: - CHAPTERY9 .
ENVIRONMENTAL POLLUTION FROM ETIAMA OIL SPILL ~
BAYELSA STATE NIGERIA

I. R. Udotong*
Department Of Botany & Microbiologyuniversity Of Uyo
> P. M. B. 1017, Uyo, Akwa Ibom State, Nigeria

Abstract
On 13™ May 2000, the 24" Ogoda - Brass pipeline belonging to Nigerian Agip Oil
Company (NAOC) was ruptured by sabouteurs-using dynamite resulting in the spillage of
about 11,000bbls of crude oil into Etiama village and the neighbouring communities in
Nembe Local Government Area of Bayelsa State. Auempts to staunch the ruptured
pipeline resulted in a fire incident on 20™ May 2000 affecting about 1.2km stretch along
the pipeline right of way, (ROW) resulting in loss of lives. About 70km? estimated to be
the total size of the spill site, approximately 20kn® of this land area is occupied by
rainforest vegetation while the remainder is dominated by the mangrove forests. The
level of nutrients in surviving plams in the Etiama oil spill site was used as an index of
the state of the environment as changes in the environmental physico — chemistry affects
the nutrient uptake capability of plants in that environment. Concentrations of sodium,
phosphate, potassium and calcium found in surviving plant tissues were significanily
above the upper limits of concentration ranges generally encountered in plant tissue. On
the other hand, concentrations of zinc and iron in the Etiama plant tissue samples were
 significanily-lower than the expected concentrations.ranges. Total-hydrocarbon (THE)
content of surface soil within the spill site ranged berween 72 — 5438mg/lkg with an
average of 1358.5mg/kg. Poly — aromatic hyvdrocarbon (PAH) was only detected at one
sampling station at a concentration of 0.05mg/kg. It was observed that hydrocarbon
utilizing bacterial species constituted about half the rotal population of heterotrophic
bacteria in the soil samples. The environmental status of the Etiama oil spill site as at 6th
— 10th May 2002, about two years after the oil spill has been reviewed. Moreover, the
guidelines for management of mystery oil spills and liability and compensation arising
' therefrom as.set out by Department of Petrolewn Resources in Part VIII B Section 4 and
8 of the Environmental Guidelines and Standards for Petroleum Industries in N;geria is

herein highlighted.

*Prosent Address: Environmental Quality Controt (EQC) Unit. Safety & Enviroament Dept.. Nigeriza Agip Oil

Company (NAOC) Ltd.. P. O. Box 923. Pont Harcourt. Nigeria. ) ,
Keywords: Environmental Issues. Mangrove vegetation, Oil spill. Aquatic resources. = *
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: Introduction : " Ogoda — Brass
'ln?c Etia':na oil spill incident occurred on 13" May 2000 when the 24" Og

i .’ The incident

ineline belonging to Nigerian Agip Oil Company (NAOC) ml:;‘tuf::vimnmem. .
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Enviromental Pollution and Management in the Tropics

This chapter therefore seeks to highlight the environmental issues usually associated with

oil spill incidents in Nigeria using the Etiama oil spill incident as a case study. The

environmental status of Etiama oil spill site as at the spill and about two years after the
spill are highlighted.

2.0 Environmental Issues Associated With Oil Spill A
Table 1.0 below shows the Environmental components and Impact indicators usually
employed in assessing the environmental impacts of oil spill incidents. However, due to

the peculiar nature of the Etiama oil spill site, only major environmental components
affected were considered.

Table1.0:  Environmental Components and Impact Indicators
S/N | Environmental Environmental impact indicators
Components

1. Air Quality/Meterology | SPM, NOx, SOx. CO.. CO, VOC, HsS, etc.

2. Water Quality (Surface | Total solids (Dissolved solids, suspended solids); turbidity,

Water) other physico-chemical and microbiological characteristics,

Aquatic toxicity tests, seabed sediment, physico-chemical /
microbiological characteristics.

3. Fisheries/Hydrobiology | Diversity, Abundance, productivity, catch/yield of fishes.
Fish tissue analysis. Qualitative and quantitative

. : B8 TR information on benthos. B ugr RMERSREY TR e

4. Relief/ Hydrology Drainage / Discharge, Hydrologic balance, sedimentation,
erosion, topography.

- A Geology/Hydrogeology | Stratigraphical / Lithologic characteristics, ground water
level and ground water quality (Physicochemical and
microbiological characteristics).

6. Soil / Land Use Soil type and structure, physico-chemical and

: microbiological characteristics, land use types; recreational,
industrial, agricultural, residential, institutional and
‘ commercial.

Vegetation / Forestry Species checklist, characterization of plant pollution,
taxonomy, diversity and productivity load, locations and
characteristics. [dentification of types and economic

: importance of trees in the study area.

.va- Wildlife Identification of wildlife types. parks. estimate population,
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Ell'l.l
behavioral pattern and habitat requirement; endangered ) ‘ . I
species and ecological interactions. cqns;. tute a major protein and income source for communities in the arca. In addit
rain forest provides firewood and (i : - 1on, the
o imber that : e
9. Noise / Vibration / Ambient noise level. exposure [imits of impulsive and : are vital but scarce resources ion the area.
Radiation persistent noise generated in the environment, the proximity The remainder of the spill area
: 3 rea is i ; A :
of noise sources to human and ecological habitants; day and * the Rhizophora Speciesp The high :s(:v:;(s’itby tgp;]cal mangrove vegetation dominated by
st : SR : o . e :
night disturbance. hearing loss communication interference. the banks of the crecks and creeklets, y of the Rhizophora species is found just on
10. | Health Risk Health risks. public health and medical services, water Th :
X A > € man ’ 5 . .
Assessment supply and demand. analysis of medical records. productivi%; oa::d \é:gcetdtnop 1s a valued ecological component because of its high
ause 1ts prop (breathing) roots i . :
- : : : S provide shelter for a wide v
11 Needs and concern of host communities, Data on settlement, fish and other aquatic species with significant socio — economic and ccoloaicalm\.‘/e;y .
Community/Socio- man-made features, socio-economic / historical rites, ; The size of the mangrove forests within the spill area was estimated to be aboat 40k e
Economic Assessment | population, income, recreational facilities, social . u m°.
organizations and institutions, occupation and employment A conservative estimate of the total size of the spill site i >
: 2 : spill site - ;
structure, culture, heritage. etc. 20krp of this land area is occupied by rainforesrt’ vcgeta:isoﬁb?vllx:ilzoz(hn: m:f prr:: m;azely
(Source: FEPA, 1995) ?Oft:‘cmi::gs lg% {engamder. The actual size of land area affected by the spill wfs ¢es‘t:im(:ar:::it
. 0 be about 30km”. This estimate covers the pipeli
: . P ¢ pipeline ROW ;
3.0 Environmental Status of Etiama Oil Spill Site forest on the banks of the creek and creeklctsp'?;e ruinfores,tsni::rza;i;tdrggl:;:;? ar:g;o;e
p ected by

the spill because the tidal waters bearing the oil does not penetrate very far inland

g)arn:gl:;(s) L:)sf :u{r\{wmgl mangrove vegetation were collected and the plants tissue analyzed
il fie az ncrx:j elements. The level of nutrients in surviving plants in the Etiama oil
s :hS;Siczs anh index off the state of the environment as changes in the
~ chemistry aff; ien canabili :
iR Iy affects the nutrient uptake capability of plants in that

3.1 Terrestrial Ecology ; )
The status of vegetation, soil, wildlife and water in the immediate vicinity of the spill are
discussed in this section. These aspects of the assessment were carried out through 4

sampling, analysis, still photography and interviews of the local people.

3.1.1 Vegetation )
The Etiama oil spill site is located within an ecological zone that comprises of a mix of

mangrove and rainforest vegetation. The area is characterized by a highly heterogeneous The average sodium, phosphate, potassium, calcium, zinc and iron concentrations in plant
5 ? an

. lissue were 2027.7mg/kg. 39.6mg/kg, 557.3mg/kg, 3815.2mg/kg, 12.7mg/kg and

species composition.
126.5mg/kg respectively.

The rain forest is concentrated in the upland area that lies to the north and north — east of
the spill point. This area is able to sustain rainforest vegetation because of its elevated
topography that precludes the locality from constant inundation by seawater. Tall but
isolated emergent trees characterize this forest type, which is more heterogeneous. :

" The : : ;

; wmcg;ﬁ?;g:;;?ni ;): ,s,oc::um, phosfpllate, patassium and calcium found in plant tissues

i l).; - t'»e t € upper limits of the respective concentration ranges generally
e hapd issue i.e. 3.ng/kg, 3.0mg/kg. 50mg/kg and 25mg/kg (Allen, 1989).

| | . oth nd, the concentrations of zinc and iron in the Etiama plant tiss

The small crowns of the emergent trees from the upper canopy of the forest while the Were significantly lower than the expected concentrati : e

under story comprises of small trees bound together by woody climbers. The rain forest is i OOmg/kg. - RO L

a valued ecological components for it provides home for a wide variety of wildlife thas £
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3.1.2 Soil . . .
The status of soil with Etiama oil spill site was determired through sampling and testing

for key physico- chemical and biological parameters including the total hydrocarbon
(THC) and poly aromatic hydrocarbon (PAH) contents. ‘

il sampli ati ' hosen bused on a stratified sampling
The ten (10) soil sampling stations were ¢
philosophy. Soil profile sam;les were obtained between depth§ of 10cm am;i 7QTm fro;:
each of the two bore holes constructed for groundwater §um_pllng. A control soil samp
was collected at a station located about 30km from the spill site.

The pH of surface soil within the spill site ranged between 3.97 and 6.57 with an ave[re:ﬁc
of 5.36. The pH of samples collected from the subsurface (60 ~ 70cm depth) strﬁta :1 : et
two borehole stations was 4.69 and 6.75 respectively. The pH of the sample collected a
the control was 6.89. .
ivi il s ithin the spill site ranged between

h ductivity of surface soil samples collected wit 18

g?i)f}?\?i 434.0;LyS/cm with an average of 211.4uS/cm. The conducnvxf) of subsuﬂ;aic (6:!)
- :10cm depth) soil samples collected from the two boreholes stations wash7 'on::) |
1582.01S/cm respectively. The conductivity of soil samples collected at the ¢
station was 1294.0pS/cm. :

The nutrient (calcium, potassium, magnesium, sodium, nitrate, phosphatc8 and _sulgl;:te_).
contents of surface soils within the spill site ranged between (?8 - 12072n§/rlr\é,k o
1456mg/kg, 181 — 8485mg/kg, 15 - 223mgkg, 5.62 - 7.8Img/kg, .8.4 -2 5298 1m°g/k
100 - 250mg/kg respectively. The average nutrients content of sonl.fs were 14; 5mg/kg,
695.lmg,lkg,~and 1327.1mg/kg, 65.3mg/kg, 6.82mg/kg, 12.83mg/kg and 142. g
respectively. | )
The concentration ranges of heavy metals (copper, lead, nickel am'i cad[;nllu_m% ;:;;\;g. B
mercury, barium and iron) were <0.05 - 18mg/kg, <0.02 - 84mg/kg, < .ka s 2219:
<0.02 - 2mg/kg, <0.001 ~ 1.51mg/kg, 0.04 - 0.24mg/kg, <0.03 - 60mg/kg aI g4
27451mg/kg respectively. The average concentrutions: of these heavy.me:)a 954mg/kg
surface souci samples were 6.67mg/kg, 38.2mg/kg. 25.6mg/kg, 1.4mg/kg, 0. ;s
0.11mg/kg, 22.0mg/kg and 9552mg/kg respectively.
The total hydrocarbon (THC) content of surface soil within the sp?ll site mng;d :)ig:\eg 3
72 - 5438mg/kg with an average of 1358.5mg/kg. Poly — aromatic h{(leCdl or

was only detected at one sampling station at a concentration of 0.05mg/kg.

EAP TR B

i
b
"-

i i : i ia and fungal
The population of heterotrophic bacteria, h.ydrgcarbon degradnzg? (;aictle(;nsa- gk la 5
species in soil samples collected from the spill site ranged from 4.2 .
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cfu/ml; 8.00 x 10° - 1.60° cfu/ml; and 3.50 x 10* - 1.60 x 10°cfu/ml respectively. It was

 observed that the hydrocarbon utilizing bacterial species constituted about half the total

population of heterotrophic bacteria in the samples.

A comparative analysis of the physico — chemical characteristics of soil samples using
the soil characteristics at the control station as benchmark is presented in Table 2.0. From
this Table, the characteristics of surface soil within the spill site and at the control station
are in general consistent. The exception is the THC content that was much higher within
the spill site. The THC content of soil within the spill area was also significantly higher
that the DPR recommended limits of 50mg/kg (FEPA, 1991; DPR, 1991).

3.1.3 Wildlife

The status of wildlife (mammalian, avian and reptilian fauna) within and around the
Etiama spill site was assessed through interviews with hunters and trappers in
communities within the area. It was established that common wildlife species inhabiting
the rainforest portion of the area include antelope, baboon, monkey, reptiles, birds, rodent
and turtle.

Some of the persons interviewed claimed that at least two pythons, numerous turtles and
a variety of other wildlife were destroyed by the fire incident of 20™ May 2000. It was
not possible to substantiate these claims and no significant changes in the abundance °
and/or diversity of wildlife species within and around the spill sites were reported.

3.2 Aquatic Ecology

3.2.1 Surface Water

The status of surface water within the Etiama oil spill was determined through sampling
and testing for key physico-chemical and biological parameters including the total
hydrocarbon (THC and poly-aromatic hydrocarbon (PAH) contents of water.

Eleven (11) composite samples (each composite samples consists of mixture of one
bottom and one surface) were collected from the various creeks affected by the spill. A
control sample was collected from a station located about 30km away from the spill site.

The pH of surface water within the spill site ranged between 6.54 and 6.84 with an
average of 6.72. The pH of the control sample was 6.8. The conducti vity of surface water
ranged between 66.4 and 328;:S/cm. The salinity of surface within the spill site ranged
between 0.00-0.2ppt with an average of 0.8ppt. The salinity of the control sample was
1.10ppt. The redox potential of surface water within the spill site ranged between 241-
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ranged from <1.0 - 53.3mg/l and <4.0 - 80mg/I with averages of 35.8mg/| and 53.%
282mV with an average of 258.2mV. The redox potential control water sample was respectively. : o
260mV. . i e
v Analys f Koy Physic<henica Characiestosof ol in Syl Ars.__ Hiog ot e il e
Table'2.0 lC:m‘parn:nex:s = ysiverage Value in Spill Area Vah‘le at  Contro of these heavy metals in the surface water were 0.08mg/| and 1.53mg/l respectively,
S/No | Parame Station. Lead, Nickel, Cadmium, Arsenic, Mercury and Barium were not detected in the surface
l o 536 1328994 itk ~ water samples. Total hydrocarbon (THC) was not detected in any of the samples.
: ; Op
ivi 211.4uS/cm p s T 4
2 golr.zd_uclnlly 0.llpg . 0.6ppt - -~ The. microbial species. identified .in surface water within the spill site included
in Ric;gl):yl’olcntial 75.0mV 9;;)08“'% +* Micrococcus, Kiebsiella, Escherichia, Pseudomonas, Bacillus, Staphylococcus, Mucor,
: 3 552.0mg/kg :
- 298.1mg/kg ;
5. | Calcium g Lo 1456.0mg/kg Rhizopus and Asperigillus. These were classified as heterotrophic bacteria, hydrocarbon
6 Potassium 695.1mg/kg 808.0mg/kg e : :
7. oLl 1327.Img/kg - 6mglk° s utilizing bacteria and fungi.
: i 5.3mg/k o g . ‘
8. Sf?d'“m 282m§k§ 7.8 mg/kg The population of heterotrophic bacteria, hydrocarbon degrading bacteria and fungal
9. I"""“ch i 1.2.83mg'lkg 19.6mg/kg species in surface water samples c9llectcd from the‘spill site ranged from 9.45 x 10*
10. thsg l“ 142.5mg/ke 325.0mg/kg - cfu/ml - 54 x 10%cfuwml; 1.18 x 10%¢fu/mi - 9.1 x 10°cfuw/ml; and 7.0 x10'-4.75x 10
Il. | Sulphate 6.6Tmg/kg 7.00mg/kg cfu/ml respectively. From the result, hydrocarbon utilizing bacteria species population
12, C°P§er 38 2mglkg 74.00mg/kg i constitutes about half the total population of heterotrophic bacteria in the samples. This
13. L‘_“k : 25.6mg/ke <0.10mg/kg b high ratio of hydrocarbonoclastic microbial population to total heterotrophic microbial
:4 gliin‘:ium L ofkg <0.20!;/8‘:k8 -k populations indicates previous significant hydrocarbon input into the soil.
5, a : 5 0.35mg/kg B '
i 94mg/k % S ,
16. | Arsenic i :/kg 0.08mg/kg 5L The phytoplankton population in surface water within the spill site comprised of sixteen
17 Mercury 0.11mg/kg <0.03mg/k & : 5 >
lS' Bariam 22.0mg/kg 1’7"’61 OOmgg/k . £ (16).spe<;.|z‘s of B;ac:llanoplzyceae. three (3) species of Chlorophyceae and four @)
. ! 2261. species of Cyanophyceae.
ol ?i?ﬁ?ﬁﬁ : 172.00 mg/kg _ Py
20 THC -

(Source: PFL, 2001)

A comparative analysis of key physico - chemical characteristics of surface water in the
spill area and at the control station is presented in Table 3.0. This table suggests that there
are dissimilarities in the physico - chemical characteristics of surface water within the
spill area and at the control station notably with respect to conductivity, total dissolved
solids, calcium, magnesium, sodium and sulphate. The observed differences may be due

£ 10 the natural changes in the characteristic of inland waters s they approach the ocean
. and the influence of the marine water increases,

i i Sulphate)
The nutrient (Calcium, Potassium, Magngsiu.m, Sodium, Nntmtt:‘, ll“hlc;sp-h:it.e8 2::‘; l, {).07 )
contents of surface water within the spill site ranged betwleel 24 Ll L
1.82mg/l, 1.12 - 3.22mg/l, 3.74 - 21.7mg/l, 0.72 —0.78mfgl : rf;;ce »;;uer s
lé.;mgll respectively. The average nutrient contents (;) Slllres i {
1.36mg/l, 1.76mg/l, 9.39mg/l, 0.75mg/l, 1.62mg/l and 5.0mg/l respe

5 i ace waler .3
within the spill site ranged from 38 — 74mg/l and 31 - 157mg/l 71.6mg/l. The biological A
TSS level was 56.6mg/l while the average TDS level wgsD) levels in surface watef§
oxygen demand (BOD) and chemical oxygen demand (C 3

It was noted that THC and PAH were not detected in the water samples. However, the
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he Etiama oil spill site was

3.2.2 Sediment site ¥
N chemical and blolo_glcal

The status of surficial sediment beneatt} the
determined through sampling and testing fi :

1 N
parameters. A total of ten (10) sediments samplc

collected and analyzed. ) bl
i 5 88 and 6.83 with an averag
The pH of sediment within the spill site ran,gz,c:d;:)cl“T;:c L ;;izu‘cnt‘iivity. salinity and r: dox
2 H of the control sample was ©.2% o Siem, 0.1 to 0.4ppt an d
3&26[&?60}) sediments in the spill site ranged from ll 516::\7 rg.:;) e
158 to 38mV with averages of 392uS/cm, 0.2ppt ane G

. «.jium. Nitrate, Phosphate and Sulphate)
assium, Magnesium. St .huimﬁ;m e, ol »

e k?ni:(w - 7.33mgkg8 4 - 21.1mg/kg and

The nutrient (Calcium, Po't : :
contents of sediment within the spill

B e —

1365mg/kg, 90 - 1928mg/kg, 51 - 1904mg/
100 - 675mg/kg respect
521.9mg/kg, 873.6mg/kg,
291.7mg/kg respectively.

The heavy metal (Copper,
content of surficial sedime
81lmg/kg, <0.1 - 24mg/kg,

2042 — 26505Smg/kg TesNY

0 — 33.0mgkg and
s oy nt samples was 11.

these metals in sedime

0.12mg/kg, 19.7mg/kg an

Table 3.0 Comp

ively. The average nv

ments

1235.7mg/kg, 383 myRe.

Lead, Nickel, Cadm_ :
nt within the spill 318 ¢
<0.02 - 3.0mg/kg. <

d 13083.56mg/kg resive

5 ical Characteristics of
; : rov Physico — Chemica
arative Analysis of Key
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avely.

. Arsenic,
anged fro
o0l - 1.01mg/ke,

ively. The average conc
Lo, 9.5mg/kg. 1.75mg/kg, 0.79mg/kg,

content in the sediment were
6.1mg/kg, 12.3mg/kg and

Mercury, Barium and Iron)
m <0.05 - 16.0mg/kg, <4 -
<0.0002- 0.16mg/kg.

entration of

Surface Water Spill Area. - ol [ Value  of Control
S/No | Parameter [z:verage Value m Station '
rea 6.8
1. |pH 6.72 2220.04S/cm
5 | Conductivity | 148:4puSicm 1.10ppt
3. Salinity 0.08ppt 260mV
4. Redox Potential 258.2mV 93.0mg/!
5 TSS 56.6mg/l 1110.0mg/l
6. |TDS 71.6mg/l 41.7mg/!
7. |BOD 35.8mg/! 63.0mg/\
g |COD 53.9mg/! 13.7mg/)
9. | Calcium l4mgl ____—

10. | Potassium 1.36mg/l 18.5mg/l

11. | Magnesium 1.76mg/l 56.5mg/l

12. | Sodium 9.39mg/l . 361.0mg/l .
13. | Nitrate 0.75mg/l 0.68mg/l

14. | Phosphate 1.62mg/l 1.28mg/l

15. | Sulphate 5.0mg/l 160mg/l

16. | Copper 0.08my/!l <0.95mg/l
17. |Lead <0.20mg/l <0.25mg/l
18. | Nickel <0.10mg/I <0.10mg/!I
19. | Cadmium <0.02mg/l <0.02mg/1
20. | Arsenic <0.00Img/I <0.001mg/l
21. | Mercury <0.0002mg/I <0.0002mg/I
22, | Barium <0.03my/l 0.36mg/t

23. |Iron 1.53mg/I <0.05mg/I
24. | THC <1.00mg/l <1.00mg/l

(Source: PFL, 2001)

The total hydrocarbon (THC) content in sumples ranged from 29.2 — 19434mg/kg with
average of 4596.Img/kg. Polyaromatic hydrocarbon (PAH) was only detected at one
sampling station at a concentration of 80.3mg/kg. The population of heterotrophic
bacteria, hydrocarbon degrading bacteria and fungal species in surficial sediment samples
collected from the spill site ranged from 7.0 x 10* - 9.2 x 10°cfuw/ml; 2.5 x 10° = 1.35 x
10° cfu/ml respectively. .

Table 4.0 presents a comparative analysis of key physico — chemical characteristics of
sediment in the spill area and at the control station.

The slight dissimilarities that may be observed with respect to some physico-chemical
parameters of the sediment samples from the spill area and from the control station may
be attributed to natural changes that are expected to occur in the characteristics of inland
rivers as they approach the ocean. The relatively high THC content of sediment from the
spill area (compared to the concentration at the control station) is apparently due to the
oil spill incident.
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Table 4.0 Comparative Analyses of Key

Physico-Chemical Characteristics of

Enviromental Pollution and Hanagmut‘ in lﬁc Tm:pla

of 2
s 5

contents into these quiet and serene areas to spawn and breed. Major gl'Ol—lpS of fishery -

Sediment in Spill Area. : resources t ;
S/No | Parameter : Average Value of Spill | Value of Control | - 5.0 below. hat have been observed from fishermen catches in the area are listed in Table
: o 2;? E?;lon Table 5.0 M:ii::n(";lr:ujl): of Fishery Resources From Fishermen Catches in Etiama.
2. | Conductivity | 392.0uS/cm 1837.0pS/em e Scientific Name
B Salinity 0.2ppt 0.90ppt Mullets A';Z "f;-’ aspp.
4. Redox Potential | 116.0mV 74.0mV Croaker p gz{z; 3PP,
5. Calcium 521.9mgkg 139.0mg/kg Snapper L:eu OIa‘Iuhm' Spp-
6. Potassium 873.6mg/kg '1703.0mg/kg Bitraaia - ’ljamu.s Spp.
% Magnesium 1235.7mg/kg 1602.0mg/kg Swir Ciab C{’ lllw aena Spp.
8. Sodium 383.2mg/kg 226.0mg/kg Fidder Crab Ua inectes Spp.
9. Nitrate 6.1mg/kg 6.34mg/kg Mangrove Crab UﬁZ :zger(
10. | Phosphate 12.3mg/kg 14.4mg/kg Crayfish e 8“”.. .
11. | Sulphate 291 Tmg/kg 125.0mg/kg Shrimp Jemteardncay
12. | Copper 11.38mg/kg SHYRE Mangrove Oysters Crassostr:,: s
13. |Lead 57.40mg/kg 39.0mgfkg Periwinkles Tympanotm ¢
14. | Nickel 9.50mglkg s Source: PFL, 2001 i
15. | Cadmium 1.75mglkg 02mg/kg The existence of these species in the spill are: g :
16. | Arsenic 0.79me/kg 0.18mg/kg (Ecosphere Nigera Limiiod, 1997; Fodoral Department of Fisheries, 19800+
17. | Mercury 0.12mg/kg 0.12mg/kg The status of fish within the spill site was studied through interview of local fish
ig ?znum :ggsn;gslggn - T(())70139n(1)%rl\kjkg visual inspection of fish catch and laboratory analysis of some fish samll)ie:m‘;ﬁe'
v opaton S0mKg i concentrations of PAH in tissue of fish and crayfi g ir '
B e 4596 0mgl g 21mg/s and 13.Imgis respcively. Funhermor,te concepations of TPH in T

(Source: PFL, 2001)

3.2.3 Benthic Organisms
The status of benthic organisms within the E
sampling and laboratory analysis and visual
Crustaceans and Molluscans and one speci
site. The most populous species of benthic
(51.02%) and closely followed by

Pisces in the spill site was 14.28.

3.2.4 Fisheries

The numerous small creeks an
breeding/spawning ground for diverse fish speci
season) the diversity and abundance o
high as the fishes move away from the sea an
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observation. Two

Crustaceans (34.69%). The

f fisheries in the spill area is ex
d larger water bodies with

tiama oil spill site was studied through §
(2) species each of

es of Pisces were identified within t
organisms in the spill area were Molluscans
percentage population of §

3
d creeklets that characterize the spill area are a majo
es. Thus in the spawning season (rainy g
B>
pected to be vel
high wave energy

LN

he spill

@d crayfish tissues (from Agbakabiriya Creek) were 9715mg/kg and 5866mg/kg.

‘_ :3.2.5 Ground Water Characteristics
tzgéounc.iwatf:r samples were collected from two boreholes (BHI and BH2) drilled within
gthe spill site. In general, the physico-chemical and biological characteristics of the

& groundwater samples were consistent with geology and hydrogeology of the area

3 ‘2;1.:: Socio —~ Economic Aspects.
§-The socio-economic aspects of the Etiama oil spill were discussed in details i iti

: ils in the Initial
vnronmepal A§sessmcnt Report (PFL, 2001). The key socio-economic aspects of the
Etiama ol sp_lll on Ewokiri, Igbeta-Ewoama, Etiama, Agbakabiriya, Ebikiri
orKalkukumbug, Tjawkiri and Edwinikiri are discussed below. ’ .
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port that total fish, crayfish and

It was estimated in the initial environmental assessment re
were 5472, 4104 and 9576

shellfish catch/effort (kg/day). within the spill area.
respectively.
cassava. pineapple. rubber and sugarcane

23.5. 31, 3. 15 and 11 acres respectively. Rice
all the communities claimed 1o own

The estimated sizes of plantain,
farms/plantations within the spill area were
farms were not sighted in the spill agga even though
several acres. Fishponds were found in all villages.

It was also cited in the initial environ
2001) that some lives were lost during t
The exact number of lives is not confirme
members confirmed that the deceused were from Etiama and

he fire incident of 20" May 2000 at the spill site.
d. However. interview with the community
Agbukabiriya villages.

4.0 Significant Environmental Impacts of Etiama Oil Spill

4.1 Impacts on Terrestrial Ecology
4.1.1 Impacts on Vegetation

It is estimated that about IS
destroyed by the Etiama oil spi
heavily impacted are on the bank

square
[I. The portions of the
s of Osuma and Agbakabiriya Creeks.

as u result of the oiling of thei
results also indicate that the spill
ity of the pl

The death of the mangrove plants must have been
breathing roots after the spill. The plant tissue analysis
may have adversely affected the nutrient uptake capabil
the Etiama oil spill on mangrove vegetation is

takes decades for mangrove ecosystem (o return 1o status quo once perturbed.

| area was minimally impacted by the oil spill. The
line ROW) burnt by the firc of 20/05/2000 has.
[ 5km> mangrove vegetation is to be re = vegetated. - §

The rainforest within the spil
rainforest area (along the pipe
returned to its status quo but the

4.1.2 Impacts on Soil

The soil analysis results suggest that surtace !
hydrocarbon above the DPR recommended limit of 50mg/kg. Soil in the spill arss
i ill reduce the hydrocZeg

generally peaty. Hence it is believed that tidal flushing W
concentrations to acceptable limits with time.

-
-
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mental assessment report (PRODEC-FUGRO Lud; 3

kilometers of mangrove vegetation has been
mangrove forest that were most

S

ants. The impact oy
considered significant because it typically;

G

soil within the spill site is contaminated WSS

oy

HET
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ropies

N o

"1{."1.3 Impacts on Wildlife

e majority of the wildlife to be found withi i

: . hin the spill are: i

o ! vithin pill area are 1o be fo

iﬁpm j: ?::Isthilﬁl;_vas .onl'y atchtg:d by the fire of 20/05/2000. Thus, the only :?dmlt"‘ lhe

g l?unhlere incident is in relation with the incineration of the anin;ulsgl' ‘ m;n

e v;'ildlif rmore, t!1e rainforest is nearly fully restored and the issue orl‘ s
€ to poaching and other hazards is not considered significant e

3

4.2 Impacts of Aquatic Ecology

4.2.1 Ir]npacts on Surface Water

Generally, the w s g

i are); : coz:;r sgmples analysis results do not suggest that surface water within th

o watmmated by hydroc.urbon. Furthermore, no visible oil sheen w: %
er surface as at the time fieldwork for the P1A was conducted *

4. 42.2 Impacts of Sediment
:::ms:‘cii:‘::::t :_n:l;;‘sls results indicate that sediment material within the spill area i
Shcen o r:[zhe {:l;:carb:afn. In addition it was observed during fieldwork that oliT
8 t surface once the sedi ayer is disturbe i
;|abora[ory sl ¢ ed|mfnt l.:_\erjs disturbed. This supports the
2
3 :1.?.3 Impacts on Benthic Organisms
& The unusually hi ati ; i
B etudi :ghtlf: coqur]lfanon of hycfrqcurbon in the sediment layer within the spill
e (e g ar;:ln In|c;1cl)lgn eexs;:‘o?cd t(;dal mudflats) has adversely affected benthic
fOrg s : eltered areas such as Agbakubiri
i s, _ { gbakubiriya Creek, w
gFomme sttillels ol:s ;;::-m.mkles and other benthic organisms were dcstroyc{i by the oil shci)lll‘=
i o1 S mpi : ]'i in such areas unq the communities of socio-economically valu:?ble-
e ot likely to be re-established in such arcas for quite some years
’ 24 Impacts on Fisheries ‘
4 . " - :
. “mcznits 1(_); eth:iﬁ.:nma oil spill on fisheries were immediate, relatively short-lived and
2nif : gers report that thousand of fish di i
gt lage : ied and floated on the wa
£ in one week of occurrence of the spill. The report could be an exaggeration “
K - ®
glic status i arti
e - n.;t; tf'!ts:»(l;enle:s. particularly catch and yield is not expected to return to normal
u uple of years because of the contaminated sediment layer since most of

ish depcnd on the primary pr oz R
])_'_Of S primary producers that in turn depend on the sediment layer for
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4.2.5 Impact on Groundwater el ) ;
The analysis results do not suggest that groundwater within the spill area has been

contaminated with hydrocarbon. However, the possibility fir this to oeccur will remain if
oil recovery pits are not properly cleaned and closed-out. ,

4.3 Impact on Socio-Economics . ) )
The Etiama oil spill indirectly and adversely impucted on the socio-economic well being

of the communities in the spill area. The reduced fisheries catch and yield impacted
adversely on the iricome of the people who are mosFIy fishermen. Funhenpor.e. the
owners of the contaminated fishponds in Agbakabiriya village may have lost a significant
investment as a result of the incident.

The destruction of edible benthic org e
impacted adversely on the income and diet of the communities and the

the residents.

anisms such as periwinkles and shellfish also
refore the health of

Perhaps the most critical of the sOCio-economic impacts of. the Etiama oil spill of the area
is associated with the loss of lives as a result of the fire incident.

5.0 Baseline Status of Etiama Oil Spill Site After Two Years "
This section therefore highlights the environmental status of the Etiama oil spill site as at

6th — 10th May, 2002, about two years after the oil spill.

ronmental rehabilitation of the affected area, a pre-

As a first step towards the envi 4
. vis a baseline study was carried out thropgh the

mangrove vegetation study vis-ii-
collection of essential data.

Environmental base-line data collection for the pro
biological data was carried out with a viefv to obtaini
information on the present state of the environment wit

other adjoining creeks.

vision of the necessary chemicyl gnd
btaining qualitative and quantitative F
hin the Etiama study area and

of comprehensive baseline
d the areas of operational
be planned and

Such studies and data collection will lcad to the establishment
data on the existing state of all identifiable ecosystems aroun _
iriterest against which a long term monitoring programme can

implemented.

i il-Spill Si ' joining Environment. :
5.1 The Etiama Oil-Spill Site Study Area am.! the Adqu ;
The Etiama oil-spill site and the adjoining environment is dominated by two types of

Ecosystems, namely: ‘
’ ; f the mangrove swamp forest ecotypes and

1. The Terrestrial Ecosystem made up 0
2 The Aquatic Ecosystem (Brackish Water)
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It should be noted that the swamp forest is a collective term used for forests, which are

regularly flooded or have waterlogged soils. They have biological species composition
different from that in typical lowland rain forest. '

Lots of swamps abound. Extensive mangrove creek networks characterize the area with
tall mangroves at the creek edges while further inland short mangroves are the only
mangroves growing. This has become the situation because the Mangroves Zone are also
divisible into two: First is the soft mud of silt and clay that carries tall mangroves —
Rhizophora racemosa. These soils have high silt and clay with a range of 40% - 97%, the
reminder being fine sand. The colour is black to dark grey.

The vegetation of the tidal flats consists of Rhizophora racemosa, Rhizophora mangle,
Rhizophora harrisonii, Avicennia africana, Larguncularia racemosa ‘and the fem
Acrostichum aureum.

The greater part of the mangrove vegetation is formed by Rhizophora racemosa, Dense
stands of this species, reaching 30 — 45 metres in height grow at the extreme edges of the
point bars formed in the Meander loops of open ended creeks in which the area abounds.
The height of the mangroves decreases from the foreshore to the interior of the bars.

Relatively tall Rhizophora racemosa trees of uniform height (15 — 20 metres) line both
banks of the blind channels, which drain the interiors of the tidal flats. The interiors of the
tidal flats are covered by a rather open stund of mainly low (5 meters) Rhizophora
racemosa shrubs. =

Avicennia africana, Laguncularia racemosa and Acrostichum aureum occur on the
somewhat higher lying spots of the tidal flat area.

52

Investigations on the wildlife resources of Etiama and environs have been few; the most
recent wildlife data are due to Powell (1995) and CORDEC (1996). Analysis of the data
reveals that the wildlife comprises a considerable number_of species of conservation
interest. Among them are, bovids, primates, lesser primates, birds and members of the
cat family.

Wildlife Resources of Etiama Qil Spill Site and Environs

Besides, the fauna diversity, which characterizes mangrove swamp forest as those of
Etiama has elaborately been discussed (Bossi and Cintron, 1990; Powell 1995, Akani, et
al 1999). Mangrove swamp forests constitute very important nurseries or breeding
grounds for many species of finfish and shell fish (Bossi and Cintron 1990). The maze of
interlaced roots offers fish larvae and fingerlings abundant food, and protection against
larger predators. These prop roots also provide the hard substrate required for attachment
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of sessile marine lives (Tait, 1975) such as oysters, barnacles, hydroids, tunicgtcs, and
The swamp is invariably a repository of rich detritus for the marine food

bryozoans. ' e
lar often develop rich communities of

web, and the prop roots of mangroves in particu
macro-algae and invertebrates (Tait, 1975).

It is also well known that sandy shorelines of mangrove and freshwater swamps provide -
spawning grounds for amphibious reptiles. like - Crocodiles, Nile monitors anq turtles
(Branch, 1988), and mammuals like River Otter (Kingdon, 1997). Working on sites and
the Central Niger Delta, Powell (1993) noted that the
h Etiama is part, holds a considerable diversity of
chelonians, and these are common in remote areus (NDES, 1998). Among the chelonian
fauna identified were four sea turtles, one river turtle and two land tortoises ne:mely: the
loggerhead. Caretta, caretta; Green turtle, Chelonia mydas; Haw!ﬁsbull tur‘tlc.
E;;tmochlys imbricata; Olive Ridley, Lepidocheys olivacea; Softshell or River Tortoise,
Kinixys erosa and Home's Hinge back Tortoise, Kinixys homeana.

e Niger is also diverse (Politano,

species of conservation interest in
zone south of Yenagoa of whic

The avifauna assemblage of mangrove swamps of th - C
1997) as birds find the habitat rich in food resources, and highly suitable for-perchmg and
nesting. The bulk of them are waders and swimmers with appropriate adaptive beak.s and
talons to utilize the variety of food available along shoreline. Amoqg them are insect
gleaners, piscivores, honey feeders, snail caters, divers and mud-sievers (Bossi and
Cintron 1990; Elgood et al, 1994).

Rain forest wildlife species generally exhibit
1974); while some are active by day, others rest
Mammals in particular belong to the latter category, and
this reason most mammals are not readily seen during the day,
though they are devoid of mammalian life.

differences in time of activity (Hopkin
by day and become active by night.
are very secretive by day. For
and the forests appear as

laborately been discussed (Dasmann,
from locality to locality and could be
materials for traditional medicine,

The economic importance of wildlife specigs has e
1964: NARESCON, 1992, 1993). The benefits vary
of commercial value as tasty meat. leather for drums,
decorations or souvenirs.

Various agencies and authorities in wildlife conservmio.n I?uvc in recent times dra;;n
atiention o the rapidly depleting biodiversity of tropical rain forests (Fagbemi et al. 1988; i
orld Bank 1995, 2000, 2001). They

N 2./@ on and Norton, 1992: W L ;
i i S i s destruction and alteration, &

trace the proximate sources of wildlife depletion to: (i) habitat
and (i1) indiscriminate or uncontrolled hunting.

142

T LS R AR T

Enviromeutal Pollution and Mlanagement.in the Tropics

In some cases habitat destruction and modification are deliberate and tied to major
development projects such as road construction. reclamation, construction of airport,
industrial and housing estates, agriculture. etc. In other cases, habitat destruction /
modification is indirect and unintended as with consequences of pastoralism, lumbering,
pollution and introduced (or exotic) species. Hunting is also implicated because it
remains an important source of income for many rural households and often operates
under an open-access regime. On the whole. it is now well established that habitat
destruction has a far more devastating effect thun do hunting. Consequently, the major
conservation strategy in practice today, is the prudent management of wildlife habitats
(Fagbemi et al, 1988; World Bank, 2000).

The wildlife inventory of Etiama and environs indicates the’ presence of about 61 species.
There are 20 mammalian species from 10 families: 22 avian species from 13 families; 17
reptilians’ species from 10 families and 2 amphibian species from 2 families.
Observations on the wildlife here reveal that the bulk of the animals reside in the “slands”
of lowland rain forests from where they migrate to the shorelines to fish during low tide -
e.g shoreline birds, Crocodiles, Nile monitors, Water turtles, ctc. More footprints and
vocalizations were noted in parts of the trunsects farther away from the oil spill site,
than the oiled site proper., which suggests that the wildlife are presently avoiding the
heavily impacted area by habituation — a phenomenon which was also observed by
CORDEC (1996).

5.3 Vegetation Distribution after the oil spill. _ _

A major oil spillage occurred in the Etiama area and affected two Ecosystems, namely:
(1) Aquatic Ecosystem (2) Terrestrial Ecosystem.

Extensive mangrove creek networks, which are open ended. characterize the area and
because of this, the spilled oil on the water surface in the creeks easily flowed into the
larger water bodies and was easily dispersed within the aquatic system. In the case of
Terrestrial Ecosystem the spilled oil flowed into land arcas and settled within the habitat
causing extensive and enormous damage to the plant life. This can be seen from the large
areas carrrying dead and tall standing red mangrove plants and other plant species like the
umbrella trees or cork wood, Teak plants and wild date palms.

These findings indicate that the structure and floristic composition of the present
vegetation types in the affected Etiama area have resulted from the enormous habitat
disturbancc of the original mangrove forest vegetation

Experience with vegetation studies in gencral, indicates that the observed characteristics
are continually changing with changes in soil and habitat history of the area. So there is
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ime in or reciate the entire
need for some reassessment from the time to time in order to fully app
ecological trends around the locations in the study area.

i \ its) and-
is based predominantly in plant litter (leaves, fruits)

. .
t ? >

l . - . .y y

to survive the dry season.

The swamp forest ecosystem

rove swump forest as the domma‘m
the emergent land plants that can
reeks. Keay (1959) has reported
d of Rhizophora mang.le.
d with these species

e T
The terrestrial ecosystem is_made up ma|r.\I:a:)°tvr::r:;e
type of vegetation - primarily beguusi mr.; -:nd iy
tolorate the salinities of the oceanic \;"‘;tel e
that the mangrove vegetation in WeS R e s
Rhizophora racemosa and Rhizophora szlrrls( -

are }’tnulauus species and the fern Acrostichuin aureun.

ek
tworks are found tall mangroves at the cre

e | o Fowi soil
Within the extensive mangrove creek O ingutes gowin <

edees while further inland short miangrov
=

2 s ) 5
types are recognizable within the mangrove zon

, ¢l < UZ p

s manfg r:}'es rt::e;?::[an:ens the soil into peaty €
ions of this p
matter. A few generations ot {
which is the second (){pel of soil. i '
“Chikoko"” can no longer supps 4 s
Th; lhcéhs‘l.l:ccessors are stunted species of Rh.:..oplmru m“:gt{ound oy NN it
T Acrostichum aurewn growing in clurf\ps i G D
tom ies. Avicennia africana, Laguncularia ruce(l;ul).\ﬂ o
grove species. Av ' _ ks by .
g:?rr::lrm OCCE: o5 e Y s‘l)oéf:g:;s:;rln found within the Etiama study
el el fferenti i distinct strata
il ¥ th;u?ltyher:\:lzt‘:; with trees well differentiated into three
area. The forest 1s ¥ "
characteristic of tropical lowland rain forest.

[ e
and type of vegetation found on the old dredg

'l s . . .
. g

lay or “Chikoko”

' s ' ' . .e

There are fringes of transitional woodl
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distribution of vegetation within the various transects/locations
same.

It is recommended that species that are estimated w
distribution in the study area should be re
therefore dominant of the
transects/locations.

remains basically the

ith over 50% in frequency of
garded as the most successful and abundant and
stage in the succession to climax in any of the given

Apart from the soft mud of silt and clay and the hard “Chikoko”
mangroves of different formations/heights as indicated above,
affected by the oil spill were distributed in a random manner
of distribution was discernible even down transect.

5.4 Soil Quality

The range and mean values for the various parameters me
two depths sampled are presented in Table 6.0

soils supporting
the species in the areas not
and no other spatial pattern

asured in the soil samples at the

Particle Size
The textural classification of the sam

loamy sand to silt loam, while the
depths.

Soil pH

The pH of these soils was acidic. Most of the samples fell within the pH range of 3.7 - 5.7
with 2 mean of 5.16 at the surface and 3.9-6.4 (mean-5.04) at the subsurface and
classified as strongly to moderately acid. This is typical of acid peat soils and the
implication is, among others, that it may cause a build-up of manganous and ferrous ions,
which in tum may impose adverse effect to soil flora and fauna.

ples collected from the Osuma transect ranged from
pipeline transect soils were silty clay loam at both

Electrical conductivity (E.C.) '

The E.C. values are given in the appendix and corroborate the available data on pH.
Topsoil values ranged from 2,320-63,630 uS/cm (mean - 6,363) while that of the subsoil
ranged from 740-9260uS with a mean of 6,076. Apart from at station ET | where the
E.C. of surface soil was significantly different from the subsurface soils (i.e. 2,320 and
740uS/cm respectively), the rest did not show any remarkable difference. The general
observation is evidence that the soils are saline. This can cause enlarged stress to flora
and fauna and a declinc of the incrt capacity of the soil o recover from oil spill.
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Organic Carbon /Total Nitrogen | ka8
Rar%ges of Organic carbon (OC) of 3.32% - 5.7-%(me‘.lm Lo B s
(mean = 4.81) were obtained for the surface u.nd §ut_> soils respec 15 vt
high but are much lower than those measured. in sumlla!' ecosyst:un;" i ey

a grove ecosystems the continuous deposition of litter gradually o
manﬁ in oreanic carbon. This however is not the case here as this c::lvxronn(:il i
:?;s (l>f s:xiss probably caused by the scorching of the area fqllowmg an p

months earlier. . . for plants and ranged from 0.18% -
Nitrogen ls. the Eost Impor S Hrr -e(l)f:&c‘z (r:ea‘:: = 0.36) respectively for surface-

0.48%, with a mean of 0.38% and 0.1% i s g Sl e

_soils. There was no particular trend ( - o
g?ge::t:::s? l :ianiﬁcanl. “With abundant microbial population and adequate
=

i / ive biotic species.
hosphorous, these nitrogen levels will sustain growth of seve;z}l m::;‘: ::ois mg:c[:l s
";'olale con:clated with OC indicating that the reserve of this e

: Mulvaney,
organic matter (Okusami, 1986; Nelson and Sommers, 1992; Bremner and y
1982).

& 'l
Sulphate . : remarkably with transects. Topsoi
The Sulphate levels were moderate and 1€ 108 105 L the subsoil range was from

: ean 5 - - -
lIeSV ?’l's ran;z,se gvf:g;kzgs:i; :Sﬁgamngg;g;(i"."ll.’l‘he Sulphate charactenstics of these soiis
25 - 58.52

growth of indigenous flora and fauna.

5.13) and 1.46% - 5.96%

Ammonium and Nitrates ; _— :
Mineralization of nitrogen appears not o be inhibi il ey Loiddhmeorn
nitrogen show at the top and sub soils respectively — ( .

indi : transformation of organic
= ¢ 2 o). This result indicates that there was 4 e i
:nzi:t;e?"nnfoﬁlg’mﬂﬁc)l NOs-N, which normally occurs through the action of nitnfying

bacteria.

ted as the mean levels of mineral

Total hydrocarbon (TiIC) . .
T:c co:ccntrations of THC in the soils of pollu.led a 4 0 e e
between 233.39 — 14,747.26 ppm for surface soil and 192.8 - 20,

ipeli sect

ble 6.0). The levels for most of the samples gollecled alotr:.ga;:\e ;:;Ezlolzedotr:: e

((;l'a cisc& »\;ith depth probably as a result of increasing lcve! of lt folgl;aw sagshehos

Cf:lr rofile. The levels along the Osuma creek transect c_ild nobo e Fe761.26
Z")clndp The ;:oncentratic;_ns in station ET1 were unusually high at bot pt G
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and 15,694.34ppm respectively). This suggests additional THC contamination possibly
from boats used by the recently deployed field workers since station ET 1 is the
mustering points for personnel as well as their boats. The concentration of biogenic
hydrocarbon (CONCAWE, 1972) has been put at 50.0ppm. The values measured here are
far in excess of this level. The previously spilt crude oil in this soil environment is

evidentiy implicated for the elevated THC levels measured although they are at various
stages of degradation.

Heavy Metals >

Results of heavy metals are given in the uppendix and indicate relatively low levels of the
metals measured. Whereas vanadium (V) was not detected in any of the stations, the
concentration of nickel (Ni) in the soil column ranged from 0.65 — 2.23ppm and 0.53 —
2.20ppm in the top and subsoil respectively. The values obtained here are within normal
averages for mangrove ecosystems (Odu, 1989) and do not indicate pollution.

The soil study shows a healthy condition of the soils except, perhaps, the elevated total
hydrocarbon levels in a few stations. The frequent flushing of the area due to tidal
influence may have enhanced the level of recovery.

5.5 Microbiological Status Etiama Oil Spill Site

The microbial counts and species diversity of water / sediments samples from Etiama oil
field sites are presented in Table 7.0 below. '

The total heterotrophic bacteria counts of the water samples from the study site were high
and ranged from 1.6x 10°to 6.5 x 10° cfu/ml. The microbial densities are generally
higher at the surface water than at the subsurface water level. The total density of total
heterotrophic bacteria in the surface water is about five times higher than that at the
subsurface level. The ratio of hydrocarbon utilizing bacteria to the total heterotrophic
bacteria is generally high 6.2 x 10* - 3.6 x 10° cfw/ml t0 6.5 x.10* - 1.6 x 10° cfu/ml. The

density of coliform bacteria is very low and indeed coliforms are detected in only few of
the samples. -

The predominant bacteria genera isolated from the water samples in the study area
include Bacillus sp, Pseudomonas sp, Trichoderma sp, Desulfovibrio  sp, Acremonium

sp. Achromobacter sp. Flavobacterium sp, Micrococcus sp, Aeromonas sp and
Sphingomonas sp. ’ :
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I able 6.0‘ 11‘ B

. g i ) ths
Etiama Oil Spilt Site Soils at Two Dep T — 30cmmm
Range
No Parameter: Range <io 7:‘0 9 » 501
e 530.63.630 | 6.363 92 .
2 | Electrical conductivity (uS/cm) i..;ios;();’.(uo 2_13 o gg;
; 20ic curbon (1) “15048 0.1-0.48 .
: or!f‘m‘. u:::‘:r“ 018025 9.38" 15.25-58.52 36.71
4 | Total nitrog =3.6545.86 35.72 Iszsses 13671
T i oy 33.45-112.72_| 89.46 522512038185
6 Ammumu.( r?H, ) me/Ky T T 9i ; 16}."405 210
7 Nite (91 {)n:;:‘?l'ﬂc ) me/ke 733.30-4747.26 | 3.907.35 (1)53 -., - ] )
g Im:lcr:::‘)xn:::lkb 0.65-2.23 1.420 o <0 00!-. 12
ANVICREL U < = . :
10 | Vanadium (V) me/ky <0.00

(Source: Envir-Health, 2002) .
s o Tal
ibuti cterial isolutes recorded are indicated 1n
ce istribution of bacterial iso : i gt g
o OCQUITenLC‘;TLti ilrse r;xiahcr at the Osuma Creek water lh.;nt l::c E:;icsh;: e
7'3.“6::-0;:“(;:: 10 sequer;tial biodegm_dmion by mcrr:_ber‘sh ;r widfoccurrcnce el
gidﬁn,’mmx Members of this group are well kng;v:ch;:mes b e
i ir ability to use a wide range OF £ . 1h s
p?lrl‘uszd S“riz:nlﬁi:?;:g bathria suggests that the environment is highly po
of hydroca g
(Atlas and Bartha, 1998; Udotong, 2000). _—
i ' | x 10%fwml = 2.5 x 10° cfu/ml.

; : ic funei counts ranged from L. ; N e
Total h‘_’lflcilfonl:::vci ':::;ra isolated from the vfatcr s.:‘mpll‘;sc;:ulude" ;ﬁ;wnmm i
?-':ei?r?:;::.lip pclTi;)cTIhm: sp, Aspergillus sp, Rhizopus sp. Mucor sp,

{ s : ;

Chalaropsis sp and collentroncunt sp .
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Table 7.0 Microbial Counts of Water Samples from the Stud Area,
Sample Total Total fungal count Hydrocarbon
location heterotrophic utilising Bacteria
bacteria count (HUB)
Et 1 6.5x 10° 46x 10° 6.2x 10°
2 2.18x 10° 1.9x 10° 43x10°
3 43x10° 22x 10° 3.6x 10°
4 5.6x 10° 25x 10° 43x10°
5 59x 10° 2.3x 10° 6.6 x 10°
6 6.1 x 10* 23x10° 5.1x 10°
7 46x 10° 1.2x 10° 45x10°
8 34x10* 1.1x10° 39x10°
9 2.1x 10° 1.2x 10° 52x10°
10 " 1.6x10° 1.6x 10° 4.4x 10°

(Source: Envir-Health, 2002)

Table 8.0: Microbial Counts of Sediments Samples from the Study Area
Sample Total Total fungal count Hydrocarbon
location heterotrophic : Utilising Bacteria

bacteria count (HUB)

ET I 8.1x10° 43x 10° 71x 107
2 3.7x 10° 1.2x 10° 36x10°

3 3.9x 10° 1.2x 10° 42x10°

4 4.6x 10° 1.2x 10° 35x10°

5 4.2x 10° 1.2x 10° 5.1x10*
6 49x 10° 22x 10° 56x 10°
7 6.2x 10° 2.10x 10° 6.6x 10*

8 5.1x 10° 1.6x 10° 56x10°
9 42x 10° 1.3x 10° 4.1x 10°
10 2.6x 10* 1.4x 10° 4.2x 10*

(Source: Envir-Health, 2002)

Microbiological Characteristics of Sediment Samples

Results indicate that heterotro
values ranging from 6.2 x 10°
constitute a major fraction of the total heterotrop
hydrocarbon into the environment. Total coli

phic bacteria were predominants in all the samples with
cfu/gto 2.1 x | Oscfulg hydrocarbon utilizing bacteria which
h. This is indicative of a high input of
forms, which are indicators of feacal
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ed from
contamination, were minimal in almost.all the samples. Totlal tf;;nﬁl:::f?:ﬂ;::i o
1.2 x 10°cfulg 10 4.3 x 10%cfu/g. The ratio of hydrocarbonoctist® HeMiRia e vting
heterotrophic microorganisms at all sampling stations Were in 'ic 4 dFoc;rbon-utilizing
previous significant crude oil input into the enwronmenbt‘.‘ ; Y S ——
microorganisms isolated included Bacillus sp, Achromobacter sp.

Desulfovibrio sp, Trichoderma sp. Acremoniunt sp, €ic.

6.0 Conclusion

The Department of Petroleum Reso‘ es, DPR
and Standards for Petroleum Industries in Nngcn'?:, _
8 the guidelines for management of mystery on'l' spi
arising therefrom. The proyisions are stated below:

i i idelines
PR (1991) in the Environmental QN
N stipulates in Part VIII B Section 4 and

IIs and liability and compensation

/ ills (Spills of Unknown Origin) . . .
'l‘x;yxsf;irglp(;r ss(hal;l be responsible for the containment and recovery of any spill

i i wn. The
discovered within his operational area. whether or not ﬂw:,,:, :;urac;:dtzi;loas sphon
operator shall take prompt and adequate steps 10 con;am.- n.“rred o
spill. Where it is proven beyond doubts that an opeml;:rl ;‘Ee"rl:asgnably e
a spill for which he is not responsible, the op'eramr, shal S (i
to the extent of recovering all expenses uu'm.'red. inci ulu ;g"ds g e e
paymenis for any damage caused by the spill. through fu

Government or the oil industry for that purpose .

Liability and Compensation

E:zl.,sd;l?er shall be liable for the damage from a .\:pil.l for which he is {efpf::g)::v:':le{e
more{) than one spiller is responsible and liable, their li. hility should be join

Compensation o
“In a case where compensation 1S SOUgZ
Compensation Tribunal shall determine thF :
operations, and liability and take .apgropn_ulc st::ps s
is paid" “It shall be the responsntflhty of the Compens
quantum of compensation payable™.

ht for damages from a spill incid_ent. the
damages suffered as a result of the splllagg or
»s to ensure that adequate compensation
Tribunal to determine the

o ; ipeli ing to
Etiama oil spill was from a known source, the 24" Ogoda - !:’orass pi:pelln?|ECLO;;1§Ldgby :
Nigerian Agip Oil Company (NAOC). Meanwhile, the provision t a: sp e ]
sabotage dc? not attract any compensation may have been applied here. v i
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ensure environmental conservation and in line with NAOC’s HSE Policy, the company
cleaned up the spill, carried out Post impact assessment and embarked on the: re-

vegetation of the destroyed mangrove vegetation of the impacted site, amongst other
things.
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