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. ABSTRACT. "

. i

~:In’ this resaarch 5rojbbt:7wé”§§$£;;edAthﬁwmngifﬁnmégf;QTiﬁpémt3.
of petroleum activities in Port Harcourt and environs. The broad-
based objective of tﬁe stuay was to undertake a comprehené%ve ecological
}impact assassment study to estghblisgh thrgugh phyéi;o-chemical,
biological and socio-econamic studies; ths pollution levels if any,
associated with oil preduction within the six oillproducing fields of
the area namely; €laelenwa, Aﬁara, tdubu, Koroskoro, Alakiri and
Oloibiri fields. Another objective of the study was-to svaluats

the effects of oil pollution arising from petroleum production

activities on the environmantal components such as water, sedimant,
fauna, flora and soils of the impacted and ncn~impactoa area.

In order to attain the objectives of the study, a caraful
considerationiof the fiald ovservations and results of preliminary
analysis was made along with reieuant cancepts of environmantal
poallution assessment. Subseguently, an experimental design whicﬁ
involved field sampling and laboratory anmalysis was Fcrmulate;:tdun
ensure that, a ualidnccmprghanaiyEAscianfific evaluation of the
magnitude oF-the temporal, and spatial levels of the oil pollution

could be obtained,

Results from soil analysis demonstratad that there was

.

\
evidence af an ail pollution but that this affected only the Port
Harcourt North Transect at E£lelenwa, and Port Harcourt South e

Transect at Qloibiri. _ -



In these two affected transects, o0il could be detected up-to the
150m and 250m from the spill point in both areas respectivaely, and

up to a depth of 30cm. The values ranged batwesn 8-860ppm which

" are far in excess of levels of oil from biogenic origin (S=50ppam).

‘Alsa oil was daingéd”ffﬁﬁﬁtﬁarCHéﬁigal analysi§ of thé sampled water
boreholes in the area, but thell:be}s were far belbw biogenic |
origin levals,‘fanging between 1.00ppm fo 3.d0ppm.

From Socio—écpnomic‘studies, results indicate that Shell
pPetroleum, the only oil'praducar in the afea_has made a lot of
poaitiva'impacts tqwards the davnlopment'of the infrastructural base
of the inhabitants; but her overall impact on the socio-economic

well-being of the people had been more adverse than beneficial.



EHAPTER ORE
INTRODUCTION

1e1 STATEMENT OF THE RESEARCH PRUBLEN

.Tha'ovet-emphasis on ths ecopomic axplaitatiﬁn of patrolesum
resources in Kigeria by petrcleum industries to the neglact'pf the
producing environment has made 2 regative impact an;thn same
environment. Hence, evidenco of significant deteriorstion of thi
écological environment cf the pétroleum producing araas in Nigérié,
abound (0du, 1972; Imevbore, 1973; Ajakasiye, 1977; Inyang, 1978;
Nwank&o, 1979; Oyefolu, and Awobajo, 1979; Olﬁmatimilehin, 1981

Lawanson end Imevbore, 1982).

gn the.dther'hand, significant positive developments ars bsing
Qndertaken by several petrolepm producing companies in tgeir various
areas oF'operation, ranging from tha pravision of physical inffa~
structuraé ahdtpublic utilities to the provision ;F financial aids
far the general well~hbeing of the Inhabitants of their areas of

operation (Shell Petroleum Development Company, 1888), Although

these devélopmanta have contributed immensely to the upliftment of

the standard Uf'1iViﬂQMGﬁwtggﬂigbzbi%anfé/of their arsas of operation,

they have in no way provided the relevant remedy to the adverse
impacts of petroleum dischargus from oil producing Fields on to their
environment, . .
} iy

Although our main focus in this particular research ié{diréctgd
towards the Environmental impact-assessmenf study of pollution from
petroleum production in Port-Harcourt and environs, attempts have been made

by some researchers to reveal not just the magnituds of environmental



impacts from petrnleﬁm dischargsé during prnductioﬁ} but alsd
including-eiﬁer segments of the petroleum industry, such as irgns;
portatién; stbragefand ptocaééing (Huankwo, 1979: Nwankubtand
"'Irraahukuu,'1981). Hence, thih hés led to the classification af.
prtroleum pellution in Nigariéiinto two:maj;r catagéries namely;
dischargés from patroléum produqing Fields-(mainly crude oil and ggs)

:duiiNg'prbductian, which may or may not be accidental, and deliberate

disphapges'of both selid apd quuid.uasyas emanat ing from all sectors

of the petroleum indusﬁry (isichie,;aﬁd Sanford, 19763 Imavbore,'§991)
Accordingly, thg:éfaré, eignificént acoldéical éatarioration
of the teceiving environment haé resulted, rangihg from smothering
of formerly. luxuriant vegetépidn by oil spillageé and the dis§' |
Aappaarancé of other land inhabitanmts, to the Eentamination of surface
and quergrahhd'watér systems (0Odu, 197?, 1977a3 Nwankwo and
‘Irraehukuu,'1981). honssquengly, dua'toAthe inéraaéL#g impactatian -
from pkéroieum discharges from oil pioqucing fields onto the .
enviranment, thére has been a'cortasponding decrease in ﬁhé pro=
ductiveness.of land_and matét-réaodtcas, particularly eéoudmic crops
and fishary resuurcés. | |
In other oil producing countribs) such as Saudi araéia and‘
Indbnasia; évidﬁnce from reliable dafa has exposed even in gfeatai,
diménsiens the extent of irreversible damagsslts wild=life due to B

petroleum discharges onto the environment (Spoonsr, 1970; Baker et al,

- 1981),

.



oo mea Y et e LERN S AL

In Nigeria, mangrova plaqﬁé hade‘dlsappeared in ,some areqa witﬂput

any sxgna uf]reguvanatlon (ﬂlu‘ f977a and b, 19783) Suils stead%ly

cantamlnated by petrp euii hnu na szgns of racouery. Coneequently,f{

vast tracts of’agriééité;a: l;ndAhave b@an laid uaste; thus becomxng -
unpraductive.

The result is great bardship for the inhabitants who bacoma:
impoverished and'ﬁeprived. " Their econowmic prodqgtion duindle uith
corresponqing gsoclal disorganization.. dus to mig;ation gnd forcad
relocation . and, slthough significant revenue and fureign exchange
come daily from petroléum expléiiation, its hidden long~térm and
semet imes irreversible impscts could aasily outweigh the economic value
if adequate attention is not givaﬁ to the snvironament.

Accordingly, dus to the stated problem,Aue deem it relevant

to embark upon this research to assess the snvirenmental impact of

‘petroleum activities, in Port-Harcourt and environs, with particular

referance to production (o&l-fial& production) agtivities,
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1.2 DEFINITIDN ﬁF BRSIC TERNS

"Enuxrunmant" has besh defznsd és an ambadiment Ef“wnﬂﬂrti "“f“***’

Kl

ar c1rcumstancas uhlch 1nfluenca the rata and course of - aconomxc,

social and political behauipur (Un1t°d~

‘r_. oG

- 1n 'ﬁommon :

usage, the tepm "env1rqnment"1: usually assoc1ated with nacqla

venvlronmant. which acompasses soil, water. air, vegatat;on amd

mineral rasourcas.~ Iﬁlihoﬁid; however, alsa 1ncluda the man~m$de;fﬁ'“

“soclo-ecanomxc enuironmeﬁt such as phy81ca1 and s;cxal infrastructures,

‘wince no productive actlwity eccurs 1n an’ env1ronmant davoid of a"

:p011t1c0~soclo~economic F;;;égz;; (Tltilola and Igban, 19 2) ; ;l‘ﬂ
gn the ether hand, "Envlronmental Pollutxon," has baen dnfinad

as, the unfaveourable alteratlon of eur surruundxngs, through dlrect

ar indirect effects of changéslxn enarqy pattarna, rad;atxon Iavels,{'

chamxcal and physical’ ;onstJtutlon and abundanceq'of organixms

(Hodges, 1977). .Thase changes may affect humansg diractly.or through

thair supplies of water and of agricultural and other biological

products, their physical objects or possessions, or their opportunities

for recreation and appreciation for nature.



S 3 OBJECTIUES AND AIMS OF THE RESEARCH

This anvxrunmental 1mpact assessment study is undertakan w1th the“
overall ubjective tos
‘£stablish through physlco—ohemxcal, biologicél'and aocioéeconomié

studies, tha pollution levels associated thh oil productiun fac1lf~

%..._L_.s.__.-.._ L s

within Port Harcourt and Env1rons. Secondly, it js undertaken to!v
evaluate theieffects oFganvironmgntalvpullution'arising fron."Petroleum

Production" activities on the environmental components-such ag water

s .

(Surface and groundwnter), sediment, fauna, flora, and soils UF the
'impacted and non-impacted area.
In order to aitain the nbove sat objectives of the~study, tha
following aims were giﬁen specific considerationg
(a) Assessment of the general ecology of the area and adjoining
terrentrial, aquatic habitats, and groundwater statuses (regimes).
(b) Determination of the concentration of crude oil and associated
heavy metal pullutanis such as kNickel - Ni, Vanadiun - \Vy Lead = Pb,
Chromium - Cr, Coppnr.-:Cu, Cadmium - €d, Mercury = Hg, Mang;nese - Mn,
Zin¢ - Zn, and Iron - Fe) at the different sampling poinﬁs in thg
area with other physico-chemical measurements.
(¢) 1Identifying the main cause aof vegatation damage £o determine
measures to rehabilitate the environment as well aSthwprevenb"~w .o
future occurrencs, and.definning in appropriate §erms the morpho~

logical sequance and physical settings eof ths srss to rsveal oil

spill impact relationship if any, with the socio-economic dependence

and land use of the arsa.

. — - e
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1«4 THEORETICAL Fnﬂmawoﬂx B S e

In the selectlon uf our b391c aralytlcalAF;a;ewn;k;wwe employed
the basic prineciples of,thg @chsystam concept, while utilizing the
"Checklist methodology; in‘mqgt of our sssessment of the problem,
Nevertheless, bafore makipng the choice of our assassmgpf m@tho&uluqy,
we have attempted a brief revjew and evaluatien of gurrent EIA
methodologies in uSe“so*ﬂgmtew%aveal”fﬁ;ﬂdegree of their'individugl
ralevance to our present gﬂudy.

THE ECOSYSTEM CONCEPRT

The term ecosystem was first coined in 1935.by Tanslay, in an
attempt to characterize the immenss complexity and holistic character.W
of the natural world, According to Tansley (1935), the term
"ecosystem®™ inclﬁdaé‘not only the organisms, but also the whelw
complex of physical factors farmtng.uhat we éull the environment.
Lindemann (1942), defined ecosystem in a more rigorous manner as
a system chposed of physiéa1mchwmical-binlogical praocesses activs
within a space-time unit of any magnitude, whiles Odum (19598), definsad
it as'any ares of nature that includes living organiems and faon-
living substanced intéracting to produce an sxchange of matgrials
betwesn the living and non*liviné partsae

Concern over the status of the ecdiogic;l component of ElAs
led to a major Canadian study to formulats "guidelines; to improvs
the ecological contributiog to EiA studies (Beanlands and Duinker,
;983). This has led to an increasing emphasis on the improvement
of acolégical.aspects af EIA, and as can be anvisagedlin cuffc.t

.works, the ecological asgaesswent procedurs can be the most important



fOE humén welfare and sﬁvirpnmeﬁtél gquality (Bisset 1968).

General Notions of the EcosistamvCuncegt:-

Expatiating on the ecelogical views of Haskel and Reiter,

'(deigneagd, 1969), observad;théﬁ engironﬁanta% Facfors sﬁéﬁféé
light, heét; uater, miéérai‘ér oréanic substrates, detérminq biotdpss,
whére'living érganismslof various kinds and numbare mest to form |

bies?stems (mixtures bf%paé@iahi@ng‘Qalonging.to:aiffe;enﬁ;gggpiﬁgﬁe-2

|

Tha‘planés, an;m;lg anaiﬂié§o;o#§énisms in a‘biosysté;fdéée#ﬁb"
asgociative links and form;gommuﬁitiau or biocenoses.  For.modern
écolo!y, thé intggratidh of3bioéamoéés‘EdffheirHQSQiroﬁ@entaIIFacbors
liﬁto functicnal ecosystems, uhere tbey~are influenced by their °
envircament and influénca it tGeﬁQ;iQaE, ig assanéial for tﬁs
maintenance of life on earth.L Thisvis gha holistic ﬁrﬂﬁulucaaﬁotlc
concept (Bowonder, 1987). fa *;Mﬁ;;n' 

Plants and animalsln_gnd thus hiﬁ;ehaaas baco&e mééaﬁdrphoéaﬂ,-‘—~7
i.es change @hain phyaiagnoﬁ;”;ﬁﬁﬁif;@uiiﬁfluénce,éfftﬁe anvir;nméﬁt{'iu"
A biocenosis such as a forest exists in diffarent‘formatioﬁé
according tao ité environment, e.g. an equatorial évargraen forest,
er mediterranean broad—laafad_férest. or the troepical monscen
decidious forest. Plant formations pregress dyna@ically through a
succession of piénear and interwadiate sﬁagss té>a.glimax, which
is a formation iﬁ 3 stationary gquilibrium with the ;limata_nf the
time. Ths climax may regress, due to natural or man-made disturbances,-
by forest fires, storm; ar éarasitea, organic and inargaﬁiu pollution

and the succession starts ell over again.
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Ecosystews Dynamicss Reactlons to Stress Due tc Natural or

Man-made Disturbances

lq nature’én ecosystemfcan be subjected to éngfgy—linked ﬂimtur-
bance; $§orms; fires, drouéhts, aﬁnarmal cpld,‘heat'egc.v— liablu
to ~odify its.daveloment (Tdynbee,'ﬁ97l). What is é detrimental
ééfess at one‘ievel of the eéosystem can be benefisiai-at anotﬁer;

for example, periodic fire in a steppe or a mediterransan forest is

a strasé for many organiams which wili be lnjurad or killed, but not

for the ecosystam whxch is adaptgd to fire and could not persist

without it. -

Natural stress-is méinly acute, i.e. periodical, and ecosystems

-
t

have adéptadithamsalvg§ tq;ik;éithar b} a high resistance; or th?bugg‘
redundancy (replaceméné dfisen§itive species by Uéttar édaptedibnes);
or by a resilience which alléus them ta'rgconstruct the@salvas‘in a
short time (Janaén,\igﬂe).

In industrial society, man-made stress on the cohtfaﬁyq~4é—~wwﬂww;~~-
often chronic, i.g. CDntinQon, and linked to.é‘chamical pollutiaon

unknoun in the oiiginél ecosystsm (Alsopp. 1972; f= part; 1974)'

Ecosystems under stress, however, show a tendency to modify their
normal tunctioningz resplratlon increases, thus praductivxty

dac;eases, ‘and gaochemical fluxes increase while biological cycles

are hampared (Verﬁadsky, 1945). | : N e S

Dependlng on the level of pullutlon, tha ecosystem paases
"

Rt ,,_,»A-"'/

through a serlas of damégé stages, from Lnsxgnxfxcant to collapse

resulting in the daefinitive loss of its self-repair potential,
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Accordingly, basééﬁqn the logical relevance pfﬂgﬂé‘ééosyqtam

. ) o - RS i / . . ) .
" econcept to this reseatrch~project; we swployed it ‘as our basic

framework for our analysis. Howavar) the ecosystem concept alone

is inadeguate for our present work, this is due to the fact that

the scope of most environmental impact gtudiss go beyend ecologicsl
conaidarations, Accordingly, the pecologicasl procedure alone, may
not adequately sensitize or raus#l the hiddenlconsequences of an oil
spill impact, agbacially as méy ba envisagsed within the human
poﬁulatiapa of affectéd communities. And this‘inadeqhac; may lead
to wesk conclusions ana recommendation of inappropriate mapnagemant

strategias for the problem. Therefors, it becomas relevant that we

complement this deficiency with an ahpropriata impact assessment‘

methodology that would take care of this weaknass.

BRIEF REVIEW AND EVALUATION BF ENVIRONMENYAL IMPACT
ASSESSMENT PMETHORDOLOGIES -

Although there }s a large number of £[A mathods and/cr modsls
which have been developed and used in EIR, the vériety.is more
apparent than real, Neérly all methods are examplss or vafiants
af gegeral types which have specific arganizing principles in
common. These types are chaéklistg, matrices, netusrks, overlays
and models (Bisaet, 1988). The extent to uhibh.particular methods
are used . im actual EIA studies varies considerably due to the
suitability’af the methods to particular EIA studies. A recent
survey of EIA methods used in the USA ghows the relative Fréquency
of methcd‘uéed’gmmng a sample of 372 péople involved in EIA works
(Table 1). | .

r
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TABLE 12 The Use Made of VYariocus EIA Methods [n The US,

.

Respopdents

PMlcHarg graphic overlay wmethod : 3§
rctropolitan Landscaps Planning Model . 3
Goals Achievement Matrix : '10
Surrogate Worth Tradsoff Method V 1
USGS Matrix | 25
tnéironmantal Evaluation System - kzs | ‘ 7
.Environmental Quality Evaluation Procedure - EQEP 6
Environmental Guality Assessment ~ EGA ; © g
Métar Resources Assessment Methodology ~ WRARM 15
Wetland Evaluation System = WES ' 19
Network Analysis - : 21
Adaptive Environmental Assesgsment and Managéhent 4
Habitat Evaluation Procedurs =~ HEP

(Fish and wildlife) » 75
Decision Analysis 9
Kane Simulation Model - KSM B S
Other : o ”“mw*w166

Sourca: (US., Advanced Studies in Scisnce, Technology and
Public Policy, 1982).

From Table 1, it can be seen that no particular method can be

applied in all FIA studies, howaver, uarious forms of checklist are
widely im use. They are reprasented in the tabla by the Enviranmental
Evaluation System, ths Environmental Quality Evaluation pracedure,
Environmental Quality Assessment, and tha Yater Resources Assessment
Methodolagy. | o



'1(-

%verlax,methad’ars easily. understood. most

from applicat10n~oﬁwthé

importantly, it is an important method for showing the spatial d1a-

’

tribution of impacts. With this information, it is relatively easy

to relate individual impacts and the tetal aggreéate impact of a
project to human populations who hight inhabit the laocalities affected.
This allows tpp distribution of beneficial and adverss impacts to
be .determined (Munn, 1979). |

However, thaere ;rg e numbaer of disadvantages to wanual everlays.
Firstly, the interpretation of more than %2 overlays at one time ié
often difficult. This means that only a limited number of impacts
can be censidered because each impact rmﬁuiras a separate trgnsparency.
And this constraint can only be overcome by the use of up~to~dats
topographical maps and air photographs, assisted by computer inter-
pretations (D'Riordan; 1980). Experisnce with the use uFloverlay
method indicates that it is only most useful in asssssing alternative
routes for limnear developments, guch as pipelines, highways and

transmission lines.

Ay

w



Checklist Methodplogies:

The term "checklist" covers a variety ot methods having
widely varying characteristics and degrees of complexity.
However, most gshare ons common feature, that is a list of

environmental, social and economic factors which may be affected

by a development or action (Wathern, 1988). A& good checklist method
is able to aid the identification of lmpacts and ensura that
impacts are not overlooked (See Tabie 2).

There are 4 diffarent; but related types of chacklists,
namely, dascpiptige checklists, scéling checkliats, scaling-
waighting ch;cklists and questionmaire checklists., A significant
Feafure of the‘chécklist methodology is the umphasis plased
upon the eualuat%on of all impacts‘beth adverse and bsneficial
with the smployment of relevant methodologies te asséas‘tha
magnitude oF'impact on each envirOﬁmantal factor under congidera=
tionﬂ And considering the ecological relevance of this methodology,

we esmployad it in the achiwvement of our ressarch objective.



TABLE 2: An Exawple of Checklist
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" PHYSICAL
o Geulogz

Uniquse Features .
Mineral Resources '
Slape Stabil;ty/ﬂockfall

Subsidence
Consolidation

- e ) ek wd wd ed -

° [ ] L ]

D20

Soils

Slope Stability -
Foundation Support
.Shrink=-Swell o
Frosk Susceptibility
Liquifaction .
Erodibility
Permeability

RN RNRNNND N
e 9 ® .
3OO WNE WK -

o Spocial Land Faatures

«1 Sanitary Landfill
»2 Wetlands

+3 Coastal Zones/Shorelinegs
4 Mine Dumps/Spoil Areas

5 Prime Agricultural Land

3
3
3
3
3.
3

Water

Hydrologic balance
Ground=water

Ground-water Flow Direction

Depth to Water Table

DrainagefChemical Form
Sedimentation

Impoundment Leakage and

Slope Fai ure
fFlooding
Water Quality -

.
.
.

&,
4
4

-4
4
4
4
4.

4 ove BN -

é-
4

.
D o

' sGCIAL
'“‘B Sarvices.

Dapth to 1mpermaabla Layarsi

Meather;ng/themidal Ralease”“
Tectonic Rctlvlty/VUICdnxsm

mmwmmmmmm mmm@

Educational Featuraa
Employmant

Commercial Features
Health Care and Soczalv

Ligquid waste§35¥spgsal7; ?
Solid Waste Disposal o
Water Supply ‘
Storm Water Drannagm
Folice o b
0 Fies e ) Lo
1 Recreation - - F
2 Transportation
3 Cultural Facilities

° ° L J *

- e DD b‘ﬁlQ d

» Safet!

Structurss

Materials

Site Hazards
Circulation Conflicts
Road Safety and Design
lonizing Radiation

¢« s 6 o e @
L« U4 I VR R S

O MOV OUY D

i
o
°

Physiological Well=-Being

10.1 Noise

10,2 VYibration
10.3 Qdour

10.4 Light

10.5 Temperature
10.6 Diseass

11. Sense of Community

11.1 Cdmmunity and Organization
11.2 Homogeneity and Diveirsily

11:,3 Cemmunity Stability and

Physical C(Characteristics
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641 Macro-ﬂlzmatu Hazards-

‘ 6.4.Wind Alteration
6.5 Rim idity and Preelp;tatzu”
N 6,6 Gensration and: stperalon;

6.7 Shadou‘EFfecta-

7. Energy

7«1 Energy Requiremants
"Te2 Conservatxon Neasuras
7. 3 Env1ronmental ngnlficany

-6« Climate and Air

6.2 Forest ‘and Range Fira
6.3 Heat Balance.

of Contaqxnants

» Biota

+1 Plant and Animal Species
+2 Vegetative Communxty

3 Diversity

«4 Productivity

«% Nutrient Cycling

14, r Archaological Sitas and

12, Psychological wall~Belhg

12.1 Physical Threat
12,2 Crowding

12,3 Nuisance

'13. Yisual Qualify

13,7 Visual Content

13 2 Arsa and SLructure Coherence

Apparant Accesa

‘4'1 Hxstoric StrucLur
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1.5 LITERATURE REVIEW

Nan!s.impact 6n his envirqnqent goes back Far beyond tha
beginning of history (Nicholson, 1970). As human numbers increased,
people colonised new lands so that a larger and larger area was
affected. Until modern times major inFlheéces gxerted oy man on the
anvironment were almost all direct and concreté, such as‘burning
and cutting forests, converting land to grazing areas Or crop-
growing, diverting streams and so forth (Seuar,.1956; Stewnft, 1856),
Indirect, unitended and unrecognised lntarFarenéaS werae rﬂtativeiy
ingignificant.

However, with thes advent of modarn teﬁhnblogy, the role of
man op environmental changs has been magnified (Commonar, 1969),‘
Thus, technology, while creating a "hetter life” for man, has
created more environmantal changs per capita, theresby sscalating
man's impact. Segveral wbrkars with similar Qiﬁus,‘such as Fvelyn
(1969); Abbéu {1972); :ﬂla@pp (1972); Doxiadis {1977); Krieps (1983);
and Harfison (1890); howaver, havae in udditjon’eiﬁborataly discussed
the complementary role of wan and his tschnology in the wﬁpld-gide
envirﬁnmental degradation. ’

Abbou (1972), has observed a gond relationship between man,
hoalth and the environment - a relationship which he found te be

"clearast in the cities than imn their perniphsries.



In hls‘studles on the" typé% nf pollutxon énd nu;SaﬁCes prmssnt xn
an urban enulronmant and thalr consedﬁences on the health of the -
inhabitants, he obseruad that peoplse can be afFected either by fhgir
environment or by thémﬁéffﬁh"ﬁfhdthéf'peoble; he took the Former:as - -
a direct action by.ﬁha'ahViranBnt dué t; physicomchami@al agents ,
(alrsady released by mgn) such ag‘;anising radiation, sxhaust fumes,
ésbssécs dust, carcinegenic subsianc;sg or climat ic cirgqm#tance%i
such as temperature, maisghfe7énd‘wind. ﬁherga$ the_lata£ (indirect'
pollution éy man) can have a biological aspect; and which may be
due to contagion by germé,_parasites, lica, effects of food additives
or of excesses of medicines. |

Hervar, with regards to this particular research, copiaous
literature (from various researchars working in differsnt parts of
the world) on the shvironmental impacts 6? petroleum activities

abound. In Europe and North America the following researchers, euch

D

as Wilson st al (1980); Schett and Ellis (1985); Ashmore et al (1985);
Pearce (1986); Hinrichsén (1985); McCormick (1989); have concentrated
their research on the effect of pollution dus to the wide range
utllxzatlon of fossil fuels particularly petroleum fuels Lnﬂxfripus‘.
locations ;n Europe and North America. Similarly, Kin;elbach (1981)3;
Parera (1982); Gennino and Shorrock (1982)3 Jernelav (1983); Sharma
{1983); Sani (1983); Smil (1984); and Hardoy and Satterthwait (1985)

have concentrated on the environmental impacts of petroleum pollution

in some selected third-world countriaes.
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Some of thase cauntrles znclude China, India, Falaysxa, Brale,

South Korsa, Mexico, zambza, Kenya, ngerza and 30uth Afrxca.?

In his resgearch Ln Chlna, thh umphaaxa ow thﬁ nmrthprn Dl

rich parts of tha country, Jernelnv (1983). stdtan t&n* ciﬁias

like Beijing and Lanzhov give cause for greutuat concarn dua tohs
thei: heavy cencentrations of ths country's largest oil refineriaes
and petrochemical industriaé. He observed that, pollution from
these industries has dostroyed fruit &rees, caused dats plants to
stop praducing fruit and stopped pumpkings, from maturing.

Results from a joint project betwaan the UN Environment
Programme {UNEP) and SCOPE (a Committes of the International Council
of Scientific Unioms) conducted in 1960, using case studias from |
Nigeria, Bangladesh, Brazil, China, India aﬁd Vanszusla, have
implicated the large scalse exploitation and utilization of patrnléum
rasources in the gignificant increase of 50x and NOx in the
enviroaments of the countries listed.

On the other hand copious documanted evidencas nn‘tha
environmental impacts of ail spiliages abound (Yapp, 19723 Nelsun~
Smith, 19773 Murn, 1979; Adrian and Ingram, 1985; Trammisr, 1991).
And their deletoricus impacts on the ecological environment of
mostly oil producing countries, such as Nigeria, Saudi Arabia,
Algeria, Kuwait, Venezuela, are fully documented., Tramier (1991),

.has observed a gradual but progressive destructieon of gcolegical

species in Kuwait since the end of the gulf war.
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He particularly. nated g-lgfggwggaleﬂdisﬁppearanca'GF the rare aquatic
desert mangroves, tortoises, crabs, crustaceans etc., some of which
hava been completaly.eradicated by the 0il spillages and gas flares.

In Migeria, the following researchers such as 0du {1972, 1973,
1977 a,b,c, 1978 a,b,); Imaubore (1973,‘1991); Isichei and Sanford
(1976); Huobthi (1977); Adedipe and Nwaboshi (1977); Ajakaiye (1977)}
Inyang (1978,.19‘90);‘ oluuatimlahin (1981}; Baker (1981); Lawansm'n‘
and Imevbore (1987)3 Titilola and Igben_(1992); have imn various

dimensions treated the varying'aduarse impacts of petrolsum activities

. in Nigaria,.

Odu (1972),,obsorvad that petrolgum o0il exerts sdversa affects
on plqnts.indirectly (thtqugﬁ tha sh;l) by creating certain conditions
which make nutriaemsts such as nitrogen énd phospherous, essantial for
plant qrouwth unavailabia to plants, Furthermora, tHe adverse
céhditien-craated by oil in ths soil make some toxic nutrients more
available to plants. 0il contamination of the soil thus rosults
in the soil becoming unsuitable for crop growth. And depending én
the degree of contamination, éhe soill may remain unsuitabia for
crop growth for months or year§ untii the 0il is degraoed i3
tolarable levels. In the same vein, on aquatic life Imevbare (1973),
observed that free il and emulsions may coat and dé%troyfalgae
and plankton, inmterfer with photosynthesis,'kill fish tﬁ;augh
injection of poisonous scluble fractions, such as phenols and

sulphides.

-4



by previous researchers to undurtaks a comprehensive and balanced

The sams oo pﬁunus mdyfklll aqua

a:cumu]at1on of patroleum u;udgn ma/;pravent the germxndtlﬁ  '

growth of plants.
Also QOteri (1981), has Fully lnvestigated the lmpacta an grnunﬂ—A

wataer rasulting from ;he 1980 Funiwa ~ S oil well bloyuut in unach
mare than 400,000 barrels of crude Dll uas spxl;ad.v'He discovarwd
that of the 5 villages affected, Fisntoun was ths only community.

whosa ground-water was heavily-polluted. Consequently, the inhabi=
tants haveg baen furcedjﬁb‘eifhef.relscatq or ssek for alférnatiuq
domestic water supply, s;nce.their enly saurce 6f potaﬁléAQgtér supply

has been pbrmanéntly polluted.

. Accordingly, there is—copious avidence to show that petrolsum
industries operating in Nigeria have actually adversely impacted oan
their operating environments, And although thg list of previous

works on this particular problem is large, no aftempts have been made

view of the problem. Essentially, most of the pravious works have

.concentreted only on tha nwga{iVs impacts of petroleum activitias

iﬁ Nigeria, uﬁilevnaglecting the crucial beneficial impacts of
petroleum exploitation, coansequantly, this has re;ulted tc a lopslded
evaluation of the problaem at hand. And this inadequacy of previous
works in evaluating the problem may stem from the type of methodologies

employed in the assessment cof tha.prnblam which tended to reveal

only a handful of negative impacts without making provisions for the

asgsessmant of bemaficial impacts,
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And Ssﬁrightly obsérved by Drobny and $mith {1973), a qood environ-
mental impact asgasa&ent mathedology, should represant more than
five of the Following‘basic regquirements for an lwpect assessmants
(1) An impa;t asgessment method should be camprehensive;

(2) Flexible;

{(3) Capable ot detecting project geﬁaratad impactss

(4) Should be objacﬁiue;

(5) Should ensure input of expertise;

(6) Utilize the state of the art;‘

(7) Employ explicitly definsd criteriaj

(8) Praovide for asssssment of impact magnitudes}

(9) Provide for overall assessmant of tetal impacts;

(10) Detect environmentally sensitive areas.

Therefore, it is against this background of unbaslanced and
non-comprahensive assessment af the environmantal impacts of N
petroleum activitiaes, that we ambarked upon thi§ particular research
to assess the esnvironmental ihpact of petroleum activities in

Port Harcourt and environs.
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1.6 THE STUDY AREA

Lobation énd-Si?ei

Port Harcourt mELTSES 13 is- thu admznistra*iuu Lapltal nF

Rlvars State of ngeria. The c;ty which also anluden tha LOLdl

)

government counc11, does not hava an operatlnq oxl producing Field,

howev'er, 'its immediata;surroundxngg_does. Tharefore must of ous
: B _ 2. . d . R .

-

diatg. autlyinag nnvironments _

:constifdting 3 local QQVerhméd“area ;.namely: Gblolnknar LGR

. flankingifhe North and North-ugsternvpart of Port Harcourt, Tai/

Elema LGA flankxng the North«eagtex and Sounueeuaturn part, and B

Okirika LGA, flankxng ;ha$ »utharn and South-we&tern pact (Fxgugw 1)

approx1mately batween latf? ,
6°so and: 7920"'g of tha Equa

.arga, two from gach of thalg lecal gavernment ar¢as. The aelactéu

fields are as followsj (1) flelenwa and apara fields - obxa/Rkpox
L.B.ﬁ., (2) Ebubu andvKoroknro‘?iﬁfﬁﬁmﬁ'TEijlame;”hnd (3) Alaki:i
and Olubiri fields - Der&a l.F Re

Relianf and Phys;bal Sattxng'

The study area wshich hasg savgrai'atffibgﬁﬁsﬂagﬂéﬂiyhﬁééi"Niger.‘
Dalta environment, is diwidsd into two closely related environments,
. - !
except that one has a little drisr environment than the other. Hoth

are located within the freshwater zone of the Niger Delts.
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'const1tut1ng mainly of lamxnated clay&,‘51lta and firme sand»
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Threa oF the oil producing communities, namely; Elelenwa,
Apara, and [bubu (a little more Northermthan Port Harcourt city)
are located in mere or less drier enuxronments than the others
located in the southern part of Port Harcourt city, which include
Korokora. lazblrx and Alak1r1., Jdo (1981); haa elabcrdtaly
d15¢ussed en the characterxstlcs of thxs Fresh»uatar znne nf the
ngeﬁ:Delta. ncéprd;ng_to Ugé, £his zone is the largast and-the

most impprﬂant'physical;division of the area. The ndrthefﬂ patt of

this zong has a greater silt and clay Foundation and is more

auscabtible to yearly inundation by rivFr fFloods, Most ua%ux chdnnals
in this Fresh water zonélare bdrdared b} natural levaos (of helghts'

betueen 20 - 30 mtrs) whlch are of graat topographxcal lntﬁrest‘und

of- great economic importance to tha local paopla. Also, the bulk

of the petrolaum dap031ts 1n the quer Deltd are connair:ﬂ sithin. ...

this zonseo.

i - S ; . St

ulth!n1this zon; may be found a good number of Fazrly h;gh landa,
(Assez, 1976). Thes:f:£¢r¢t> up;andsp whlch du“hot amcaadugé; g s
provide sltes on which settlements like Elelenwa, Apara, and Chubu
are built, |

' The predominant ecanomic activity of the inhabitants of the
area is mainly Farmlng/fls ing and Qoat-making for thoagse living

within the wetter southern part, snd combined Fishing/farming for

. thoss living within the upland drisr area.
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‘The exceptional amount of ralnfall wlthxn the area, ranging._between

- 2000mm_ to over SDUU/yr., has created conslderable problems to
"settlemant and land use, since: most ‘parts of the area are affected
by seasonal swamps and muddy ‘water most parts of every yeare
EconpmiC'crups such as yams, cassava and maize, for this_raasong

are, thersfore, reaﬁrictad-th.thg drier parts of the area.

Geologys

The area is generally ouérlain by thick layers of alluvium anﬁ
clayey-silt;1whiéﬁuéfe Uﬁﬁéfléiﬁ'byﬂgi;omplex ofvcoérse.and medium
grained sﬁndstone«bBAS (MUrat, 1970g MG;ki,.197D),_ uitﬁiﬁ this
area at severa%'loéations, the sedimentary deposits are mostly hetero—:
genecus in natu;e,,being composed of sandstones, Qhaias, célkéreous
shales, marl and foséiliferéus.limeqtonq, Differential subsidencs
aiong faulfs*that develop géré‘produca broad»antiélinal folds uhich

provide strucfural.traps for petroleum;



25

1.7 RESEARCH METHUDOLGGY

All our methadological procedures including. sampling and laboratory
procedures are fully discusaad in Chapter three. However, to achlave
the objectlves of our study the underllsted activities were undartaken

\,

namely = fiald work, laboratory analyais of samples, 1nterpretat1on

/
i

.

and ﬁeport mrfting.'
(a) Apaft from two }aconnaisséhce'éurveysg two field studies were |
undertaken during4thé }a;hy aﬁd drynseason periods. Such fieldfstpaiés
lésted for an average period §F e&ght'déys. The téd récohnaissan;e
surveys were undertaken between’ February 8 =~ 15, 1992_f6r ghe Dry Séasqn,

and August 15 - 22, 1?92 for the Wet Season.  Thereafter, two field

e e g b i e

..studles-weré‘updertaken between februéry 13 - 20, 1993, for the Dry
Seasﬁn, and Augﬁstiié - 21 for the Wet Séason. it was after these last
two field studiesithat pur'various‘Qamplé analyses Qare undertaken.
,_Finaily} 2 cpmpLgﬁenﬁépy,Field”gﬁqdies were Qndértaken between Névéhber;
27 = December, 1, i9§3; and rebrua}y,f1994.

(b) Laboratury analyses of samples collacted durlng Fleld studies were
subsequently undettaken-to‘include physico-chemlcal analyses of ‘soily, -
pit proflles, sediment,lwatefﬂEﬁfyy/trace/metalflon, ‘underground water
sample; biological analyses, and physical analysas aof surface_and sub- .
su;face waters. Thé_extantiof-tﬁe abodé énalyses, are asispscified .

_in Chapter's.
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1.8 SCOPE OF THE STUDY

The study is divided into 5 cﬁaptets as follows:
Chapter One which is thé'“introauction," took care of the statcmant
ef the re#aarch'prpblam, the objectives of the study, the theoretical
frampwork, the literature review, the study area and a summary ot ihe‘
reéeafch methodelogy. | '

In Eh&péér de, wa E£i§d>tq’assess‘the soufces of pil ﬁnlluzgon,”
and attempted an eualuatxon of their probabls ef;;c£$”cn theif 
1mmediate‘enviranmantsJ In Chaptar ‘thres, we>triad't6ldsmcrihe our ,J
materials of study and as we -as explaln our metbods and procedure
of study.. THIS also included. our Flald gampling rationale . and labura-"
tory analytical procaduras —Mwhidh 1ncludad s0il studlea,-vegatatgnn

studlas, aquatlc studles,

rlmary pra uctl*ity studies (for both, sicre/

macrnebiology-and Fish{bio}ogxlluSadlment studies,'Hydrbloginal and

P
%

_Ceophysicai':tudies, a&d socio-economic studies.
Chapter Four touk'caré of the results from our laharatary

analyses on seils (5011 samples), vnqat4tion samptus, aquatlr samnles,

’ i

‘ g S

-microbiological samples, ﬁxsh bi 13;%;%sadimsnt_uaﬁp;as, hydrcgeqphyazcal

and hydrogeochemical samples anq socio-gconomic studies, ~TRIG aTéo"w‘“
included discussions on all the variables listed above.
Finally, we concluded our wortk.-in Chapter five, where we made

a list of our recommendations for further studies on the problem.



CHAPTER TwD
ASSESSMENT OF PETROLEUM POLLUTION SOURCES AND

EVALUATION OF THEIR PROBABLE EFFECTS ON THE
IMMEDTIATE ENVIRONMENT

2.1 DEFINITION Amo'otééaiafxdﬁ OF THE NATURE OF MAJOR_POLLUTANTS -

Petroleum aad/pr oil ;an only be adequately defined in tarms of . o
their.cﬁamiéal”naﬁurg and physicél p;ope%ties. Petreleum is a mixture
of hyd;oéérﬁobs.' Sevet;i ﬁydr??agbuns'accur in nsturs. In crude ailsy,
tha'majqr components beiong.to only two hydrocarbon saries namelyh'
the pérafins or‘methane series,and the 6aphthhne series. Tha @athane‘
series consists of stréight-chaiﬁ-hydpocarbons i.egs the n-alkanes
which may occur as gases e.g. methéna, liquids a.g; n-pentane or solid

_paraffin wax 8¢Q, n—he#adecanew, The naphthene series cowmprises of
alicyclic hyd?ocarbonsAor cyclopa?affins. They may ocour &s gasés 2sQ.
cyclopropane, l;duids_e@g.'@yclﬁpuntanav Cyelopentane (CSN10) and
Cyclohaxane (C6H12) ata:thé pradominant companents in most  orude. nills.
Apart from fhe mathane %nd paphfh@he Qeries, srode oils anﬁ ﬁéfural

gas have same non~hydrgcarbon cémponénts. The comméﬁly gncounterad
non-hydrocarbon compunénts are haterocempounds namely nitrogen,

oxygen and sulphur'(SfN-U) compounds and organgconpaunds af s0me

heavy metals mainly nickael and venadiunm.

A small fraction of the suphur in cruds ail iz in Lhe form of
elemental sulphur {in solution) or of Hydrogon sulohide, while =
significant.proportionw&s bonaad with carbon in organic combination
principally as polyaromatic constituents of the crude. Nitrogon in

crude 0il is associated mainly with the asphalt contant.

)
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Compounds of oxygen with definite structures which occur in cruds
oils are acids and phenols. ' The ordaer of increasing abundance of
the heterocompounds is sulphur Mitragen Omyyen.

2.2 SOURCES DF OIL POLLUTION

Pollution from oil andfor petroleum ranges from a massive single

spillage as from a fractured pipeline to the lesser but apparently

e

rapatitive losses which usually arise from ¢ rala?s handling at
flow station, io such contindous,but often small scale sources as an
‘Qndetactad(leak or an 0il contaminated Flow of waste watar.

Infurm-tiaﬁ from various field investigations undartaken Fof this
ressérch coupked with documented data reveal additional sources of
0il pollution as.drilling/uaste pit Faiiures, sabotége/iﬁstrument
theft, well=hgad failures and marine/terminal oéeratiuna{‘aqg§q§g§s.
From Table 3, it can be observed that over 80% of the cummulative
annual totals of crude 0il spilled from all sources in the study arag
emanated alone from flow gtation operatioﬁs (c) and fFrom Flow stations
" Engineering Faults "(G.).

Another important socurce of cfuda cil spillage requiring sur
attention fraom the Table, is that from Line or pipeline failura (&),
which incidentally occupiss the second pre-sminent pasition. Ovar
25% of all crude o0il spillages-in ouyr éggdy area can be étt;ibuted
to this sourca alone. However, a prominent causative factor worthy
of mention is sébotage/instrument theft (), which accupies the third

position in tarms of the totsl number of spills in the arsa, buf

incidentaly it has cummulative voelumes share of less than 219

L3 e
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2.3 EVALUATION AND DESCRIPTTUN'UF THEIR PROBABLE EFFECTS

Quantification of the effects of oil pollution is difficult
becausa the origim and composition vary significantly. fhe effects
may also be dependent on éhe nature of the gpillage, the history
of the gpillage; the volume of the spiIlaée. the nature of the flora
or fauna, as uell'as the hature of the locality, Crude oil when
spilled on the environment can ultiﬁately, be degradsd by chemical,
physical or biblogical processes either with or without human
interference and become innocuaus but in the process, they may lead
to diminishing the richnassAand variesty of the eguironment and
ultimately the quélity of human life ,and l1ife span (Jorgensen, 1976).

The biodegradation of petroleum is & slow p}ocass'which
depends largely on the size and composition of the constituent -
hydrocarbon molecules. Short chain alkanes rapidly evaporate and
are taxi§ to several micro-orgamisms. Intermediate chain alkanas
undergo rapid biodeéradation. Branch chain alkanes rarely undergo
degradation but when they do, the process is rather very slow. Tha
rates éf'biodegradation in ail component alkanes is higher than
those in aromatic and alicyclic compounds. ftor the lattef; the
rate of biodegradation increasés-wifh the incorporation of iong
aliphatic_gide chains. Biodegradation of petreleuﬁ is controlled by
such factors as available nutrients notably phosphorous and |
Nitrdgeh, temperature, the natQPe of the pétralaﬁm, the &issclved

oxygen concentration_and the micro~organisms present {Harrison,1990},
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tf@de oil can éFFact,macrbﬁueg&taticn Gury gdversaly, causing
great’economic losseé# stuélly puaf.primary préduétivity OF-plwﬂtS
due to 1nh1b1t10n ex damaga‘cf the vhlarcphyll as well as inhibition

oF the gerneral metabolxc dCthlty of tha pldnt ‘such as translouatxan

and'transpzratlon'occurs.m In ad 1t10n, yallaulnq aF lwduus,

defoliation, coatxng of surFa 95“0 :pldnta lh also obsarued° @omaj

factors which determfna:th ”.ie and intenslty of tha affact of

poelluting crude oil on vagetatlcn 1nclude nature oF the 3011,

P

topography, nature of tha crude Dll, tampurature, hydrography, age'

and physlologlcal state af the plant (Masan, 1981).

RS

determined by the geoleqy,

100 71

rr

_The nature of groundwater poliu

C’I

mineral composition and pedology of the undarlylng rOLk and bDll
which the water Flows through before rgaching the desired aquifers.
Grounﬁuatér quality dapends on its chgmiéal,'phyéical and bactario-
logical statusas.- ngt'grnunduaters contain organic and inorganic
compounds as well as hsavy metals which affect their quality.
Inorganic compounds usually encountered in grounduwaters aré carbon-
dioxide, Hydrogen Sulphids, Sulphur dioxide, iron oxide stc.

Elements commonly encountered include aluminium, calcium, dissoclved

oxygen, iron, magnesgsium, mangangse, potasgium, sodium, silicon etc.
The levels of thase elements and/er compounds are affected by the
ground-~water tenperéture. The heavy metals usually present i&
groundwaters are cadmium; chromium, cyanide, lead and mercury. Thg

depth of groundwaters gensrally affect the lewvel aof dissolved

substances.
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Deeper grounduwaters ﬁontaiﬁ more dissolved substances than shallouw
forms. With increaséd temparétdras, thevconcentration of these
dissolved substanceslare significantly increased due to higher sclubi-
lity (Rhdades, 1971).

Crud§“6i1 is madé‘uﬁ'éfléaﬁy Fractions apﬁ‘the'%ux;éigy”gf.u”"h&m
the various ﬁractions'inc?eéses alogg thé gseries paraffins, ngphf
thalenés agd olefins to dromatic hydrocarbnn. Mithin each.ﬁeria§
of hydrocarbon the 9maller molecules are ‘mors taxz %han.ghn i;;ég:.
anq highep oness; paraf:é; ;?g almost nnn~toxic.-

Oii’Spills~p£eseﬁ£ hazééauus éffect; naot cniy onp fishing qhd

I3

recreationél activitiés but alsu on those mrganisms uhich liue'in

water or depand entlraly on llfe xn the dqudtxc snvxronmunt (Crann
ana Trett, 1989) aamage to 5@3 birde hasg . brouqht Dll unl]uilon to

tha'attention of the publica 0il spill has besa shown to alter the

i
H

gommunity structure bx ducrass;ng th ~amount DF Qnargy an,,ablg'

v,u

for malntenance. grouth and .aproductlon. Cdme on, (1985) invéstzag
gated the effect af crude o11fand galinvtv ¢trau; on the . met abollsm_

_4’

it Zar b

of two common filter Feedinq muswda Jawt lub adulzs and Mcdioiué:}
demissus., Carban budgets wers calculated far each gpacies under a
varlety of cpmbinations'qf gil content and ealiﬁity. Beth reduted »i”

salinity and the pre gnce af" cruda ‘0il tend to rsduce the neb carbon

flux for each speciea. al*hough similar Tespon

O
3

in

wn
o+

to ail wers
shown by each. spaciés M. sdulls apnaszaed._ to he slightly mors

resistant to o0il than Modiolus demissus. e e e+




The susceptxbillty ta poleon, ?

nature of ‘the cutlcle of the animal l.e. uheth?"xt 1s.llpoph011c
or lipophilic. Crustaceansfbaing more’suscaptible te hydroca:bon
based d;spetsants has llpophlllc Cutlulu;‘

Generally toxicity of ckunu 011 th marine anlmdlb is less
than that of refined oil and its products. Thl& is because refined
oils contain larger guanticties of woderatgly volatx‘a d!OWdLlC came-

pounds that are more toxig than the pursistent water solublse

components of petroleum oil (Dudley, 1976). It is also reported

-that Kuwait oil is less toxic to EurypandpEUS'depressus than what
is obtained by ekposing R. harrisii\ta No.? Fusl 0il [Spooner, 1970).
Exposure of Daehﬁia Spe. to naphthalene producéd immediate baﬁavioural
changese. 1In animalﬁ axp9§gg;;pkconcenffatinngreaﬁar than 5 mgl—1
‘tha movemant of the second-antgﬁnae ceased resulting in the oréanism
coming to rest on the bottam. Sdrv;vorn ”hnuod.ppr istent sluggish
behaviour compérad-with the conirol after 24hrs; The urgani&ﬁ often
recovered, however, aftar the toxicant concéntfatimwfall to none
detectableilﬂvals,

Talueﬁe.uhich‘is alsé a @ajorlbompbnent of water soluble
fraction of refined ©il, has bean employed in the toxicity;studjes.

Cot, (1976), investigated the acuts toxicity of Toluene to three

age groups of Fat hgad Hinnows Pimaphales Promslas. - In the experiment

designed to determine tha 36-h (50 and LOEC {lowest obaerved

eFFeqt concantratior) of Toluene, 1 day post hatch protolarvae and
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and ;0'9-day old fish was used to determine the LOEC. They reported
 tnat embgyoglare,more rssé;tant to tﬁxic effact of toluwne than
larvéi.orﬁadplt forms. This they aﬁtributed to eithar the loma;
metébolic rate of the ampryoé'nr thé result of toliuene baing ﬁequested
on the lipid'-rilch‘yoli;";, thubrg,d\.uxrq the rabe dt which ,iAtlj. is,
metabolized. . ; .‘” :?'; 

Information on this ééﬁepé'Ek”fathqf:ggan§x_gﬁ_tpg pgtternglpfll
adjustment_énd regulafgnﬁwtgwﬁii%;aiibtidn.by ﬁcﬁévaniﬁals, hoaéve},'
Baker et'al;l(1981), feported,thét although maring crustaceans do
rapidly accumulate petroleum hydrocarbons, and in particular the
aromatic fractions from uéter,-ﬁhey alse release tha acoumulated
compounds Very rapidly;aven‘duriﬁg continued axpesurne, This has been

attributed to the induction of microsomal mixed -Function cxidasse

system capable. ot the metabolic detoxification of aromatic hydsocavbons.
This system has been identified in adult crabs, and in spot shrimp

Pardalus Platyceros (tLipsey and Mslcom, 1981). Inductien of sguch

a system allows surviving crabs to reach a nesu lower steady state tissue
burden of hydrocarbong during continued exposuTa,

~ Since the production of Crude oil is often associated with
sgveral toxic inorganic compounds and/or elements, such as mércury
and other heavy matg%}i;_;g@goggds, which serve as production catalysts,
-the passibility of these harmful substances being introducedint@ the

¢

immediate environments is vary likely during oil spillages.
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it has beén Foundtthat-Fpesil fuél‘accounted for an annual
release info the aﬁvirbnment of about S‘x 103 metric tonnes of mﬂrcﬁry
at tha presant rate of utilizatioﬁ. 8oma of thase étmbspherjc mercury
eventually find taeir way into the fresh-watar system.' The mercury
in the ‘aquatic environment is associated uéry lérgaly with Fhe- |
p%rticulate phaéa; either in suspensiocn or as bottem sadiﬁent (Natis?
1971). Traﬁsform;tiqn of hasyy @étals by micro q;gaﬁigms‘was first
observed by Williams and Wilder, {1971) when they found that sediment
ffom an aquarium mathylated'mercury From‘mercurig ﬁhloride.' This
methylatian did npt'ﬁgcur with heat sterilizeo éedimants. Tﬁa ;ediments
from Swedish lakp;‘anq rivars.ﬁere found to form both methyl and

dimethyl mercury from the ionic species. The méthylatioh did naot
gccur undsr ;nae:obic condition, prasumablx because tha%;ré;;;;gwéf
hydrogan.sulphide caused the preciéitation of the meréury as sulphidae.
‘Studias oﬁ‘the pioﬁhemical mechnism of methylation, haslshoun that
both diﬁathyl and methyl mqfcu;y uerQ'Furmed aﬁd that -trivalent cobalt
_ was implicateﬁ in the mathylétian'procéss as meghyl donar (Stbrach
vand Vaz, ;983). Marcury uiil thus circulate in the aquétié»ﬁinsphera
in the methylatsed form, but in. the sediment.it is more likal; toibe'f
inorganicélly Found;nithgﬁmﬂﬁwthewsd%pﬁfae or in .iron cumple*es.

The effgct of crude o©i1l spills én the terrestrial anvironment,

especially on soils, plants and animals has besn adequately described

in Chaptaer One.
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CHAPTER THREE
NRTERIALS AND METHODS OF qTUDY

3.1 FIELD SAMPLING RATIONALE AND LABGRATURY ANALYTICAL PROCEDURES

SAMPLING POINTS e e

ATha methods adaopted for the fie{d sampling/collectign of data
was based qn(tha standard;g:o?edures fof ecologiqal assessment - studies,
At appropriate sampling pqintg;?feprééentétiva samples Qare collected
for uapgf.dore;hole,.sﬁcia-aconomic,>vegetation and sail, Tha. .
antire ;fudy.area Wwas, based an'thelresults of the preliminary surveys,
subaaquently divided 1nto & dlst1nct ec01091ca1 micro units by |
utilizing the locstions of the 6 flow stations of six 0il producxng
'Fields-}n the study arega. -They are as follows, Port Harcourt north
transéct = Elelenwa (PﬂNT)k Port. Harcourt north-uast-transect (QHNNT)
at Apa;a; éort Harcoﬁpf north-east transect (pHNET5 at Ebubu, Port
' Harcourt South-sast transeqt (éHSET) at Korokoro, Port Harcourt-SuutH—
we#t tfansect (PHSwT) at A%akiri, and Port Harcourt South transect
(PHST) at Olobirie P

From aaeh of these statiﬁns, samples were collected as
appropriate for water5ﬂsoil,'ﬁé§§£ation, hydrogeqéhemicalfgaophyqical
and Socio—ecbnomic evaiuatiun. | | |

SITE SURVEY

The gite suruéy wag carried out using standard survey instfuménts
notably angules, bearings, compass, thaddolite1 tape, staff among
others. The transects were set out, and cut. The transect lines

were then levelled.
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The transects were cut at minimum intervals of 50m and a

maximum of 250m to cover'a length of
each sampling reference point.

foints of primafy spillage were

1,000m and width of 1,000m from

.used as centre points, and were

thus equidistant from the extrems points‘of the transects at the

cardinal axes.

3.2 BIOCHEMICAL AND HYDROGEOLOGICAL

ANALYSES

3.2.7 Soil And Vegsetation Studies

The soil studies involved thres

laboratory procedures; estimation of

geomaorphology, and evaluation of the

aspects, namely, the field and:
the physice~chemical statuses and

soil micro~hbiological status,

From the latter, information on the floral and faunal charactsristics

of the soil.was obtained following-appropriate leboratory analysis,

FIELD PROCEDURES

Soil Samples were collected froms

1« Random samples within the transects,

2.,  Systematic samples at intervals of 50m - 250m as appropriate,

3. From pit-profiles distributed to

the control areas.

cover the entire sites and

From 1 and 2 above, scil samples were collected at two depths

namely, 0 - 12cm and 15 = 30cm. Ffor

3 above, soil samples were

‘collected at 0 - 15cm, 15 - 30cm and bslow 30cm usually 30 = 60cm.

Additional soil samples were also collaected at levels of differing

s0il colouration.
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From sach sampling Iédatioh étfiéast six édil samples"mara-;!
collactedlat p01n£s uslng”a soli auger or trouel. The samples'uere,f
subsaquenfly bulked togathet to glva one composite sampla for any
depth s?mpled. In detgrmining the choicq of sampling adeguate care
was téken to‘alloy quitﬁéfinﬁqrént yariability of soi} materiéls
as spatial'variasilityioffén‘éxi;t over §$a11;a£;§§.> fha bulking
prccédpre for the soii'sambles was standérdisad by ensurﬁng that.
samples collected'were of aqual uolpme and From the same s0il depth.‘

On callectidn, soil gampléélwere 1mmed1atsly Eransfered
into polyfhane.bags."The soil samples uere subsequently stored in

deep freezers pending analysls. Aerat;on'of ééllathedu8011w§§mﬁ{es

o et ] . v . ';‘ . \‘;‘. .
was minimised by ensurlng;that'no,air spaces were left in-thse bags

during sealing.

. LABORATORY PROCEDURES

1. Hydrogen—-ion-Concentration (pH)

Soil pH was determined by the 131 Soils water ratio method as
described by Jackson (1970) using a multipolarographic mater,
Horiba U=~7 model. 10g soil sample ués dissolved in 50ml distilled
water and stirred at regular intervals of 5 minutes for 30 minutes.

The pH of the suspension was measured by dipping the aslectrode into

the suspansion for 3 minutes for equilibration to be attained.
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2. Electrical Conductivity

The electrical_Lgndygﬁiiiﬁlfﬂﬁgﬁ.)/sf'the soil was measured using
the filtratgAfbr the pH?méasﬁfement.J'Tﬁ maa;ura; the'elécifdde';f'
the Hur;ba;p-? modél meterﬂﬁas‘dippgd’into thelfilterate;in.a gméll
holdiﬁg?beaker and the re%diﬁq faken‘aFQEr 3 minufes. lThé conduct i~
vity uaiﬁa'més expressed in ﬁicro-ohms/cm (uohm/cm).

. 3. Air 6rxing: | |

Tﬁe soil samﬁles:wére gi; dried by thinly spreading the sample
on newspapers in the 1;;0§§tofy ghich uas-well aerated. The soil
was occasionally stirfaa tb egadgé a fresh surface. Drying was coé—‘
pleted after bg'hours‘at robm temperature. Air dried samples were
then sieved using a 2mm mésﬁﬁéitéisieve. Soil afgregates larger than
2mm were gehtly crushed tq_break up aggregates to avoid shattéring

soft mineral particlas thét méy be present.

4. - Exchangeable Cations

2.5g of a well ground soil sample were shaken in a conical
flask containing 25ml of nautral in ammonium acetate, for 30 minutes
and filtered. Ffrom the Filfrate the following cations were determined
using a flame photometear:

. : +
Sodium ion (Na')
- . -+ ‘

Potassium ion (K7)

. . +
Caleium ion {Ca’)

Also the follwing cations were dstermined from the above

filterate using Atomic Absorption Spectrophotometér CYIDE

Magnesium ion (Mg+f)

Manganesgion (Mnt+}
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iron (IT1I) ion (Fe*tH)

S. Organic Carbon- :

N

0rganic carbon was determined after the wet combustioﬂ.mathod
of Walkley and Black (1934)} 1.69 ueli ground soil sample was
transferred into a 300ml capacity beaka} and tréated uith‘1Uml of
IN potassium dichromate to wet the samples. 20ml of concentrated
sulphuric acig was immediately added to the wet mixture. The beaksr
and its cpntant§ wefe then bqta?ed‘yitp cars for 20 minutes. 200wl
of distilléd mater was then added to the contents af the b;aqu;
: ‘ '
25ml of ‘0.5N fgrrqus ammonium sulphate was added and titrated using

0.4N pbtassium permanganate under very strong light.

6. Toﬁal'Nitroqen

1.0g of £he soil,§aﬁp;e was transfered to a digestion fiask |
and § tablgts ofjsodium Qlehate, 3 tahletg of selsnium and 2m1»copper'
sulphate splbtion wera add§d.l Abml of gaalytical gradaiconcentrated
sulphuric acid wés'addéd and‘the content% were mixed and nubséqbently
swirled‘gently. The reéuifant;mixturé‘w;s digested'éver 5 tecaibr
block at 350°C until Epefdiggs£_tq£nea greyishewhits: The final:
mixture was then alléwed tp Eppl énd ua$h§é_int0va Aistillatioﬁzﬁnip.
The contents ware madeﬁélkaliﬁgzb;Aadding 10% soégL;“B;dfbiibéméhd““7”““"
then.distilled into 25ﬁl o} bdric aﬁid indicator that had preQiouslf
been pipetted into a cpnical flask. Frém thg distillata, 75ml was

measured into another conical flask and titrated uéing'0p11mlcl N
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Nitrogen content of the soil was calculated using the'ralationship:

BN = M x t x 14 x 100
S Eqtn. (1)
Wheres | -
M = ﬁolarity of the HC1 L
t = titre géiggm“”‘“w ‘
S = wts of Soil used. v
T Ammonium Nitrate and Nitrate Nitrogen

Ammonium nitrate, and nitrate nitrogen were determined h§ shak ing
5g of soii sampleg in a flask cqntaining 50ml of IN poltassium su]phate.w
Ammonium nit;;gen was daetermined by nesslerization usinq aliquots
of the soil exfracts. Nitrite Nitrogén was retermined by the Greiss-—
Ilosvay method in yhich alpha=napthylawine and sulphanilic acid wdre

used. Nitrate nitfogen was determined by the phenoldisulphonic acid

method as described by Machareth (1963).

8. Available Phosphorous

The phosphﬁgous concentpation of the soil was determined using.
the method of Jaékson (1970). 2g of soil sample was transfered
into a conical F]qsk and 20ml of Bray P-T1 extraction solution
(0.03N NH,F and D.25N HCL) added. The Flask with its contents uas
stirred for 3 minutes and then filtered. 5mls of the filtrate was
then pipetted inté 25ml volumetric flask and made up the mark by
the addition of 16ml distilled water and 4ml of ascorhic acid
solution (0.056g ascorbic acid in 200ml molybdate-tartarate'solutipn).
The mixture was allowed to be sbored for 20 minutes to ensure full

colour development.
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The above treatment was carrlad out for standard P atgck solutlcn for

\\_‘

reference callbratlon curve.. The absorbence was measured at 882nm
on a spectronlc 19 Spect?aphotaméf'}.‘

9. Aydrocarbon Concentratlon"“

J, . . ’

5qg of the 61l sample was transfered into a con1cal Flask Followed

A

by the addltxon of 10m1 of tcluene.f The mlxture was tth shaken and

the absorbence of the 01l“extracted was measured at a uave—lenght of o

} Co ;
dZUMU using ? spectrophotoy . The’abOve treatment was carrled

: .\~ vf‘- ,
N

out for standard hydrocarbon contalnlng extractant far standard curua

praeparation. Using tha standard curve the total hydrocarbon concan-.
. y
tration was then determlned.' '

10, Determination oF AvailablaACations

1;32+, K+L*Na+’ FB3+’ Mg2+, Mn2+)

2.5Q. ‘of soil sample was transferad into a coenical flask
followed by an addltion of 25ml of IN. Ammonlum acetatm (CH CUONH.).
The misturs was shaken for 45m1n. and the extrart filtered Jntn glass
beakers. Aliqunts oé'the-Filterate was used to determine the
concentration of calciun, ion.‘PptassiQm ion, and Sodium ion by
falme. photometry. The concentration of Iron, Magnesium and Manganese
was determined b} using‘an'atomic abScrptinn snactrophotometer (ans).
Using Jackson's method, Jackson (1970), the concentration of the
cations were calculated and expressed in partg per million (ppm) of

milligramme equivalent per 100g seil (Meq/100g Soil).
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11 Sulphate Concentration

The>spil sample was ashed after pre-treagment. Smé of the
extract was transfered into a 30ml cépacity beaker and 10ml of
aistilled water was addeq followed by gentle st}rring using(a glass‘
rod. fo the mixture, 10ml glycerol (I ; I glycerol uwater) was
rébidly added using a burette and stirred\uigoroésly but without
spilling any liquid with the glass rod for 20 seconds. The beakuar
was then trénsferea to a reffigarator and the tsmperature of the
mixture bfoughf down to 15°C. 2ml of Barium chloride was added *
followed by‘stirring for 20 secon&s. The mixturé was then allouwed
to stand for 30 mins. at room temperature 25°%C + ZDC. Standard
solutions of sulphate were also prepared. The concentration of
sulpﬁate was thén determined at a uaue~laaght of 600nm using a

spectrophotometer and standard reference of zero.

12. Phosphorous Concentration

Phosphorous Concentration was determined after caaling the
extract to 15°C. The extract was then transfered into a ;onical
flask and 20ml of Bray P-I extractioﬁ solution (0.03N NH4F + 0.25N
HCL) was added followed by g@mtlmétirring-for 3 mins. and then

filtered. -



13. Exchangeable Acidity

2.5g of soil éample was transferred into conical flask follouwed
by the addition of 25m1 b:f '1N.P0tassium --chlori.de._.__wjhe mixture was
shaken for 20minutes and filtered. 10ml of the Filterate-waéww
titrated using 0.10 IN sodium hydrogidé using phenolphthalin as
indicator after McKean (1965); Tﬁe concentratidn of the exchangeable
acidity was calculated and expressed as‘milliaqqivalant per’1009l

soil (Meg/100g soil).

14. Heavy Metals
2.59 of the sieved, air-dried soil sample was transfered into
a 250cm3 Eapacity canical flask. 25cm3 of 2M analar grade nitpﬁc

acid was added to the flask and mixture was shaken Follouwed immopdiately

AP

by heating at TOOOC on a waterbath for 2hrs. The flask and its
contents were then allowgd td‘cdol; ZUch of distilled water Jns then

~added .to the flask Followed.by shaking and Filtarétimn. ‘Thg
Filtraﬁe was decanted into-a?abﬂﬁm3 conical flask fFollowad by the
addition of distilled water.tovmaka.up the solution to the 1UGcm3
hark. " Standard solutions of thé heavy metals containing 25% of 2ZM
"analar grade nitric acid were also prepared. The concentration of

the heavy metals ware then determined using an atomic absorption

spectrophotometer.
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15. So0il Microbiaological Analysis

The estimation‘of the micro-organisms in the soil sample was
investigated using the soil dilution plate method where serial
dilutions of the soil sample in stepile distilled water were plated
‘out using nutrient*agar anduincubatiﬁé;gz SUdC for 48 hours. 19 of
the soil saﬁple was trénséérred into é McCartney bottle, Féllowédlby

the addition of 10ml stérile distilled water and shaking. The.

1. Tml of.so0il

resultiﬁg soil suspension'thuéAgaue a dilution of 10"
suspensién'ﬁas then transferred to another McCartney bottle containing .
9ml sterile distilled wate;:uaing a sterile micro-pipette. The
suspansion of thg la£§gr bottle was gently and carefully shaken to

give a dilution of 10-?. Usiﬁé £he same procedure,'other serial dilutions
were made up to a-Pinal.diiptién of 10—6. Ideatification of 5act@fia;
components was aFte; tha.mathod of ﬁouan (1974). ’

To enumerateg the ﬁicro—ﬁ?ganisms? Tml. portioh of the 10-6
-diiution‘ébﬁva was plated out . on a nutriept medium of maﬁitol exbract
agar and incubated aerobicélly at 26°c + 2°C for 3 days. The
treatment was also replicated ana countea.

To estimate the fungal arganisms, 1ml portion of the 10-3 dilution
obtgined from the serial dilutiom above waé transfered into MacCartnay
bottles containing 9ml of Molten Potato Dextrose Agar (POA) to give
a dilution of 10_4 and maintained at 430C + 20C in a uate% béth. To

prevent the growth of bacteria, 0.1ml streptomycin solution was acoed

to each bottle of agar contéining the soil suspension.
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Each bottle was cafafully and gently rocked., The contents of the
bottlé was then transfered into sterila.petridishes, and incubated
for 3 days at 26°C + 2?C. The developed Fungal colonies were then
identified and counted to give the fungal population. The treatment

was also replicated. e

Vegetation Studies

1. Biological Analysis

Vegétation samples were collected in triplicates for angiosperms,

' bryobhytes, and pteridophytaes from the study ares énﬁAlabellad

accordingly. The smgling technidbgwaUElVéd'a gombination~0f the
random, systematic and strétified random samﬁling proﬁeas;gj_wggwggggth
sambling point within the transects, the count ﬁuadrqt’Tachnique in
which quadrats of 20m x 20m diméntioﬁ7ués7uséd.

As much as p.ossible, samples were id;s-ntif‘ied in the Ffisld while
unidentifigd samplas were taken to the hsrbarium and subsequently
identified, | E |

Apart from vegetation identification;

(a) the dead and threatened vegetation-was obssrved and .probable
causes of death noted.

(b) plant species usually the appare%tly daminant forms were
collected for plant nutrient analysis,

(c) the pathological condition of the plants pspecially the econamic
ones was investigated such as ths insect pests, bacteria,

.fungi an&zvira} diseases.

(d) the girth at breast, height, densiéy etc., wers also

investigated.



46

2. Chemical Analysis

Dry Ashing of Plant Tissue Material

Plant sanples for chemital analysls.uere 0uen-dr1 2 at 70°C for
14 hr§, and homogénised. The homoganisad Snmplas we; thﬁnldry~ |
ashed, Dry‘aéhinélwas eFf@cted using 1g of the_homUQenisud.sample
which was transférred te a Silica dish and ashad-for 24 hrs. at 550°%¢
in a ﬁuFfle furnacé. The ashed sample wes cpolud and dissolved in

Sml of 2N pitric acid. The resultant mixture was than filterad and

made up to the S0 Cm° mark using distilled water.
3. Determination of fgz*,"k*;‘wa+ . ' o *

fFrom the filteraté-abpva,utha concentration of Caluius,
Potassium and Sodium was determined by flame photometoy.

4. Chloride C1™

Dlant samples uefé Etansferrad intb & -panical flask followed by
the additinn of Sml nF SD% 5Qlu?*on cF magn siym nitrate and~haaﬁed

gnntly to dryness ou»r a uatar bath.Ai"Ftex *heufgéidua wns t:vatpd,

tha cocncentration of chlarldé was than dptarmlned h, ltrgf’nn Sm}

of thae plant extract w1th o. Orml sl vér nitrate sclutioﬁ,i rabnrdte o

e

{as pH buffer) and pﬁtassxqm;chramate (as indicator) until avparg

manent reddlsh colour was developed. -~ - . oo Uy
. Nittogen s ﬂ;«;mw&;,;_;”.~w‘ﬁm;

.1.09 of the plaﬁt s%mpléfuas transferred to a digestden—Flask 7
and 6 tablets of sodium sulphate, 3 tablats of selenium and 2ml
copper sulphate were added. 4le af gnalytical gradso congentrated
gulphur;c acid was addad-and the contsnts wers mixed and subsequentyy

swirled gently, The rasultant mixture was digested ovsr a teaator
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block at. 350 °c until thm dig;&t‘tUFﬂud ggaenxsh dhltu. Thevfiﬁé}.ﬁ,“
mlxture Wwas than alloued to cuol and washad inta a dxatxll“tlnn un;t.
The contents were made~al;aixna by'addzng-aﬁg ;ﬁdggmgh Qxxde anu
then dxstllled 1nto Zaml boric-ac*dwhndzgetQQ t?agnhad préviOQG{x

bagn pxpetted into a canical Flask.. Frdm the diétiIlétﬁT;?Smf”UHE*““““‘“

measured ~nto another conlcal flask and txtrat>ﬁ us ing O»;N puta:uzum

chloride. The- percentage total nltv g'ﬂ‘fpﬁﬁéﬁt“bf'una F ant sample

" was, calculatad using thmqrelationship:'.

N = Mox t x 14 x 100
o B . ‘:‘p L -
Where M = 'mdlaritf of the H Cl, ~ - {2)
t

- U

titre value
, v
P = cwksof-plant sample used.

6. Sulphate Concentration

’

The planﬁ Qample was ashed after pre-treatment as in (2) zbove.
Sﬁg of the plant extract was transfaerred into a ﬁOml capacitf~beaker
and 10ml:of distillad water wag added followed by gentls stirring
;using a glass;;rod. To the mixture, 10ml glycarol‘(T + 1 glyce:ol
land water) was Idpldly added usxng @ burettle and stirrad ulgorau ly
but without spilling any llqud with the glass rod for 20 sesconds.
The beaker was thaen transferred Eo a refrigerates and thé temﬁerathe
of tﬁe mixture brq;ght down t0‘150C. 2 ml of Barium Chloride ués

added followed by stirring for 20 seconds. The mixture was then

.allowsed to stand for 30 minutes at‘room'temperature 25°¢ + 2°C.
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Standard solutions o?-sulphate uere”also pfepured. The concentration

of aulphato was then deterwxned dt a wave lénght of &00nm using a

spactrophotametar and a otundard referenCu of zsrTo.

7. Phosphoraous Cuncéntratian.

PhObphorouq ccncgntratxon wéé determined as in (6) dbOUL exr&pt
that after caollnu to 15 C, tha axtréct was t:%r ;farred into a
con-C¢l flask and 20n1 nF Bra) Pu1 nﬂt"artxmn =olutvan (O ﬂjm NH F 4
02254 HC1) was ddded Followad by gentta,kt‘rrlng for 3 ming ., and
fxltared. Smi of thayflltrate‘uas-then’pxpetted into 5m1 of
volumetric flask: and maue up tha mark by Lhe dddltLOH of 16ml
dist1lled water and Aml of ascorblc ac;d solutlon (UwJEU ascorbic
acid {n ZDDml molybdateutartdrata *olutxun) fha mxxtgfé-ﬁa;ialluﬁééwww
to §tand for 20 mxns;:to_gnsggg full colour develepment. :Thg %QOUG
treatment except fo#‘Zs)wqgapé“uﬁﬁzmépéétﬁd Qut fo; atandérd Pf%tock
solution For'referénca c&iibpatiah Egrvé. fhu phcﬁphnrnus'fcgeeﬂé
tration of the p;qnt'tissua wag measured ét 882nm on a spectronic

70 spectrgphotometer.
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3.2.2  Aquatic And sediment Studias . - . Tee—li Ct
e Jamplxng Jtatxons‘ﬂlrﬂ '  “}"'u;‘?‘ ‘
: 2 T S '

N

8asad on the rnfults of the prelxmlnarv Burveys andigénéral:
'observatiuﬂs in the stuiy aré;,.'amﬁlxng pélnta fcr,aquatic studies
were chooen as appropriat&., From aach QF these aampljnglpoxnus,:;
aampIES wera collected uhxch on analysls; Qlaldéd data For the aquatlc

parameters 1nVQstlgated._bi5'f“V‘:'ITi . ',ﬂ“ P~ S i

water Collestion i

Water samples Faf?tﬁéiaéte¥migétibn-ﬁf physical.aﬁd éhamical
water characterlsticsrwere coliected Jn triPIICatQ wlthout trapp;ﬁ.
‘air using standard uatgr_sémpler at capaqlty 1 dn 3AaL uach dbpgh
-and lncatioh.} | }@L‘ RS ‘

Tﬁa sample H;s-a Elosiﬁg moéﬁaniém which,éaa hakopan&d hndfl
closea at'uariOUS'depth.i Tha long axlis of the water ;3mpier is'
vertical when the Openan and closing manhanlsm are apesrated, At
polﬁts of high water level, the oamplpr WA uc;qﬁt.d tn enable it
displatu water mo:é affectively and hencefsipk to lowar aupths.
‘@hen the samplerlreacha§~tha Ae;ired dépth of sanpling, the plastic
covgrs afe opened and water éntefg thruuéh,ﬁhe shdrt onen.tube. | |
Simultaineously, ai: is disﬁhargeﬁ tﬁrough.the long apan -tube which
extsﬁds above the bottla. >Thu water in the sampler is,transf&red
without contacting air ta the analytical glass or plaﬁkic'bnttlas
by .inserting a“aiéiﬁ tube to the bottam of the bettle, Filling it

and allowing water to ovaerflow for a few seconds.



2, Determination of Watar GQuiality Characteristics
Water Temperature ’ T

‘Surface watar temperaturas ware measured using eithar a mercury

in glass thermometer, or polarographie temperature metre by direct

immersion. The readings were taken 3 minubas after immersion,

.

For water fraom the sub-surface (lower depths),thas tharmometior

was enclosed in a vertical position in the water sampler before it

(the sampler) was .lowsred to be filled with wyater at tﬁe desiren
depth. After 5 minutes the sampler: was quick]y‘ratﬁievnd and the

temperature read with the thermometer still in position. ThelHORIHA‘

U=7 multi-polarographic meter was also used to measure temperature

By direct immersion and’the value dispiayed read. off after 3 minutas.

3. Hydrogen Jon Cencsntration 1pH,
Water pH or hydrogen ion concentration wae detarmined in the

field using electrometnic pH metves - HORIBA U-7 mouel.

4. Secchi Transparency T o B .

Measurements of water transparency ware made using a secchi disc

of diameter 20cm. This was submerged on a graduated lina”intd”tﬁa“

water. The depth atTthch*ii'diSappéared.ffom view ds it wau'élnwly

lowered was noted as (xi)vand the depth at which it .reappears again

as it was pulled up uas~aléd'ndtéd,as (XQ). a trahsparent ruléf EE

R P

‘then used to measurse thesafaéﬁfﬁé:t'fhe average of these tuo. depins

in Cm was recorded as 'tha transpartency reading..



5. Coefficient of Light Extinction: ’

Thls was determlned using the xelatlonship of seehi disc
transparencies and'the light axtinctinn cueffxcient. The rPldthnbhlp

based on emp1r1Cdl data oF secch1 dapth, recommend ed by Idsu and

Cllbart (1974). is; o ’
. -1 T = ) 1.7 i ‘ £
m _ “ed | - | - {3)
" Where 7sd - = . ‘BECEhivdiSC transpacvency !
: : ‘depth in metres’
el ‘73 _’~’CoefFicient of light extinction

6. Electrlcal Conductlvity'

‘The elactrxcal canductlulty af watur was chtxnﬂted ucxnn'g

'1. polarnqraphic metra HGRIBn Uu? modvl. Valugs wele uxpruasued in

'Siemens, (Uhmj‘);or;Uohms,;”'

7. ~free Carbon Dioxide

’ . % ’ AN . ) V. - . .
100m) water sampleg wae btransferred into & conical Flask without

f
H A

agitating the sample. %fo‘drnﬁs‘af phanglphﬁhglein was aﬁdgﬂ:agff”
,indicatorf If the aample tuxnad plnk, Frea "—rbon Q}éxidé way récorﬁud
as Q;Oﬂppm. If the sample ramsins claa;,mét WA than titréguﬁ uJLh
/44 sodium hydroxidb From a;bﬁygtt& unfii g waak pink cﬁlour

. developed for at least 30 sBConds.



8e | Dissolved Oxygen

This was determined by the modifiey Winkler - azida method
(Lind, 1979; Americgn Pﬁﬂffc-ﬁéalih'Agsociatinn,'ﬂpHR; 5980). water
samples were fixed in the fleld with managanous sulphate, dlkaline~-
azide solution and conc. sulpbhuric acid. Calculation was based on
equation given below (Golterman, 1970).

Dissolved Oxygen (mg/1) = V{D} x N{D) x 8 x 1000
Volume of Sample -~ 2

Where D = Sodium thiosulphate (Na,5,0.) (4)

v

]

Volume of Na 520 used in titration

2 3

= rmali a,.s e 4N
N = Normality of Na,5 0, (0.124N)

The result was expressed as ¥ = saturation based on the equation

" given by Golterman (1970}; Lind (1979).

% - Saturation = Oxygen Concantmation mg/lx 100
Solubility (53

Soiubility was obtained from the standard sclubility convarsion table
in which solubility of water at particular tamnerature.is given
(Golterman, 1970 ; Thomas and Chamberling, 1974),.

For conuenishcé, date:minétioh of dissolved oxygen at various
dapths during diurnal sampling was takén at the Fiéld using portable

Horiba water checker, model U-7.
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9. Phenolphthalein Alkalinity

100ml of watef‘samples>uas transfered intc 250&1 Capacity
Erlenmeyar flask and 2=4 drops of phenolphthalein indicator added.
The>sample was theh‘titrated~ovar a white slab against-0.0?N ConC.
‘Sulphuric acid until it turned clsar. Titre volQme b? acid was

multiplied by 10 te give phenolphthalein alkalinity.

1U. Methyl orange_a1gslin£ty

To ths.solutioﬁ (9) aane, methyl orange indicatosr wus added.
The graaniéh-yellou'solution,‘abfained WEs Litrated'mi?h 0.0ZM; Tong.
Sulphuric acid until the colour turned pink, Titre volume of acld
obtained waé multiﬁlied hy 10 ﬁolgiue methyl ornnée alkalinity.

11. Total Alkalinity

Total alkalinity. was abtained by adding the Litce volumes for
phenolphthabein (9) and methyl orange (10) alkalinity. Value was
then axpreséed in,dm~3.

"12. Dissolved Organic Matter (0.0.M.7

8.5ml of N/100 potessium permangznate was addad Lo 100ml waler
sample and bnilea for 10 mingtues. While hot, 1Sml nf 25% ﬂlehuriﬁ
‘acld was addéd; Fnllomga by 10ml of ammonium nxaléta, The résultiﬂg
colourless product was titrated with m/1BO<PDLassium permanganéte Lo
pink end-point. 'Blaﬁk titration with digtilled uétmr.mas carried
out., D.0,Me = (Tifre value fors matér sample) - Titre ua]uu'ﬁor>—»

blank x 3.14.



13. +Biochemical Oxygen Uemand (8.0.0.)

) 0 . .
. Water samples were incubated for 5 days at 20°C in the dark
before titration for oxygen uging the modified Winkler—azide method
(A.P.H.A., 1980).

Be.0eD. = Dissolved Oxygen on day 1 ~ Dissolved Oxygen on

day 5 (mgfl).

5

14. MHardness

This wés determined by diluting 25ml watar sample tO.SDmi with
distilled water. 1ml each of buffer and indicator solutions were
addred, fﬁllowed by 2 dropse of Erichrome~black-T Iindicator. The
resuitant reddish solution was titrated with EDIA - titrant drop by
drop until light-blue cclaour end point wn; observad} faleculation

was based on the equstian given by Lind {197%); and A.P.H.AR. {1980).

HARDNESS (Mg/CCO,) = M1, of titrant x 1000
f ml, of Sample (6)

Analytical result was reported as"hardness. (EDTA)"
15. Chloride
2 - 3 drops of potassium chromate was added to 100m. uwater sample

and titrated against silver nitrate until 2 pale yellow cclour was

.observed.

Chloride Mg/l = Vvolume of Silver nitrate used x 10.

T Primary-ProductiUity Studies

& Collection of Water Samples for Tncubation

Water samplaes- for incubation of phytoplankton for the sstimation
of primary broductivity was collected as detailed for physical and

chemical water characteristics,.



B. Ireatment of Water Samples
The water sémﬁle collected was éiphonad into one dack bottle

and three clear or light'ﬁoli;tles of 250ml, capacity. One of the
cdnte&ts of the Light bottley was treatad ihmedlataly with WIRKLER'S
re%gents to fix the initial n#ygan. The-other li@ht‘bottlé was tater
analysed for the initial carbon dioxide cdntént. The“dark bottle and
untreated light bottle ware tied to a string snd lowered to tne
depths from which they uwere ogiginally éellectﬁd, Susprnsion of the
bottles.ués-ayhievéd using ‘a nylnn‘iiﬁe held in pogition by an infiatqd»
rybbarlfloat. The bottles were rTun in tripiicgtu avor aﬁ tncubaition
ﬁ;riod of A‘hfs..(10090 hrs. - 14.00 hrb.); At the eno of the
incubation periods, the diSSdlued oxygan wa; ficed using 1ml each of
managanous chloride and alkaline lodide. Prior to-fixing the'oxyéen,
the tgmperéture and pH were also meaasured. " The carbon dioxide content

.

was also determined,

.HMC.wwwuabbratory*Protedufé éhduprihciplé‘ ?5:5““ﬁ~

The concentratlon OF dJesoluad oxygen was Lstimafpd byithef_

-

’UINKLER method The prxnclplp of the llghL and dark bo tle methdﬁ
is that uhen samples DF phytoplankton pupulat1on in ltht and dark
bottler are expogpd the 1n1tlal conccntratlon of dlssolved oxygen
(C ) can bae cxpected to fall- to a 10uer value (F ) in ‘the dark buttles
“ by respiratlon and to ba chanqed to anothax value" (C )~1n the lxoht

bottles accordlng to thp d‘FFarenLe betwapn photosynthetlc productxon

_ e e T
and resplratory consumptlon. R o

——

i



56

If other processeijinvoluing-oxygen (e.g; photoxidative consumption)
are absent or- can be neglected; and if it is assumed that respiratory
consuﬁption is not al@erad by illumination; théh the difference

(C1 - Cs)'f@presantﬁ the respliratory activity per;unit volume cyor“

the time lnterVal 1nv01ved, the dlffercnue (C - 61) + (C1 -C) =

(c., -¢C ) tha gross photosynthetxu activity. Baged on the above

-3
principles, estimates of Qrdss photasyn@hesis are nbtainad,difect]y
from the difference in concentrations hetwean the light and dark

bottlas._‘

1. Es tlmatxon uF Prxmary Product ivity

T

From thé above;

C1-—C2 of IB - DH = rgspiratory activity per wnit velume
‘ per time dintarval, '
. : [
C,~C, or LB.~ B = nat photosynthetic activity per unit
371 e
volume per time interwval.
C3~C1ftj-§2 : xf“C nC- or L8 - 1B 5 ID - 08 = grg%;
o P phmtogynthetlc acti vxty.
. P ' o
‘Where 18 = Initlal Bott.le S {7)
L8 = L;ight Botth ‘
CB = _ Dark Bottle -
- 'The‘initial bottle values cancel_&@ch othisr and it is then

possible to astimatevétqss bhﬁtgsynthetiC'actiuity directly from

K

L8 - fﬁ as shouﬁ.aboug.».Th3>meﬁhodﬂthwh-gstimaté?ﬁhe‘gross photo-

synthesis thus: T RS

Gross Photosynthesis = et o, avalved + 0, used io reap]fatlon.>m




To'éxpress the chaéges_in oxygan §n tﬁrms af carhon as carhon
is both the initial ﬁatnriél antd the éng product of synthaéiQ anﬁ‘“
of respiration,” Thé'phétnsyqthéii&’qugtianﬁ (PQ)Vund rumpirator&
quotiént‘(ﬂﬂ) are dimensinnaiegs_ndmbers‘i#d}dating thuArelative'
.amounts of agygen>and carboq involyed in the nrocessas af phmthyn.th@sis

and.respiratiuh:

‘

PQ =02 = Molecule 0F oxygen liberated during photosynthasis
3 f
€O2 Molecules of Carbon dioxide assimilated '
PQ = + CO02 = Molecules of Carbon dioxide liherated

- 0y during respiration
Moleculas of oxygen consumpd

(8)

Grass Photosynthesis {mgC/m fhr) = {Qo,L86) - {(Dp,08) .1 (1000)
. . . {

Xy }

-y

4
AN IV L Y

Net bhqtosynthesis,(mgC/mz/mr) = {0,,L8) « {(05,L8). {1000}
: ' ' (Fi). (t) - {9)

Respiration (mgc/m3/hr) ‘= (0, 18) = (0o, 0B). (RG). (1000)

-

Where -t hours of incubatign
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2 Chlurqphyll - a

The method used is as cpscrxbed éy Vaxlanmrxder (197{),
Lind (1979). 500ml of water samplasAwgrE filtoran through a 45mm
diameter {1A - millipore fibre of 0.45 U pore size. Near tha end
of filteration, 1ml of 1% aﬁaous éuqunﬁicn of magnesium carbonate
was added to prevent phaeophytinigatioﬁ (hardning) of pigments dua

to acid conditions. 25ml of 90% acetone wess used for extraction in

S

coal dérk condition for about 2& hrs. Extraction mas.ééﬁf}{faééd ta
remove debris. |
thlorophyll:absorption was maasurajspaétrophotcmetrically in
cells of 4cm at 665nm aﬁd 750nm and valuc calculated as suggested by
Vollenweider (1971); and weber (1973).
ug. Fhlorophy11~a/l = 11.9 x (DD655

- .t
01)750) X bf_ll X lpg_g

-(10)

K

Where ODggg absorbanée (optical density) at 665nm

00750 ='55§EFH@WEE”31*7SDFEJ

Y = Uolume oF acatone axtrartad
L = lurwth of CuuLtta (&cm path 1&notn)
5 = Orxoinal Sample'Voluma (ml)

Ug.. = Conversion factor for Chl-a in acetong.



3. Detetminatiowycf Nitrates-Nitrogen

Nltrogen ‘ag “nitrates, was astiﬁated‘using tho ﬁhénéi disﬁlm»
phanic acid methad in which 100ml of water is ‘evaporated in‘a 250wl
Erle‘nuiegfef ‘flask.,” 2ml phan'oldi'éulphoiwic a‘cid was added followed by
Sml s;fdng”ammdﬁia solution. The mixture was stirred and allowed
 t0 5061; Thé'abhbrbanée at 410nm'uas‘mpasurad uglnb a =pnctrophﬁto—

metar. Distilled water was used as a bhlank,

4. Determination of Phosphateg Phosphorous

100ml of water samp;e was evaporated aﬁd‘1m1 parghioric acid’
added in-a fume cupboard to diggest tha salt. .Tha solution wags made
up to 1008ml using dlstilled water. Tha absorbanca was measured at
a uavelength of 882nn using a specthphotometer.

S. Heavy Metal

To 100ml of water sample collected, iml. cf Conc. nitric acid

was added to atidity and preserve the sample. The acidifled sample

was subsequently'frozen‘aﬁd%&aTt in this condxt\on‘uﬁtil”;equi}ed.

For analy31s. To én;lyéé'sémﬁle, 1GﬁxlufJéci0kQas added to ;Oml of
uat;r sample and’ the‘mzxture wds he;ted in-a.;aéér‘béth for Sdm;ns;‘
.a‘ 90 C. >The mlgture uas-thenAéonléd énd fi ltarEu. "fhé congentration
_oF thp various heavy metaishw; 1§nalygad using ap afnmic7ab§onptipn

spectrophotometer.;;?ﬂ?;&ﬁQ»

1




6. Microbiology

Total'mid;o-urgénisms of bacteria aﬂd Fungi as well as the.oil
degrading forms in the water samples wers enumerated as in theusqii
sémple; usiﬁg‘1m1 of uwater and the same @gdium useq for total mi=-
crobial estimates in soil. Ffor the oil degfading bacteria and
fungi, crude oil was added tao the medium. The crude oil was separately
sterilised by.millipbse FiLteration and'miged with equai ucluﬁas df
carboﬁ tatrachloride before being ugsed ta coat the dry surface of

agar cantained in-pétri—diéﬂes.

7. Aquatiﬁ Macraphytes

The composiﬁioni abﬁndénce and. distribution of anquatic macras
phytes at sach sampling peoint was raqdrded. Th; biomass of cach
species was also defermine&. Hs in the previous plant samplas, all
aquatic macrophyte samples which could not he idéntified in £hc field
wera taken to thé laboratory fof subsequent axamination. Aqua@ic
_macroinuertébratés és§o;iated gitﬁ the'ﬁacrophytes wgre similarly

-investigated.

8. Plankton Characteristics - Phytoplanton and Zooplankten

Plankton gsamples were obtained by sinking the net baneath the
surche of the resarvoir énd filtering while towing using a numpat
21Abolting silk planktdn,neé (70 meshes per linecar em diameter).
Samples wera immediately preserved iﬁ 4% farmalin for zoop]anktqn

mainly_ahd'a>drop of conc. iodine solution for phytaplankton,
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However, some unpreserved samples were examinsd fresh on return

to the laboratory. Numerical estimations were made by the drop
methéd which is 5 drops of ﬂ.ﬁml of well shaken sub-sample were
examined under a light microscope at 100 x magnification.
The wolume of water sumpled by'tha tow-ngt was determined hy‘
the eguations
v = I}rgd
Where V = Volume of water filtered - (1)

r

l

the. radius of the net wouth
d = the distance the net travelled.

All samples were concentrated to a volume of 35ml prier to thair
aﬁalysis. Subseguently, 0Sml. sub-sample was then withdrawn from
sach well shaken caoncentrate and plankton samples uare prugervad in
4% formalin or Lugeol's iodins.

(a) Examination of Plankten

,Plankton sawmples were examined either fresh or preserved.
fFresh unpreserved samples were examined immediately on return to the
laboratory. Preserved sahples were examinad usually within 10 days

after the date of collection under a light micrustope,

Concentration of Samples

All samples were concentrated by manual centrifugation er aften

by leaving them to stand in a sadimentation column for 12 hrs.




Qualitative Examination {Tdentification of Plankton)

Identification of plankton were made after Penak {1953)
Ward and Wnipple {1959)3 Bellinger (1974}; and RbHA (1980).
Phytoplankton were identified to speéies for the impartant members
usually . in tarmg of relative apundance. The phytoplankton were
breadly gfouped as Bacillariophyceae, Chloraphyceae, Cyanophyceae and
Dinophyceas., The broad groups were subgequently classed intao taxa
and species.

Quantitative Examination

Numerical estimatiuq of phytoplank%gn were made by the drop
method in which 5 drops of 0.%ml of well shaken gubesamplas were
examined under a iight'microscope.

Abundance
The abundance of the various important tax; in each mnle was

determined using the formular,

D = N
v
(12)
shere D = the abundance of species x (number of -
individuals dm3)
N = the estimated number of species x psr sample
v = the volume of water originally sampled.

Species Diversity Indices

This was used to characterise the plankton community structure

and lake trophicstatus,

I N
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The Follbuing formula derived from the information thecry of lLipsey
and Malcom (1981) was used to calculate species diversity.

11 = N log N - §

ni log ny,
ns » ‘ (13)
Where 11 = Species divareity
¥ .
}N = the total numbser of individual
5 = the total number of species
ni =

the number of individuals in taxon x.

Spaecies Diversity

The theoretical maximum diversity (Il max) of the plankton

community was determined using the eguation:

Il max = log 3§

Where 1] max

f

the thaoretical maximum
diversity of plankton

-

S total number of species.

it

(b) Concentration of Sample - Zoaplankton

| Samples were concentrated by manual ceﬁtrifugation or by
leaving them to stand in a sedimentation column. Unlike thahpﬁ;ta-
plankton, the SBdLmentatLOQ_column'uﬁgﬂﬁsually illuminated from

the bottom and side to cause ths organisms to move towards the
surface from where they were immediatgly siphoned out, Qrgznisms so

i . . . s .
collected were either examined live or preserved in final concentra-

“tion of 4% formalin or lugol's iodine.
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9. Fish Biology and fisheries ﬁnalvsis‘

Fish . Bioloay V . !

i

Fish samples uerévcollected from the various sampling points

.

from gill nets,; fish traps'and hook apd }Jine catches baited with .

earthworms. . Additioﬁglfsbecimehé'uere aisavcoliéht&d?ftdm4ffadi;ionall.

fishermen within sampling laocatiops. Some of. tRa™specimens wals

ident;fied'livé mhiléygthefg Qéréﬁtfénéﬁérﬁed“ﬁﬁfﬁﬁé:laﬁgfétpgyw;u;ﬁ;'
identification,

Fish samples were analysad for total length, using a standacd
one metre measuring beard énd then dissected. The gonads uére examined
to determine the sax and stage of gonads davalopment. AS=-stags gonad
mathrity Key based on actual observations of gonads of the fish

samples were used to describe the stages as:

(1) Immature - reprasenting young virgin fishes never -previously
angaged in breeding. Gonads were very small
and transparent; not easily differentiated lnto
males and females as eqggs were not yet visibles

to the naked eye.

(ii) mature - Gonads developing or opaque and developoed; in
females ocytes clearly viuwible to the naked eye;

in males, milt may bs exuded when cut.
(iii) Gravid =~ Females with swollen overles, but eggs not yet
————— ’ 4

ripe; =ggs generally yolky with smaller eggs,

lests swollen full of wilt when pressed.



(iv) - Ripas =

1
Femalas wlth uary large swollaen ovurlas, lalge,

sphe:;;al,,gpldgn‘yallnw.yg~ ky w-.Jg.--u.atr full

S

- ufvhilt,’exﬁded under light pressura. The ugga’

(v) Spent -

;aadomen.

may be pasily separated and milt may flow from

the anL Fra ly with the least pressure on Lhs
v ' ‘ ]' Wy "I':',!

.
Iy

jOuarles and tpates ﬁadrly empny. Hav@rtly upent

5ouarzes are Fldbby ulth fau reslduaL agga.,HTpu

E testes are depleted nf mllu“a:én{nqboth Qexug

the gonads are reduced in comparison with sfages

"iii and iv.

Length « yeight Relationshin

The length—wel ht re7at‘0nrh1p of tbs figh ‘amples-was.dﬁgprmings

Lo et Sren

using a modified method of. annak (1953}

Log ]
Where W
a

b

e . Condition Factor

The conditian

relationship

lihere ¥

LI

, Log a + b Lng L:

L {18)
'Qeiqht of the fish in g& |
Standard lenght of tha fish in cm
Constant

an exponent

factor ('K' wvalue) was determined using the

H

w x 100
- {16)
LB

Condition factor

Weight of the Fish in gm
tandard length of the fish in cm
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Weight of Fish - : T L

The weight of fish samples was takgn with a top loading slater

balance to the nearest graﬁme.
Parasites ' .

-The fins, gills and gkin of ths fish samples wsere examined
with a hand lens for the presence of parasites.

Total Tissue Hydrocarbon

This was determined using the wet digestion method.

Fishery Techniques '

The fishery techniques were determined by assessing the catch.
per unit effort oﬁer a 'one hour period using'a baited hoock. The
fishing gears were also investigated,

Heavy fMetals - Bigassays

T%B fish samples were cla%sifiad into genus and species and
then measured and'weighed. For determing toxic heavy metals in fish,
it is not suitable to use whole fish, but selected orgams which
effectively accumulate these sleméents, As these elements differ
for different.metals and speciés; we sampled four organs from
selected fish speciss. The organs were the gill, kidney; liver and
muscle which were obtained by dissecting £he identified fish 3aﬁples.
The analysis for h;avy metal level was done according to FAD/SIDA

(1983) with atomic absorption spectrophotometef. This method involved

wet ashing with a mixture of nitric acid and hydrogen peroxide.
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The concentration was expressed in Ug g~1 wet weight. The concan-
tration factors were calculated to determine the sorption capacity

of the examined ‘animals after FAQ/SIDA methods:
N : . )

CF —mo_.Mch ... .. - - e
McW . N S B :

whare CF = (oncentration factors of heavy metal

L]

McA Metal concehtration;iﬁ'the body 6ﬁ‘rlsh
McW = Metal concentration in water. ' .

10. Sediment

a. Coliaction of Samplés

Bottem sediments wers collected: as appropriate using Erkman
Sadimant Grab Samples or grab samples were collected and analysud
in triplicafas. The sedimenis were washed with sisves to remove
debris. The resulting sediment was then pruaerdgd in final concan=-
tration of 4% formalin. Another set of the washed sadiment sample
was immediately stained with rose bengale. The later process
conspicuously stained all the macro-benthic invertebrates red éxnept
members of the mollusca. The organisms wsre then identifigd and
clasgified aftéf the method of Edmonson (1959). Samples for
physicoQChemical and other biological analysisiwere impediately .
after collection allowed to drain followed by the removal of debris
manually. Thay were.then immediately preserved in ice to prevent
further microbial degration of hydrocarbon.

Be Analysis of Sediment Samples

Analysig of the sediment samples for physico-chemistry, micro-

biology and macrophyte was identical to those for the soil samples.
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3.2.3 Hydrogeological and Ceophysical Studies

The gaophysiqai investigation wes carrisd_ out using an AéEm
Terrameter SAS 300 for the grounduater. Three geo-slectric depth
soundings of array lengths of 1000m each were made in the area.

The popular Schlumﬁargsr electrode configuration was used and tha
instrument (ABREM SAS 300) which has a high resolution gave a diract
readout of the app;rent resistance of the layers in ohms or
ﬁilliohms. These readings were then converted to apparent resistivi-

ties by using the formulars '

Pa = L™ - I7)R e ' _ :
R (18)
Where Pa. = ‘-apparent resistivity (m)
L = half the current electrode separation (m)

I = half the potential alectrode ssparation (m)

R = rasistance of the layer (ohm)

Five curves made of the apparant resistivity (pa) against
the electrode separation (8AB/2) for each of the geoelsctric soundings
were interpreted by automatic computer evaluation using Dar.Zarouk
curvas. The geoelectric sectiors that show the resistivities and
the depths to ﬁhe corresponding layers were than estimaped.

1. Physico=chemical Charecteristics of Groundwater

The water and soil samples far hydfo—geochemical and hydroguo-
logical analysis were collected from recently drilled $.P.D.C. boure~
holes purposely selected from 3 out of the oil-fisld locations in

the area, specifically at Elelanuya, Alakiri and Ebubu.
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Drilling was achieved by thae hydraulic rotary methad. During drilling
soil samples wers collactea at 20ft interuéls until the real aguifers
were reached. Drillings were followed by the installation of onastings,
Qell'scraens, the granting and borehole develﬁpment. Tha barehaoles
were then flushed to ensure sétisfactory development of boreholes.
Water samples were then collected for hydrogaoﬁhysical and dydrogea=
chemical analysis.

The analysis of borehole water was as in the 'case for the
water samples already described.

‘For the analysis ofAsoil samples for geophysical and geochamical
eharacteristics it was as in the case of the socil samples previously
described,.

The particles fractionation of borehole soil samplesg was
carriediout using the standard "bouywoucos hydrometer” technique.
Prior to trahsfering the sample to the hydrometer, 50¢g of the sampin
was weighed and transferred to a baffled cup Yo which 10ml of .
calgon (Sodium hexametaphosphate) had been. addad.

'Calgon' acts as a dispersing agentz (7o cbtain calgon 5%

Ww/v, 50q of 'calgon' is dissolved in water Followed hy the addition

of sodium bicarbonate to bring the final pH of the sample to pH9i

- The mixture was then diluted to 1 litre).

To obtain the amount of sand in sample, the hydrometer was
removed and the suspension shaken vigorously. The sample was thuen

left undisturbed for 30 seconds.
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After the interval, the hydrometer was replaced carefully and its
reading taken after 30 seconds. The hydrometer was then removed

and tHe temperaturé of the suspension recorded. To compensate for
temperature_variatiuns, for each ngree rise_in temperature above
ZOOC, 0.3 units was asdded while for each degree fall 0.3 units was
subtracted. The amount of particles which settled at the end of

the 40 ssconds gave the parcentage of clay and silt. The difference
in weight between the total weight of the sample and the corrected
hydrometer reading gave the weight of sand. Tha parcentage composi=
tion of the sand was obtained by dividing the weight of the sand by

the total weight of the so0il and multiplying by 100.

]
To obtain the amount of clay present, the suspension was
vigorously shaken and the sample left to standlfo; 2 hrs. The
hydrometer reading.was also taken as in the case of sand. The
corrected hydrometer reading gave the amount of clay sample present.
The p;rcent clay was also obtained as . in the case of sand. Thse"
principle is that at the end of 2 hours, the sand.and silt must havé
settled out of suspension. The difference in uweignt ééue tha per-
centage silt. The weight of silt was obtained by subtrating the

combined weight of clay and sand from 100.

2. Microbial Flora

Analysis of ground water for microbiological .features was carried

out as decribed for surface previously.
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3.3 SUCID—FCDNDMIC STUDIES

3 ‘-\\

The sampllng procadurevlnvolved flrst contact and. hegctlatlﬁns~—-
with the- relevanhlagmmugigxlXillggp head€. The householdq ~and. villagas
sampled were selected on tha ba51s of the multi~staga’ cluster sampling
‘technlque.‘v12 out oFithep24 v1llages ‘that make up the 6 communities
in the study area were subsequently Lhosen as the first- ataqe éampllng‘
unit or the ﬂrlmary sampling unlb (pSU) The selected hou;ahold& Frmm
the sampled ullldges Formed thr secand stage units., Thlrty houumholdsh
. were sampled From each u1llage that Forwéd part of the first qtaga
“OPer prlmary sampling unlt or cluster. A total of three hundred and
sixty households were used for the study.

Data uere.collgcfed by obseruations and the use of structured
questionnaires as well as interview schedules. The strﬂcture of the
quéstionnaires were based on the épecific objectives of the study.
The questionnaires were administered to the selected housoholds.
Qﬁestiohnaire administfation was done with lhu help of aguistantsy
Qho were indigens of the 6 communities that make up thg study arwua.
The assistants assisted with the interpretation of the languaga.

The type of data'collécted by the use of the guestionnaire or
by visual observation include the socio-cultural background of the
peaple vizj sex, status, religion, primary and secondaiy occupation,
farming activities, with respect to crop and liuegtock praduction,

land ownership, crop and livestock production systems, household

size, and education. (Others include fishing, pxactl gs petroleoum
related trades, conssquences or impact of oil production ar activitias

in the area among others.,
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1 CHAPTER FOUR

yTS AND pIscussioy S

- L stf

4,17 SOIL AND UEGETATIUN CTUDIEI,.,,' ‘

~The results of. the 5011 analyc is’ (ln'Apoendlx A) indxcate
th%£ with the exceptlon oF the Port HdlCOLCt North (PHNI) and
Port HMarcourt South (PHST) transéqts oil'pollution did not affact
the other soils. Appendix A (10) shous that gvan within the PHNT
0il pollution could not be detectad beyend the 150m From the spi]l
point while along the PHST (Appandxx A(S) it could be dntwctad up
to 250m from the spill point also. The detertlon of hydrocarhon
does not always indicate‘;il'péliutiqn ag-thay may be af biggaﬁiu
origin such as in the waxy éoating of leaves. However, because
of the values obtained here 8 - 860ppm which are far in excess of
levels of biogenic.origin (5 - 50ppm) the source of the hydrocarbtion

must have been crude oil.

'

The values of the pH,EC, organic carbon, Pda. Ny ¥

- + v
NUJ’ Na , R »
2+ 2+ . ’ . "
Ca and Mg amang aothers investigated show that the soil was still
very suitable for agricultural purposa. Evidences from the abundant
and healthy crop and forest vegetation in the area support thease

concluysions.,



'transects, the bacterl

f

.any clear m01sture preFarences.. Urganicfmagermals whlcn‘ara in%éf

corporated during mlcroblal gaomth shOwad varlud carbon. Nitrogen {

ratio. Since the valuasgar@,allqbqlom“20,‘favourable conditions ;hat

[

saflsfy the nitrogen needloﬁ

‘uhe mlcro-organlsms whlch decompose :

organic residuss exist;i It haQ been demonstrated that ratios'éhouu~me

20 usually result 1n 1mmoblllsat10n oF nitrogen in the soil and

thus nitrogen fartilizers become imperativae,

’

&
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The features of the soil pit p;oFiles are presanted in Table 4.
From it we observe that in the PHNT and PHST transects little leaf
litter occur. This is because much of the transects fall along the
right of way. The hajority of the transects show only three horizons
within the 0=120cm depth. Zone A ranged from O«=5cm Fér the very thin

zones, 0-18cm for the majority of zones and D-29cm.bexéome%o£$tﬁgmh‘

el

very thick iayers. Similarly, zones E/Eigged from 5-36 cm and 13-%9¢cm.

———
e, S

" Some zones showed a ;hiéEHEEEWBFfze-1oscm. Various shades of calours
which inclﬁdad light brown, dark brown, orange'yellow, dark grey and
reddish among Qtﬁ;rs were observed. The dark gréyish-brown colours
result from high humus conten@.v |

Thg,soil surface coptain soms leaf litter consisting of fresh
and partiy decgmpgsed.leaves and other plant materials. The loamy
.énd granular ﬁéthé”of;theAtgp_poriqu_ﬁre the result of microbial
éction on the humus. .

The.subsoil contained only very little humus. The reddish-brown
colour observed in this zone results from the presence of ferric
oxide. This is aﬁ indication of good drainage and aerationvproparty.
The br&wn, and yelloﬁ soil colours are indicative of the presence aof
iron in a hydrated form suchvas limonite. Grey soil colours afe.
indicative of the presence-of iron in the reduced state. The reddish-
brﬁwn soils‘hape numerous pores between structural aggregates -and
'theée enhance air and water.circuiaﬁion in the soil, CGrey colours in

addition are indicative of iran in oxygen defficient soils.
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Table 43

Summary of Transect Scil Pit Profile Features of

Port Harcourt and Enviraons

Transect Horizon Type Description

PHNT

PHNET

A1

R2

0 ‘"'_“‘1“3 Gl e S

U - 13cm

Very dark (almost black) sandy layer that is very
oily and a bit greesy. Has feuw dead roots. Has
littke humus, no leaf litter and boundary with’
13 ~ 18cm !

Light brown, sandy and oily; has dark oily patchaé
soft and debsej merging into '
18 - 4B8c¢m

Yellowish brown, fairly silty layer with few gravels;

. merging into

48 - 120cm
Vary oily play‘speckled with reddish yellow patches.

Very greasy and dense. Deep dowh“tnE”ﬁit,_Mgggr uith

e

a film of oil sips into the pit.

—
o

Dark brown loam with fine sand, porous, -with little

humus, dead and fibrous roots, clearly separated from
13 - 39cm | |

Yellowish brown sandy silt, with tap roots and .
humus, merging into
39 - 120cm

Reddish brown clay with occassional tap roots and

‘pieces of rock.
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Table 42 Contd. e e

Transect Horizon Type Description
PHNUT A 0 - 15 .

Dark broun loamy soil with a lot of leaf litter and
humus, many dead and Fibrous/branched raot, porous,
merging into |
B 15 = 42cm
Srowh sandy loam, porous, with some humus, tap roots,
ﬁiggect burouws with an irregular boundry to
C 42 = 120em™
Orange red clay with fine sand, tap roots and dark .
spots.
PHST A 0 - 8cm
Very dark brouwn loam, very porous, - little humus,
some root systems; merging into
B 8 - 30cm ‘
Light -brown Sandy Silt, fairly porous, cantains
some tap roots and decayed roots, few gravel; mapging
into
. C 30 ~ 120cm .
Dark brown qlay} occassional tap roots and piabes
of rock. ' v
PHSET Aq 0 - 1Mcm
Dark brown loam, with many fibrous and tap roots,
contains séme humus and leaf litter, porous;'mergingl
into ' |
87 11 - 3Bcm
- Light brown sandy silt, few tap roots, a bhit poraus;
clear, irregular boundary with
B 38 ~ Bécm ,
Dark brown silt Qith fine sand; Has red streasks

occassional tap rootss fairly poroue; marging into
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.Table 43 Cdntd.

PHSET L -.p'

CPHSUT, .8

Tl 5 f i;” “f. -5qd brnnwhcd ructs;
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: - )1 : tapy DUJ, lrreguldr
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"Plant Ti sue Ana1y51s

Five Qf the plap

analvsed for foliar chemic

ty

most nutrients. However, 't oncentration oF nltrogan, phos=

phorous aﬁd sulphates‘Qere*loml
Entomology- . .

In terms of entomological relatlonshlp, six orders of insects
belonging to the orthopthera (grasshoppers, mantids and érickets);
Lepidopthera (butter flies and moths), Hymenoptera {Ants, beea, sand
flies and wasps); Hemiptera (tree bugs); colesptera (beetles and
weavils); Gdanaté (dragon flies and damsel flies) agd the Qiptéra
(true flies) were encountersed. Table 6 shows the distribbutdoR——:

of these insects. From the Table we observe that the orthopthera

are represented by four speciesj Lepidoptaera;, seven

[N
0
weo

spec
Hymenoptera, one species; Hemiptera, two species; coleoptera, ona
species and the Odonata two ‘species, In terms of abundance, the
three mast abundantlurders are the Lepidoptera, orthoptera and

Coleoptera. In terms of Species abundance, the three most abundant

species were Neptlc Sp., Myliabris Sp. and Holoperna ggrstaeckerl.

o el .
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Table S: Folia Chemical Composition of Some Species Within Port Harceurt and
Environs Field/Transects ‘
% (pom) _

K Ca Mg Na N P Fe  Mn so, CCp
pewbouldia laevis 0.04 1.50 0.16 0;06 2.10 0.07 - 896 340 350 2.20
Baphia nitida ’ 1.60 0.67 0.20 0.08 3.56 0.40 144 150 230 2,35
pentaclethra macrophylla 1.40 1.30 1.14 0.05 2,20 0.20 ‘210 86 116 2.55
{ andolphis Curerriensis 1.34 1,20 C.20 0.04 1.66 D0.15 150 450 303 2,41
Gnestis- ferruginea 1.80 1.60 0.32 0.06 1.90 0.12 160 282 485 2.58

A P i e £ e e el o 4
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Table 63 Checklist of Insect Fauna Withip the Field/Transects of P.H. and Environs

ORDER FAMILY GENUS

SPECIE ABUNDANCE

Orthopthera Pyrgomgrphidae Zonacerus Variegatus 80
" Acrididae Eyprepoenesis. plorans 133

" " Cantantops melanostictus : 38

" " Holoperina gerstaeckeri ‘ 144
Lepidopters Setyridae Biczlds dorothea 26
" " 8icylus 5p. ' 01

" Aracidae Bematistes P | 36
— - , )

- !

Lepidoptera Acraeidae Acraea bonasia | 42
" nymohalidae Bebeatia Sp. ‘ 46

" " Neptis D 204

i\

Lepidopthserea Mymphalidae Catlna Crithea 42
Hymenocptera formicidae Black ant 140
Hemiptera Pentatomidae 18
- " Geduriidae ‘Petalocheiras - Sp. ‘ . 82
Coleoptera Meloidae Mylabris Sp. 160
Jdonata Liksllulidae Palpopleura: lucia 40
Odonatsa "itibelliudidae Palpopleura pocrtia ’ 56




" Crop Pathology

g2

The tree speciés and crops showed some signs of disease.
However, most of thegse infection were usual plant diseasa#lnot
associated with pollution, as observed slsewhers outsida the oil
fields. It is also noteworthy that no diseése gpidemic occured
in the vegstation. Aﬁost of the diseases were caused by viral and
fungi pathogens., The commonest diéeéées were khose of the viral
mosaic disease and leaf spot disease which are normal with vegetation
in other similar agricultural areas.

4.3 AQUATIC AND SEDIMENT STUDIES

The results pfesented in Table 7 indicate that the physico=-
chemical characteristicé of the selected streams in the area shouw
_littlé dynamic features. .The water tempaerature has been demdnstrnated
to fluctuate between 26,3 - 27.10C. Lowest watar témpsratura aind highest
water temparature occured’ in stréams C and A& regpectivaely. These
values show inverse relationship to the depth of the stream and the
density of the surrounding vegetation also. It is therefore redsonable
to suggést thét the water mass primarily dictate the mate; temperature.
Other factors uhich.also affect the water tamﬁsratgra are dissolved
substances, Qiad and végetational.couer. The smaller water Massbﬂt
streém'A thus required a smaller heat energy to raise the water tam=
perature in comparison to streams B and C miih greatar mass. It.has
been shown by Kibby (1971) that low water témparatura and turbidity

which result in low photo-synthetic capacity of phytoplankten and

light panétration cause a declins in pfimary productivity values., .
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1t may be an indispensable faétor in gxplain;ng the distrihugian
patteérn as well as .the primary productivity feature of the streams.
The water PH show minimal fluctuation of insigniricant-range
(8.00,~ 8.30). - Analysis of data on PH recorded during the study
shows that the PH of the streams is largely circumneutral. The ﬁH
range recorded also iﬁdicate that the streams are largelyleivcﬁm-
neutral., The PH range recorded also indicate that the stream water
is soft wafar. The water hardness as indicatéd by the PH and circum=
neutral property are characteristics conducive for high biological
productivity. The existence oflthis pattern is due mainly to phyto-
plankton phofo;synthesis which rescelts in carbon dioxide rémowél.
We also oﬁservad compared to ths.streams, that a lower PH occured in
stream C. This arises from decresased algal grouwth andbphotosynthetic
rate which show positive corretation. Since highér levels of

productivity results in higher PH values higher carbondioxide utili~

v

zation and louwer free carbondioxide, the PH may . be an alternativu

index in productivity estimations.



- Tables 7{ _thsicb;tﬁemié

Streams idn

Physica=Chemical”
Characteristic

Sampling Time
Colour
Turbidity
Flow rate
Alkalinity
Temperaturew
Depth . '
Total Solids
Suspended Solids
Conductivity
PH

Dissolved Dxygen
BOD

THC

Na

K

Ca

Mg

Mn

Fe

POg=P

NO

NH 4

NO 2

S04

. Frea Co,

19 productivity

”Pont Harcouxt-'nd Envxronsw

stredn

- 8
AN

golourlesé

.‘190
4mSec
37.2
27,1
18.0cm
253%.
3.6
3641
8.1
6.2dm>
1.30
36
17
3.0
G.18
0.03
ND

1.14
1,23

25.

e 4]

ND .
0.06

110
2.20°
5.20

L ]
:' C0l6griéssj
0

2.5m8ac.,

37.6
2604
25.0cm
306.0
5.1
36.4
8.0
7.3dm
1.10
43
1.6
3.5
0.23
" 0.03
ND
1.43
1.20
26.1

3

ND
0.07

130
2,30
6050
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.The results obtained in this study show that the PH genserally
rises with degreasing alkalinity (bicarbonate), and the higher
-alkalinity co—qcﬁbr?uith highar Frée carbon dioxide concentrations.
Based dn kinetic considerations,~the latter implies that the carbon
‘dioxide éna bicarbonate alkalinity are not in, equilibrium. Thus |
changés,in carbon dioxide cancentration do not cause commensurate
changes in bicarbonate concentrations. The cccurrence of higher
al;élimity ét lower free carﬁon dioxide valuess appears to be dus to
the natqreﬁqf the bed-rock and the geachemistry of the sediments.
If as has been demonst;ated hére that levels of alkalinity show
positive cerrelation uith br;ductiVity, it indicates that the streams
‘are satropic, -

The conduct;vity.valge% obtained in this study shouw thét lowar
values occur %n stream Q,’i%termediate valués in stream 8 and
maximum value in Stream C.,JThe higher conductivity obtajinad in si{ream
C is due to the inflow of sﬁaller ﬁriﬁutaries, some of them seasonal
tributary streams,'nun-off from the catchment area and.highep erosion
of soils leading to increase iﬁ major irons in the stream. The
generally high water temperétufe may also parhit ghe dissolution of
the surrounding rocks. The stream waters exhibit bicarbonate
alkalinity mainly, and in consequence, the conductivity of the stream

, :
is related to the concentration of major ions, .
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The fres carbDaniokide distribution.obtainad in this study
shouw that hiéher values occur in stream C when compared to the othgr
stream values. Thié may be due to an inérease in the rate of de&nm—
- position of organicbmatter withlao evolution of larger amoﬁnts\of
carbon dioxide. This ﬁroﬁeés also coincide with the level of suspended
‘solids and dissoluedfsolids. In consequehcé dissociation of bicarbo-
nates will lead to‘an increase in free carbon dioxide conmentratich
of the stream Qater. The lower concehtration‘af free carbon dioxide
in steam A'arisas F:om a dacrease in amount of oarganic matter being
decomposed and higheg rate of temperature mediatéd phytosynthetic ratae.

Accordingly, wetpropose that low concentrations of fres cérban |
dioxide Qili‘supporf ratés ébaﬁ‘utilize cOnsiderably highap conpentra—
't;ons of.bicarponafes; | |

Iﬁ compérativaly ldwlcgﬁcéntrations, rates of primary production
may. be increaéed much more b}léﬁ increass in free C£O,; than by an
equiyalehf increase in biéaf?onatas. The profile of frew CO2 show
that generally, higher conceétéations arises as a result of the higher
rate of faspiration by greathr?ﬁekton and'benthos biomass, microbial
activity.in~thé seaiments, a% &gll.as the breakdown of orgqnic matter

by micro~orgnisms. The alkalifs nature. of the water as well as the

.

geochemistry of the drainag géing alsc contribute to the higher

levels of carbjpn dioxidé}
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The distribution of dissolved oxygen in this study has been
shown to uary'mifh the stream. The major peak in dissolyadiokygen
observed in stream £ arise froh the following factors, the hiéher
rate aof photesynthetic activity due to higher phytoplankton biomass;
and appreciable gedimentation of organic matter broughﬁ into the
‘'stream during‘tha&paiqg;hphe'higher solubility of oxygen due to lower
water temperature prevailing at this stream and an interaction of’ .
these factors. The minor values observed in stream & results from
the lower rate of oxidative breakdown of organic matter of alloch=
thonous origih, lower oxygen solubility resulting from higher water
temperature and weaker wind action. The range of dissolved oxygen
in the streams (5;30 - 7.30dm7) rpflecté its ability to sustain a
higher biomass of aquatic life thén is available at present. The
range is also higﬁ enough to maingain high levels of Fish‘activity
and production. The wide f}uctﬁafion in the dissolved oxygen values
is associated mainly with - the irregularity in the intensity and
occurence of light. It has_been shown by weber (1973}, that the
turbidity of a water body was due to‘high phytoplankton biomass,
effluent materials and induced turbulence keeping material in
suspension.  This leads to wide changes in the amount of organic
matter in the water. This possibility is further validated Ey £hm
moderately fluctuating diséoiuéd oxygen- values when practically 

rain-fall occursd,
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Miérobio}ogy
Thé microbiologig;if%ééiu?és:ofAﬁoft Harcourt”andbEnvi;onsu
sampled boreholes, stre;ms:ahd;sédiment inATabla'B show tﬁat_highast
bacterial gount was obtéinea;ihlthe'borehpla water samples. However,
the percentage of hydrocarbon utilising bacteria Qas vagy low
(0.002 - 0.0C4%) inéicating the possibility of pollution of the
groundwater by oil. -Intermediate values (0.007 - 0.012%) were obtained
in the'straam samples wﬁile maximum values (0.010 - 0.026%) were °
obtained in the sediment samples. The highér values obtained in the
sediment samples is not surpfising since sediments are known to sarve
as reservoifs for effluent materials and microbial organisms.
For the borehole samples, the potential of their pollution by
oil depehdé lérgely on the geoclogy of the soil, the soil condition,
the composition of the oil and the intensity and dyration of the oil
spilled. For oil, its viscosity also plays an important rols in
determining the level of paollution, Althoﬁgh oil may be immodiliged

in the unsaturated zone in groundwaters with a high water table,

by the dissolution of the water soluble FractiEH"(wSF¥~
oil which SUbsequantly reachags the underground uater.f

It has besen knouwn £hat»oil in water and sediment
through microbial action, evaporation, photo-oxidation and dlsaoluéxon

of the water soluble fractions by mainly phytoplankton, dlgae, fungi

and bactsria. (Lipsey and Malcom, 1981).
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Thése organisms have been identified in the area of study notably the

hydrocarbon utilizing forms. Uften, the abuhdance>6FNtH§“UrT*ub$lisiﬂg'

micro-organisms is expected to increase following 0il spill in favour=-
. — . .

- T e e e s e T

able conditions.

Table B: Microbial Characteristics of Sampled Stream, Ground Water,
And Sediment in Port Harcourt and Environs

Sample Type Total 'Total Percentage ‘Hydrocarbon:

Bacterial Hydrocarbon Hydrocarbon Utilising

Counts/ . Utilisers/ Utilisers Species

ml or g g or ml
porenole A 2070, 143 0.003 Acinetobacter

" Borehole B 2020 1.3 - ° 0.002 Acinetobacter

orehole C '2140 2.2 0.004 Acingtobacter
Stream A 240 1.8 0.009 Fiz_ac:illusv
Stream B - 260 241 " 0.007 Bacillus
Stream . C . 460 S o 0.012 Bacillus
Sediment A 420 2.2 0.010 Acinetobacter
Sediment B - 460 _2;3 ) ' 0.010 Acinstobacter

Sedimant C 720 4.5 0.026 fchromobacter
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x;slx 9Petleq of baCCir-i: -

“idrlophyceaa, four OF cyan UF Lhe Cthlehprde, s e

and four of the dingphyces 3 % 'ﬁ_':”> JIn terms of @uminanqgﬂ'

" status and with regérds‘éq spe L

cies d VEFSity,‘tha'qrder is chloro=

_Pphyceae  baccillari

pollution but rather a reflection oF'the concmntration of thelir

nutrients.

Macrophytes

for the aguatic macrophytes, only five species were recorded
(Table 9). These were species of floating algae namely Salvinia

nymphellula, Postia Stratoites, and Ceratopteris Cornuta. The

attached algae were Utricularia inflexa, and ceratophyllunm deméruum.
In general their. abundance was very low. Many of the agquatic inuacta

recorded were recovered from the surrounding aquatic macrophyts.




Table 93 Aquatic Macrophyte Flora of &Gtream in Port Harcourt

And Environs Sampled Streams

Nature of Vegetation ~ Specis T
FLOATING. . _.—Salvinia nymphellula
‘Pistia stratoites
, LCeratopteris cornuta
ATTACHED Utriculoria  inflexa |
Caratophyllum demersum

Macroinvertebrate

The distribUtion

oligochasta, no other

of matrp-invartebrates shows that except for

‘benthic’ macro-invertebrates were encountered

srps N . '
within the streams only aguatic insects and one freshwater crustacean

was recorded.’



Table 10: Chetklist of Macroinvertebrate Stream Fauna in the Arsa

CLASS . SPECIE S COMMON  NAME
INSECTA ‘ .
- CLCylindrostethus Sp. Pond Skater

Ptilomera Sp. "~~:Pnndw§5§ter
Hemiptera - - Notaonecta Water Boatman
Hemiptera - o Ranatra Water Stick Insect
Cdonata - . Pantala Dragon fly
Hemiptera Laccotrephas Water Scorpion
Odonata ) Ischnurav Damsel fly
Ephemeroptera Cloran _ T Mayfly.
Hemiptera Amorgius: Water Bug.

. / .

Diptera ‘*N”“Tﬁhrvunﬂmﬁé”ff/i Blood Worm
CRUSTACEA _

Potamonautes * Freshwater Crab
OLIGOCHAETA A

Tubifex

Nals obtusa

Enchytraesus net worm

. Limnodrilus . Yoruba worm

In all, ten species of aquatic insects were found, (Tablas 10). ‘
These were tuwo pond skaters, one water boatmah, one water stick insect,

one dragon fly, one water scorpion, one damsel fly, one mayfly, one

water bug and one blood worm.,
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The distribution of zooplankton (Appendix F£) shows that they—
belonged to the rotifera!ng}gyggAspecieé”were recarded. -The group wss

dominated by Brachionus angulams, dsplanchna brightwelli, Brachionus

’

calyciflorus and Brachionus caudatus. The cladocera, was represented

by four species which exhibited the Follouwing dominance pattearn,

Macrothrix Spionosa, Alona Sp.y Leriodaphis Cornuta and Diaphanosoma

excisum. The Copepoda was represented by two speciss which showed the

~order of abundance Mesocyclop 4p., Thermocyclop Crassussi. The
higher abundance of zooplankton‘organisms in stream C is associated

with the higher phytoplankton biomass and preductivity in this stream.

&7
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L F'ISH B‘IOL.GGY- % '
. U ST LR  (Tab 1)
From the result of thellichthyofaunalidistribution (Table 11)) -

L

a total of 16 fish spe&ieg wege'éhéounteréd during the study.
R . . ’

All figh species were present+in stream £, 6 species in stream 3

S Ch T e
The number of!specias in stggam O,

and 4 species in stTeam A,

may be associated uithjﬁts lqéétiqn in relation to streams A and

B. It is also highly”grobggléithét.stfeaﬁs'ﬂ and B drain into .

stream C. This observaﬁiq “inw.part. explain the praesance ofrall

'
3 H

16 fish species:in ét?éﬁmicr aﬁféﬁﬁédﬁthaﬁAfﬁe samﬁiihg fntenﬁiéy
and gear were identical at ali‘locations, the order of abundante
for Species in thes 3 streams is stream C 8 K.

With the sizes of tﬁe Fishes encountered, we note that most
QF the fish were juvenile fish ranginé in gizes from 4cm - 20cm.
Consequently, none had attained maturity in terms of reproductive

status such as gonad maturation. Nevertheless, two species namely

Tilapia 2illi and Clarias Lazera with two distint food and feeding

habits were examined for hesvy metal tis%ue anualysis.

In all the fishes caught, none shouéd any siagns of physical
deformitises, parasite infastation.or abnormal grOch. The 16 fish
species encountered bealonged to 13 Families. Apart from ths famnily

Cichlidae which were represented by 4 species, s8ll othur 12 families

were represented by one species each.



‘Cichlidae

. Characinidae

.Channidae

FAMILY

Bagridaéf.w Ruchenoglani

Osteoglossidae Hetép tis

Polypteridae 'CaLém ¢htE 5%
Symbranchidag 'SymbfaECE

i S
Pantodontidase Pantodon

Anabantidae‘ Ctenbpgmgli
Hepsétgg
Oéteoglossidae  H§§§fd£is'
Malapteruridae Malaﬁt?:prgs

o

Ciclidae Sarotherodoh

éiciidae Sarbthérodéﬁ
Cichlidae Tilapia
Clariidae” Clarias

Ophiocephalus

Cyprinidae Labeo

‘bucholizi’

binsculatue’

.Kingsteyéé
Odoe .

_nitoticus

electricus
‘-i : :
. ”
Galileae
nilotica
zilli
lazera
obscuro

Seneqgalensis

Téﬁle'f1' Checkllst OfmICh hyofauna (FlahEEl within tha admpled
Streamq in: Part%Harcourtland Env1r0ns . L

I~

11

10

15
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Bloassaz

The resulfs of the 1nuest atlons on tha c1¢tr1butamn nF hedvy

metals in the 3 streams of t & 'ipa shoued ‘that the matnls Meroury,
Chromium, Cddmlum,

(Table "12). 1Te levels pF_;Z

enadlqm were Belou detwr ahlp'lpusls
,wollowlnq heavy mutdl&, viz. Lead,;'
Cromlum, manganese, Mercury” ‘u “opper were reawonably hnghgr 1n

’th*h 1n tha watp %amplmq (Table 1;‘

the Sed;ment Sdmples (Ta:

trations are qulte louap;than, élméx%wum-gllowgble 1euels of thg : B

matals.

Table 1232 Concentrations ‘of Metals" (me) in Water Sanples of .
the Selected Streamg‘in the Alﬁﬁ‘u~. '

MGter Sample Source

Metal . Stream
S A B C
sodium . . 26,70 28.60 - 40.20
Calcium 5.75 . 5.70 6.40
Magnesium 8.20 8.10 3.00
toppbr _ 0.07 n.07 0,07
Iron 3.80 3;741 4,10

Zink ©0.31 0,31 0.33
Manganess } 0.06 0.06 0.05
Venad ium 4 ND N ND
Nickel ND ND . ND
Cadmium COND ND ND
Cromium ND ND ND
Lead ND ND ND

Mercury ND ND ND



Table 13: Heavy Metal Concentratiaon

Table 14:
Fish

Clarias

Tilapia

of Sediment from the

Sampled Streams {ppm)

Heavy M

J

o~
|.zad

G

Cromium

Caopper

Nickel

Venadiu
Cadmium
Mercury
Zinc

Iraon

etal

m

Manganese

Heavy Metal Concentration (mg/kg-1 dry wt.) In Organs

A
0.46
0.42
0.08

ND

ND

ND
0,02
0.03
0.40
0.78

Sediment

B
G.

a.

0.

ND

N

ND

0.
0.
0.
0.

44
31
14

D

02
03
34
93

C
G6.50
0.38
0.84
D

ND
0.02
0.04
0.38

0.73
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of Fish

at Stream C

Specie

Lazera

Zilli

-Liver

Organ

Kidney
Gill

Muscle

Liver
Kidney
Gill

Muscle

Pb
z‘léA

4.56
10.70
2.38

2.14
3.76
4,41
2.87

Heavy
n Cu
 94.0045,35
113.00| 5.16
141,00] 5.65
53.00f 2.13
71.80) 5.72
137.00] 3.65
84.30] 2.41
24.8 } 0.87

Metal
- Cd
0.86,
1.36
0.78
0.29

0.47
0.83
0.52
0.21

Hg
g.10
0.46
0.23
0.15

0.12
0.87
0.04
0.19

Ni
ND
ND
ND

ND .

ND

ND
ND
ND

ND
ND
ND
ND

ND
ND
ND



- The concentrations-of-

waters might have merely reflected normal ‘accumulstion ar; concentrstions

.ah pfe#ipipabipwfin'g

area rather ‘than direct;interaction’

of the dynamics of. geochemical. "1+~

_cycles.'JThé.avidently;ﬁighé‘ théﬁtratian of thesg heavy metals in

the sedimant than in the surfaceiwaters may have resulted from their
' R

:
'

indication of\the intensity o ﬁhéldii*pollution.,'Sediments have -

been shown to readily adsor gllic-idﬁ thus-acting:3s-a "reservoir!

of heavy metals.
Defining the maxiQO pefmissibla leuel‘or concentrat ion of mmfals

ctance in aﬁpdyingymetal toxic;fy.

b

Similarly, identificatiqh bffthe caugo ;ahﬁ*ﬁodéfﬁﬁ‘actiom of the

toxic metal and their effeg

empirical relations between aniassessment of direct toxicity to
organisms and the status of productivity in polluted water based on

valid statistical, experimental and ecological considerations is

«

required. To arrive at an estimate of safe conditions at._.which _ .. - .. .

organisms would survive, allcwance would have to bs made for sub=lethal
ecologically significant adverse effects on aquatic organisms, in=
cluding reduced growth, fecundity, and other alterations on normal

behaviaur- and physiology.
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It has been shown that anzyms éctivity of organisms can be
;ltared by metgls}(Libsey and Malcom, 1981). There are homeuer;
'dther sublethal &ffects an sndocrinology, cell bioloéy, hematology,
histopathology and variaus physiological functions such as respirattion,
circulation, and oémoregulation.

It has been suggested that, for measuring toxic heavy metals in
fishy it is not advisable to use the whole animal body, but crgans,.
should be selected which gspecially accumulate these elemants. Since
they may diffef Fog aiFFerent gspecigs and metals, we samplod four
orgéns of two fish species in the same location of the stream. Table
14, gives the data for CLlarias and Tilapia in mﬁscle, liver, kidney
and gill. In both Fiéh Cu is co%céntrated most in tha liver while Cd
and Hg are more in the kidney; Zn and Pb are-conpcentrated most in the
gill of Clarias and in the Kidney of Tilapia. &ignificant differences
were found in the metal concentrations of the same organ of the two
speciese. This‘Qas especially stricking for Cu in the liver, for Zn
in the gill, for Cd in the liver aﬁd Kidney, for Hg in the Kidney
and for Pb in the gill. |

Studying the weight dependency of the metal concentration we
found that, for example, in.bhe liver, the Hg concentration increaues

in the Tilapia, but dgcreases in the Clarias. The obssarved fluctuations

?
<

show that transient pollution may have occured in the stream as reflected
in the metal concentrations of the fish organs. For Cd. this can be
-connected to the use of fertilizers in the catchment. area during the
rainy seasoh, while higher amounts of Pb may reach the water due to

the traffic in the surrounding roads.
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Sediment Analysis

Compared to the streém watery the-concéﬁtration of the hydrocarbpn
utilising bacteria (HUB) in the sediment was higher {Table B). This
may be related to the o0il spill which occured in the area being wa§hed
into the sediments in stream C. Howsver, the bacterial population can
be an indicaﬁor of the state of an environment in several mays.
Firstly, Eacteria number or biomass roughly reflects the concentration
af org;nib matter or pollutant in the sediment; Secondly, the
presence of .particular bacterial groups can bé used as indicators of.
inflow of poliutants, Thirdiy, the bacterial flora, or communitt
structure caﬁ alsa indicate at least tﬁ,some extent, the environmontal
conditions, inﬁluding physico~chemical factors, the guality of
organic mattér and/or biological activities af othef organisms
_surfoundinggthem. ‘Based on thg“results shown here, there is evidance
éf an oilrspill, quever, the. cil concentration.as gevidenced by
the percentage of HUB ipdieate’ that.sume of the oil has b&b'n lost
throﬁgh micpdﬁial action, eg?#%iation,}dissolutlon'and photo oxidation.
The physico-chemical charéc?ér?stice of the sediment is shown in

Appendix F.



4,3 HYuhUGEDLDGICAL AND hEQPiYGIuAL STUDIES

Geophysical 1nvest1gél10ns.Far dupth to Drognduatm; léueliﬁ;
in the study area"ue?é{madg aé éartméégtha.assegsment studies Eo
investigate the ground@aﬁer pollution in the ares. To achigvs thig’
objective, three geoelectric depth soundings were made in 3 sampled
locations in the area (figures 2,3, and 4).

EFach of the geoelectric sections shows that the subsurface
geology 1is primarily made up of agquifer and aquitards forming a
multi-aquifer system as summarised in Appendix G and Tables 15,16
and 17. For the vertical electric soundings madénétvBﬁ{;\BHijmandﬁ\;\“

BHz, the water table was met at 60. 25m, 70 S0m and 72. 41m respectively.

T e, e
- e

Also the base of the adﬁlfpf'mas not met for the SOOAB/Z electrode
spread signifying that the aquifer is.thick. Table 18 summarises
the depth to the water table in each of the sounding stations as

obtainsd by the gsobhysical method.
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Table 15: Summary of VYes Results at P.H. and Environs BH3

105

L Depth to the Thickness of Resistivity Prohable
;ger bottom of the the layer of the Rock Type
* layer from the : Layer :
ground surface
{m) (m) (nm)
1 4.63 4,63 2336.69 Lateritic
top soil
2 12.79 8.16 272.39 Wet Sandy
) Shale
3 72.41 59.62 3038.21 Sandstons
4 Base not Base not 414.28 Saturated
v : reached reached Sandstone

Table 16¢ Summary of Yes Results at P.H. and E£nvirons BH2.

Depth to the Thickness of [Resistivity Probahle

Layer hottom of the: the layer of the layer Rock type
No. “layer from the
ground surface

(m) (m) (nm)
1 3.90 3.90 150,16 Lateritic
topsoil
2 15.60 ° 11.70 328,10 Vet Sandy
. : Shale

3 70,90 59,20 2609,.84 Sandstone

4 ‘Base naot Base not 458.55. Saturated

reached reached Sandstonu
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Table 17: Summary of Ves Results at P.H. and Environs BH1 -
Layer Depth of the Thickness of Reslistivity Probablae

NZ“ bottom of the the layer of the layer type

' Layer from the :
ground surface
(m) {m) (nm)
1 0.90 0.90 526 .22 Lateritic
- Soil

2 2.90 2,00 36,220 Wet Shale
3 3.89 0.985 405,64 Wat Sandy

Shale
4 60.25 56.36 3543.39 Sandstone
3 Base not . Base not 447,48 Saturated
Reached Reachad . Sandstone

Table 183 Summary of the Depth to Water Table at Vesstation

Location By Geophysical Agquifer Unit

Methad (m)

60,25

BH3

Formation

P.H. and Environs Sandstone Unit of Benin
BHT Formation

P.H. and Enviraons’ 70.90 Sandstone Unit of Benin |
BH2 - fFormanton )

P.H. and "Envirans 72.41 Sandstone Unit of Benin
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The graphié representation of the grain size data are represented
as.(i)'histogramA(iij“cumulatiue~Frequauéy curve (figures 5 - 14).
The histoéram indicates that most of these samples have Unimodal gra‘'in
size distribution with coarse«medium sand grai; population dominating.
From the cumulafive frequency diétribution it is observed that most
"of the samples exhibit more thaﬁ three straight line segments separated
by»sharé break betmgen the gegments. The slope of thp stfaight line
‘as well as the position of the bréaks between segments reflect the
mechanism of particle deposition. The fine end Segment of the distri-
bution rasulted from deposition of particles carried in syspension,
while that at the coarse end'océurea.From particlesvtranqurted by
rolling and'sliding. Dne of the noticeable characteristic of.this
analysisg ;s that most of the samples show more than Lhe cummulative
frequency éu;ve.

~'The anélysis showed no accumulation of silt or clay with the gands.

The sorting values depicted that there is fair variation in the saltation
populatioh which accounted for more than 9&% of th; diatribution. The
steep slope of the line of distribution in theg cummulative frequency
curve is indicétiue of good sorting. It is noted that water acting an
sadiment serve as a mechanism of selection and removal of particles,

sorting. The general lack of silt or

0
[11]
-

[
(=]
-

thus contributing to a pro
clay particles and the mean grain size of all the samples are indicative:

of apparent regional permsability since there is minimum cementation of

the beds and hence high porogity of the sand grain.
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4.4 50CIO=-ECONOMIC STUDIES

Famiiy Size and Merital Status

Aboutl76% of the total respondents had at least six (6) children,
On the avergge the pércentaga of hoﬁseholds with 3=5 chilaren was
éboub 19% thle only ‘about 6% had 1-2 éhildren. The mean family size
per housaﬁold including the extended family mémbers was found to be
ten (10) people. These consists of a husband, mife/uives, children

and extended family members. The survey showed that 94% of them were

married ‘and only 6% éingie (Table 19).

~-Table 192 Distribution ot Respondents According to family Size .
and Marital Status ' ’

Variable Frequency . Percentage

No. of Children

Nil . 0 - g

1=z | \ 22 . 5.5

3-8 1 % 1 e
6 and aﬁoue N ) 302 7.5

Marital Status

Single o : 24 6.0
Married E 376 94,0
Tatal (N) ' 400
Sources; Fieldwork. . e
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Sex and Age

The results of the study'shoued that 89% of the respondents

were males and 21% of them faemales. These were all household husband

and wives respectively. With respect to their age distribution, 48%

of the interviewed inhabitants of the 6 communities were 30yrs and

under; 23% were betwesn 31-35 yrs. while 22% of them wére of the ;gé'm

—

range of 36-45yrsy T Only=2%.af-themréspactively were betueen 46=55

and 56~65yrs. However, 3% were found to be 66yrs. and above (Table 20).

I

Table 20: Distribution of Households According to their Ages

Age Range Freguency Parcentags
30yrs. and Under 192 48.0 ¥
31485 92 _ ©23.0
36=-85 _\_ ' 88 22.0
46-55 S 2.0
56~65 - 8 2.0 '
66 and over 12 ; 3.0
Total 400 106.0

Source: [ieldwork

Education and Social Status

The study revealed that 34% of the inhabitants of the 6 commurnities
have no formal education. However, 22% attempted primary 1-5 while
25% have their First School Leaving Certificate (FSLC) or completed

their primary education, Five percent of the respondents had inw-

. complete Secondary Education while 9% had West African School Cevtifi-

cate (WASC). Only 5% of them had post Secondary Education (Tabls 21%,



Table 21: Distribution of Respondents According to Fducational

Level
Variable o Trequency Percentage
No formal sducation ‘ 134 ) . 34.0
Primary 1-5 90 - 22.0
FSLC ' 100 245
Secondary 1-4 20 - : 5,0
WASC | 36 9,0
Post Secondary 10 5.0
Total 400 _ 100.0

Source: Fielduwork

Thus most of the inhabitants of the 6 communities are illiterates

or at best of low education.

Generally, social amenities or infrastructure were found to be

thinly developed in the communities, except in one Elelenwa. 1n other

‘Communities there are no road networks linking the villages, except

for the major ones liking the communities themselves and which was
provided by the Shelllpetroleum Development Company (SPDC). However,

it was discovered that Shelllaccess roads ta thgir 0il locations
(fields) have:in no small measure assisted in the QEvelopmehﬁ of
economic activitiss in all the éix'communities investigated.

On the other hand Shell have provided pipe-borne water to all
the~communities; excapt that tﬁe accessibility to some of these pﬁplic
taps (by'some sections of the cdmmunities) is quite discouraginée

Es

cnit s o 07 YL
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However, in genéréi, it was discovered that Shegll has aone much more
than any other segment of the wider saciety in the developmant of %he
existing physical and social infrastruﬁtura in the 6 communities
ihvestigated.‘ Apart from roéds and piﬁed water,.thEy have built at

least one éecondary'school in each of the cemmunities in additionm to

lh

several primary sghools,™ centres, iand have assisted sevgral

ith monetary grants eopeclally thosp

i
o

indigenes of the commynitias’

involved. in agricultural and fishing activities.

Agricultural Production: -

. Thé“méjdr ocnupéfibn

he communities was found. to be farming

‘or agriculture. Thié'inyleéé.drdp and liﬁastock productian.

el

Land Ounership

productive resource for agricultures :Modes of land adquisition/

ownership include fawily,.lease,; purchase, pledgs and communitys

acquired their land throughfomily

inheritance, 165% “and 15.5% through purchaso.

nfsiééid‘ﬁhﬁif"laﬂd.ff

¥

through piédge while 13% 0?1t_gﬁ'deﬁénded§on‘commuﬁiﬁy'Iénds. 'Lénd;

]

ownership through giftfwas;fofndﬁto be absent in tha arpa,  Tha:

most impertant sourcé:of léﬁdfﬁé family land (Table 22).

‘
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Table 22: Distribution of Reéhonbmhté Abcording'tm'pnttoun

OF Land Quwnership Lo Dol L

80urce'oﬁAﬁéhé, trf@ﬁpéhcy*iﬁ'ﬁ”béﬁégﬁﬁsgé; R
Family B e ) 4%.0
Lease | 66 . 16.5
Community’ ., 52 13.0
Gift ' : o 0.0
Purchassa - ' 62 1545
Pledge 48 ' 12.0
Total 400 : 100.0

Source: Fieldwork

Most of the field holdings were found to be upland. 0On the
average, most farmers owned 3-6 plots of land. About 48% of ‘them farmed

2=5 ha. of upland fields sach.

£rop Producﬁion: Cropping Systems

The Cropping Systems prevalent in the Communities are mixed
croppikg and’intércropping. These are‘employed'For the arable crops.
However, mono-cropping is_also practised especialiylfor the tree crops,
such as banapa, coconut and cococa. The study showed that about 70%
of the farmers adopted mixed cropping systems and 23% intercropping.

The remaining 7% of the inhabitants practise such cropping systems as

relay cropping, land rotation and continuous cropping.



Crop Types and Mixtures

Broadly, the crop tybés include both arable and tree crdps;-
The predeominant arable crops 1In order of importance include yam,
caséaua,'maize, tomato, peppef, cacaoyam and ¢groundnut. Others are
pumpkin, Okro, melon, garden'egg, bitter leaf and-green végetéblm{
They'are normally planted in mixtures. The common arable crop combi-
nations in the communities were found to bes maize/cassaua/melﬁn (35%),
yam/maize/végetable/melon (28%) and yam/maize/vedetable (15%). The
figures in parenthesis indicate the proporiion of farmers that adopt
different crop mixtures.

Major tree crops ngun'are oil palm, cig;ﬁé; bread=fruit, WKola=nut,
mango and coconut. Others include banana, plantain and african pear.,

Farming Practices and Use of Inputs

lLand clearing, tillage practices, zero tillage, among others,
are some of the farm practices in the area. Ffor land clearing, 674%
of ths farmers adopt élearing/burning, 20% clearing and 13% stumping.

With respect to tillage practices, 93% do moulding and 7%urid@ing*w~»~m

especially for yam, cassava and cocoyam. -7Zero tillage is employed
e . N :

for such crops as banaA;/plagzain, and vegetables. Howaver, minimum

tillage were also practised for banaha/plantain, and maize..
Implements.;;ed in agricultural production in the area inciude

matchet, spade, hoe, axé, watering can and shouei. Crop produ;tion'

is completely dependent on rain-fad system.
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Livestock and Fish Farming
The dominant.apéciqs.ofvlivestopk‘in the communities are chicken,

‘goats and sheep., Livestock distribution in the area are as shown in

B Y

Teble 23. . . . - LT

——

e e e s e

Fable 23z sttrxhution of Farmers Accopding to Livastock Species Owned

Livestock éheqiééb )} Frequency - Percentége‘-

Rabbit | @ o e.0

‘Sheep | - 76 " 19,0 N
cattle | o 0.0 | B
Goat - 112 / 28.0 N
pigs -~ b 2e ' 6.0

Turkey ™ . ) a8 | 40

‘Ducks B 2.0

Dags | 26 |l 6.0 '
.Chicken - . : : ‘Aqu ; 35.0

Tetal - - |- 40 - |. 100.@

- Sources: Figldunrk.‘i
: Liwaa£Q¢k.huspaany‘systems'fnuhd in thé area are £h§ intég;iQQ‘
. systams. Thé_ﬁetﬁudyhsedrdgpepds’on the type of stock. .ﬁié_is'
mainiy fearéd by the intensiQé methdd;vsﬁaep and goats by tﬁa'sémi«
.intansiwé"éygtgm;, Chlcksn and ducks are managed by tha freawranga'
;or~snmi-inteﬁsive.system. About 72% of the hausaholds did, not own
~any of tha spec;es of llveatock. 5%-gnlygouneqlana typeiof s;ock, 1%
two typas and abput 2% nuned.S»S_typas,while(19% éu3wd up'én 5 different.

species,
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F;sh productzon is esaantlally done to. provxda Family xncume,‘

‘employment as qell'gs for‘caneumptian., Equxpment used for fishxng

include néﬁ,‘hook,‘qalab;sh,\ugtgr pdmpsvandreggine/mqtot fqr fzsh
ponds. Bgcket§ énditiag:ara'%lsp used for draining w;iufvfrom Fish -
ponds, lakes ar stréams where fishing is Ear:iad out. A .fish farmer i;
“on the average realised abqut-#200"per month iq‘the araa,dﬁting:tha
parlad af study- o | | | -

The majur problems (1n order of importance) assoc;ated uxth llVG

stock and fzshxng activities in the area are as follouez d;saasas, pegts,m

bad ueathet, chamlcals and storaga fﬁ;xkltiea for Flsh; and high cost

of fishing equxpmant.

PETRGLEUN/BIL RELATED ACTIVITIES: BENEFICI&L ﬂND ADVERSE HISTDRICAL
BACKGRGUND '

Tho aurvuy revealad that the Shsll Petroleum Devslapment tompany ;
uhlch produce il in tha 6 communxtzes studxud. startad operation in w -
_tha communities batwenn 1958 and 1965. Tha arder aof devalopman§~1a
as follows, Blybirinfigld, (Qluhiri Community). Elelgnya‘Fi;iq (Elelenua
Cﬁmmunity)) Apara field (Apara Cpmmuniﬁy)b‘Ebubu Field (ﬁbubu'

f lchmqaity)? Koroko}o:Fielq (Korokoro, Commqn;ry), and Alakiri Field -
'Alaki:i'fomnunity). | |

- BENEFICIAL IMPACTS

Altheugh SPDC acquired-all the lands (Fields) where 0il was
dlscavared 1n the communltxes invlued, neverthuless, reasonable

fxnancxal compensatlons were paid to the praple and cnmmunitias affuatad-
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And this hés assisted thase.communit%as in the-developmentqu their
educatxonal and sogial infrastructures. 'Subsaquaﬁtiy SPDC since
1ncaption af thair petrnlaum productxon activities im the arga has
stepped up her financial assistance to the development of the
commupities infdiverga-ways, ‘F;gﬁte 15 sﬁmmatizas graphically the

) fgoptributiuns of;SEpé.to thé ddvélapmen; of tha 6 éamhunitias invusti-A
gated. The amanitia#vaUAQ in~;ﬁé graﬁh depics amenities-introducay :
by SPDC betwean the Vyea‘r.s 1985 and 1993 only.-

From the gfaph;'it can be observed that Shell has made an impact
in the dave;opmentlaﬂd provision of piped water to-ail_hhu Communjtié;
‘axéapt-ane - Alakiri, Againm, she has positively made an impact in
the development éﬁ‘educatibnal_inftastfgcturaa in all the communities,
and has gﬁne furthar.tolbrovidﬁ a modérn‘markat and hospital squipment
.to Elelenwa'and Korogoro Communitias raspectively.

OTHER IMPACTS 8F OIL PRODUCTION IR_THE COMNUNITIES
ADVERSE IMPACTS '

The impacts/effecta of o0il production by Shell Petroleum-

Development Company in the area are summarised in lTagls 24 avarleaf.
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—Ebubu, Korukoru,:and Glub1r1 Eommunxties

£
PSS

arn, Alakiri, .

Prublemgl

Nuwmber of
RHespondents

Pafcantage

Occupation eof land. sﬁa:e-by il

96,0

pipes and burrou-plfs - 384

Desttuctian of arable’ land

through oil spzllage 374 93.5

Death and reduced growth of

vagetation, crops and economic .

trees 368 92.06

Discugfort from heat and yib:atibns 348 ' 87.0

Health problems e.g. termination :

of pregnancies, sudden daathu 350 - 87.5

Pollution of water-through oil. '

spillage, production of tastes and .

cdours, as wall as colour 'changs 3680 95,0

Death andfor decreased population

of fish and other aquatic ‘

arganisms - 352 88,0

Damage to houses zinc rust, wall

‘cracks due to vibration 164 41.0

Air pollution with dust and smeke 368 92.0

Spread of insects and mosquitoes 10 2,5

Decreased livaétacﬁ’and fish

population duge to chemical ' . , :

poisonlng 376 s 1 1 | S
' ’ 86 .

Totals 3,474 068.3

#*Total is more tham 400 due to multiple rasponses.

Suurce. fisldwork, .
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Thé above percentage respunsas'to the various problems created by
Shsll eperations in the arealis.indiqativu of a significant degrae

of nagative impact of these operations on the peopla. 'Thasq impatts

.are as follous; (aa'gbaarued by the researchar).

_Impacta on the Enviranmant.

It was observed-during tha survey that the laying of pipes, Shall
access roads. and burrow pxts occupiad agrzcultural lands, fish ponds

and land spacas fo; in.xast;uctural development. Excessive heat

produced from the flow-stations withered most of the vegetation

 (espscially palm trees and raffia palms) around.

Effects on &g;xcultural Productznn:

Most of the vegetables, crops and- economlc trees affacted by
recent 0il spills ‘show signs of sgorching..yellowxng and ahedding of
leaves, stunted growth and dsath. It is pessible that oil on the

-leaves of plants'intgffered-with their functioning by raducing photo~

synthesis and transpiration. Animals e.g. sheep, goats, and poultry
etc, die of axcessiv§ heat,_chamiéal.paisnning and water pollutiop

from ponds contaminated by recasnt spills.

Effacts on Water Resources:

Water quallty uas Found to be altarad through the ;mpactatxon
of dark red or blackish colour and objectlonabla odour, the presence

of turbidity and o0il films. .

It was reported by several of the inhabitants of the Communities
that most fishas cought from. pollutedavrasmsare oftss unpalatable
and show signs of reduced growth and reproductlve performanca and

consequently dacreased populatzon.
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CBNCLUSION AND nscommauonTruws

8.1 CONCLUSION

From the resu]ts of!o I va zous analyaesp we cencluda thot the

judging From the resu; ﬁfxuld absaruatxuns, labatatozy analyals

af samples collacted and othar 1nuastlgat10ns carried out durimg the

course of this work. !.V

Accurdingly;.the:é isﬁ§y§ﬁenge qf oil pollu;;on; emanating fraow
several oil spill incidences Qitﬁin our study arga. Angd these
incidencaes resulted.frcm sévarai causes,y #uch g3 pipeline failures
due to corrossion and Fgulty cgns}ructian, faulty flow station operations,
sabotage and:théft of oil p}oductian aquipment, wall heads malfunctioning
and sevaral enginesring faults within flow stations.
The evidence of the pollution is claear in the lavels of onil
obtained from sail samples, water samples, uathra and biomass of the
vegaetation, soil and water microbiology, and sucie—-sconomic survays.
Tha'arsé 6[" wajor or primary impact is around the f'lou..static»ms
and oil delivery lines of Elalanu% Field (PHNT) and Olubiri Field
(PHST). The impact in these segments is particularly obsmfvad in
the sgil samples ub to a depth of 20 centimeters, and betwéen 150m to

2508m from spill points,
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5,2 RECbNMEMDRTIONS@J

F:om tha abaove canplusioj

,,m,dty of nu;J results, we

rocommand tha ollawxng maasuras fcr the managem@nt and cnntrol ar

1, r ;ﬁfu:ts to ansure s;gnkflaant

' reductiqn of oxl spills by tackllng tha prublam dlrectly from

the various sourcaa oF ozl tpxlls. thraugh the 1dentif1catlcnlgv
of their immediate &ausas.i Such prevalent causws; aslpxpe llne
failures, and faulty Fioustatlon operatxuns nead to be addreawad
very seriously, 51nca thin conatitute ovar B80% of all oil spillages

recorded in most. studias 1ncluding the prasant study.m“ nd sinea

pipeline corrossicn ia tha major causa uf pipasline failures efforts,
T

thermfcre, should’ ba madh tnwnrds the introduction oF state-of~the-
art technology in pipeline laying. Therefore, an urgent need has
arisen to ensure tne.replacement'of all axist;ng and wofn-aut
matallic pipes with the new "high pressure-super-reinfarced poly~
Qiayl-chloridav(PVC) pipes,-as‘is now widely used in several ¥
paellution conscibus advanced countries, as U.S5.A., Canada? Swedan

and Noruway." .

2, Im the interim an affectivs “throuéh pipeline® monitoring team'qeed
to be set up (by éll 0il compaﬁiés) - whodta@ job will be to coastantly
monito; bﬁth the internal eand sxtermal c&nditions of their oil
pipelines, by utilizing or employing the ®"instrumonted inspectlian

toal® technique.



-other effluentse.

collection,

ST A TN e e
storagu, treatment, and recycling of waste oils and ' "

Baselins studkes néed“to}ﬁefﬁarried:out by every oil company
especially before thé'opeﬁiﬁglup of new cil‘fialds“éince~this,gill

go a lomg way in help;ng to senaltlze and syntheslsa cll important

and sensitive env1ronmental factars needed to be addressed befare,
during, and after the;Qng}tation of such oil fFields. Such baseline
studies Qould contfibuta‘imménsaly ta tﬁe enhancament of tha duality
of the environment through the regular monitoring of releVané
environmental parametsrs to regulate their qualitiss by the utiliza-
tion of a mu?tirdisciplinary approach, and in additian to the
application of statae-ofwthe-art technologies.

A functional and effactive National 0il Spill Contingency Plan .
should be put in-place to ensure that up-tq;date technologies are
applied duriﬁg oil spill emerga&cias. And coordinated emsrgancy
relief iegms from the majur 0il companies neesd to be put in place

to assist in'particular the smaller oil companics who might not
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alone cope mith'majur'oilwapills-Fromftheir'activitias. Tha

NNPC cauld coorfinates this team to an%ura effactiveness and

campliance.

Stringent efforts shoula be made to'protacﬁ "criticul habitats,"
such as stfeams, lakes, and ponds during an 0il spill incidence

by snsurimg that no amﬁunt of pil enters into them as this

could cause serious short term damage to the habitats. Also

this effort should be extended to some other habitats as shoreline
vegetation, which habour some endangerad animal spacies,fsuch as
the rars African-grey-perrot found duriné our.study.

Fimally, all asandoned burrow or waste pits should be identified
for regular clea@~up.and remediation by the gensrators of the

1

wastes. . , .
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ARPENDIX A(1) . ' B | - - o ;
: Physzco-chemlcal Character stics of Soil Samples Frow Port Harcourt And Enviraons - #
‘Trafsect |Depth| Ph " ec_/ tHe.  forgec. {pog | TORRNINH 47 No- wop- [NaT KT caZ® mg?t -
pﬁmqu h ‘Cm) | (pPmM) % (PPM) 7 ¢ opm ) ( Weq/1009 Soil )
é | o-15] 6.3 o.é v | 1.2 [ae.0 |o.18 | 5.0 [o.a [13.0 {0.12 {0.06 0.90 [1.00 ,
I [s-30f 601 cfz wo | 0.8 |14.8 [0.18 | 5.0 0.4 [13.0 [0.12 0.05 | 0.0 jo.80. .
50 - 0-15 _5.5.-0£1 ND 1.3 .| 18.0 [0.13 | 5.0 0.4 [12.0 [0.11 [0.05 | 0.90 |1.40 5
o 15.30] 6.2 Jdu1 | wo | 007 |22.0 [6.19 | 5.0 | 0.4 [13.0 |0.11 |0.05 {o.08 [ 126
100 [ 0-15| 6.7 |0.1 | wo | 1.2 | 14.0 [o.08 | 4.0f0.4 | 7.0 |0.09 [0.050.951.58 .
| 15-30| 6.7 [0.1 [ wo | 0.8 [19.0 Jo.10 |30 f0.2 | s.0 [0.10]0.04 ] 0.70 | 127 |
150 - | 6-15] 6.6 J0.1 | No | 1.3 | 18.0 '0.18.] 5.0 [ 0.4 {13.0 | 0.1 0;051,0.90.,1.50'
. t5-30| 6.4 {0.1.| Wb | 0.5 | 20.0 |o0.78 "6.0| 0.5 |13.0 | 0.11 | 0.05 | 0.90 | 1.30
a0 | o-1s5| 6.7 0.1 | w | 1.7 [1a.0 [ouz | 70| 1.0 [32.0 [ou12 | 0,13 | 2,00 |
| 15-30] 6.8 [ 0.7 | ;N$ 1.0 | 20.0 |0.10 | 8.0]0.1 [10.0|0.12]0.18 ) 1.55
250 = i1 0-15| 6.6 [0.1° ). N3 | 1.0 | 22.0 | oua2 | 5.o}i0.4 16,6 | DL 12f'b;1é‘fj.ao
o |1s=30 s | o | N# 0.8 |18.0 [0.11| 4.0f0.4 [13.0]0.11 | 0.10] 030
300 .1 0-15] 6.7 (0.2 w8 | 1.0 [ 19.0 | 0.10| 4.0 0,1 |14.0] 0,10 0.12 [ 1.50
| |1s-sof 6.7 o | wp | s 4.0 | .10 s.0| 0.2 | 7.0 0,12 0.07 | 1.20
350 " 0-15) 6.6 | 3.1 | ND 1.5 | 15.0 | 0,30/[ 7.0 1.4 [18.0] 0v10[ 0,13  1.30 ;
~ l1s=sofser o | wo [ i3 | 30.0 | g.19| s.0f 1.0 {28.0] 010 0,18 | 1210 .
a0 . | o-15| 6.6 |ou1 | w0 | 1.0 | 23.0 | 0u13( 5.0 0.4 [18.0( 0.12] 0,17 | 1.45 2.02 2
' 15-30| 6.7 0.1 | wp | oue [ 17.0 | ou11f 3.0 0.4 [13.0( 0.10) G.09 '0.80 | 1.15 :
450 o-15] 6.6 0.1} w0 | 1.3 | 2000 | 0.17] s.0f 6.4 [2s.0] 0.11] 0,15 1.60 ] 1.30 F
" |1s-30{ 6.7 0’| we | 1.0 | 17.0 [ 6.14| 7.0 0.4 {17.0] 0.10 0.127 0.90 | 0.80 E
500 o<1s| 6.3 |e.2| wo [ 1.2 | 20,0 oi19] s.o| 0ia [18.0( 0.12f 0.05 | 1.60 [ 1.07 :

15-30]:6.4 {0.2] wo | 0.8 [ 18.0 0.11] s.0| 0.4 9.0f 0.11] 0.06 | 0i80 | 0.52
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'f.ApPruoxx A(3) ’ : , i o .

Ph 51co-Chem1cal Characteristics 6f. Soil Samples from Port Harccurt and Environs
1y

: : : g . Tl F o - -
Transact | Depth| pn | ec | THE | O72-F pg4 TOTRLI M4 woa™ nog” | vat kT et mg?t
pHNE,T | (Em) | ] (eem)l (RPM):A. - { PP " ) (  meg/108g Seil. )

L]
0O 0 0O 0O 0o 0 0.0 0 o -

5,0 | 0.13 |0.15 | 3.30}1.78
44,0 | 0o11 | 0a1a | 2090 {1.01
23.0 | 0.11 L o.10 | 1.85]1.28
18.0 [ 0.12 | 0.06 | 1.20])0.60
16.0 | 0.12 [0.06 | 1.40 }1.12

5.0 | 0.10 | 0.04 | 0.70 [0.42
23,0 |.0.10{0.07 | 1.90]1.08
32.0 | 0.11] 0.05 | 0.45 |0.50 o
27.0 | 0.11 | 0.057) 1.95 Jo.90 Ll

9.0.] 012 | 0.06 | 1.20|0.48 R
23.0 | 6.70| 0.07..| .1.90 | 1.08
32.0 | '0.11] 0.05 | 0.45 |0.50
23.0 | 0.11| 0.10 | 1.85 | 1.28
18.0 | ‘0.12[ 0.06 | 1,00 [0.60
27.0 |/0.11| 0,05 | 1.9s fo.92

9.0 |' 0.12) 0.04 | 1.20]0.48 o
146.0 | 0.12] 0.06 | 1.40}1.12
5.0 | 8.10} 0.04 | 0.70] .42,

23.0 | 0.11} 0.10 | . 1.85] 1.28
‘18.0 | 0.12| 0.06 | 1.00] 0.60
[ s.0| 0.13} 0.15 | 3.30 1.78:
4.0f 0.11[ 0.14 | 2,100 1.01

o | o-15)s6.0fo.1| wo | 2.0 |ameo {021
'15-30,) 6.2] 0.1 No | 1.1 1% o | 0.16
o |
6

so | o-15 0.1 no | 0.7 | 42.0 [ 0.1
15-30] 623 0.2 w0 | 0.8 |A3.0 [o.06
100. | o-15| 6.1 0] w0 | 0.9 | 21.0 | 0.13
15-30| 6.3} 0.1 wo | 0.3 | 20.0-] 0.05
150 | 0-15[ 5.9 0.1 wo 8.9 14.0[\0.15
.} 15=307] 6.2} 0.2} ND | 0.5 15.0.1 0.09 [
200 " | 0-15 “6.1| 0.1 ND | 1.0 [T20.0f
0.1 w0 f 0.7 | rzeos g

_ , " 0.2} np | 0v4 | 13.0-| B.0O6
- 350 -0-15f 6.1] 0.1) ND '51;uf 20.C | /0.13
o 15-30 | 6.3 | 0.2 wo | 0.7 | 24.0 | D.05
caoa | g-1s)e.tfocrfowno | 0.9 | 21.0f 013 |40l
| 1530 6.3 0.1} wo | 0.3 | 2000 | 0.05 5.0 |
450 | g.tsle.s{o.rl wo | 0.7 | 12.0f 0u11f 3.0
'15-30| 6.3 0.2} wp | 0.4 | 13.0| 0.06] 3.0
500 - .15 6.0 0.1 wo | 2.0 | 17.0 0.21] 1.0f
~ |15-30| 6.2f0.1] wD 1.1 ] 16,0 0.18] 3.0

. . .
‘e . . .
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g~CHemical Charactaristics 5f Scil Sswples from Port Harcourt and Environms

e [ 1e Tosge [0y TRoraclmna® oy nog= ['hat '« €a®* mo®

_ » , gz | ( rea; M Meq/100q -Soil )

11w 0.1 1.0 | o.10] 5.0 c.s {10.0 fo.10 [0.08 ] 2.00 }1.18

1] wo | 0.6 | s.0} 0.05|3.0f0.5 | 2.0 |0.09 }0.05|1.30}0.73

2 wo | 0.7 | 14.0] o.10f 9.0 0.2 17.6 [0.10 [ 0.09 | 1.25 |0.86

| wp 0.6 | 11.0 | o.08}10.0] 0.2 |22.3 |0.10 | 0.05 | 0.70 | 0.42

il wo | 1.5 | 1s.0) 0.11] 220} 1.9 {10.0 |o.10 {010 | 3.15 | 1.16

il vo [ o.s | 19.0} 6.12) 4.0 1.4 [12.0 [0.09| 0.07 | 1.40 | 0.38

2{ w | 0.7 | 16.0] o.10]10.0) 0.2 {20.0 J0.10| 0.08 | 1.16 | 0.80

0.1 wo | d.6 | 14.0] 0.07{11.0] 0.2 |16.0 |0.08 | 0.06 | 0.80 | 0.50

a.1) wo | “o.s | 12,0 0.11] 6.0] 0.2 |12.0 {0.08 | 0.07 1.00 § 0.61 -

g.1| mo | 0.6 | 180 | 0.12f 9.0 0.2 {19.0]0.10] 0.06] 0.70 | 8.50

0.2 wo [ 1.0 | 10.0] 0.12] 4.0] 1.00{32.0 | 0.70] 0.07 | 2.30 | 0.10.

‘6.1] wo | 05| 200 0.11] 4.0f 1.20{44.0 | 0.10] 0.05] 1.50 | 0.47
0.1 wo | 1.5 | 18.0| o.10f 6.0 1.80{26.0 | 0.10) 0.10| 3.20 } 1.18"

g1} wo | o.s | 16.0| o0.12| 9.0] 0.20}39.0 | 0.10 | 0.05 | 0.50 | 0.45
4} 0.1 wo | Jo.s | 12.0| 0.11)s.0] 0.20032.0 0.08} 0,07 1.00]0.59°
8.2|. 0.1} wo | ;0.5 | 16,0 0.12] 9.0 0.20}39.0 [ 0,10 0.05| 0.50 | 0.46 -

6.1 0.2 wo | 0.7 | 13.0| o.10] 9.0 0.20}26.0] 0.10 0.09| 1.25 | 0.86
“e:1) wo } o.6 | 10.0] o0.08l10.0| 0.20{ 23.0] 0.10] 0.05] 0.50 [-0.37
0.2} w | 1.0 | 16.0] 0.25) 6.0] 1.0 |30.0] 0.10) 0.19] 2.30 - 9.20°

s| 0.1 w | 0.7 | 20.0f 0.20 8.0 1.10}42.0°) 0.10] 0.15 | 1.80 | 0.42
2|+ 0.1] ND 1.6 | 11.0] o.10] 5.0 1.7 }10.0] 0.10} 0.09) 1.25 | 1,16

0.1 wo |. 0.8 | 16.0] 0.07| 9.0| 1.3 }18.0f 0.08] 0.06} 0.90] 0.80 :
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Physico-Chemlcal Characteristics of Soil Samples from Port Harcourt. and Environs
ct.:?gggh Ph - :?c ?ggm) ¢0r§ .C. ?ggm) to7aL | MY N0~ nos™ [nat KT EaZt mg?t
SALm T S : ‘ % ( PPM ) 1 { Meqf100g Soil )
o-15| 5.9 0.2 |/ ‘6o 1.1 | 18.0)0.17 | 6.0 0.70] 3.0 |0.09 {o.11 [0.50 | 0.64
15-30 6.1 ] 0.1 !' 720 | 0.8 | 12.0]0.17 | 8.0 |0.20|18.0 |0.09 |0.07 | 0.45 | 0.43
0-15| 6.0] 0.1 | 7so{ 1.1 | 15.0]0.20 | 4.0 {0.20{16.0 |0.10 [a.12{1.25 | 0.74
5-30| 6.1 0.1} 700 0.9 16.0] 0.20 | 6.0 2.0614.0 [0.10 {0.07 | 0.35 | 2.04
0-15] 6.0) 0.1°| 417 1.4 10.0] 0.25 | 4.6 0.10}19.0 |06.10 |0.07 | 0.40 | 0.41
15-30| 5.9} 0.1 | 364 | 0.9 | 19.0}o0.20 | 7.0 0.00f18.0 [0.100.06 [0.25 | 0,20
- 0-1s5} 5.8} 0.1 1B§\l'1'2 | 10.0f0.08 | a.0(0.00|19.0 | 811 [0.07 | 0.50 -0.33- v
16=30] 5.7 0.1 120 | 0.8% | 13.0] 0. 06 | 5.0 0.00[19.0 |o.100.05(0.25 | 0a17 |
0-15| 6.0 0.1 86:) 1.4 | 10.0]0.25 | 4.0]0.10[19.0 |o0.10 | 0.07 | 0.40 | O0.41 i
15-30| 5.9} 0.1 & 78 )l 0.9 | 19.0]0.20 [ 7.0] c.00|18.0 [o0.10]0.06]0.25 | 0.20
" 0-15|s.6]0.2 | 18 1l.1.3 | 15.0|0.08 | 6.0]0:20[14.0 |0.10[0.06]0.30 0.8
15-30 s.7| 0.1 | 10 ) 1.0 | 10.0f0.06 [ 8,0] 2.40]16.0 [ 0.10] 0.05] 0.25 | 0.35
- 0-15|5.8[ 0.1 | nD | tva. | 10.0f 0.2 | 6.0) 0.00[11.0 | 0.11 0.07] 0.50°f 0.33
15-30 :5.7\ 0.1v . w0 | 8.9 12.0] 0u10° 7.0} 0.00[19.0 | 0.10 | 0,05 0.25 0,17 k
| o-15]s.3) 0.3 | wp | 1.9 | 17.0[ 0.11 | 3.0) 0.40[81.0 [ 0,12 [ 0,17 .55 | 1.27 E
15-30|s.4) 0.2 | wo | 1.4 | 10.0] 0.08 | 4.0 0.20|36.0 | 0.12| 0.13[ 050 [0.33 0
0=15|6.0f 0.2 | wo | 1.4 | 15.0) 0.20 | 6.8] 7.30[14.0 | 0.10| 0.08] 1.00 | 0.38
15230 | 6.1)o.1 | wo | 1.6 | 10.0| 0.20 | 8.0} 2.40]16.0: | 0.10] 0.06} 0.60 | 0.58
" 0-15|5.7{ 0.0 | we | 2.6 | 1a.0fd.11 f12.0] 0.70}41.0 | 0u10f 0.26] 0.80 | 1.23
15-30 [ 5.6} 0.1 | wo | 2.0 [ 17.0} 0.10 |17.0{ 0.30{23.0 | 0.09) 0.12] 0.30 | 0.17 ;
0-15 | 4.8} 0.3 |- no | 5.3 | 10.0] 0.23 [15.0] 0.30f17.0 | 0.10] 0.19] 0.55 | 0.24 ;
15-30 [s.3] 0.1 | wo | 3.5 | 13:0] 0.15 [16.0] 0.50|18.0 | 0.11] 0.10 0.35 0.01 E
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APPENDIX A(6) _ - . . |
‘Characteristics of Soil Samplses from Port Harcourt and -Environs

Physico-cﬁemicalgg;i )
Transect |Depth 'Ph‘ _Ec | THC Org.€« | po, roTaL | NH4T noz” nos”  |nat k¥ calt ﬂg?+ l
PHSU4T (cm) | _ eem) 1% | (eAm) | ; (. .pem ) ¢ 189/100g Soil )
‘o | o-1s|s.sfe.r| wo | 1.4 . | 38.0 L o.r1|7.0f1.1 [ 59.0 | c.08f0.20 | 3,88 2.08
15-30| 5.9 0.2| wo | 0.5 | 63.0 | 8.09|7.0]0.2 | 9.0 ] 0.07 [0.21 |1.25]0.95
50 0-15{5.9{ 6.1 b | 1.4 38.0 | 0.11] 7.0| 1.1 | s9.0' | 0.08 |0.20 | 3.85 | 2.08
1530} 5.9 0.2 "~ ND 0.5 | 63.0 | 0.09 7.0 042 9.0 { 0.07°|0.21}1.25{0C.95
100 | o-1s[6.0f 0.1 | w0 [ 1.1 | 60.0 | 0u11[s.0f0.7 | 99.0 | 0.07 [0.11]2.18 .24
15-30| 5.7| 0.2 |- .wp | 0.2 - | 4.0 | 0.00|6.0]0i1 | 16.0 | o.08 [0.07 | 1.00}0.55
150 | o-1s|6.0f o.1] wo | 1.1 [ 600 | 0.11f8.0f0.7 | 99.0 | 0.07|0.11]2.15 1.24
*f1s-30] 5.7 0.2 wo [ 0.2 | 46.0 | 0.09|6.0f0.1 | 16.0 0.08 | 0.07 [1.00]0.55
200 | o=1s]s.0lc1 | wo | 0.9 | ss.0 | 0i11| 7.0f 0.1 | 72,0 | 0.07 [0.07 0.85 ] 0,08
|1s-30]s.3 0.2| wp | 0.6 | 52.0 | 0.10] 6.0f 0.0 | 14.0 | 0.07 | 0.07 | 0.55 | 0.38
250 | o-1s|e.0l0.a| wo | 0.9 |'s3.o| 1| 7.0) 0.1 | 72.0 | 0.07 [0.07 | 0:85 0i08
i {15-30] 5.3] 0e2| wo | 0.6 °{ sz.0| 0.10] 6.0] 6.0 | 14.0 | 0.07]0.07 G5 faize ¢
300 | 0-15[6.0f 0.9 wo | 1.1 | eo.0 | ou11] 8.0f 0.7 | 99.0 | @.07 [0.11f 2.15]1.24 :
~ J1s-30)s.7f 0.2] we | 0.2 | 46.0| 0.09| 6.0f 0.1 | 16.0 | 0.08 | 0.07.] 1.00 0.55
asa . | o.15)s.sf 0] wo | 1.0 | 7e.0| 0.11] s.0f 3.1 90,0 | o.08}0.12{1.90]0.64
o+ 1 |1s-s0fs.s|ouz| ‘wo | 0.z | s4.0| 0.09] s.0| 0.5 | 11.0 | 0v07 | 0.06  0.50 | 0.06
400 | o-15|s5.6f0.1| wpo-| 1.3 | 12.0 : o;oé_ 6.0 0.5 [108.0| .08 ‘0,13 | 1.50 0,42 -
| 15-30| 5.4 @.2| w0 | 0.7 | 27.0 [ 6.08) 7.0] 0.2 “27.0' | 0.06 | 0.08 | 0.35 | 0.13
sso | o-1s|s.eloarf w0 | 1.3 | 42.0| o.08| 6.0} 0.5 |108.0 | 0.08 [0.13 | 1.50 f.0u42.
15-30(.5.4] 0.2 wo | 0.7 | 27.0 o.08f 7.0} 0.2 | 27.0 | %.06 [ 0.08 | 0.35 [ 0.13
500 0-15| 6.5 0.1 | wo | 1.0 | 78.0} 0.11] s.0f 3.1 | 90.0 | 0.08f0.12 1.90 0.64
15-30] 5.5| 8.2 ] nB 0.2 54.0 | 0.09} s.0f 0.5 | 11.0 | 0.07] 0.06 | 0.60] 0.06
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go=chaemical Characteristics of-Soil Samples from Port Harcourt and Envirens

on | £c | THC  forg.c.| o, [TaTALlww,” ng - wo3” |nat kT ca®t g2t
) (pem) 1 % (eem) | 2 | * PP y }¢  imeq/100g seil ).
ND 1.1 | es.e |o.09 5.0 0.7{70.0 | 0.07}0.12 |o.60|0.08
ND 0.6 80.0° {0.10 [ 4.0 | 0.3} 18.a | 0.07 10.07' 0.40 | 0.44
ND 1.4 | 12.0 |0.11 5.0 | 1.4]16.0 | 0.08 [0.18 |2.10 [1.28°
ND 0.7 | 47.0 lo.10|7.0 |0.4|36.0 | 0,07 {0.12 |0.50 |0.10
xo. | 1.1 | eo.o |o.07|e.0 |o.e|s5.0 | .08 |0.13 [1.38 fo.08
w | 0.5 | 22.0 [o.09 8.0 |0.5|16.0 | 0.07|0.05 [0.550.30
ND 1.1 | 22,0 [o.11[6:0 | 0.5 |99.0 | 0.08|0.15 [0.007f0.34
w | 8.9 | 12.0 [o.e9f6.0 | 0.5 |27.0 | 0.07|0.10 [o.4a5 |0u13
wo | 2.0 [ 52.0 |0.13| 4.0 | o.2}az.0 | 6.07]0.09 fo.7s |0.20
~no | 1.0 | s0.0 }o.11]6.0 | 0.2]|18.0 | 0.06[0.04 |0.30 0,34
wo | 1.1 | 0.0 fo.07| 8.0 | 0.4)65.0 | 0.080.13 |1.35|0.05
ND 0.5 | 22.0- [0.09} 8.0 | 0.5{16.0 | 0.07]0.09 |0.55]0.30
wp | 1.4 f 12,0 fo.11] 5.0 | 1.4| 62.0 | o.08]0.18 [2.10 | 1.28
np | 0.7 | 47.0-}.0.10] 7.0 | 0.4]36.0 | 0.07)0.12 [0.60 0410
Noo 2.0 ) 52.0 | 0.13] 4.0 .d.z 45.0 0.07 0.09 |0.75 | 0.20
1 ND ] 1.0 60.0 | 0.11] 6.0 | 0.2] 18.0° | 0.06 | 0.04 '0.30°| 0.34 .
Tox| wo | 1.0 | e6.0 [o.0sf si0 | .07f 70007 [ 0,07 0u12 080 f0.08
“wo | 0.6 | s0.0 [o.10| 40 | 0.3 180 | 0.07) 0,07 |o.an foias
wo | 2.0 | 91.0 | 6.12] 5.0 | 0.5]59.0 | 0.07]06.09 |0.55)0.57
Nno. | 1.0 26.0 |.c.11] 6.0 | 0.2] 11.0- | 0.07] 0.07|a.40]0.03 3
o | 1.4 | 22.0 | 0.11] 6.0 | 0.5 990 | o.08f0.15 [r.000.34
wo. | 0.9 | 12.0 | 0.09f 6.0 | 0.5)27.0 | 8.07| 0.10 fo.4s 013
. e
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;@PPEMDIX»R(B) _
3‘ “rf tics .gf Su-l Samplpq FLom ‘Port Harcourt and Epnuirons!

THe [ 0rg.C. su&ﬁ_ TOTAL NH4 NOZT Nos | mat . ca 2*; mg*

(pem) | %} {PPM) %_ 't pPM | ) | (. Meq/180g sgil . )~

o

{0.07 |o0.07 |g. 5@ 8.21
0.08 | 0.06 [0.58 |3.39

%0}1 ~ o | 1o 22.0 0.09 | 6.0 | 0.2
0.1 WD | 0.9 ‘18,00 f0.12 | 3.0 [ 0.2
0.1 | w | 0.7 |10.0 Jo.05 | 40| 0.4 /9.0 |0.09 ‘0.07 [o.70 [.17
: wo' | 0.7 }z2.0 |o.07 [7.0f 0.5 s.0fe.09 |o0.05 0.45 | 7.12.
o1l w | 0.7 |10.0 [6.09 | 5.0 0.5"|27.0 [0.00 | 0uos ‘0.0 |0.22
0.+| w | 0.4 | 21.0 |o0.08 }5.0) 0.7 ' 16.0 | 9.10 | 0.04 | 050 | 0.83
~0.1] w0 | 1.0 | 21.0 |o.07 | 6.0 0.1 14,0 0.0 | 0.05 [o.90 | 1218
0.1 | ‘wp | 0.8 26.0 b.qs 5.0 | 0.0} S.0 '0{09‘ 0.05.0555'-033
1} wo| 1.0 100 |0.06 | 80| 0.2] 9.0 0,10 | O;QS“'1.65‘EO.3f )
ND .| 0.3 | 15.0° [0.10 6.0 0.4| 8.0/(0.09 | 0.04 a;as->3;1§-
vo | 1.0 [10.0 {o.06.| 8.0 0.2] 9.0}0.10 | 0.05 |1.05 |0.34.
o |- 0.5 | 15.0 Jo.10| 6.0 |~0.4] e.0f0.09 | 0.04 |0.65 0,10
no | 4.0 | 2100 0,07 | 6.0 | 0.1[14.0 0.10°'|'0.05 0.90 ‘1.1%.
o | 0.8 | 26,0 |o0.06| 5.0 0.0] 5.0}/0. 09 | 0.0 | 0.65 8,08
wp | 8.7} 10,0 | 0.09 | 5.0 | 0.5|27.0f0.00 | 0i06 |0.80|0.22
b | 0.4 |
0.7

L
*

% T

e

(51 Ve B ¢ R e
o o &

L R

e R L I B
I ORI A S y
At m N o0 wr N oo
a o

[ ]
-—d —

|
.
e

L av
8 ]
I

RN

L

. gse '
LR & EE )
. .

P R
EY R R

{ ool wo | 21.0 | 0.05 | 5.0 | 0.7 18,0 0.10 | 0.04'| 0i50 | 0.83
0.1l wp - | 10,0 |'0.05 | 4.0 0.4 9.0]0.09 | .07 ‘g.70°] 0,147
fowe | a7 | o22i0 Jowor| 7o |0 5.0} 0.09 | 0.05| 0.45]7.12

cg0.1| e | 0.9 | 16.0 0.09-| 6.0 0.7} 27.0] 0.07 | 0.06 | 0.95] 0.47
.0.1] N0 | 0.7 | 45.0 |0.07 | 8.0 0.5} 20.0] 0,08 | 0.05 0.60 | 0.08
ot wo b oteo | 22.0 }o.os | s.0| 0.2} 1a.0f0.07 | 0.07 .0.60 | 0.21
‘0.1 wo | 0.9 | 18,0 Joarzf 3.0 ‘0.2| 9.0} oc.08 | 0.06 | 0.50]3.39

. k T

pts s S~ JERT. N RS R R 58
Q
L]
-

[N N e _—
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APPENDIX A(9) . . : - e ‘
T physico=Chemical Characteristics of Seil Samples from-Port Harcourt and gnvirons -
frahsept pepth | ph | Ec | THC [org.c.| PO4 | ToTaL] M, 'qu“ N~ nat okt Cal+_N92+
PHSELT - 1 (Em) |* (ppm) 1 & L (eem) | B} ¢ PPM )} ¢ Meg/100g Soil ) )
o | o-1s|s.elos| wo | 1o | 100 {007 | 7.0 | 3.1 {40 fo.12 | 0.15 fous0 jo.61
. 15=30 | 5.9 0.1 MO 0.8 15,0 | 0.11 | 7.0 | 3.8 5.0 ) 0411 . - 0.20 | 0.95 | 0.48
s0 | o-1s|s.s] 0.2 w | 1.5 | 5.0 |o0.70 |10.0 | 2.6 [29.0 0.0 0.13 | 0,95 |0.58- N
~ |as-sos.7)oar | owo | o1z | 30.0 | 0.09 | 5.0 | % 16.0 | 0.10 [ 0.08 |[0.40 [0.08 o
100 0=15| 5.8] 0.1 | wo | 0.9 | 26,0 [0.12 | 6.0 | 2.9 |14.0]0.08 [ 0.08 [ 1.601.63
| ‘is-30| 5.8] 0.1 | wo | 6.8 | 33.0 {0.13 | 7.0 | 4.8|27.00.08 | 0.09 |0.90 f2.10
150 | o=15!s.5| ou2| wo | 1.6 | 22.0 |o.09 | 7.0 | 3.7 |s0.0f0.12 | 0.19 | o.80 |0.98
115-30| 5.7{ 0.1 | wp | 1.0 | 20.0 |o0.06 | 8.0 | 3.4|45.00.09 [ 0.100.350.08
200 ‘0-15| 6.0) 0.1 | w0 | 4.2 | 23.0 | 0.12 | 8.0 | 2.8)18.00.08 | 0.10 | 1.55 | 1.80
- |15-30] 6.0} 0:1.] wo | 0.5 |.13.0 |0.127| 6.6 | 4.7|19.0] 0.08 | 0.06 | 1.00 |0.86
2507 " 0-1s| 6.0[ 0u1 | wo [ 1.5 [ 17.0 | 0.09 [ 6.0 f 2.837.0 6,07 [ 0.07 | 0,95 | 2.33
- v7as-30| s.a] our | wo | 1.0 | 5.0 f0.11 ] 6.0 | a.1]34.0f 0.05-f 0.07 0,50 | 1.97
300 | 0e15| 6.0} 0.1 | no | 1.6 {'16.0 [0.19 [ 7.0 | 3.0)49.0)0.08 | 0.21 1.30 | 1.80
_ .| 15=30} 6.1} 0.1 |} NOD 1.4 '24;6;’ 0.14 | 6.0 | 3.4} 24.0|-0.07 } 0.19 .0.85,_5;06
350 . - -g=15] 6.1] 0.1 o | 2.1 ] 26.0 | 0.18 | 9.8-] 2.8] 18.0] 0.08 § 0.12 | 1.30 ] 2.33
" |1s-30} 6.3 0.1 o onp | 1.4 | 24.0 | 0015 | 8.0 [ 3.5 28.0| 0.07 | 0.08 |0.85 | 1.94
400 - 5“ﬁ415 6.0/ 0. :_ ND | 1.2 ' 20.0 .0.12 | 8.0 | 3.1|s0.0f 0,12 | 0.20 | 0.80{ 1.60
{1s-30f 6.0f ai1 | wo | 1.0 [ 22.0 Jo.12 | 7.0 3:4 46.0f 0.08 | 0.12 | 0.65 | 2.00
© 450 0-15| 6.1] 0.2 | wo | 1.8 | 20.0 |0.16 | 6.0} 3.4] 9.0f 0.07 } 0.08 [1.20] 2.20
~ l1s-30] 6.1 0.1 | wo | 1.6 | 26.0 | 0.15 ) 6.0 36| s.0| 0.08 | 0.06 [0.60( 1.96 i
soo | o-15| s.0f 0.1 | wo | 0.9 | 34.0 [0.12| 6.0 2.9] 13.2] 0.07 | 0.09. | 1.69 | 1.60 |
| 15-30f 6.1] e.1 | wo | 0.7 | 33.0 | 0.3 | 70| 6.5] 27.3] 0.08°| c.08 | 1.08 | 2.23 {
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APPENDIX A(10) ‘ N _ ‘ .
Physico-Ci"lemical-- Characteristics of Soil Samples from Port Harcourt.and Environs
: Y _ : C. : o, = .=} : + ! - 24 2%
ool G0 N (0 e il o S i L
0 g-15|5.9|0.2 | ss0 | 0.8 | 1.0 Jouor | 2.0 1.7 |18.0 [0.10 o.08 [1.10 [0.es
| 15-30 [ 6.0 | i1 | 720 | 0.7 | .0 fo.10 | 3.0 |o0.8{32.0 [0.09 fo.07 [0.65 |8.23
50 0-15|6.0] 0.1 |'360 | 1.0 | 10,0 |e.09 | 6.0 {3.1] 9.0 0.12 [0.06 |1.25|0.37
: 15-30] 6.2} 0.1 | 210 8.5 ] 17.0 |0.06 6.0 |3.4| 5.0]0.11 |0.05 |0.65]0.33
w0 | 015|610t | 63 | 0.8 | s.0 |ouro | siofo.5|36.0|0.10 | 0.06 1215 |0.21
A 15-30] 6.1] 0.1 | 44 | 0.6 | 11.0 |o.07 ] 4.0]0.511.0]0.08 [o.05 [o.65 jo.03
150 | o-15|s:8) 0.2 | 18 | 0.7 | 26,0 [8.41 | 6.0 4.1 [14.0[ 0,10 }0.08 [0.85 |0.42
l 4s-30]6.0f0.1 | s | 0.6 | 10.0 |o.09 | 6.0]6.0| 9.0]0.110.06 f0.50}0.10
200 | o-1sj}s.efo.2 [ wp | 0.7 [ 26.0 JO.11 | 6.0 4.1 -14.0 f'0.10 [ 0.08 | 0.85 | 0.42
_ 15-30] 6.0 | 8.1 | w0 | 0.6 10.0 | 0.09 6.0 6.0 9.0 0.11}0.06 0.50 | 0.10
250 0-15} 6.0} 0.2 | wo | 1.0 | 12.0 Jo.09 | 6.0]0.9]23.0]0.10 0,06 | 0,95 0.30 v
- 18-30'| 6.0{ 0.1 | w0 | 0.7 | 19.0 fo.1z |12.0{4.3] 14,0 0.090.050.500.16 e
300, | o-15|6.0] 0.2 | wo | 1.0 | 12.0 |0.09 | 6.0]0.9(23.0 0.10 | 0.06 | 0.95 |.0.30 %
- 15-30 |.6.0 | 0.1 | wo. | 0.7 | 19,0 [o0.12 [ 12.0]4.3 14,0 0.09 | 0.05 | 0.50 | 0.16
350 ' o-1s|s.8 0.2 | w0 |.0.7 | 26.0 J8.11 | 6.0 4.1 14.0] 0,70 0.08 0,85 | 0.16,
 f1s-30fs.0|aur | w0 | 0w | 10,0 |0.09 | 6.0 6.0 s.0|0.11| v.06 | 0.50] 0.10
so  [o-15|e.1] 0.1 | wo | 0.8 | 4.0 [0.10 | 5.0|0.5)36.0] 0.10] 0,06 | 1,15 [0.21
7 j1s-30|e.1fo.1 | wo | 0.6 o} 11.0 [0.07 | 4.0 0.5 1.0 0.08 0,05 | 0.65 | 0.03 .
450 | o=15fe.0f0o.r | wo | 1.0 | 10.0 [o.09 | s.0f3.1] 9.0 0.r2f 0,06 1.25]0.37 g
. . {1s-30f6.2f 0.1 | D 0.5 ‘| 17.0 | 0.06 6.0 3,4vi\5.0 0.11 ?b.bs,-o}ss 0.33 3
s00 -~ | o-15)s.5| .2 | wo | o8 [ 10.0 fo.07 | 2.0} 1.7f 18.0] 0.10f 0.0a 1.10 | 0.48 :
}1s230|6.0) 0.1 | wo | 0.7 | 8.0 fo.10 | 3.0)0.8|32.0f 0.09) 0.07| 0.65 | 0.23 E
L



‘Transect |Depth” Bacteiia Funai. Fungi Species  Present % , :
PHNWAT (Cm) Population Egl‘my“ : _ ' ' :
| Cf (x108)y  f(xi0%4)|as Fm Pm Pe Ra Rs Ta Vvr |

9 |o-15 | =20 10 |90
| 15=30"| ~ 222 | 4 |ses| 12] . | .
50 0-15 18, - | 10 |oeo|. s| - 5.
' 15-30 26 | 4 |es| 12 _
" 100 0-15 . 18 19 |38 10| 30 L o1a| | s
15-30 20 | 13 |aas - 16 |,
150 | o-1s 14 12 s s | e - 4
15-30 | 20 6 of 73f  } el I 5

[44]
[ 81}

200 - | 0-15 .| . 16 12 13| 75 8. 4 }
o Is-30 |© 24 | e N £ I BT ;

; 250 0-15 26 19 34| 61 o 5
~ [15-30 22 4 | 28| 25| 38 12 :
300 - |'0=15 ] 18 "19 38| 10| 30 14 8 ]
15-30 22 13 84 | 16 :

350 | o-15:] ‘.28° } 30 .| 70 1 29 ‘ ‘
- |s-30 20 66 | o6 2| 1 N
- 400 0-15 8 | 12 1 131 78 8 4
- |1s-30. 22 6 | 9) 173 18 o
450 0-15 26. 30 | 70| 29 - | 1 oA

C |1s-30 | 20 | se N T 2| 1 1| :

“ kg0 0-15 .24 19 | 34| 61 1 s ;
|15=30 22 4 251 251 38l | 12 F




APPENDIX B(2)

Fungi

Transect |Depth |Bacteria " Fungi Species - Present ¥
: bHNwﬂ (Cm). Pqpvu%ation Calony ‘
C (x107) Count » :

’ : (x104) | As Pm Pe Ra Rs Ta 'Vr
0 B~15 24 29 | 9s 5
~ |1s-30 22 6 {100 -
50 | 0-15 38 3 |100 | I
o 15-30 26 a6 | 93 7
100 0-15 | 28T 27 46
15-30 34 s | 38 62
150 a-15 28 10 95 5
15-30 24 3 | 100
200 0-15 30 10 | 90 10
15-30 28 3 | 100
250 0-15 36 16 | 78 20 2
1630 |1 . 30. 2 | 70 30
300 0-15 34. 18 | 75 25
15-30 26 4 | 78 25
350 0-15 34 12 | 90 10
| 15-30 30, 5 | 100
400 0-15 28 6 | 27 27 | 46
15-30 32 4 | 38 62
450 o-15) . 36 3 | 100
15-30 300 6 | 93 7
500 0-15 .26 29 | 95 5 |
15=30 24 6 | 100

Cowey e, T
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. APPENDIX B(3)

—

: ._-Tran_sect' Depth |Bacterda - F.uﬁlgi Fungi - SPG.C_J'-B'S' . Present %
.| PHNE4T (Cm), |Population. |CoXony T o _
| 5 (x10"4) |As Fm pm Pe Ra.- Rs Ta Vr

. ,

0 jo-1s | 22 26 |40 | 46 | el a4}
o 15f3é= 24 | 7 _’7' e 7| 7T |58
so  |o-1s| 32 | 8 f sfes ). |18 e |68
| f1s=30 | c2a | 9t} o] 1 |2
1007 | o-1s | 24 | 18 23l 2031 | sl 3 |17 |
- f1s-30 | .220 [ 13 Jeo 2| | | &l | |4
150 | o-1s | esan |8 f20 ) faa | | oar| ;
- 15-30 B 28 o g . ££~ sl 22] - : 12 v
200 fo-1s | 26 |29 | 44| 16| 20 (53 N O
- |1s-30 | - 20 'so| |ao |- || 10
250 - | 0-18 | 34 20| e | el B
o |s=30 | 28 a4 | 22 [ | 22 |2
3000 | o~15] 30 | s ss 1 18 6 | &
B FTETH R 24" AR 1 | a7l | 72 !
350"5 0-15"‘, '28.. |29 44 16 | 20 13 17
o beseso | 24 | s | so 30 10 R RT:
400 | 0215 26 | 18 | 23| 20| 3| | & 17
o lis-zo | 28 | 43 | so] 12| N S N
DY R I SO T- R VR NI | 5| 65 RN B R A
. ] 1s-30 26 |9 ] S EET N 72
500 Q=15 30, |26 | 1] [ s0 1 6] a| 4
: l1s-30 | 26 9 B2 N T 1 2] 7 |ss

O O O ©."

L L
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APPENDLXQ?(é)
PHNERT  [(Cm) " |(x106) Count " S -
' (X10"4) As Fm Pm  Pe Ra Rs Ta Vr
0  0-15 24, 19 |22 [ 3 |60 5 10°
15-30 . 26 58 s | 1 |.92 2
50 0-15 22 51 7|18 | 64 6| 3| 2
15-30 22.7 30 1 al a2 7 '
- 100 0-15 20 16 |39 | 10 | 32— |3 3.l 3
15-30 22 89 5 93 1 | 1+
150 0-15 24 51 7| 18 | 64 6| 3| 2
| 15-30 | . 22 30 | 882 7 3
200 0-15 .24 a0 | 1 8 | 70 5. 5 1
o 15-30 18 15 20| | 76 3
250 0-15 28 28 | 20 | 13| s 7 4 | 1
15-30 20 7 | 30| 7] 43 20 |
300 . 0-15 26 16 | 39|10 32| e | 3] 3
- 15-30 24 89 5 93 1 I e
350 0-15-|- —-26 _ | a0 | 11} & 70 5 -
| 15-30 20 5 | 21 76 3
400 0-15 26 51 7] 18 | 64 6 3| 2
15-30 26 - 30 - 8| a2 7 3
450 0=15 28 28 | 20| 13| s5 7 4 | 1
| 15=30° 22 - 17. 30) 7| 43 20
500 0-15 26 19 22| 3| 60 5 10«
15-30 28 58 5 1] 92 2

—— .



Tr'anse.ct Depth- Bacterijjm
A .PHST | (.Cm.). . ?;qgé;%.lon
—
0 0-15 22
- 15-30 18
50 0-15 26
o 15-30 22
100 - ~be1é 38
| 15=30. - 26
180 .. | 0<15
. |1s-30 18 3
200 0-15 36 127
S |s-30 22 10"
250 - | o~15| . .30 5|
15-30| 26 g, | 30" 9
300 . 0=15 24 30 |16 | 16 | 60 8
\ 15-30 18 27 | 12 | 81 7
350 0-15 30 35 | 20| 2§ 73 5
. 15-30 24 80 3110 | 85 1
400 0-15 30 - 20 | 40 | 7| 49 4
15-30 " 28 15 28 | 9] 57 6
450 0-15 28 50 6 | 10| s0 4
15-30 26 40 3| 7] 86 2 | 2
500 0-15 36 100 | 10. | 86 2
I'15-30 46 40 7| 6| 84 3




L RpRENGIX H(8) U

162

Transcct |Depth [ Bacteria |funai ] Fungi  Gpecies  Prasent = %
PHSW4T (Cm) -lpopulation|Colony : : - :

6 - | 0-15 36 20 |48 | | 52
15=30 20 | 10 60 1 40
‘50 0-15 | 36 25 45 " 55

100 0-15 |- 20 15 |eo | .| 20
| 1530 BT 8 | 70 1 a0
150 | o185 | 22 s | 80 20
830 20 | 1o |70 | | a0
200 0-15 24 |+ a0 | &2 38 | |
115-30. 22 | . 20 |25 . | a3} RER
250 o-15| 28 | 80 | 62| 38 -

300 | o0-1s 24 5. | 80 20
15-30 | ~——20.. g_ |70~ 30

350 | 0-1s 24 | 70 98 | 1| , ]
15-30 | . 16 10 | s5{ 9 36
400 | 0-18 | " 22 64 | 100 ' |
‘ 1s-30| 16 | . 52 | 100
450 0-15 24 68 | 100
15-30 20 | s0 | 9a] | e
-s00 | o-15{ 24 | 70| 98| 1 B
o fs-30] T8 | 101‘ 55 . -1 36|

(x108) - |count S L
’ l(x10=4)ylas Fm Pm Pe Ra ~ Rs Ja

15=30 22" | 20 | 25| | 1s| |7 feeje—o

15-30 18} 10 |88 | a2 | . |l




',dss
FT;ranse‘ct Déptvh" Bacteria' ' Species P‘r'eélent ‘}u )
JECEL I P I
RS pm. Be Ra  Rs Ta, \Vr
, S | '
0 0-15 2 ,
| 15-30 ) o
50 0-15 1 U
- 15-30 x -
100 0-15 ; 1y
15-30 i W4 s
150 0-15 | o R
16=30
200 0=-15
| 15~30 |
250 0-15 | | s9 i
15-30 T ae T ) 00
300 0-15 53 99 1
15=30 ifﬁgu 99 1
350 0-15 51 | 100
| 15-30 51 96 .
400 0-15 81 98 2
15=30 72 100
450 0-15 60 99 1
15=30 64 100
500 0-15 55 100
15-30 40 100




' Fransect |Depth |Bacteria
ensert | (Cn) - JPepest
0 1 0-15 58
AJA' , 15-301 34
500 [ 015 | 26 6
‘__41' 15-30 | 20
100  Q§15" 26 ‘
" 15-30 | = 32 7
150 0-15 24
o 15-30 | 28 89, a .
© 200 0~15 34, 90 oo | |
| 15-30 24 w | 1100
250 0-15 32 5 |100
| 15-30 | 26 4 100
300 0-15 | 24 66 | 64 31
| 15=-30 20 27 | 89 4 &
350 0-15.| 28 40 | 99
1530 |- 38 7 | 14 | 79 7
400 S 0-15 | 26 19 | 65 24 6
1530 24 17 | 18 | 12| 70 .
450 g-15 | .28 9 12 | a1 | a1
| | 16=30 36 4 | 13 ] 25| 62
500 0-15 | 36 8. | 69| 31 '
' 15-39 30 31 j@é" 51 13




e;;fTranse;t_
PHSE 2T

Depth-
(Em)

Pm

 Pe

- ‘Species - Presgnt

:Ral

‘R‘S"'

ur

50 -
_10@
150
300
‘;250
- 300
350
400
450

500

15-30

1530
- 15-30

15=~30

15=30

p-15 |
115-30
- 0-15

15-30
' 0-18
15=30

0-15

Q-15
15-30
0-15
0~15

0-15

0-15

15-30

0-15
15=30
' 0-1§

'é;"f

' 30
28
-.30

26

26
30,

26

24
26
20
24
22

28

| so.
R

82
80
17
36

19

42

82

80

17

36
79

42
- 58

22

50
'47 .

23

13

58

22

14
12

14

81
64

41
81
64
41
30
64

25
56

1. 30

64

85

20

20

13

o | 33
|1

11
9w -

17

17

33
13




"Traﬁsgct
PHNT

Depth
{(Cm)

:me 

i Gpeciest

'Pa~‘

Ra

Presant

miRsi‘

50

100

200 .
250
300
350
400
450

500

0=15%

.0=15

115-~30 .

0-15
0-15

15-30

0-15
15—30
0-15

0-15

15=30

"15-30
0-15
15-30
' 0-15.
15-30 |
0-15.
11530 |

15=30
0~-15.

1 5—.13_0"

15=30

54
100

80
64
90

 27

34

115

27
" 58
33

26

32
“A1

o |
1100
4100

1

32

C4n

26

15

15

|20

20

16

16 -

6

-

e
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LEPENG.IX 6(1)"_Ehécklist Qf»uégetation Withio -the Port Harce and Environs
. Field/Transects p :

Acion bateri 44 40 8
- Albizzia labella 60 230 10‘ 10 310 | 62
Albizzia zygia | 5 20 \ 20| ¢4

Albizzia adentifelia ’ 50 20 128 440 230 46

Albizzia SpPP. | 220 220 44

Akornea ;Ordifetia 150 400 97C 200 360. 2186 436
‘Ancephalantus '§;5 _ 100 180 20
vélstﬁnia - ‘congensis
'Aﬁphfmasgb '§E‘,

Tﬂﬁdééédiﬁm'“*f;ﬁb:iaehtiaiisair;" 40 40 8
E"Aﬁéﬁfgéis;  " africame 60 6o} 12
“Anthpélaﬁstag-:dialonensisif‘ 30 30 6

Anthonata  Sp. 100 360 200 660 | 132

Banana- . 100 340 380 820 | 164

Baphia nitida 330 320 200 170 1020 | 204
'gestinio sp. 10 160 | 170 | 34

Bombosa vulgavis 50 60 110 22

Carica papaya 30 40 70 14

Ehlorephora excelsa A 40 180 220 44

Leiba pentendra 30 100 60 20 210 | 42

Citrus SpP. 40 40 8 .

Eleistophaolis peteus .

. £Ocos nucifera 10 10 2

Cola Arriminab g 1N - an v)
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_AP?ENVD»IX, c(z) \/ef{qe‘ta‘tidn in the FJ'o'rt Haréo’ur_t an_c;- Environs Field/Transect {Contd. ) '
R LT T Ao _
© SPECIE $ TpHNT/ Uornug 1/ [ eune,t/ | PHneqt/ [ PHNERT/ lyorar |mea
j pusT PHSH1T | PHSW,T PHSE4T PHNE,T
- Combretum hi.s_i:)idé |
Combratum ﬂgiq;ar'*.thia 20 20 &
‘_'Cfd’.m'aretumr ‘ 'pervmi*cutata. 180 20 200 40
" Combretum | Sp. . . 30 150 190 | 18
i Comal 5 320 70 390 | 78
J 640 540 | 128
I \ 9g‘f S g0 | 18
D:'a"’l'u'm gu;nnsnsalv ‘ .
Draecinia manii i1 jdﬁp S BEFL 380 320 990 |198
‘Dracryodes.. edulis. . . 450 200 20 520 |104
' ' guinnenga-| 100 20 120 | 24
Sp. o 160 160 | 32
quinnensig C 310 © 380 360 620 2070 | 414
Sp. i 1200 350 240 360. 540 2790 | 558
Sonchisocia , 160 1860 32
Spp. - 60 130 190 | 38
' ' 40 40 8
Ficus . exaspirata 230 240 290 270 280 1080 216
[ ingeus | 60 10 70 14
Feo gescucenta 40 50 60 150 30
Funtumia elastica 110 ' 110 22
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APPENDIX C(2)
SPECIES punt/ |prnuqr/ |PHwu v/ D eHNE T/ [PHNERT/ Jrgrar | mean
PHST | PHSW4T PHSL2T PHSE4T | PHSE,T
Grestiz féruginea 150 200 118 20 320 gan 160
Holarchena floriburda 50 10 40 100 z0
Hernca hleniana
Harungana 50, 320 13 330 &5
arungana madagascariasnsis 100 54 160 32
Hausa brazilienéis 41 40 | 8
.:‘iéf.i.‘?. grandifaolia 40 40 8
Irvirgis Sp. 30 30 &
“T1. sabonensis
1. Smittii 30 30 6
KBayg grandifolia
'Lado@hia Cwerrisnsis 50 50 10
" Lannsa Sp.
Lecaniodiscus Sp. 160 120 280 56
L. cupanicides A 60 60 12
Lenchecarpus Sp. 30 300 70 20 4240 84
Lophira atata 50 | ' 50 10
———fizzabeteryia-  5p.
Malletua sp. 450 400 _640 960 640 3090 618
fanihot utilisima 150 50 170 240 180 | 790 158
Mangifsra indica 60 20 80 16
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apErnnIx o{4) Table 73 Contd.
] PHNT/+ PHNW“T/' ‘DH{":WZT/ PHNE TS pH;‘}EzT," TOTAL MEA
T — PHST BHSW,T oHsup T |eusest  |eascor | it
Fauzonlia S0,
Maranthoclea 0.
fiitracyoa ciliate 640 540 j28
Muse sapientum 356 120 209 160 480 95
Musanga cercropiocdes 30 ' ’ 30 3]
Navclse ssculsanta 150 50 640 260 478 B4
Napoleona vogeli 150 210 . 40 20 8OO 1220 | 224
Newbouldia yeavis | 90 60 180 40 370 74
0lax sp. :
Pacry 'é 70 20 30 18
Ea?iigii hisuta 650 550 180 280 540 2250 450
Pentaclithra macrophylia f
Ciags:cb astrum africanum A .
Psidium uojava | 300 270 180 520 1270 | 254
Oterocarpus 5p. 50 " 20 70 14
B. _ Soyauxii .
Raunvophia vomitoria 10 60 70 14
Rycanthus - augoleanse 120 20 60 80 280 56
Ro.Landclyhia Qweariemsis 10 160 170 34
Raphia hooker i 310 ‘ 160 470 94




L <
|
i / 174
H : he HIEA
; i
: [
|
z !
1 i
_ l |
!
o ]
| APPENDIX € (5) |
., SPECIES  |PHNT/. PHNiT/ T punuoT/ | PHNEST/ | pune, 1/ | rorac | mean.
! . . ; QL7 il o fudl =
. . ; pHST pH-??v : FHESE,T }‘Hsth pHNEZT
Rhyzaophora GD. 50 50 10 -
5ida acota 320, - 120 " 480 920 184
- ' \‘ . ;
Solamum Spp. | 19 , ; 10 Z
| . .
Spondia . mambin 50| &0 . 80 | ;80 S240 . 510 102
Sterculia tragacautha ! 20 40 60 120 24 vormEE
] : : )
Talinum triangulars ,‘f 120 - 120 24
Tgrminalia' Ivorsensis f ; 80 80 15
Urena lobata - = 150! 250 350 | ¢ 540 700 799 |, 398
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‘thecklist of Phytoplankton Specisuy i Port
Harcourt and Environs Sampled Straeaams

CAPPENDIX D3

Specis " gbundance
St ream A 3] C

BACCILARIOPHYCERE (DIATDMS)

Melosira © granulata 4 7 30
M. ' Uarcuié - 13 15
Navicula muralis - 9 15
Nitzchia acicularis 4 8 9
Szneﬁfa acus. 1 2 8
Se i Julna 2 i 19
" CYANOPHYCEAE

Chrococcus - limnetica’ 5 14 24
Microcystis aeruginasa 10 7 14
Uscillatiopia limneﬁicé 4 - 6 -9
g limosa 6 8 12
CHLDRDPHYCEAE |
Ankistrodesmus falcatus - 13 75
A | spiralis - f9 85
Cosmarium bioculatum 26 70 130
Micrasteruim Crux A 2 .20
Scenedesmus quadricaud; 6 9 20
S. obliquus 2 5 1§
Stranrodesmus connatus 2 6 10
S. "triangulata - 2 "5
DINOJHYCEAE

'DihUeron cormita 2 2 11 -
Peridinium acciculifornes 1- 8 6
Be anctum - 5 3]
Ceratuim ~cornutum 4 14 13



APPEND IX
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»

SPECIE

ROTIFERA

Anuraeopsis
Ascomorpha
Asplanchna
Brachionué
B.

B
'Eonochiius
Filinia
Lecane
Mytilina

CLADOCERA

U RN
Diaphanosod

[T .

: 173 -
Checklist of Zzooplankton Species Within the
Samplg? Streams ’ ”
DENEITY . .1?*
STREAMN A wC .
paricula : j 1 1 ‘
4 egucaudis. .: © - - 2 ~
" brightwelli T 1 1 5 3
angulanis’ 1 4 10 ;
calyciflorué ' - 2 7
caudatus - 35
hippocrapis A - 1 3
6bolieqsis . - Vi
‘ decipens - - 1
ventralis - - 1
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- APPENDIX Fs Physico-Chemical Characteristics af Ssdiment -

ulthln the -Samplad

Streams

sediment Characteristics

'Sémpling Time
Témpéréture OC
| Alkalinity
BH
Cnnductivity
.Depth
.Colour
THC
Na
k
Mg
PO 4=P . : -
NDz=N
NH 4

NOo
Cl

S04

" (Stream) - Sediment

A . B - C
AWM AN AR

20,00 19.37 - 17.40
16..71 13.45  18.5%

6.40 6,60 6.30

- 230,00 216.00  238.00

10.000 10.00  15.00
Brown Brouwn Brb@n"
21.8 21.31 | 26.43.
1526 14,34 15.72
4.98 5.0 5,63
©2.46 2.57 2.26
3.86 3.0& | 3.13
410 3700 420 e
3.20 2.20 - 2.50
2.60 2.60 ... 2,60
11,20 11.53  11.78

214,00 115.00 203.00



APRENDIX G::Apparent Resistivity Readings For The Three Borehols

e 2 - Locations In Port Harcourt and Environs
- : P}H,and Environs | F.H.and Environs § P«He. and Envirans
AB/2 MmN BH1 BH2 —— ] BH3 L
Pa Pa Pa o
(m) (m) 1. (nm) | (rm) __f{nm)
2 7 185.6 ' 236.8 . 324641
3 1 142.3 95.4 L 200n.6
4 1 150.6 ' 79,7 , 2600,8
9 1 159.3 110.0 . 2050.,9
9 1 190.7 151.2 1506, 3
9 4 210,73 ’ 132.7 ©1006,7
15 4 320.6 A " 246.9 550, 4
25 4 850.1 _ 493,5 . 364,7
. 40 4 1206.9 1106.4 | T To=800.1 ]
50 4 1600.0 1052.7 . 1125.7 B
75 4 2000.1 11485,6 1732.5
75 B-{t R S 1 & 1 1 S N -42738.9 L 1920.3
180 | 20 . 1925.8 1003.4 1800.0 -
150 20 1506.9 .1000.1 - . 1403.6 -
200 20 |- -1389.1 750.6 w 121643
300 | 20 950.6 56642 R 1099.8°
300 40 1100.8 ., 649,85 950.3
400 40 856,7 | 546.7 BE5.9 W
500 40 | 7001.3 425.0 725.4




TRty

- The. "Horeh I

‘Geophys{bo-Che
'ChérébtéﬁisiiCa

SR
Alkali

22. Nifv ratio . ND ND ND
23. Hardness (Ca) 6.20 4,30 44,40
24, Total Hardness 9.30 8.00 © 7.40
25, Suspended Solids | 98,00 ' 90.00 92.00
26. Total Hydrocarbon : .

Concentation (ppm) 3.00 1.30 1.00
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As part of the requiremunt fox the award of the dpgree o
Master of Science \M 5¢+ ):in Environmental Manaaemant I' am
carrying out’ a" rch proaect on the Lo Lot s

F“ENVIRONMENTAL 1MPACT OF PETROLEUM DU T

15 SSESSMENT _
ACTIVITIES 1N, PORT HARCOURT AND INYIRON

I will be very. grateful 4f you would accurafely respond to
the questionnalre items below by ticklug the apprqgrlate -
3pace or by writjng in’ the 2_answe gg ' . -

Any 1nformatian you offer shall he treated wlth plrict
confidence and your anon)mjty 18 highly guaranteed.,

L

Thank you;

Yours giﬁ@erelﬁ;F: A

PART A: IDENTIFICATION/HOUSEHOLD luponMAT;or

. State of Grzgin.

-

s o——

. Local Government Area:

2
» 3. Community/Town:
L. Village/Ward:

5. Sex: Msle 7 Female [_:“7

7. Marital Status: Married Single

YR,
-8, Family/Household Size: s

L AT

S. Highest Educational Status:

10, - Oceupation: (i.e) .Your sccupatlon andiof your parents':

(a) Farming Z?h;T' (b) Business/Trading y

C S . .~—~—-«-' ’ p ooy
(c) Civil Servant: 7 (d) Flishing T

e Un ; § 33 : ,
( ) nemployed . /::-:.7 ‘f) Student .....7
11. Place of Work/Residence:
(e) "at home ,~ -= (b) inside villag
: T ) e 7

(c) outside village i S e



-3;3 : . ,V,X;
PART B.: AVATLABILITY OF BASIC AMENITIES ‘ _ '“3:,_\
12. Which of the following amenitieg does your community . %&
have? (a) Pipe~borne water ~-— (b) Electricity 7 '%
(c) Hospital/Health Centre ——v: o _ R :

(d) Motorable road (tareﬂ 7

!

(e) Primary School é:::7 (?) ’Secbndary SCﬁool [::7~v

(g) Post Seccndary School Z:::? : (h),Others T

13. Where gvailable, who provided the follow amenities?
- . (Gavernment, Community, 011 Company, individual)

{a) Plpe—borne water ‘i ; S ;
(b) Electricity: C " -
(c) Hogpital/Health Centre:’
(d) Tared roads:

e i e . (e) Primary Scheels f
e (£)- Secondary A - _?
(g) Post-secondary : :

__ {h) Any Other

-

I ITA (Remk in. erder of priority). List 3 most disturbing
proulems of your comnunity. Who should do something

about it?
Probtems R
(o) Problems @ espensibility
b | Y
(6/ . : (‘D

PART C.: DCONOMIC AND SGCIAL INFGRMATIOh COLUMN'

15. . Name the Oil Cempany or companims (o] ﬂrating in your
community (Only those praduclng oil _ .

(a) V4 (b)
{e) " 3 (d)

16, Has there been any oil spillage(s) since they
began operation° qu f s No Z:::7
17,  Has your commun ity suifered any aaverséty from ell
1 9 e N
?Pi lsvor vés flargs. Yes / /_‘Ao‘”fj~7

ot

18, Which resource(s) of your community are often
affected during. these incidences? = ¢ -

(a) Land T (b) Stream/creck [~-

(c) Farm lands [:-7' (d) Other

19. Spec1fy clesrly: How are the abpva béSOUrces affected?
(a) Land __ _ (b) Water (c) Farmlands

20. Has the provlsxan of putllc ubllifies by 0il companies -
stopped the adverse effects.of oil spllls or gas -
flares in your communﬁty9 Yes Zr~—"~- Mo /m-—u




21, which enonomic ‘setivity does your community main]y
: ry depend Qn? (e g) Y'dr‘ming, Fishing etc.

i Mt

22. Is the above actzvity the same a3 your famlly'ﬁ"

Yes T T ——
' \ L...- o o [g..m/ .
23. Js your communlty s or family's farmlands or fiﬁhlhg
centres close to 011 produc1ng fleld/locatlon?

Yes L-...::f

2. Has there bepn any lncidence(s) of gas flarins or Jt
0il 3pills wastes.discharged in or near your fgrm— i
]ands/fishlng dreasq ; : B !

Yesg [—7“~' No_{f~77

25. If yes,:how‘offew qbes this OCCur? (»} adaily /w»

(b) WG@VlY ! —  He) monthly Z i (d) YuarlyL~-7 :

s P

26, If there are ‘no gas flaring in your cummunlty,\please
spécify.

i e e it et St e Snam _( e

)

2. Wwhich of the following CPOpS or vegefation dous the : fﬁ:: Do
0il or gas falres wagtes affect?’ Any effects on I
their qualjty/quantity. S . i

Lowered Ouant}~x Redvced quality

(a) Yam ‘ /--*7 v L'_:-"?
b) C : A —
(b) Cocoyam . | 7
(e¢) Cassava =7 : 7
(d) 04l Palm [“7’" . 7
(e) Vegetables v [._'.7
(£) Plantain/ . .
Banana 77 7

(g) fice . ,— [T

28, Has the problem above negatively affected your
family's income from the crops? Yes ~*~7 No (7

)

29. Has the ineome from your crops steadily decreased

since the past 10 years or more? Yes !f~—7 Na ST

30. If yes, kindly provide the follouwing Information in
rough estimates (VALUE 1 N)

J-—— o —

oy B R - - g .
Eﬁgﬁ”g 90l 1985J1996 1987 [1988 11988 [1990 11991 [1092 | 1993
8) Yom — -
b) Coca- i
Yam . 5 I WS —_ e —
¢) Cessava A N N kK



= f&o -

- . — , - ..>i- v . l l ] ,,,,,, ' ..,,... o owrge G e ame ,
o & hoay)198s 1986,1967,1988; 19(39 19201991 mw,wa}

s T . ~Mﬂ'#¢f"“"7v“"

d) 011 s i

...-..P.Q.lﬂ»...... . ...,.:..-. o s e 21 1 st e aads ey --.:g..m o v e’ s,

e) Vege- i y

—_lables OS] NS I A SRS S B

£) Plgntain/ '} | . N v ‘

~Banana 3 L O . S S ——

B Bige 1 o 4 ) LS ‘ . Ao e 3 S

31. How has The quantnty/quality of “the crops abova degreased ,:
aver the yaarsf (erte value or estlmdtas in kg.) o

NURT S e uatuer

157 g |98k 4_';2965 1986|1987 1988 1989 1990|199t 19921

- e

8) Yam

b} Coce-
yam

o Cepvisinzie 2

c) Cassava|

d) 011
Palm

e) Vege-
tablea NS SR ; mimiors et e areee
£) Plantain/ .| . |- 3 . i
Banana . ' : .
£)_fRice

i

32. Has your familj or commun11y abandcned any farm]andb
resuliting i‘r'om the above incldences? Yes/~—-7 No e 7

oy o B

33. Are there any oil producing wells near or within your
water courses Yes. ”ww/ No L:-7

3h4. 2ave they ever digrupted your fishing activities”
es Ho -y
L_j z;...,.../ _ i
35. Have you or your community sustained any flnancial
logses resulting from the digruptions? Yes /77 No,—

(7

v

36. What is the majer cause of the disruption?

R

Has it affected the quantity of fish you
Catch from your watlsr gourses over the years? Yes, A

No ~—~— o

37. If yes, provide the follaw;ng informaCion in rough
estimatés

FI8A 0AT “19 1585 986 587 TOoRE Hon 58 WG 102 17993
g‘a“A’H‘TﬁY" I‘»gBS‘. » ’;,9....] 4 _9 59.-‘--9-. 1.9/)& 1"’} 92‘ ,ﬁ,}g
A%r, TN n{' ) .L ' . .

38. HMasg your family or compunity ever been forged te reloc¢te
88 g resgult of an eil spill incidence? Yes"ll m{ e

39. was the relocatioh permanent or temporary?.
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