffinecles sp) and fin fish
species, Polydactylus quiadrifitis all showed rediiction in lissue
hydrocarbon lowards normal levels (Fig. 3). Reduction was

perhaps due to depuralion and excretion (Gwillian, 1965
Forward, 1976) ’

Table 6: Food fish tissue analyses in the oiled areas of lbeno end Sangana 1998 vtﬁes are means for twenty five specimens in

each taxa.
Test-organism

{BENO

Pseudoloiilus sp (croaker)

Sardinefla maderensis

Polydactylus quadnfiiis

Callinectes sp (swimming crabs )
Thais calfera (Whalk)

Gragssosirea (Ulipa {(mangrove oysler)

CONCLUSION

Application of dispersion agents in adequale quantities al spill
sile prevenied extensive shoreline oiling. This reduced the
damage on sensitive bio-habitats along the shore areas.
Mortality of aquatic bio-communilies was nol apparent
immediately afer spill, though planktonic organisms along spill
track showed reduction in cell counts when compared with

initial lavels of hydrocarbon in food fish lissves were high and
threalening to public health, concentrations reduced to WHO
permissible (imils 28 days after (he spill.
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