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:ABSTRACT· ·: ,, .. 

:In: this research ~roja'ct,':·wr·:~·s·sessed the ~m1-ironmentf'1 J111pa1tt 

of petroleum activities in Port Hurcourt and environs. The broad-

based objective of the study waa to u~dertake a comprehens~ve ecological 

impact assessment study to A~t=blish through phyiico-chamical, . 
biological a~d socio-ecanomic studies; the pollution levels if any, 

associated with oil production within the six oil producing fields of 

the area namely; (lalenwa, Apara, Edubu, Korokoro, Alakiri and 

Oloibiri fields. Another objective of the study was-to evaluate 

the effects of oil pollution arising from petroleum production 

activities on the environment~] components such as water, gedimonL, 

fauna, flora and so~ls of thH impacted and ncn-impactod area. 

In order to attain _the objectives of the study, a careful 

considerationiof the field ooservations and results of preliminary 

analysis was made along with relevant concepts of environmental 

pollution assessment. Subsequently, an experimental design which 

involved field sampling ond laboratory analysiR was formulated. to 
_ .. -· 

ensure that, a valid compr~JJ.f!O~i.ve sc·iF.intific evaluation ·of the 

magnitude of the temporal, and spatial levels of the oil pollution 

could be obtained. 

Results from soil analysis demonstrated that there uas 
--......_"---.. 

evidence of an oil pollution but that this affected only the Port 

Karcourt North Transect at Elelenwa, and Port Harcourt South 

Transect at Oloibiri. 

CODESRIA
 - L

IB
RARY



., :, .. ___ .;_·,_, __ . -··· .-...:. . ..:...1 __ , .. ~ .. - .. ,.... 

xiii 

In these two affected transects, oil could be detected up-to the 

150m and 250m from the spill point i~ both areas respectively, and 

up to a depth or 30cm. The values ran9ed bat~e~n B-860ppm ~hich 

are far in excess of levels of oil from biogenic origin (5-50ppm). 

Also oil was det~cEed· ffom··,-ttfa chemical analysis of the a amp led water 

boreholes in the area·, but the leve}s were far belo111 biogenic 

origin levels, ranging between l.OOppm to 3.00ppm. 

From Socio-economic studies, resultu indi~ate that Shall 

Petroleum, the only oil producer in the area has made a lot of ~ 

positive imp~cts towards the development of the infrastructural base 

of the inhabitants, but her overall impact on th~ socio-economic 

well-being ,of the people had b~en more adverse than beneficial. 
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CHAPHR or~( 
INTRODUCTION 

/ 1.1 STATEMENT Of THE RESEARCH PROBLEM 

1 

The·over-emphasis on the economic exploitation or petroleum, 

resources in Nigeria by petroleum industrieu to the neglact of the 

producing environment has m~d~: negative impact on tho same 

environment. Hence, evidence of signific~nt deterioration of th~ 

ecological environment of th~ petroleum producing areas in Nigsrii, 

abound (Odu, 1972; Jmevbore~ 1973; Ajakaiye, 1977; Inyang, 1978; 

Nwankwo, 1979; Oyefolu, and Awobajo, 1979; Oluwatimil6hin, 1981; 

lawanson arid Imevbore, 1982). 

on the ,other hand, significant po$itive de~elopments aro being 

undertaken ~y several petroleum producing companies in their various 

areas of operation, ranging from the provision of physical infra­

structures and _public utilities to the provision of financial aids 

for-the general well-being of the inhabitants of their areas of 

operation (Shell Petfoleum Development Company, 1988). Although 
-----.. 

these developmants have contributed immensely to the upliftment of ------

the standard of 1·1v-~-n-g--o.f----tbe. ioba.b-i-t-ants~~f their areas of operati,,n, 

they have in no way provided the relevant remedy to the adverse 

impacts of petroleum dischargus From oil producing fields on to lhBir 

env i ronrn en t. 
',, 

I ·- ',! 

Although dur main focus in thi~ particular research i~~directed 

towards the Env~ronmantal impact assessment study of pollution from 

petroleum production in Port-Harcdurt en~ environs, attempts have been made 

~, some researchers to reveal not just the magnitude of anvironmental 
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2 

i•~acis from petrole~m discharges during production~ but also 

including other segments of the petroleum industry~ such au trans­

portation, atora~~·and processing (Nwank~o, 1979J N~ankw~ _and 

Irraohukwu, 1981). · Hence, thi& has led to the classification of­

prtroleum pollution in Nigeri~ into twa:major categories namely, 

dischafgjs from petroleum pto~ucing field~ (mainly crude oil and gas) 

duri~g pr~duction, which may or may not be accidental~ and deliberate 

discharges of both solid and l~quid wa~tus e~anating from .all aect6rs 

of the petroleu111 industry (hichie, and Sanford, 1976; Imevbor"ii<, 1991}. 
. . ' _. ' 

Accordingly, th,,efor~, significant ecolqgical deterioration 

of the receiving environment has resul~ed, ranging from umotherin~ · 

of for~erly. lux~riant veget~~i~n by oil spiliagee and the dis~· 

· appearance of ot~er land inh~bitants_, to the cont~mlnatio" ~f ~urface 

and ~!]dergro.und water systa111e (Odu, 1972, 1977il; Nwankwo and 

Irruchukwu, 1981). Consequently, due to tha increa~lhg impactation 

from p~troleum discharges fro~ oil pio~ucing fields onto t~e 

e~~ironment, there h~s been a corresponding d$cr0~~~ in th~ pro­

ductivenes~ of lcrniil and 111atifr ·re1:11aurc1;u., particularly economic crops 

and fishery resources. 
. 

In otber oil praducing countri~s, such as Saudi Arabia and 

Indonesia; evidence from reliable d~ta has exposed even in greater 

dimensions tb~ extent of irreversible d~~~gss tc ~ild-life d~e 10 

petrol~UM discharge~ onto the e~viron~ent (Spooner, 1970; Baker et al, 

<· 1981). 

"': .. . '... ,-·: ~,. 
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In Nigeria, mangrove p,1a~.£;s· l)~.v~ _dis~p)Hiared 

any signs of\ rejuvenalion'. \:~·~:J:~<;.~·:9~\:~ ancl b, 
' . ' . ··. . . ' . ' '~ •' .. 

in.some 
~: . ' 

1978a). 

' . 

Vast trac:te of agric~ltui::"ial ~and· ho1Ve'.·bpeA hid waste, thus beco1ning 

unproductive. 

The result is great ·hardship for the inhabitants who b@coma 

impoverished and· depriveq •. Thei.r econordc produ,:~tion dwi.ndl.Ei with 

corr~sponding social disorganization,. due to migration and fotcsd 

relocation .• And, although significant revenue and foruign exchilnge 

come daily from petroleum ~xploitation, its hidd~n long-t~rm and 

sometimes irreversible impacts could easily outwe~gh the ~conomic value 

if adequate attention is not given to the environment. 

Accordingly, due to tha atated problem, ~e deem it relevant 

to e~bark upon this research to assess the environment~! impact of 

petroleum activities, in Port-Harcourt and envir6ns, with partlcular 

reference to prodciction (oil-field production) a~tivitl~s. 
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.. 4. 

·._ .. ,.::.. ·-·- ,• ··- .. _.: ... : ' ... . . ' 
~---: .' 

DEF IN.IT ION OF BA·s IC T.£RMS · -· ·-------·- .... " .. ;/·. ; ·, ... 

"(nu°ir:cnme'nt 11 flaS .'b,FH~ll: defined , .. 
. :, ., 

or Cit'cumetan~eS 1r.1iiicp:\inflU~r.lC:S the rate arid COUrue Of 8COOC.Hl).fc,.· 
. ---·-·•-.- . 

accial and 
'• 

~sage, the 

environment, whicA 

~ineral resQurces. 

. · .... ,._., 

, : . 
8COl'l'lpas·a:as $O'il •. wa~~r, air p .vegatat Jon lal';d: 

. ( '.· "·•'. .. : ' . . . . '-~:- -· 
• ' '·- . . . • i ,::.: . • . .~' :. ' • ~ : ,:, ·;. · .. • ; . . -·, .: . ' ' ; .. . , .' ' .... ~ ' • " ' :, ..• 

It. ~bC!_pld, however,. ~~,o .include the :111a,n"."mad~., • ·. 

', · · '· ··, socio-economic enu iron'111ent such as pl')ysical and so~.!~~ ... J:f! .. f.A~«ruc;ur,~, 

since no productive activity occurs in_~ .. ~.n environm!lnt devoi.d of a·. 

politico-socio-economic framework (Titilola and .Jg~en~ 1~~2) .• 

On the other hand, 'ttErwironmanta'l Pt>llutior~,~· ha~ bu~n defined 
' l ' ·:. •• 

as, tha unfavourable altaia~io~ ~four ~urro~ndingsi through dir,~t. : . 

. or indirect effects. of phangea ~.i~ energy ,pat;tar'ns,' rad,iat.lQ,:l .l~ve::ls, 
' . ' · .. ' . . 

chemical and physi~al'~onstitution and abundan~es of organizms 

(Hodges, 1977;~ ~hese changes may affect humans directly or through 

their supplies of water and of agricultural and other biological 

products, their physical ob J acts or possess ions, or their opportuni•t ies 

for recreation and appreciation for nature. CODESRIA
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--·~~ ........ l.,.J., .. ,OBJECTIVES AND. AIMS OF THE RESEARCH . 

( 

. ""·'-·-· ,,. '' ... ~.,-~·-···"--·?, ·:--.: ·~ 

This environmental. i!'lpac::t assessment· stuqy is lJndertaken 1111 ttr the 

overall objective to: 

·Establish through phy~ico-oh'~mical,. biological and soci9-economic 

studies, the pollutior( levels associated with oi 1 product itll) f ati,l,i:tieH.r 
~ ',-. ·'.......:...:••'., ·-··--·~ .. ~'-'•t---··,.· .. : '!. ••• \., • ·- :;; .~ " 

·secon~tly, it is undartakE!n ·ii/}";, ............ . ~ithtn Port Harcourt and:Environs. -.. ' ' ........ . 

evaluate ·the. effects of'.\n~ironmenta-1. po·ll.ution arising from "Petroleum 

Produ~tion" activities on the environmental components such as water 

' ' 
(S~rface and ground~ater), sedimenti fauna, flora, and soils of t~e 

impacted and non-~mpacted area. 

In order· to attain th ~ above set objectives of the- study, the 

following aims were given specific consideration; 

(a) Assessment of the general ecology of the area and adjoining 

terrestrial, aquatic habitats, and groundwater statuses (regimes). 

(b) Determination of' the concentration of crude oi-1 and associated 

heavy m~tal pollutants such as (Nickel - Ni, Vanadium - V, Lead Pb, 

Chromium - Cr, Copper - Cu, Cadmium - Cd, Mercury - Hg, Manganese - Mn~ 

Zinc - Zn, and Iron - Fe) at the different sampling points in the 

area with other· physico-chemical measurements. 

(c) Identifying the m-ain cause of vegetation damage to determine 

measures to rehab ili tat e the envt ronment as well as· to p-r-eveA-t-.. · 

future occurrence, and definning in appropriate terms the morpho­

logical sequence and physical settings of tha area to rciueal oil 

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

and land use of the area. 
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In the s~lection·pf ci~r basii analytical riamew~rk, we emplojed 

the basic principles of thi ecrisystam concupt, ~hi!~ utilizing. the 

"Checklist methodology" in most of our ~ssessment of the problem. 

Nevert~aless, before making the choice dr our assessment methodology, 

~a have attempted a biief review and e~aluation of c~rrent EIA 

-----methodo log .ies in use·· so '.-as=t.,o----?evaa t·"th o degree of the i.~- i nd iv id ua l 

relevance to our present study. 

TH( ECOSYSTEM CONCEPT 

The term econystem was First coined in 193~ by Tansley, in un 

attempt to characterize the immense complexity and holistic chaructar 

of the natufai world. Accordinq to Tansley (1935)P the term 

"ecosystem" includes not only the orga~iams, but also the ~holG 

complex of physical factor~ forming ~hat w~ call the environment. 

Lindemann (1942),·defined ecosystem in a mar~ rigorous ~anner as 

a system composed of physical-ch&mical-bialogical procoanes active 

~ithin a spaca-timo unit of any magnitude, whils Odum (1959), defined 

it as·any area of nature that includes living organisms and non­

living substancei interacting to produce an exchange of ooatarials 

betwean the living and non-living parts. 

Concern over the status of the ecrilogical component of EIAs 

led lo a major Canadian study tB formulate "guidelines" to improve 

the ecological contribution to £IA studies (Beanlands and Duinkar, 

1983). This has led to an increasing emphasis on the imprci~ement 

or acol,gical aspects of EIA, and a$ c~n be envisaged in c~i~~~t 

works, the ecological ~ssasament procudure can be the moat important 
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for hum~n ~~lf~re and e~vir~nmentil quality (Biss~t 1988) •. 
' 

General Notions of the Ecosystem Concept: 

(Xp~tiating on.the'.ecelogical vi~ws of Hae~!l and Reiter, 
'"· "·•-...... ~ ..... -~ 

·, ......... ., ___ _ 
• ... - . ., • ., I: • . .,,. __ .• • ,.,._.,.• ,.,,... ...... •,. 

(Duvigneaud, 1989), observed .that en11ironmenta~ factors iuch. as 

Jight, heat;. water, mineral ~r Qrganic substrates~ deter~ine biotopaa, 

where ·11uing organisms of uariou• kinds and numb~rw maet to form 

biosystems (mixtu'ras ot~ populations belonging to different,, ,z;,p.et::ieui) ~ 
! ··:- --::·:;- ---- •.• :;_.-... , • · .•• ~ _,: _·1 • • • • • :. :. _- _: .. •• • r; .. !·· ,'; 

The plan~s, animal~ a11~ micro:.;,org;anhms in a· biosyst~111· d,?,'l.lal:(~p 
• • .' ! ' • 

associative links and form commUniiioe or biocenoses. for modern 

acolol)•t t-htJ integration of, bioceao,ses to their. lfl~~ironmantal fact.ors 
' ' 

into functional ecosystemst where they ara influenced by t~air 

envircnment and influence it themselv8s, is essential for tha 

maintenance of life on earth. This is the holistic or holocoenotic. 

( concept (Bowonder, 1987) •. ' 

i.e. c~ange the.ir physiognomy un.i:.i:~:r, the ·.influence. of .. the emrirGnm,,nt. 

A biocenosis such as a forest exists in different ~ormatio~s 

according to its environment, e.g. an equatorial evargraan forest, 

or Mediterranean broad-leafed forest, or the tropical monsoon 

decidious forest. Plant formations progress dyna~ically through a 

succession of pioneer and intermediate stagas to a.climax, which 

is a for111ation in a stationary aquU ibr.i um 11111th ths climate of the 

time. The climax may regresa, due to natural or man-made distu~b•nces, 

by forest fires, storms or parasitaat organic ~nd inorgani~ pollution· 

and the succession starts all over agai~. 

·, 
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Ecosyste~·byna~icss Reactions to Stress Due to Natural or 
Man-made Disturbances 

J~ nature an ecosystem can be subjected to energy-linked dimtur­

bancea $torms, fires, droughts, abnormal cold, heat etc. - Habl'b 

to i:!odify its devel,opment (Toynbee, :197~). What is a detrimental 

stiess a~ one level of the e~osystem can be benefi~ial at another; 

for exa~ple, periodic fire in a steppe or a mediterranaan forest i~ 

a stress for many or~anisms which will be inJurad or killed, but nbt 

for the ec~systam· which is adapted to fire and could no~ persist 

without it • .' 

Natural stress is mainly acute, i.e. periodical, and ecosystems 
': 

R'iiUfil adapted ,th&msalves. to. it dtner by a high resistance, or throug~ 
I 

re-undancy (replacemani cif sensitive ~p,cies by ijetter adapted ~nes), 

or by a resilience which allows thom to recon~truct the~&~lves in a 

short time (Jans~n, 1988). 

In industrial society, man-made stress on the colit-r-a-l'-y . ._-is---···--.... ·---··· · 

often chronic, i.e. continuous, and linked to a chemical pollution 

unknown in the etiginal ecosysteffl (Alsopp, 1972; ~~ppcp~rtj 1974). 

Ecosystems under stress, however, s~ow a tendency to modify their 

normal functioning~ respiration increases, thus productivity 

dacreaeee, and ~eochemicil fluxes increase whil~ biological cycles 

are hampered (Vornadeky~ 1945). ·--·-----
Depending on the level of pallution, the ecosystem passes 

. . . . . __.-·· 

-----·-----..... --:.---=-~----.. --~---..,-------
t h r o u~h a series or damage stages, from insignificant to collapse 

resulting in the dafi~itive loss of its self-repair potential. 

..) 
JI(( 
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Accordingly, bas~d- on th~ logical relevance of the ecosy~tam 
. __ ;_. -~ 

concept to this resaa·r·c·t·r~µ-ro-j·ac·t-,··iii"a""amployed it as our ·basic 

framework for our analysis. However, the ecosystem concept alone , 

is inadequate for our present work, this is dua to the fact that 

the scope of ~ost environmental impact ptudies go beyond ecological 

considerations, Aecordingly, the µ~ological procedure alone, may 

not adequately sensitize or revsal the hidden consequences of an oil 

spill impact, esp•cially a• may ba envjsaged within the human 

populatio~s of affected co~munities. And this inadequacy may lead 

to weak canclusione and recommendation of in-appropriate management 

strategies for the problem. Therefore, it becomes relevant that we 

' complement this deficiency with an appropriate impact asses5ment 

~ethoijology that would take care of thia weakness. 

BRIEF REVIEW ANO EVALUATION Of ENVIRONMENTAL IMPACT 
ASSESSMENT METHODOLOGIES· 

Although there fs a lerga nu~bar of EJA mothods and/or modsls 

which hawe l:>een developed and .used in £IA, the variety is more 

apparent than re~l. Near~r all methods are examples or variants 

of geAeral types which have specific organizing principles in 

common. These ty~es are checklist~, matrices, n~t~crks, overla~s 

and models (Bisset, 1988). The extent to whi"ch particular methods 

are used.in act~al EIA studiee varies considsrably due to the 

suitability of th~ methods to particular EIA studies. A r~cent 

survey of EIA methods used in the USA shows the ~elativ~ frequency 

or method u~ed ammng a sample of 372 people involved in Ell works 

(Table 1). 
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TABLE 1i The Use Made of Various [JA M~thods In The us. 

Respo(ldents 

McHarg graphic overlay method 

M~tropolitan Landscaps Planning Model 

Goals Achievement Matrix 

surrogate Worth Tradaoff Method 

USGS Matrix 

Environmental Evaluation System - (ES 

Environmental Quality Evaluation Procedure 

Environmental Quality Assessment - EQA 

Watar Resour~•s Assessment Methodology - WRAM 

Wetland .. Evaluation System - WES 

Network Analysis· 

EQ£P 

Adaptive ~nvironmental Assessment and Management 

Habitat [valuation Procedure - HEP 
(fish and.Wildlife) 

Decision Analy&is 

Kane Simulation Model - KSM 

3 

10 

1 

25 

7 

6· 

a 
15 

19 
., 1 ,_ . 

4 

75 

9 

1 . 

Other 106 

Source: (US. Advanced Studies in Scienc~, Technology and 
Public: Policy, 1982). 

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

applied in all EIA studies, however 1 various forms of chacklist are 

widely in use. They are represented in the tablQ by th8.[nvironmental 

Evaluation System, tha Environmental Quality Evaluation procedure, 

Environme'ntal Quality Assessment, and the Water Resources Assessment 

Methodology. 

. .. · .. ---··· 
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BRIE·r'· REv'fr1.1,s Of. TWO METHODOLOGIES. 
! .. , 

Over lay Mapping Methodo_loJU.~ 
' ., ... . . 

1:. 

•; .,_ 
. ' 
·\: 
} 

..'.i·. ' 
\' ,_,·,·- .-·: 

·,·'·(:. 
.. :,· 

The simple method of 'yJsually r~pres~ntiog·. tn~hidual -impacts 

and combinations of it~P.-~~;·s,' has a number ~f advantagaii/;i :~·t"n~-;-~;.Jn~~n:--'-: .... · 
.· •:: • . ._-:_I< , • •' .... ·.:.- ·_---:·· • "•',••I• '• • • ·~· 

from application o-f- .. th.11,_ Querl~ethsd--a.re easily. unders~cio'd ~ · Most 
. ,,c ~~·==:~- . . 

importantly, it is an important method for showing the spatial dis­

tribution of i~pacts. With this information, it is relatively easy 

to relate individual impacts and th~ total aggregate impact of_ a 

project to_ human po~ulatians who might inhabit the localities affected. 

This allows th.e distribution of beneficial and adverse impacts to 
:; 

be.determine~ (M~nh~ 1979). 

However, there are a number of disadvantag~a to manual overlays • . 
firstly, the inte~pratation of more than 12 overlays at one time is 

often difficult. This means that only a limited nurnbsr of impacts 

can be considered because each impact requires a separata ~ranspal~ency. 

A~d this constraint can only be overcome by the use of up-to-dato 

topographical maps and air photographs, assisted by computer inter­

pretations {O'Riordan, 19BO). Experience ~ith the use of overlay 

method indicates that it is only most useful in assussing alternative 

routes for linear developments, ~uch as pipelines, highways and 

transmission lines. 
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Checklist Methodologies: 

The term "checklist" covers a v~riety or muthods having 

~idely·varying characteristics and degree~ of complE~ity. 

However, most share one common feature, that is a list Df 

environmental, _s9_c;j_§!l. an~- econom(c factors which. may be affacted 

by a development or action (Wathern, 1988). A good checklist method 
, 

is abla to aid the identification of impacts and ansura that 

impacts are not overlooked {See Tabla 2). 

There are 4 different, but related types of checklists, 

namely, descriptive checkllsts, scaling chackliata, scaling-

weightiMg checklists and questionnaire checklists. A significant 

feature of the checklist methodology is the emphasis placad 

upon the evaluation of all impacts both adverse and beneficial 

with the employment of relevant methodologies to assaas the 

~agnitude of impact on each environmental factor under considera­

tion. And considering the ecological relevance of this methodology, 

we employed it io the achi~vement of our research objactiv&. CODESRIA
 - L
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TABLE'. 2: An· Example of Checklht 

PHYSICAL 
1. Geology• ,,, 

· .. · 

1., 
1 • 2 
1.3 
1. 4 
1.5 
1.6 
1.7 
1.a 

Unique features 
Mineral R~sources 
Slope St~'ility/~ockfall 
Depth to imperme~bl~ Layers· 
Subsidence · · · 
Consolidation . . . . 
Weathering/Chemical,Ral•ase 
Tectonic Activity/V~lcanism 

2. Soils 

2.1 Slope Stability 
2.2 foundation Support 
2.3Shrink-Swell 

) 

2.4 Frosk Susceptibility 
2.s liquifaction 
2. 6 Erod ibil it y 
2.7 Permeability 

J. Special Land f:'3atures 

3.1 Sanitary Landfill 
3,.2 Wetlands 

,.,. . 

3.3 Coastal Zones/Shorelines 
3.4 Mine Dumps/Spoil Areas 
3.5 Prime Agricultural Land 

4. Water 

4.1 Hydrologic balance 
4.2 Ground~~ater 
4.3 Ground-water flow Direction 
4.4 Depth to Water Table 
4.5 Drainage/Chemical form 
4.6 Sedimentatioa 
4.7 Impoundment Leakage and 

Slope railu!."·e 
4.8 Flooding 
4.9 Water Quality 

13 

~-;'oc IAL 
8, Services. 

e., 
e.2 
S.3 
8.4 

Education~! featui~& 
[mploy~en.t -
Commercial· features 
Health Cara and Social 

'. 

s.s 
e.6 
8.7 
a.a 
8.9 

· ~ · servicaa tiquid ~aster u1spoaal .. i 
Solid Waste Oispo~~l ' 

;.:' '. Water Supply . 
Starm·Water Drainage 
Police : ~ 

s.10 fiirs 
B.11 Recreation· 
e.12 Transportation 
e.13 Cultural raoilitios 

9. Safatl 

9.1 Structurl!ls 
9. 2 Materials 
9.3 Site Hazards 
9.4 Circulation Conflicta 
9.5 Road Safuty and Design 
9.6 Ionizing Radiation 

10. Physiolo_gical ldel~Being 

10.1 Noise 
10,2 Vibration 
10.3 Odour 
10.4 Light 
10.5 Temperature 
10.6 Disease 

~1. Sense of Community 

.' .i . 
... ;; 

11.1 Community and Organi~ation 
11.2 Homogen~ity and Diuer~ity 
11,3 Community Stability and 

P~y~ical Characteristics 

11 

---------------------------------------~-
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5. Biota 

5.1 Plant and Animal Species 
s.2 Vegetative co~munity 
5.3 Diversity 
s .• 4 Producti\lity 
5.5 Nutrient Cyclinq 

· S. Cli~ate and Air 

14 

12. Psychological Wall-B~ing 

12.1 Physical Thr~at 
12. 2 Crowding 
12.3 Nuisance . ' 

13. Visual Quality 

13.1 Visual. Content 
13.2 Araa and Structure Coherence 

6:.1 Macro-climate Haza.r~s ,, .··.' ,)\_i·i.i.·\.i1.· .. 3 ..... '..'~.:_ .. :;·3· Apparen.L ~cce:~ e:,:, '. · .. :' <H~ :; . 
6 ." 2 ro'rest ant~. R·ange f ifes<·'.r . · · l 
6.3 Heat Balance. ::· 4·.· :Historic ·and. Cultural 
6.~-.Jslind Al'tera.tion ·, ,·, · ,·:. , .. _ ·.·,·/-''Rosoutcelir' '· 

·"· '.' ''.·· '. ' ' .. ~----
6.5 HlA~·~~ity and Preuip.~tati~"::'.,{/!,',. ;:14 ~1 -~i~t-~;ic, st·ructure~. 
6. 6 G ene:rat ion and .·Di SPJ~r sj.~A:.i J.•: ·. 14 :. 2 .• kl reheol ogi c:al, Si t;:lilli ·and 

o f- Cont a III i nan t s · .. > . : · ·. " : '. _ . : .' • . . . . . . . 
6. 7 Shadow ',E:ffects . . " . '. . Struct-u~:~ .·· ...... . 

? •. Energy 
7.1 Enei~j R~quire~•nt~' 
7. 2 Conservqt ion i-!eas uras . . ,, . 
7 ~ 3 Env i,ronmenta l Sigr:i if ican·c~:>i:;·: 

. . . . '· -.,- " .. ,·· ,· <1 .. : . . . ~. 

·.~'··, ' .. '. ' 
-·.'_ .. ',•, 

.... ·. ~-.:, ... ,: . 

' .. ·. ,, 

.. ~: ..• '·: ..... ,,,...;k .• ; __ : •• ,::. .. • .~-'-'··. " .. 
,. 

., . -~;r·-- -
-~-----····it.,·--···--...,._ ___ .. ___ .. --, ·- ·· ·_· _, .... ___ ... ___ ____,__-. :::Jr~:-. 

Hous~ng: .:~·A/"urban Devel~pri1qnt-·di1i( Y:.}. j ' {Source# US Dapartm~nt of 
I . . . . ' ' ; ./•. >-/:;.\_~·,::·:· ', ' ,, •,( I ··.~ •.t , 1 

.............. -• .... :, ......... - _,._ .... ·t..~-· --··~--· - -··· --··-··· .. ··"-'.' !/: 

------···-·•· .... ·-· ... ·--~~----· -- -- --·---
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1.5 LITERATURE R(VIEW 

Man's impact on his envirQnment goes batk far beyond tha 

beginning of history (N icho'lson t 1970).. As human numbers increased, 

people colonised new lands so that a larger and larger area was 

affected. Until modern times m~jor infl~encas exertaJ ty ~~non the 

environment were almost all direct and concrata, such as burning 

and.cutting forests, convertinQ land to grazing areas or crop­

growing, diverting streams and so forth (Sauer, 1956; Stewart, 1956). 

Indirect, uniton~ed vnd unrecognised interferences were retatively 

insignificant.. 

However, with the advent of modern technology, the role of 

man on environmental change h~s been magnified (Commoner~ 1969). 

Thus, technoiagy, while creating a "better life" for man, has 

created mor~ environ~ent~l change per capita, thereby ~scalating 

Man's impact. Several workers with similar vio~s, such as Ev~lyn 

(1969); Abbou {1972); ~lsnpp (i972); rroxiadis (1977); Krieps (19B9); 

and Har~ison (1990); however, have in addition elaborately discussed 

the complementary role of man and his technoloqy in the world-wide 

environmental degradation; 

Abbou (1972), has observed a good relation&hip between man, 

health and the envi~onment - a relationship which ha found to be 

· clearest in the cities than in their pernipharie9. 
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In his. studies an the types::gf po~lu~io,i and nuis:ap~es. pre.sent ·in: 
,I '' . . t ·. 

an urba,:i environment and their .consequenc~s on the·· h~altt~ of the· 

inhabitants, he observed that peopl~ can be affected either by ~n~ir 

a direct action by the ~nvironment due to physi"co-ch~tnb;;al a~1onts, 

(altaady released by man) such as ionising radiation, ax~aust fumes, 
.. 

asbasfos dust, carcinoge6ic substances• Of cli~atic circumstance,·· 

pollution by man) can have a biological aspect, and which_may bo 

due to contagion by gerMs, parasites, lice, effects of food additives 

or of excesses of ~edicines. 

However, with regards to this particular research, copious 

literature (from various researchers working in diffor~nt parts of 

the world) on tha environmental impacts of petroleum activities 

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

as Wilson at al (1980); Schutt and Ellis (1985); Ashmore ~t al (1965); 

Pearce (1986); Hinrichsen (1988); McCormick (1989); have concentrated 

their research on the effect of pollution due to th~ wide range 

utilization of fossil fuels particularly petroleum fuels in. various 

locations in Europe and North America. Similarly, Kinzelbach (1981); 

Perera (1982); Gennino and Shorrock (1982)g Jer~alou (1963); Sharma 

(1983); Sani (1983); Smil {1984}; and Hardoy and Satterth~ait (1985) 

have concentrated on tha environmental impacts of petroleum pollution 

in soma selected third-world countries. 

' : ---- __________ ., _____ -· 
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Some of thase countries include Chin·a, IncUa, 
. ' ,. . . . , 

'·' 

South Korea, Mexico. Za111bia, KanyG, t{igaria rand Soutt, Afri~.a. ; 
. . . . . '; . ·- . . .. ~ ......... ;. 

. •\• 

In his research in China., 111ith:e1J1ph~1,h 1:n1 ,U1~' northprn oi~.:f 

rich parts of tha country, .:Jernalov'• (1Ye{j;:$tatso.·'fa~·::!t-'•,cit.i~!L. 
. . '.; ' . "" . .... ' ' ' . 

; !' 
like Beijing and_Lanzhov givn cause for great~sl concern d~o.to 

their heavy concentrations or tha countr.y•s largest oil rwfinerias 

and petrochemical industries. He observed that·, pollution from 

these industries has dsstroyed rruit trees, caused data plants to 

stop producing fruit and stopped pumpkingst from maturing. 

Re8ults from a joint project betwaon tha UN Environmunt 

~rogramme (UNEP) and SCOPE (a Committee of the International Council 

of Scientific Unions) conducted in 1980, using cQse studios from 

Nigeria, Bangladesh, Brazil, China, India and Venezuula, hava 

i•plicated the large scale exploitation and utilization of petroleum 

f resources in the significant inc~oase of SOx and NOx in the 

enviro~ments of the countries listed. 

On the other hand copious dacu~~nted evid~ncas an the 

environmental impacts of ail ~pi llagas abound ( Y ~PP,. 1972; Ne~son­

Smi th, 1977; Munn, 1979; Adrian ~nd Ingram, 1985; Trammier, 1991). 

And their del~t~rious impacts on the ecological environment of 

~oatly oil producing countries~ such as Nigeria, Saudi Arabia, 

Algeria, Kuwait~ Venezuela, are fully documented. Tramier (1991), 

has observed a gradual but progressive destruc~ion of ecological 

apecies in Ku~ait sine• the ond of the gulf war. 
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He particularly no.ted a l_c1_!'_9~ sc:a}e.d-isappeeranca of the rare aquatic 

desert mangroves, tortoises• crabs, crustaceans etc., some of which 

have been completely eradicated by huge oil spillages and gas flares. 

In Nigeria, the rollowing researchers such as Odu (1972, _1973, 

1977 a,b,ct 1978 a,b,); Xmnvbore (1973, 1991); Iaichei and Sanford 

(1$76); Nwoboshi (1977); Adedipe and Nwaboshi (1977); Ajakaiye (1977); 
='! \ 

Inyani (197B, 19~0)~ Oluwatimilehin (1981); Bakar-(1981); Lawansah 

and Imavbore (1987); Titilola and Igben (1992); have in various 

dimensions treated th~ varying·advsrse impacta or petroleum acti~ities 

in Nigeria. 

Odu (1972), obsorved that petroleum oil exert& adverso effects 

on pl~nts indirectly (thtough tho sojl) by crsating certain conditions 

which make nutrients such as nitrogen and phosphorous, essen~lal for 

plant growth unavailable to planfs. furtherMore, the adwers~ 

coridition created by oil in the soil mako somo toxic nutrients more 

available to plant~. Oil contamination of the soil thus results 

in the ~oil becoming unsuitable for crop gro~th. And depending on 

the degree of contamination, tha uoil may remain unsuitablQ for 

crop growth for months or ~ears until the oil is degraaoci :~ 

tolerable laveis. In the same vein, on aquatic life Imevbore (1973), 

observed that free oil and emulsion• may coat and d~stroy algae 

and plankton, intarfer wlth photosynthesis, kill fish through 

injection of poisanou5 ~cl~bl~ fractions, such ai phenols and 

sulphidea;. 
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growth of plants~ · .. 
·.·t"""":"' ........ iG.:· .·~~-·-··~- ',.·,~,.', .. , .. ,,,. _,_.·.-· ..... ··,. 

Also Oteri ( 1981) ;· hae fu.lly invostigated the f111pacta on grciund-. 
. : . ' ' \' ---·-·-------7:-···-·-----

watar resulting from the 1980 Funi~a - 5 oil ~all blo~out in Mhich 

more than 400 9 000 barrels of crude oil was spilled. Ha discovar,;,d 

that or the 5 villages affect~dt fishtown was the only community. 

whose ground-water ~as heavily polluted. Consequently, the inhabi­

tants hava been forced to either relocate or seek for altsrnativo 

domestic water supply, sirce their only sourc~ of pot~bl~ water supply 

has bean permanently polluted. 
·.----

Accordingly, there i:!s-~copious avid enc a to sho1o1 that petrol aum 

industries operating in Nigeria have actually adversely impacted on 

their operating environments. And although the list of previous 

works an this particular problem is large, no attempts have been made 

by previo~s researchers to undortak~ a comprehensive and balanced 

view of the prpblem • Essentially, most of the previous works have 

. concentrated only on the nagative impa~to pf patrolaum activities 

in Nigeri~, while neglecting the crucial beneficial impacts of 

petroleum exploitation, conaaquently, this has resulted ta a lpp~lded 

~valuation of the problem at hand. And this inadequacy of previous 

works in evaluating the problem ~ay stam from tho typ~ of methcdolog1a6 

amploy~d in the assessment cf tha problem ~hich t0nded to reveal 

only a handful or_·negativ~ impacts without making provisinnu for the 

assess~ant of benaFicial imµact5. 

CODESRIA
 - L

IB
RARY



( 

20 

And is ~ightly observed by Drobny and Smith (1973), a good environ­

mental impact assessment methodology, should reprssant more than 

five of the following basic requirementv for an impact a~se~smonti 

( 1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

An impact asuesa~ent method should be compruhen~ive; 

rlexlbla; 

Ca~ab~e or detecting project genorated impacts; 

Should be opjective; 

Should ensure input of exportiseJ 

Utilize tha state of tha art; 

Employ explicitly defined criteria; 

Provide for assa8sment of impact magnitude; 

Provide for overall assessment of total impacts; 

Detect environmentally sensitiv~ areas. 

Therefore, it is agai,rnt thie background of unb~1l~1nced and 

non-comprehensive assessment of the environmental impact6 of 

pet~oleum activities, that ~e embarked upon this particular resvarch 

to assess the environmental impact of petroleum &~tivities in 

Port Harcourt and environs. 
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.· P<lrt Harcourt me:;t;:-.;j::i-;:lis ia tha administratf;;i& ·capitai- Qt" 

Rivers ~ta~e-of Ni~~ri~. _Th~· city which also includeo the Local 

goverriment council, does ~ot ha~e an opirating oil producing fi6ld, . ·, 

. ' 

howev'er, 'its immediate. surroundings doea. Therefore moat of our 
~ 

· st-~_d ies' have cone ent r1;t~ed·'.·on · th;,; immediatQ. autly ing unv ironmants 

· constit.uting 3 local g~IIE3~n,men~· a,re_as. riamely: Obio/Akpor LGA 

flanking the North and;North-~,ster~ part of Port H~rcourt, T~i/. 

( Eleme LGA flanking the No.rth-~a?t·el.'rt:~~d south-eo:stori:-- part, a·nd! 

Okirik~ LGA, f.l.anking·Jh1:h_Sr:l1t,he,:n. lil.A_d South-1:1es.tern part.·(figu~:r,:'1J..~ 
• '''.• •:.,•'.). :;: ,"•i,:l'~ •• ~· I•.,',• ' •: ,• ,' ,~,.,~ " 

Taking J closer ·1'6~~' dtf ig~-;~\~:z, 9tH· study .ara~ ~'.:itws · '::',: ·,/ 
• ' • ., • .. ',' . ' . • • ·:-,:.,• l'• 

Our investigation was_focusad Oij the 6 oil producing Fields iri t~n: 

.area, t~o from each of the· 3 lacal government ar~as. The selQctmd 
- ' ,· . 

fields are as follo.wsa (1) Elelanw.u and Apa:r.'i .fields - Ob.ia/Akpox· 

L.G.A., (2) £bubu and Korokoro t"ie.l.ds·-~ Tai/Ehme, ·.rnd (3) Al.aki.ri 

and Olubiri fields - Okrika L~G.A. 

Raliof and Physical Satting: 

A< ··h' • - ...... -- .. 

The study area which has s~varal ~ti~ibutqs of a tjpical Niger 

Delta environment, is dividod into two closely related environments, 
I 

except that one has a little drier environment than the other. Both 

are located within the freshwater zono of the Niger Delta~ 
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Three of th~ oil producing communitiaa, namely; Elelenwa~ 

Apara, and Ebubu (~ littlo mora Northemthan Port Harcourt city} 

are located in more tir less drier environments than the others 

located in the ~outhern part of Port Harcourt city, which includ; 

Korokoro, Olaibiti a·;c1 °Al.'akir{~ lJ.do (1981),' has·elaborately 

discusse(J on the characteristics of this fresh-water zqne of the 

Nige.r',:Del'ta. Accordin'g t.o U~o, this :zone ill the largest and the 

most i~po~iant.phyeical division of the aroa. Thu n6rtherh par.t of 

this· zone· has a greater silt an'd cloy ftiundut.i.on and J:~ more 

susceptible to yearly inundation by riurr f]oodg. ~oat wator cbannala 

in this fresh wat.er zone are .bo,r~arr?d by natural,, le·veus (of heights 
,· . . . 

between ·20-. '.50 !Dtrs) li;lh/ch;are of great topographJcal- intores.t! und 

of great ~co~omic i-~6rt~nce .to tha loc~l puopla. Also, the bu)k 

of the petroleum dapo~it~· in the Niger Della 

this zona. -: ... 
I . r!,. 

Withinj this zone. may_ ba fount{~ good rwmb~r of fa.i1r1·.,.·._t-;~g;h::1ande, 
' •: .•,. • ' I • • 

canst it ut ing mainly of laminated c;lays, silts , ind' f ir.,e uo.n.ds ·'· ·· '. 
·,j i~ ·---~··· ~ ... , ' 

(Assez, 1976). Ths;;,.:=::-1~-.:.d.:-~d ·uplands, which dcf."h'ot ~x~~~~ 50m,.·.···" .. "'-... 

provide sites on ·which settlements like Elelenwa, Aparc1, and [bubu 

are built .. 

'The predominant economic activity of the inhabitantu of t~a 

area is ~ainly farming/fishini and boat-~eklng fgr thn90 living 

within the wetter southern part, ~nd combinerl fi:shitHJ/f,,uning for 

those living within the upland drier area9 
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The exceptional amount of rainfall within the area, rariging ___ b.etween 

2000mm to ov~r 3000/yr., has created considerable ~roblems to 

settlement and land use, since:most parts of the area are affected 

by seasonal swamps and muddf water most parts of every year~ 

Econ?mic crops s~ch as yams, cassava and maize, for this.reason 

are, therefore, restrictetj t~ the drier part~ of the area. 

Gao logy; 

The ·area is generally overlain by _thick layers of alluvlum anc:l 

clayey-silt, whic:h···are urHfetrain ·1:iy a· complex of coarse and medium 

grained sandstone ·beds (Murat_, 1970;_ Marki, 1970). Within -f;his 

area at several locations, t~e sedimeniary depo~its are mostl~ hetero~ 

genaous in nature,. bein~ comp~sed of sandstones, shales, calkareous 

shales, marl ~nd fossiliferous limestone. Differential subsidence 

along faults ~hat develop h~re produce broad antfclinal fol~s whi~h 

provide struc~ural traps for petrqleum~ 
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1•7 RESEARCH METHODOLOGY 

Ali out methodological procedures including sampling and i'a~or15tory 

procedures afe fully disqusa~d in Chapter three~ However, to achieve 

the obje~tives or ~ur study the underlisted aptivities war~ und~rtaken 

na~ely ~fieldwork, labciratory anaiysis 6f sample~, inteipreta~ion 

and ~eport ~riting. 

(a) Apart from two reconnaissance surveys, two field studies were. 

undertaken during the r~iny ~nd dry seasori p9riods. Sue~ field ~tudies 

l~s~~d for an average ~eriod of eight days. Jhe two reconnaissance 

surveys were u~dertaken between February 8 ~ 15, 1992 .for the Ory Season, 

and August 15 - 22, 1,92 for trye Wet Season •. · Thereafter, two field · 
- .. -~·-·--------------·-~. ·---·-·· --:-·, 

studies war~ u~dertaken between Februaiy 1~ - 20, 1993, for the pry 

Season, and Augusi 14 - 21 for the Wet Season. It was after these last 

two field studie• that pur various sample aA,ly~es were undertaken • 

. finally~ 2 complement~ry .field'siudies were undertaken between November, 
• • <. ' .. • 

27 .- December, 1, 1993, and February~ .1994. 

(b) Laboratory ar,alyses· of samples collected during field studies were 

subsequently. unde~taken to include physico-chemicr:11 .analyses of· s·oiT, · · · 

pit profiles, sedim~n.~! .. h!atar h·eavy(!.t~i:e--nietal/ion,_ ·underground water 
. ·~·-··· .. ·" -.·-.-~-····· 

sample; biolog~cal analyses, a~d physical analyses of surface and sub-

~ 

surface waters. Th~ ~xtsnt of the above analyses, are as specified 

in Chapter 3. 
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1.~ SCOPE OF THE STUOV 

The study is divided into 5 chapters as follows: 

Chapter One which is th~ "Introduction," took car~ of the statement 

of the res~arch ~r~blem, the objectives of the atudy, the theoretical 

framework, the literature review, the st'udy area and a s1;.1mmary at the 

research ~ethodology. 
' 
In Cha·pter _Two, wa_ fried tQ assess the sou,ces of (Jil. pollutt,on, 

and ·attempted ,an evaluation of thoir probable effects on their 

immediate environments; In- Chapter thraa, ~e-tried to doscribe our 

materiais o·f · study and as wall -a.f! exp.lain our methods and pr·o1.:ed(1rc 

of. stud_y. This also ir:iclucied -our field sampling· rationale and labora- · · 

tory analytical procad~res ~ w~l~~ included soii studieo,·uagetation 
. . ·-

studies', aqw~tic studi~St primai:.Y . .pr-erluctivii:.y sb.Jdi2s (fo~ both, micro/ 
• • ' . ~-:;·'''.~_,,.,._;..-,-·~· • • • I • 

macro-bioiogy and fish :bio1og.yJ,. Sediment stud his,· Hydrological snd 

Geophysical s_t ud ies, ar~d socio";"'econoJ?iC at ud i es. 

Chapter four took 'care of ~he results from our laboratory 

a n a l y srn s o n s o i 1 ·s ( s o il.~ s a/l.i p l as ) , v a g e t a t 1 on s a m p 1 t1 $ , a q u <! t i r, s 9-~' p' .l e s v 

· microb:iologiclal ~ampie;:, r:ish .. b}~i':,.:;~)f:~ .. ~sdi:::;-;:1t -~ar,;p-~es, -~,jd;og;-~;hy;·'i.cal 
and hydrogeochemical sample~ antj socio-economic studies~····--TfiTu aT:s'o~·"··--··-· -· 

included discussions o~ aq the var.iables li_sted above~ 

rinally, we concludea our wcrk.-in Ct",apte, fi.v,?, whe:tf! we made·? 

a list of our recommendations for further studios an the problam. 
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ASSESSMENT OF PETROLEUM POLLUTION SOURCES AND 
EVALUATION or THEIR PROBABLE ErFECTS ON THE 
IMMEDIATE ENVIRONMENT 
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2.1 DEfINitION AND'DESCRIPTION Of,T~t NATURE or MAJOR POLLUTANTS 

Petroleum and/or oil can only be adequately defined in terms of a 

t h e i r . c hem i c a l' ' n a t u r e and p h y s i c a l p r o p a rt i e s • P et r o l e u m i s a m i x t u ro 

of hydroc~rtions.· Sever~! hydrocarbons eccur in natura. In crude oils, 

th~_major components balong to only ~~o hydrocarbon saries namely,, 

the parafins or methane series. and th.e naphthbne series. The methane 

series ~oniists of straight-chain-hydrocarbons i.e. the n-alkanes 

which may occur as. gases e.g .• methano, liquids e.g. n-pent.ana or a.olid 

_paraffin wix e.g. n-hex~decane .• Tha· naphthone series compririos of 

alicy6lic hydrocarbons or cycloparaffins. They may occur tlS ga&es e.g. 

c y .: l op r op a n e , l i quids a-. g • · .c y c 1 {:po n t an B • C ·1 c! D tH~ n t: a rw ( C :) H 1 0 ) ,rn d 
. . . . ' 

Apart from the methane ~nd naphth~~e serie9, crude oils and natural 
. ' ' .. 

gas hav~ some non-hydrocarbon components. The commonly ancountarad 

non-hydrocarbon components are haterocampaundu namely nitrogen, 

oxygen and sulphur (S-N-0} compounds and orgdn?~ornpounds of some 

heavy metals mainly nickel and von,,di.um. 

A Gmall fraction of the fiU?hur in cruda ail ls in Lhu fcrm of 

elemental sulphur (in solution) or 6f Hydrugan sulphjdn, while~ 

significant proportion ,is bonded with carbon i11 ocganic combination 

principally as poly~romat.ic con!it.itucnts of t.11,1 (:nn)•.!. Nilrogan \n 

c r u d e · o i 1 i s a s s o c i a t e d m a i n J. y w i t h t h e a s p h" a 1 t c a n t an t • 
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Compounds of oxygen with definite structures which occur in crudu 

oils are acids and phenols. The ardRr of increasing ~bund~nce of 

the haterocompounds is sulphur Nil.togon 

2.2 SOURCES or OIL POLLUTION 

Pollution from oil and/or petroluw11 ranges from a ma!Jsive single 

spilla~e as from a fractured pipeline to tha l~sser but apparontly 

r e p et i t i v a l o s s e s i., h J c h u s u a 11 }' .u i s e f ;r nm c 3 !' 2 l o e s h a n d l.i.,n g a. t 

flow station, to such continuous but often small scelo sources as an 

·undetected leak or an oil contaminated flow of waste water. 

Information from various field investigo1tion.s undertaken for this 

research coupied with documented data reveal additional sources of 

oil pollution as.drilling/waste pit failures, sabotige/instrument . . 

theft, well-head failures and marine/terminal operntional __ ac£~d~i::!JS, 

from Table 3, it can ba observed that over 60% of the ~ummulativ& 

annual totals of crude oil spilled from all sources in lho study are~ 

emanated alone from flow gtation operations {c) and from Flo~ stations 

Engineering faults (G.}~ 

Another important source of crude oil spillage requiring our 

attention from the Table, is that from Line or plpelino failura (A), 

which incidentally occuplos the second pre-ominunt pooition. Over 

25% of all crude oil ·Spillago .... -in our' ;tudy are.a c·an be attributed 

to this source alone. Ho~ever, a prominenl cauaative factor worthy 

or mention is sabot~go/instrumant theft (f), which nrcupies the· third 

position in terms of tha tot.al number of spills in the aroa, but 

incidantaly it has cummulative ~olumes sharo of 1('"" tli·n ·,.l<f/ ,..,.,,.;.> d ~i.1u• 
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2.3 EVALUATION AND D(SCRIPTTON or THEIR PROBABLE EFFECTS 

Quantification of the effects of oil pollution is difficult 

bacausa the origin and composition vary significantly. fhe effects 

may also be dependent on the nature of the spillagz, the history 

of the spillage, the volume of the spillage, the natur~ of the flora 

or Fauna, as well as the nature of the locality. Crudo oil when 

spilled on the environment can ultimately, be degraded by chsmic,1, 

physical or biological processes either with or without human 

interference and become innocuous but in the process, they may lead 

to diminishing the richness and variety of the environment and 

ultimately the quality of human life .and life span (Jorgensen, 1976). 

The biodogradation of petroleum is a ulow process which 

depe~ds largely on the size and composition of the constituent • 

hydrocarbon molecules. Short chain alkanes rapidly evaporata and 

are toxic to several micro-orga~isms. Intermediate chuln alkane3 

undergo rapid biodegradation. Branch chain alkanes rarely undergo 

degradation but when they do, the process is rather very slow. The 

rates of biodegradation in all component alkanes is higher than 

those in aromatic and alicyclic compounds. for t0e lattef, tha 

rate of biodogradation increaseG with the incorporatlon of long 

aliphatic side chains. Biodegradation of petroleum is controlled by 

such factors as availablu nutrients notably phosphorous and 

Nitrogen, temperature, the nature of the p~trolaum, the dissolved 

oxygen concentration.and the micro~organisms present (Harrison,1990). 
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great 'economic losses\. 'us ua:\.ly: poor primary productivity of'· pJLutt s 

due to inhibition or :.da~~ge of,th~,.t';hlorophy!l as wall: as inhipHi.on 
·~ ! ' • • I ' ~ • ,., •, 

of' th~ gerneral metabol t~ ·ac:tJvity of tha plant such. as tranaloc;ati~n 

and transpiration occurs ..... In ·-,;i"dditi.on, yallowini;:i or 11:1,ivas. 

defoliation, coating ·.of .surf.ac~.s--C!f---·plants is also obser,vt~d •. So.me . . . r -:-t;;r:·rt-~ -:\.· -_· . >; . . i ... ,\ :.'· .. 
factors whi~h det ermfrie · l;.t:,e :'natu.re·. and int en sit y of th s ;ef f oc.t. of 

• .. ·, ··7-"~-~~·-•-::c•.;,_, ....... ··-~ ' . . l, 

...... ~--··· 

topograp~y. nature of;:th~·::·crud~ oil.·,.· tempo.rat ure ~ :.:'hyd ~ography_',-. age 

and physiological state 6f the plant (Mas~n, 19Bt)~ 

The nature of groundwater pollutiun·i.s determined by the goology, 
-4-- ---- ----' . ·-~-.- ..... ~ . 

mineral composition and ~edology of the underlying rock and soil 

which the water flows. through before ra~ching tha desired equifa~s. 

Groundwat~r quality depends on its chemical, physical and bacterio­

logical otatuaes. Most ·groundwators contain organic and inor6<lnic 

compciunds as well as heavy metals which affect their quality. 

Inorganic compounds usually encountered in groundwater& are carbon­

dioxide, Hydrogen Sulphide, Sulphur dioxide, iron oxirle etc. 

Elements commonly encountered include aluminium, calcium, dissolued .- ~ . . 

oxygen, iron~ rnagnessium, m~nganese, potasu1um, sodium, silica~ ate. 

The levels of these elements and/or ~ompounds ara affected by the 

ground-water temperature. Tho heavy metals usually present in 

groundwaters are cadmium, chromium, cyanidep lsad and mercury. The 

depth of groundwaters generally affect the level of dissolved 
.. , 

substances. 
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Deeper groundwatera contain more dissolved 9ubstances than shallow 

forms. With increased temperat~res, the concentration of these 

dissolved substances are significantly incroasod due to higher zolubi-

lity (Rhoades, 1971). 

Crude'Dll is made up of mahy fract~ons and tha toxicity of 

th~ varioµs fractions increases along the series paraffi~s, n~ph-

thalen~s ahd olefins to -ramatic hydrocarbon. Within eact1.series 

of hydrocarbon the .. smaller molecules are more toxic than -t_hri_ l.;H·':}e::-· 
.. ..:.:._. -~-·--'-······~-···· 

and hlgher ones; parafins ara almost non-toxic. 

Oil Spil,ls present hazardous 1J:ffects not only on fishing i:lj'nd 

recreational activities but also on those organisms which liue'ln 
. ' 

water or depend entirely on life in the aquatic environment (Gr;~n 

ana Trett~ 1989). Da~•ge to ~ea birds has brought oil pollution:to 

the attention of the ilublica Oil spi.11 has b,H~n nl,owr. to alter t.he 

community structure by, llti,i;;rp'7s.~pg tti.e amount oF,onargy avaibblp. 
:t :] : , .... ~ •: ,\

0

1. •. •/. ,.'~. :. ' .- ; ' •• '·\\/ 

for ma.intenalnce, growf,h ~.nd :~~·pi:-odu'd:.ion. Cam1a:-ron, (198.5) :1nvg·s.H.;,., •. · 
... ,. ' 

gated the effect of crude oil ·a 1
,1rl--~alinity straus on the.·met.:;boJ.ism 

. -..... : :·~: -- ---·· ·=~ , , ..... 
a f two common filter feeding m_~.~-~_cl,Q.,:}~lt t .p U\> ,!_du li s and 1v1cd i o.l. us· 

. . .•. .......:..,;. ..... _ ... .-.. :..,!·- ···~ -, . . y • .. 

demissus. Carbon budgets were calculated for each spocius under a 

variety of combination11 of oil content and salini.ty. Bott, !Ct>dup19 

salinity and thn presence Of 'crude. oil tend tq l'
0

0dl..!Ctl thi;i net C,htbOQ 

flux for each species. Although similar raspcnses to oil ~are 

shown by each. ilpecies IVJ. ediilis ,•~PflM•l;'.ad ... ta b.e sll9htly mora 

resi~tant to oil than Modiolus demissus. 

.. ,~ 

.. ~ 
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•• :, {'1' . 
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. . 
i'' 

nature of·the cuticle of the animal i.e. whethsr i~ is lipophoiic 

or lipa~hilic. Crustaceans b~ing more-susceptible to hydrocarbon 

based dispersants has lipophtlic cuticle~-
. •' ... ,,..~ ....... ~ ..... - ... . . 

Generally_toxicity of crudu. oil tb ma~in~ animals l$ l~ss 

than that of refined .oil and j,ts products. This ls becau~e refined 

oils contain larger quantiti6s of moderately volatile aromattc com­

pounds th~t are more toxic than.the persistent water soluble 

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

that Kuwait oil is leas toxic to [urypanopeus daeressus tha~ what 

is obtained by exposing R. harrisii to No. 2 Fuel Oil (SpoOn£!r, 1'970). 

Exposur~ of Daphnia Sp. to naphth~lene producod immediate behavioural 

chang as. -1 
In animal,s oxp~~t?~ _ __to .. concerftrat ion gr-e.a,ter than 5 mgl . 

tha movement of_, the set~ond antennae ceased rosul ting in the orqani.sm 

coming to rest on the bottem. Survivorti stiowfld p,~rsistent slugg.i.i;h 

behaviour compared. with tho control after 24hrs. The organi~m oftmn 

recovered, ho~ever, aftei the·toxlcent concentration Fell to non-

detectable levels. 

Toluene which ie also a major component of water solublu 

fraction of refined oil, has be£in amployed in thE" to);icity stt:d.i,H,. 

Cot, {1976), investigat~d the acute to~icity of Toluene to three . . . . 

" 

;_fge groups of rat haad Hinnows Pimophales Prnmslas· • 
. - In the experi~ent 

designed to determinu lho 96-h LC50 and LOEC (lorwest ob:iorved 

effect concentration} of Toluene, 1 day post hatch protolaru~e and 
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aod 30 dav old rish was used td d8t~rmine the LOEC. 
I I 

Th~y reportrJd 

that embryos are.more resistant to toxic effect of toluone than 

larval or ~d~lt forms. Thi~ ihay attributed to eith~r the low9t 

metabolic rate of the embryos ·or the result cf tol~one being ~equestod 
i 

t,, ~ 
•i 

on the lipid-rich yolk\ 
'· r,' 

which u· i?, 

i 
metabolized. 

-~ ... · ...... 

Inf'ormation on this aspect -~~- ~~ttiar s_i::onty on the fhJttecn.s of 

adjustment and regulati.nci.Ji:t..oJ:l·;:;oi,Tution by uame animals, howeVfll'", 

Baker et al; (1981), reported that although marine crustaceans do 

rapidly accumulate petroleum hydrocarbons, and in particular th~ 

aromatic fractions from water, -thay also release the accumulated 

compounds \isry rapidly·.avan·durir,!J conti.nuecL f:lxpo,..ur:.eo This has been 

attributed to thB inducliOi1 Of miciio·s-o'mal ·mi):i3rl ·function o:,,.idase 

sy~tam capable. or the metabolic detoxification of aromatic hydaocarbons. 

This system has been identified in adult cr~bs 1 and in spot shrimp 

Pardalus Platyceros (Lip~ey and Malcomt 1981). Induction of such 

a system allows surviving crabs to reach a new lower steady state tissue 

burden of hydrocarbons during continued exposure. 

Since the production of Crude ail is often associated with 

several toxic inorganic compounds and/or elements, su~h as mercury 

and other heavy metall.i.c compol:1_1:l_ds, whid,· g,rnr··~·a au. production catalysts, 

-the possibility of these harmful substances being introducsdinto th0 

immediate environments is vary likEly dL1ring oil spillages. 
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It has be!3n found that fos.sll. fuol accounted. for ,rn annual 

"( 

release into the en11i:tonment of about 5 x 10"' metric tonnee of morcury 

at the present rate of utilizatJon. Soma of thas~ atmospheric mercury 

('.' eventually Find their way into the fresh-wat.nr system. The mercury 

in the.aquatic rinvironmAnt is associated very largely with the 

particulate phaje, either in susperislcn or as bottom sediment (Matis~ 

1971). Transformation of h*·.;;;;y metals by micro orgarHsms was first 

observed by Williams and Wilder, (1971) when they found that sediment 

from an aquarium methylated mercury from mercuric chloride. This 

methylation did n~~ occur with.heat sterilized sediments. The sadiments 

from Swadish lak•s and ri~ers. were found to form bo~h m~thyl and 

dimethyl mercury from the ionic_ species. The mbthylatlon did not 

occur under anaerobic condition, presumably because the presence 6f 

hydrogen sulphide ~au~ed the precipitation 6f the mercury as sulphide~ 
. ' 

Studies on the biochemical mechn{sm of m~thylation, has sho~n that 

both dimethyl and methyl mercury were formed end that trivalent cobalt 

was implicated in the methylation process aa methyl donqr (5torach 

and Vaz, 1983). Mercu~y will thus circulate in the aqu~tic biosphere 

in th~ methylated form, but in the sediment it is more likaiy to be· 

inorganic a 11 y found :_.a it her __ as __ t_h u .. sucl·phid e or in .iron complexes. 

The effect of crude oil spills on the terrestrial ~nvironment, 

especially on ~oils, plants and animals has beon adequately described 

in.Chapter One. 

• 
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3.1 fIELD SAMPLING RATIONALE AND LABORATORY ANALYTICAL PROCEDURES 

SAMPLING POINTS 

T~e methods adopted for the field sampling/collection of data 
; 

was based on the standard:procedures for ecological assessment studie~, 

At appropriate sampling point;, ·repr·e~entative samples were co1lected 

for water ~ore-hole, socio-economic, vegetation and soil. The 
·'· ' 

entire study.area was, base9_on the results of the preliminary surveys, 

subaequenily 'divided into fr distinct ecological micro units by 

utilizing the locations ·of the 6 flow stations of six oil producing 
1 

'fields in the study area. -They are as follolds, Port Harcourt nortt1 

transect· - · Ele-lenwa (P~NT), Port. Harcourt north-west tr 9nssct (PHNWT) 
' . . 

at Apara, port Hrircou~t north-east transect (PHNET) at Ehubu, Port 

Harco~rt South-east tr~nsect (PHSET) at Korokoro, Port Harcourt,South­

west transect (PH,SWT) at Alakiri, and Port Harcourt South tr;,:.insect 

(PHST) at Olobiri. 

from each of these stations~ samples were collected as 

appropriate for water, ··soil, ve9.etation, hydrogeqchemical/geophya.ical 

and Socio-economic evaluation. 

·SITE SURVEY 

The site survey was carried out usihg st~ndard s~rvey instruments 

notably a~gules, bearingsi compass, theodolite, tape, staff among 

others. The transects were set out, anq 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 1,000m and width of 1,0DOrn from 

each sampling refeience point. 

Points of primary spillage were.used as centre.points, and were 

thus equidistant from the extreme points of the transects at the 

cardinal axes. 

3.2 BIOCHEMICAL AND HYDROGEOLOGICAL ANALYSES 

3.2.1 Soil And Vegetation Studies 

The soil studies involved three aspects, namely, the field and 

laboratory procedures; estimation of the physico-chemical statuses and 

geomorphology, and evaluation of the soil micro-biological status. 

From the latter~ information cin the floral and fa~nal charactorielics 

of the soil;was obt~ined following appropriate laboratory analysis. 

FIELD PROCEDURES 

S,oil Samples were collected· fromi 

1. Random samples within the transects, 

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

3. From pit-profiles distributed to cover the entire sites and 

the control areas. 

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

namely, 0 12cm and 15 - 30cm. For 3 above, soil samples were 

collected at·O - 15cm, 15 - 30cm and below 30~m us~ally 30 - 60pm. 

Additional soil samples were also collected at levels of differing 

soil colouration. 
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from each sampliri\~ locat'ion at' 'i°E!ast six sail samples ·were : ' 

collected at points using a.,_s.oil auger or trowel~ The samples were 

subsequently bulked togethar tp give one composita sample for a~y 

depth sampled. In determining the.choice of sampling adequate cars 
• • • , I 

was taken to allow for the inherent variabiiity of soil materials 
! • . ' ' ' 

as spatial variability often exist over ~mall areas. The bulking 
I. 

procedure for the soil samples was stand~rdised by ensur·ing that ' 

i 
samples collected were. of e~1ual: volume arid from the same soil depth. . . ... . . . , .. 

On collection, soil samples w~re immediately .transfered 
... ', ' ' . ' --- ' ' 

into polythene bags. T~e.soiJ -~amples·wer~ subsequently stored ~n 
~. _.__ ... ·- . 

deep freezers pending analysis.· Aeration of Coll-i;·;:;t~d"--so.il_e.c:1_!!]_ples 
i • ' ' •.•• '"--~--- :..-

, • ,•, !·'· ,1,. 
was minimised by ensuring that_ no.~fr spaces were left in.the bags 

during sealing. 

LABORATORY PROCEDURES 

1. Hydrogen-ion-Conc~ntration (pH) 

Soil pH was determined by the 1:1 Soili water ratio method as 

described by Jackson (1970) using a multipolarographic meter, 

Horib~ U-7 model. 10g soil sample was 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 electrode into 

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

The electricaL-.epr,guctivity (E_~c.)--of the soil. was measured using 
.· w·~·--- «••' - - -

the filtrate for the pH'· measurement •. To measure, the electrode of 
the Horiba·u-7 model meter was.dipped into the filterate in.a small 

holding·beaker and the readin~ taken af~br 3 minutes. Tha conducti­

vity val~e· ~as eipressed in micro-ohms/cm (Uohm/~m). 

3. Air DryinQ, 

The soil sam~les .were air dried by thinly spreading the sample 

' -

on newspapers in the la~o;~tory which was well ~erated. The soil 

' was occasionally stirred to expose a fresh surface. Drying was com-

pleted after 48 hours at room temperature~ Air dried samples ware 

then.sieved using a 2~m mesh ~iz~ sieve. Soil aggregates larger than 

2mm were gently crushed to break· up aggregates to avoid shattering 

soft mineral parti~lss that may be presant. 

4. Exchangeable Cations 

2.Sg of a well ground soil sample were shaken in a conical 

flask containing 25ml of neutra-1 .in ammor,ium acetate, for 30 minut;,s 

and filtered. From the filtrate the following cations were determined 

using a flame photometer: 

Sodium ion {Na+) 

Potassium ion (K+) 

Calcium ion (Ca+) 

Also t.he follwing cations were deterrniner1 From the above 

filterate using Atomic Absoiption Spectrophotometer (AAS): 

Magnesium·ian (Mg+~) 

Manganeseion {Mn++) 
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iron (III) ion (Fe+++) 

s. Organic Carbon· 

Organic carbon was determined after the wet combustion method 
; 

of Walkley and Black (1934){ 1.0g well ground soil sample waq 

transferred into a 300ml capacity beaker and treated with 10ml of 

IN potassium dichromate to wet the samples. 20ml of concentrated 

sulphuric acl~ was immediately added to the wet mixture. The beaker 

and its contents were then ~otated with care for 20 minutes. 200ml . . ' ~ 

of distilied water was then added to the contents of the beaker. 

25ml of ·O~~N ferro.us ammonium sulphate was a.dped and titrated using 

0.4N potassium permanganate under very strong light. 

6. Total Nitroqen 

~ .Og _of the soi.! ~amp~e was transfered to a digest.ion flask 

and 5 tablets of .·sodium sulphate, 3 tablets of selenium and 2ml r:;opper · 

iulphate sol~tion were added. 40ml of a~alytical grade ,concentr~ted 

, . . I . 
sulphuric acid wa~ added and the contents were mixed and subsequently 

i ' 

swirled gently. The resultant· m,ixture was digested over a tecator 

block at 350°c until the digest tµrned greyish-white~ The final: 

mixture was then allowed io cool and wa~hed into a distillation'unit4 
f '·•, ,. • 

~ .. ' .. ,_. ---: ---~ .. 

The contents were made· alkaline by adding 10% sodium hyd~~x'iae--irno· ... -· -·· 

then distilled int-0 25ml of boric acid indicator that had previousli 

been pipetted into a co~ical flask. From the distillate, 75ml was 

measured into another conical flask and titrated using D.11mlcl ~. 
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.Nitrogen content of the soil was calculated using the relationship: 

7. 

%N 

Where: 

M 

t 

s 

= 

= 

= 

= M X t X 14 X 100 

s 

Molarity of the HCl 

titre value 

wt. of Soil used. 

Eqtn. (1) 

Ammonium Nitr~te and Nitrate Nitrogen 

Ammonium nitrate, and nitrate nitrogen were determined by shaking 

" 5g of soil sample in a flask cqntaining 50ml of IN pot~ssium sulphate. 

Ammonium nitrogen was determined by nesslirization using aliquots 

of the soil extracts. Nitrite Nitrogen was determined by the Greis~­

llbsvay method in which alpha-napthylamine and sulphanillc acid wdre 

u~ed. Nitrate nitrogen was determined by the phenoldisulphonic acid 

method as described by Machareth (1963). 

8. Available Phosphorous 

The phaspho~ous concentuation of the soil was determined using 

the method of Jackson (1970). 2-g of soil sample was transfered 

into a conical flask and 20ml of Bray P-T extraction solution 

(0.03N NH
4

F and 0.25N HCL) added. The flask with its contents was 

stirred for 3 minutes and then filtered. 5rnls of the filtrato was 

then pipetted into 25ml volumetric flask ahd made up the mark by 

the addition of 16ml distilled water and 4ml of ~bCO~bi~ acid 

solution (0.056g ascorbic acid in 200ml molybdate-tartarate solution). 

The mixture was allowed to be stored for 20 minutes to ensure full 

colour development. 
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The ahove tr·eatmerit ~cis c;~r:dad out for. standaYd·P.s..t_gck solution for ·--·-····----: ____ _ 
'• ·-····,'.,-.-.~ r ., ·' ' ~- •-< -

rejare~ce calibration ccirve. The ab~orbence was measured at 882nm 

on a spectronic ___ m-sp~~ct-~s?holomete~ 
! • / .-i.'. ' ' • 

9 •· Hydrocarbon C~ncenir~tibn 

"' ' . ~,· 

Sg of the i:iciil · ~~mpie.). wai;, tran,~fereq into a cqnical flask {allowed 

by the addition of 1o~i .~(-~~luene/ The mixture was then shaken:.and 

the absorbence of the oil/extracted was measured at a wave-lenght of 
- · . l -:ii H\. :: --- ·. :'. :.: 

420Mu using T' spectrr~;hClt·;~.lll'~J~:n. T~:~ ·above treatment was ·c~rr~'~{ 

out for standard- hyd~~·~.ubo·n: ~'a'iitai~ln.Q axtractan.t · for st'andard-'f ~urv.e 
,.. :., ::\ ' ~. . . ' . ' ·- . . ' \ ' . . . .. . . 

preparation. Using th::~ l:<~andard curve ttie total hydrocarbon cancan-

tmation was then determined. 

10. Determination of Available Cations 

'(Ca 2+, K+, Na+, Fe 3+, Mg 2+, l"Jn 2+) 

?•5g. of soil sample was transfered into a conical flask 
·, . . ' 

/ 

followed by an ad.dition of 25ml of IN. Ammonium a_cetatn (CH
3

COONH
4
). 

The misture was shaken for 45min~ and the extract filtered into glass 

beakers. Aliquots of the filterate was used to determine the 

con·centration _ of calcium, ion,. Pptassium ion, and Sodium ion by 

falme photometry. The concentration of Iron, Magnesfum and Mangaf)ese 

was determined by using an atomic absorption spectrophotometer ( AA·S). 

Using Jackson's method, J~ckson (1970), the concentration of tha 

cations were calculated and expressed in parts per million (ppm} of 

milligramme equivalent per 100g soil (Meq/100g Soil). 
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11 • sulphate Concentration 

The soil sample was ashed after pre-treatment. 5mg of the 

extract was transfered into a 30ml capacity beaker and 10ml of 

di~tilled water was added followed by gentle stirring using. a glass 

rod. To the mixture, 10ml glycerol (I+ I glycerol water) was 

rapidly added using a burette and stirred. vigorously but without 
., 

spilling any liquid with the glass rod for 20 seconds. The ~eaka~ 

was then transfered to a refrigerator and the temperature of the 

mixture brought down to 1s 0 c. 2ml of Barium chloride was added 

followed by stirring for 20 seconds. The mixture was tren altowed 

+- t d f ..,0 . t t t 25°c 2°c wO s an or~ mins. a room empera ura + • Standard 

solutions of sulphate were also prepared. The concentration of 

sulpha~e was then determined at a wave-lenght of 600nm using a 

spectrophotometer and standard reference of zero. 

1 2. Phosphorous Concentration 

Phosphorous Concentration w~s determined after cooling the 

0 extract to 15 C. The extract was then transfered into a conical 

flask and 20ml of Bray P-I extraction solution (0.03N NH4F + 0.25N 

H C L ) w a s a d d e d f o 11 o w e d b y r,; ,~ r, t l ,~ s t i r r i n g fa r. 3 m i n s • a n d t he n 

filtered. 
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13. Exchangeable Aciditt 

2.Sg of soil sample was transferr~d into conical flask followed 

by the addition of 25~1 6F 1N Potassium -chloride. The mixture ~as 

shaken for 20minutes snd filter~d. 10ml of t~e filterate was 

titrated using 0.10 IN sodium hydroxidd using phenolphthalin as 

indicator ~fter McKean (1965). The cancentrat~on of the exchangeable 

acitjity was calculated and expressetj as milliequiualent per 100q 

soil (Meq/10Dg so~l). 

14. H~avy Metals 

2.Sg of the sieved, air-dried soil sample was lransfered into 

a 250cm 3 capacity conical fla$k. 25cm3 of 2M analar grade nit~1c 

acid was added to the flask and mixture was shaken Followed immadiately 

. 0 
by hl:lating at 100 Con a wc1terb 9 th for 2.hrs. The flask and itn 

. ' . . . 

contents weie then all-0wed td cqol~ 3 20cm of distilled 

' 1· 

added .to the flask followed by shaking and fil~eration. The 

filtrate was 
- . . 3 

decanted into a 10D~m conical flask followed by the 

addition of distill~d water to makn. 
:3 

up th~ solution to the 100cm 

mark. Standard solutions of the heavy metals containing 25% of 2M 

analar grade nitric acid were also prepared. The concentration of 

the heavy metals were then determined using an atomic absorption 

spectrophotometer. 

then 
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15. Soil Microbiological Analysis 

The estimation of t~e micro-organisms in the soil sample was 

investigated using the soil dilution.plate method where serial 

dilutions of the soil sample in ste~ile distilled water were plated 

... -.---<- 0 . 
out using nutrient··agar and- ineubat.ing at 30 C for 48 hours. 1g of 

the soil sample was transferred into 'a ~lcCartney bottle, followed by 

the addition of 10ml st~rile distilled water and shaking. The. 

resulting soil suspension thus gave a dilution of. ,o- 1 • 1ml of. soil 

suspension was then transferred to another McCartney bottle containing• 

9ml sterile di~tilled water using a sterile micro-pipette. The 

suspension of th.e latt_er bottle was gen_tly and carefully shaken to 

give a dilution of 10-~ Usin~ the same procedure, other seiial dilutions 

' . -6 
were made up to a -final dilution of 10 • Identification of bactE1riai 

components was after th~ method of Cowan (1974). 

To enumerate the micro-organisms, 1ml. portion of the 1D -6 

dilution above was plated out oh a nutrient medium of manitol exb~act 

o o agar and incubated aerobically at 26 C + 2 C for 3 days. The 

treatment was also replicated and counted. 

To estimate the fungal organisms, 1ml portion of th~ ,o-3 dilution 

obtained from the serial dilution above was transfsred into Maccartney 

bottles containing 9ml of Molten Potato Dextrose Agar (PDA) to give 

a dilution of 10-4 and maintained at 43°c + 2°c in a water bath. To 

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

to each bottle of agar containing the soil susp~nsion. 
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Each bottle was carefully and gently rocked. The contents of the 

( bottle was then transfered into sterile pettidishes, and incubated 

0 0 for 3 days at 26 C + 2 c. The developed Fungal colonies were than 

identified and counted to give the fungal population. The treatment 

was also r~p'licated. -- ... --L---••_,_. ,-• 

Vegetation Studies 

1 • Biological Analysis 

Vag~tation samples were collected in triplicates for angiosperms, 

bryophytes, and pteridophytes from fhe study area an~ labelled 

accordingly. The smpling 'technique-·invo.lved a c-ombination of the 

random, systematic and stratified random sampling procedure. At ~ach 

sampling point within the transects, the couDt Quadr~t Technique in 

which quadrats of 20m x 20m dimention was· used. 

As much as possible, samples were identified in the Field while 

unidentified samples ~ere taken to the herbarium and subsequently 

identified. 

Apart from vegetation identification; 

(a) the dead and threatened vegetation··was observ.ed and .probable 

causes of death noted. 
; 

(b) plant species usually the apparently dominant forms were 

collected for plant nutrient analysis. 

{c) the pathologi~al condition of the plants especially the economic 

ones was investigated such as the insect pests, bacteria, 

fungi and viral diseases. 

{d} the girth at breast, height, density etc., were also 

investigated. 
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2. Chemical Analysi~ 

Dry Ashing of Plant Tissue Material 

Plant samples for chemi~al analysi5 were ov~n-dried at 70°C for 

14 hrs~ and homogenised. The homogonis~d samples ~ere then dry­

ashed. Dry ashing was effected using 1g of tha. homoqeniser.i. samplti 

which was transferred t~ a Silica di~h and ashed for~! hrs. at 550°C 

in a muffle furnace. The ashed sample was coolud and dissol~ud in 

5ml of 2N nitric acid. The result.1nt mixt:ur,~ was than filt:tirnd arid 

3 made up to the 50 Cm mark µsing dis~illed watar. 

3. 

From ·the filterat~-~baµe, tha concentration of Calcium, 

Potassium and Sodium was determinad by flame photo~etry. 

Pl.ant samples werl3' transferred into ·a conic.:,:::il flask foUowec( by 

the addition of 5ml of .50% sui\,Uon of ma.Qn1'.1siqm ,,it.rate ur.d- haat\id 
' ' ' . . ' . ' 

gently to dr_yness over' a !&later: bath.:·:·~,r;fte·1; the.:ro:ii.r.hie l;Jfl~ t:r·eat:ed, 
. . . . ·-~~';"'··· .. -~~~ .......... :_ ..... ~,·-····-~···-"' '. : ·. . .' .. . . . ' . - ', ... , . . 

ths concentritian of chl~ride:wai lhen.determinad by titrating.5~1 

of the plant extract ~ith 0.05.~l silver n.itratn ;;ofut:ion, tstrab_ur.a_te ,~, 
·~--, . ..__ 

(as pH buffer) and potassium chromate (as indicat~r) until & pet~ 
. .. 

manent reddish coloui ;~~:~ev;ip~;d. 

5. Nitrogen ·-, -. ~ -· ··--· 

1~0g -0f the plant sampl~ was tr~nsferre~ t. o a 

and 6 tablets of sodium sulp~ate, 3 tablets of selnnium and 2ml 

copper sulphate were added. <'10ml of analytical grad"G ccncentr-atad 

sulphuric acid was adde,1 ·and t.he contHntn were mi.xe(1 and swbsorprn:itly 

swirled gently. The rasultant mixture wau digested ovAr a teeator 

.-----~-~-

CODESRIA
 - L

IB
RARY



- .. ..:. ... ~;-"'.--·_,...-..... ~-· --~ , .... •-
47 

block -at. 3~0 9c ~ntil tho digest ~urnad greenish-whjte. The final 

mixture was then allow$d to' c~~l and·washei:l .into ·,id~stilln.tion unit. 

The contents were mad a:,"a lk a ,l .ina .by ~dd i ng i Q% :c.qd .i:.::'.:l ·hyd:r:qx ide ·arid 
' . . . . ···- .. ,. - ... .. . . 

measured into another 6onical.·fl~sk·and ·titratud using 0.1N potaaoium . ), . . . . 

chloride. The· percentage total. nitr-ng~r.--:r._orrt:·iHit·-uT ·p1e · ....... - -L-
~I_.LQ 1\1, samplo 

. . . . -.. 

·was.calculated using thri .. relation,hip: 

6. 

%N = 

Where M = 

t = 

p : 

M )(' t x 14 x 100 
-· p 

molarity of the H Cl, 

titre value 

~ - - ---· ·w~-~=af-p·lant·~fample used. 

Sulphate Concentraiion 

(2) 

The plant sample was ashed after pre-treatment as in (2) ~bove. 

S_mg of the plant extract uas transferred tnto a 30ml capacity -beake:­

and 10ml·of distilled wat~r ~as added followed by gentlo stirring 

• u s i n g a g la s s, ; r ad • T o t h e 111.i ;,.: t u r e , 1 0 m l _ g l y c e r o 1 ( 1 + 1 g l y c e r o l 

and water) was rapidly adde~ using a tn..1rottlo anci ntirrod vigorow:;ly 

but without spilling any liquid with the glass rod for 20 seconds. 
,· 

The beaker was than transf~rred to a r~frige~ator and the tem~uratura 

6f the mixture brou~ht down to 1s0 c. 2 ml of Barium Chloride wRs 

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

.allowed to stand for 30 minut~s at room temperature 2s 0 c + 2°c. 
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Standard solutions of sulphate were also prepared. TG~ concentration 

of sulphate was fhen det~rmined at a wave langht of 600nm using a 
. ii' . . .. 

spactrophotom-etsr and' :a ~tandard· reference of zaro. 

7. Phoiphoroui Conc~ntration 

0

ihosphorou9 conc~ntration was-determined aa in (6) abova exc6pt 
. . . . . ' . . . 0 . . . . 

that after. c;ooli'ng to· 1.5 C, the extract 1ii'as t.rar::;f::;rr.;d ifito a 

conical flask and 20ml of Bray P-1 extr~ction solution (0.63N NH 1 f i 
,t 

0·_.25N HCl) was added_ ~-ollo1vad b>'. g\;lnth1 istining for 3 rx1ins. and 

filtered. 5ml of the'iriil:;rat~ u13s:t'heff pipetted into 25ml of 
•, I,' . 

volumetric flask •and made .up ~h .. e mark ,by th1..: add.itic)n· of 16ml 

distilled water and 4ml .of ascorbic acid-sol.µtion (O.:j6q aocorb1c' 
. . . -·--· ... -· 

acid in 200ml malybdata:..:_tarfarate so-lu.ti:on). ,· Tt:,v. mi)(t1Jre-was all.ow~d···-· 

to stand for 20 mins~ to ens~ra fyll colour dovelapment. Tho above 
\ 

treatment except for -~5). abo.ve w.aG ,repeated OU_t for standa.rd p f;tock 

solution for reference calibration curve. Tho phonphnrous ·conc::,!n= 

tration of the pl~nt tissue was measured at 882nm on a spectronic 

70 spectrophotometer. 
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3-. 2. 2 ~atic Ancl S~~irnrint Studies ·-~-,--. ----- -··----..:. ______ ·-,....·. 

1. 
Sampling 5 t __ ~t_._i ~::~·~,~--= .. =.=~··;...,..· ~· ~··_ ~~, 
Bi~ed on the rosults-of the pr~liminary ourveys and general 

observat:i.ons in the study area, sampling points fer .aquatic studies 

weie chose" as appropri~tra~. ~~rom~e~ch ~f these iampling poiht~, 

samples were i:oll~ct~:,t whi~h 0~: analysis, y.hrlded. data for the a,guatiq 

parameters investigaffd; 

Water CorileJ:tion .. /: .. • 

Watei samples f~irthe.delermin~iibn af physical and chemical 

~ate~ chara6teristics ~~re 1~oll~b~ed i" iriplicate ~itho~t trappj~~ 

. . -3 
. air using standard water $ampler of capacity 1 dm .at each depth 

and location. 

Th~ sample has a closing moihanism which can be opaned nnd 

closed at various·depth. The long axis of the water- sampler is 

vertical when th~ opening and clpsing mechanisms ore operated~ At 

points of hig_h water level, th·e sampler was ,...,i;ighted to enable it 

displace water mora i.ffE~ctively .:.ind lrnnce si.r,k Lo lowor d,,pths. 

When the sampler reachoe t~e desired depth cf sam~ling, th6 plastic 

covers are opened and water. enters through, thH short 0111:ir1 tube. 

s.imultaineously, air is dischargHd lhrouqh. thti 1onq opon ·t.ubu 1.ihich 

exte.nds above the bottla. Thn water i.n the r;.;,mpler .l..s. t.r<'!nsfered 

without cont~cling air to the analytical glns~ or plaot ic bottles 

by _inserting a dr~in tube to the bottom of thH:bottle, filling it. 

,in d a 11 ow i n g w at e r · t o o v H r. f 1 o ..i f o ;: n f e w :, H c o n d r.; .• 

• 
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2. Determination of \uaLJr Qunl.ili_f'hnr;,1ct.P.-ri11ti.c.s 
~ter Tempe£atur~ 

:-in 

. s t.1 r ta c ~ w at o r : t em p f~ r a t u r a s 1:J -n r H m c a s u r e d u 11 i r. n CJ i. t. h iH· ::. rr. e r c u r y 

in glass thermometer, o~ polarographic temper~ture matrn by dir0ct 

immersion. rt,:1;e ,rea,din']s werr~ taken ·3. m.i.nld .. 1,:, ,"!fler irnmnr.einn, 

for water from the sub-suiface (l~wer depths),tha tharmomeler 

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

(the sampler) was .lowered· to be f i.l lt.1d with 1.1:aLor at trio df1~; i.reo · 

d£Jpth. After 5 minub~s thu samplur: wa!, quJ.°ck]y ·retrievP.d ,1nd Urn 

temperature read with the thermometer still in position. The HORJBA 

~-7 muJti-polarographi~ ~et~r ~a~ als~ used to measure·temporature 

by direct imrnersi.cin and· the value displayed read (1ff after 3 mi nut as~ 

3. _Hyi::l rog an I on Con cent ration ~ 

w a t 8 r pH O r h y d r O g e n i ('j n C u n C O 11 t ;:- .a t i O n Ii) a s d ~ t >H' m i. n a d .!. n Urn 

field using electromet;ic pH mstces 

Secchi Transparen~y 

HORIBA U-7 mouel. 

'•·- --,.~ .. 

~easurements of ~atei tran~par~n9y were made uyin~ a·eQcchi ~isc 
· ... --- ;, 

······--- ... c, .• 

of diameter 20cm. T!"iis 1,1es sub111erged on a gr.:,duatod lirrn intu··t,;-i:I·-···· 
.. 

water. The depth at wti.i.ct:i · H di~rnppeared. from view 3-6 it wau slo1uly 

lowered was noted ~rn (X1) and the depth at 1.ihich it. · -t~i3pp1'?.<il"U ag~dn 

as it was pulled up was al.~o· not~d as (X
2
). A transparent !'J.1.ler w~.s 

. . . . . . . 

in Cm was recorded. as 'tha trarrnparency re'adin~J•. 

" 
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5. Coefficient of ~Light.Extinction·' 

This ~as determined using the relationship of se~hi disc 

tra~sparsncies and the light extinctio~ coefficient. The rnlationship_ . 

based on empirical data of s~cchi depth, recommended by Idsa and 
. f ~ 

Cilbort (1974}, it; 

·-r 
f'I 

Uhere Z~d · 

-1 
M 

= 

. :: 

6. Electrical Conductivity 

Zsd 

aecchi disc transparency 
depth in metros· 

Coefficient of light e~tinction 

Th~ electrical can1ucti~{ty of water was estimated uslng a 

polatographic met~e HORIBA U-7 modnl. Values ~ur~ ~Kpru~5w~ in 

. ,, .·· -1 
Siemens, (Ohm·): or Uohms.· 

7. ·rree Carbon D1oxlde 

I ,, 

100ml .water samplQ' wa,,,;·tran,;;frcr.r,red inlo ;o;·,c.:H1ical 
~r ~ .- . 

f l il !i'K , >.,!it J-1,IJ L! t 
., 

~gitatJng tha sample. ~10 dro~s of phennlphth~lein was ac!d ed. a:i · 

. .indicator. If the. sample" j\;u~·ne·d pink, fre;;: !~.:.rbon 
'< - ..... ~-. 

dioxidEt wan recordod 

as O.OOpp:n. If the sample remai~,6 clea:', lt w,;,,;a thran titr.atCJd i.iHh 

N/44 sodium hydroxid~ from n _burette until a weak pink colour 

. . d e V O l O p e d f O £ .a t l O a fJ t 3 0 S' l'l c. Or. d E • . 

.. 
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e. Dissolved Oxyge!~ 

1: •) 
;:, "· 

This was determined hy the modified Wjnklar - ozida mathoci 

Gamplss were fixed in lhe fiald wit~ m~naganous sulphate, dlkaline­

azide solution and ::one. sulphuric ncil. [;3}cul.ation aia~; be11ed on 

equation givan below (Goltermant 1970). 

Dissolved Oxygen (mg/1) =: _tiQl_~2_1Pb 8 X 1 0 0 0 

i; 
Volumu of Sample - 2 

Where D = Sodium thiosulphate (Na 5 0) 
• 2 2 3 

V ~ Volume of Na
2
s

2
o

3 
used in titration 

N = Nprmality of Na
2
s

2
o

3 
(0.1~4N) 

(4) 

The result was expressed as% - saturation based on thH equ~t:ion 

given by Golterman (1970); Lind {1979). 

% - S~turation = Oxyqen Concsntaation mg/lx 100 
Solubility (5) 

Solubility was obtained from th~ standard solubility conversion table 

in ~hich solubility of waler at particular temperature iG given 

(Golter~an, 1970 ; Thomas and Chamberling, 1974). 

For conveniaAce, dete~minatio~ of dissolved oxygen at various 

depths during diurnal sampling was taken at thR fielrl using portab~e 

Horiba water checker, model u-7. 

-~ 
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9. Phenolphthalein Alkalinity 

100ml of water sarnpleo. uas transfered into 250ml Capacity 

Erlenmeyer flask and 2-t~ drops of phanolpht.hal~in iridicator added. 

The sample was then_ titrated over a white slab atjalnst O.OjN Cone. 

Sulphuric acid until it turned clear. Tltre volume ~f acid ~as 

multiplied by 10 to give phanalphlhalein alkalinity. 

1U. Methyl Orange Alkalinity 

To the solution (9) abo"e, m,~thyl onH1~~u indic.:..tor uli,s addiHL 

The greeni~h-yellow solutlon, obtained wos Litrnted with 0.02N. Con~. 

Sulphuric acid until the colour turned pJnk. Titre volume of ac!d 

obtalried was multipliP.rl by 10 ta ~j.hie methy1 or11ngG alkalinity. 

11. Total Alkalinity 

Total alkalinity was obtained by adding the Litre valumras for 

phenolp~thaiein (9) anrl methyl orange (10) alkalinity. ValuB ~as 

th d . d -3 en expresse tn m • 

12. Dissolved Org_anic fllattui:-_j_i),_O.M.J 

9.5ml of N/100 potassium peim2~ge~2t~ ~n~ ad1nd lo 100ml water 

sample and boiled for 10 rninutw,. ',iJhilo hot. :5r:i1 ;if 25~-{, :11dph11ri.:: 

acid was added; followed by_10ml of ~mmonium nxal~t2. The, r.esvHing 

colourless product was titrated with N/100 Potass!um pRrmanganat8 lo 

pink end-point. Bla~k titration ~ith distilluci wal0r waL carried 

out. 0,0,f'l. = (Tit,re v;i1urJ for 11,at~r- :.umplri) - Titre valun _for:._ 

blank x 3.14. 
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13. •Biochemical Oxyqen Demand (e.o,o 5 ) 

WatAr samples were incubated for 5 dayo at ~0°C in tho dark 

before titration for oxygen using the modified Winkler-azidu method 

(A.P.H,A,, 198Q). 

( B.o.o. 5 ~ Dissolved Oxygen on day 1 - D1sscJved Oxygen on 

day 5 (mg/1).· 

14. Hardness 

This was determi~ed by diluting 25ml wat~r iample to 50ml with 

distilled water. 1ml each of buffer and indicator solutions were 

addred, followed by 2 drops of Erichrome-black-T indicator, The 

resultant reddish solution was titrated with EUJA - lilrant drop by 

drop until light-blue colour end point wns observed: Calculation 

w a s b a s e d o n t h e e q u 2 L i o n g i v e n b y U r, d { , 9 7 9 ) i. a ;-, d A • P • 1-1. A • ( 1 9 B O ) , 

HARDNESS (Mg/cco]) = 1'11. of tiLrant x 1000 
ml. of Sample 

Analytical result was reported as"hardness {EOTA)" 

15. Chloride 

{6) 

2 - 3 drops of potassium chromate was added to 10Dm. water sample 

and titrated against silver nitrate until a pale yollow cclour was 

.observed. 

Chloride Mg/1 Volume of Silver nitrate used x 10. 

··· ~---Prima ry--Prod uct i v·it y Stud .i e s 

Collection of Water Samples for Incubation , 

Water samples· for incubation of phytoplankton for the estimation 

of primary broductiv.ity was collected as dota.iled for physical and 

chemical water characteristics • 

.....,:.- .. ·. 
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8. Treatment or Water S~mples 

The waier s~mple collected was siphoned into one dark bottle 

and t h r e e c 1 ear o.r l i g h t · b o Lt. le!:; of 2 5 0 m 1. cap a c it y • 0 ri e of t h e 

contents of the light bott1e~i ~~1s treat~d immedi,.1t.oly wi.th iiJTNKl.[..f<'S 

reagents to ftx the initial o~ygen. The•other li0ht bottle wa~ l~ter 

analysed for the initial carbon Jiaxide ccintent. The d~rk bottle and 

untreated light bottle w~re liud to a string ~nd lc~~red to tn& 

depths from which thsy were origi.nally calle~t~d~ Suspenaic~ or the 

bottles was achieve·d using·~ n,-lon line held in position by an ir1f1atod 

r u b b e r . f I oat • T h e b o t t 1 e s w u r e :- u n .i n t r i p 1 i c .i L ,-: ? v (ir" ,, n .i:;; ,: u b cii. :i o ri 
'I• .,. 

~eriod of 4 hrs. {10oDO hrs. - 14.00 h;e.). Al the ena of the 

incubation periods, the disso.l.verl oxygen :.ias fi.;,::ed usin9 1ml oac:h of 

managanous chlqride and alkaline lodido. Prior to.fixing the oxygen, 

the temperature and pH were also measured. Tho carbon dioxide content 

was also determin~ct, ~ 

... .-_. ______ ;_· ,-· . . . . -·--

The. 6oncentration of djssoly~d oxyg~~ was estimated by tho: 
--- ---p -

l.:JINKLER me.thod. The principl'e ·or :the ~}gt.~t a..o.d __ -dar.k .. b·ottlii! method 

is tha~-~he~ sample~ of phytoplankton pop~lation ~n iight and ~ark 

-
bottles a~e exposed; th~ igitial concentration of dissolved oxygen . . . . . 

{C 1 ) can be expected to,_: fall. t_o a )ower value (c.
2

) .in the dark ~ottles 

by respiration and to b_:Ei changed t.b a·nother value·· (c3·)·-.trLt'1,L.:.l:! .. ~~-~-- .' 
.-.,'•. ···-···-··· -----

bottles according .to the d 1-f fer enc.e between photosynthetic production 

CODESRIA
 - L

IB
RARY



If other processes involving oxygen (e.g; photoxidative consumption) . ;." 

are absent or can.be nc:glected; ZJnd if it in a~wumod that respiratory 

consumption is not altered by illumination, than the difference 

{C{ - c
3

) ~epres~nt& the respiratory activity per unit volume cvor 

the time interval'involved, the diffe~1nce (C 3 - c1 } + (c
1 

- C2 ),= 
.. ··~ .. ·• __ ...--_ ... ----

... --.. --.-.:_-___ -··,·· ·------~-. 
(C

3 
- c

2
) the gross photosynthetic activity. Based on the above 

principles, estimates of gr6es phot~synthesis are obtalned_directly 

from the difference in concontrations betw~nn l~e 1ight and d~rk 

b.ot tlas. 

1 • Estimation of Primary Productivity 
r: 

From the apove; 

c1-c
2 

ot IB - DB= respiratory ~ctiuity per unit volume 
µer time i~ter~al. 

Wh.ere IB 

LB. 

DB 

= 

rrn t n h o t o s y n t h 1:d: i c z c t .i v .i t 1, r, e r t: r. i t 
volume per time in~crval. 

C -c-:i or ltl - _ 16 + IC - DB = s1rosn 3 L • • 

photosynthetic,actil.'.it.y •. 
l 

I.nitial Bottle 

, Lig_ht 89ttla. 

Dark Bottle 

(7) 

The initial bottle v~lues cancel n,ch othBr and iL ls then. 

possible to estimate ~ross ph~t~oynthetJc·actiuity directly_ fro~ 
) . ..:·: . .. . . . 

' 
LB - j~ as shown aboua. The ~athod the~ estimat~ €he gross photo-

synthesis th°LJs: •:1 . 

.. 
Gross photosynt~esii :·Net o

2 
ouolved +.·o

2 
used 

.. ,· .. •' \ 

" 
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C.::"' ... ' 

To express the changee in oiygen in tnr~s of carbon a~ carhcM 

is both the initial rnat.rir.L1l. ·cind thct end product of :;.fnthesiG and 

quotient (RQ). are dimen:sicinale.c;s n1m1b1Hu ir.rl~c.:';,;Unu the re.lative 

amounts of oxygen and .carbon involved in 

and re~pirati~n:. 

tl ~ ....... 
• ~ I C. of phqtbsyn thesis 

PQ = + C02 = 
- Di 

Molecule o·~_oxy.(;£n liberate.d durin.9 photosynth(<S is 
Molecules of Carbon dioxide a~similated 

Molecules of Carbon dioxide liberaled 
durinc respirati~n 
Molecules of oxygen con~:umod 

(8) 

. 3 . 
Gross Photosynthe~is {mgC/m /hr) = (07.L8) - (02,DD) .1 (1000) 

' f nn, --!-~-,-------
\. ,· '-1 J .. \ l.. J 

Net Photosynthesis {mqC/m
3
/r;;r) = {Oz,LB) - (07,LB). (1000). 

(PC). {t) (9) 

. 3. 
Resp:i.ration (mgC/m /hr) = (02, lB) - {02, 08). (RO). {1000) 

'/.,, t 

Where t = hours of .incubat,ion . . ., . . . . ' ~-,. 

= oxygen in ,J'!l.g/k,.' · 

. 

. •,, .. 

t 

.. ~-. , 

~ .. :. '· . ' 

:1,.'· ... i .. 
'.' ? ,-

··~- ,_ .... '. 

\~·· 

·-·--.--~ ....... __ _ 
'.• 

---~--~·--·'"··-·-·..,·--... ···-··-- - --
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Chlorophyll - a 

The method used is as de~cribed by VQll9nwoiaer (1971); 

Lind (1979). 500ml of wnlln samples wfJr."'. n llororJ through a 45mm 

diameter 11A - millipore fibre.of 0.45 U pore size. Near the ~nd 

of filteration, 1~1 of 1% aqeous susp~n~ion of ma~nesium curbonale 

was added to prevent phaeophytinifation (hardning) ~f pigments due 

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

. ·- ··-- ... ----· . - ---··-'-· 

cool dark condition for about 24 hrs; Extraction was centrifuged to 

remove debris. 

Chlorophyll·absorption u;a,\; measuredspact.rophotomfltrically in 

cells of 4cm at 665nm and 750nm·and value calculated as suggested by 

Vollenweider (1971); and Web~r (1973). 

Ug. Chlorophyll-a/l = 11.9 x (00 655 -· OD 750 ) x v/1 x .l,.ioo 
. --. (1_q_) 

Where 00 665 = absorbance (optical dnnuity) at 665nm 

OD750 =· ab--~fi:rt·b-aJT'C'e~""rt"'rSO'nm 

V = Val~~,~ o,f acetone extract-ad 
, 

L == Lengtr of Cuv e,t. to (4cm path len9tt1) 

5 = Original Sample'Volu~e (~l) 

Ug •· = Conversion factor for Chl-a in acetone. 

·' 

. . 
',. 
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'' 

Detetminat{orr,pf Nitrate-NitroQsn. ----·----3. 

·Nitr'.oge'n .. as··'nitratt?s 1 was estimatecf u·sing Uni r,h(~nol dist11.~·­

phonlc ·ac'id rri'ethod in whi.::h 100ml of water is 'ev~por:.it~d in ·,a 250"iol 

Erle'nmeyer flask.· 2ml phan·oldisulphoi,ic acid was add"ed followed by 

5ml strong ammoiia solution.' The mi.xtura ulaS stirr~d:. and a·u·owed 

to cool.· Th·e· ab·s'o·rbance at 410rim was m·east1red using a spectrophoto­

meter. Distilled: water w~s used as a b1ank. 

4. D~ter~iri~tidn of Phosph~td Phosphorous 

100~1 of water sample was evaporated a~d 1~1 por~hloric acid· 

added in a fume cupboard to diggest tha salt. Tho solution was made 

up to 100ml using distilled water. Tha absorbanco was measured at 

a wavelength of 882nm using a· spectrophotometer. 

5. Heavy Metal 

To· 100ml of water sample collectedt 1ml. of Con~. nitric acid 

was.added to a6idity and preserve the sample. Tho acidified sample 
. . 

wa.s subsequently:. fro:;:en :~~.~i\i\:i in . this , condition un t.U. ·r equ i:r cd 

For anaiysis_. To, analyzes~mple, 10.ml,ufacid was add_ed to 40m.l of 

water.. sample and the. 'mi'xture was hea'ted in a water bath for 30ffiins.-
• • ' I ~} 

a. ~ ... 
of the. various heavx metals_-was anaiys~d using ~n atomic abdorption 

spectrophotometer. 

' . 
.. ,;. 

-:·. 

' .. -....... ~ ...... '• 

. '. ,,;.' 

: ; '~· .. ·' 
·f 

\ ·•··· •.· ···' ,:.', 
,,. .. . ,/ 

•,', ,• 

. ;' ~ ' -:-: . ' 
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6. Microbiology 

Total micro-organisms of bacteria and fungi as well as the o.il 

degrading forms in the water samples !,lera enumerated as .i.n t.he .. soil 

sample~ using 1ml or water and the same madium used for total mi­

crobial estimates in soil. For the oil degrading bacteria and 

fungi, crude oil was added to the 'medium. Thf1 crudt, oil wai; separately 

sterilised by millipbse filteration and ·mixed with equal volumes of 

carbon tot.rachloride before being .used ta coat the rJ,y surface of 

agar contained in p~tri-di~~es. 

7. Aquatic Macrophyt2s 
;: 

The carnposition·, abundance and.di5tribution of aquatic ,,,ac::-::i.-

phytes at each sampling point wao tecrirrlod. The biomasu of each 

spe-cies was also determined. l\'s in the previous plant sampl8~, all 

aquatic macraphyte samples which could not be identified in the riold 

were taken to the laboratory for subsequent ~xamin~tion. Aquatic 

macroinvertribrates ~ssociated with tha macrophytes wbre similarly 

investigated • .. 
B. Plankton Characteristi':._S - Phytoplanton an~. Zooe.Iankton 

Plankton samples were obtained by sinking the'nct bnneath the 

surface of the renervoir and filtering while to1,1ing using~ numbet 

21 bolting silk plankton nel {70 meshes per linnar cm diameter). 

Samples were immediately preserved in 41 formalin for zooplan~ton 

mainly a~d a drop of cone. iodine solution for phytoplankton, 

·. ,.• 
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Howeyer, some unpreserved samples were examined fresh on rnturn 

to the laboratory. Numerical estimations wero made by the drop 

method which is 5 drops of 0.5ml of well shakon sub-sampJo were 

examined under~ light microscope at 100 x magnification • 

. Tha volum~ of water sampled by the tow-1)ut was determined by 

the equation: 

V = IIr7:d 

Where V = Volume of water filtered (11) 

r =· the. radius of ths net ll!Cii.,th 

d = the distance ~he net travelled. 

All samples were concentrated to a volume of 35ml prior to their 

analysis. Subsequently, 05ml. sub-sample was then withdra~n from 

each well shaken concentrate and plankton samples ware pruserved in 

4% formalin or Lugol •_s iodine. 

{a) Examination of Plankton 

, Plankton samples were examined either fresh or preserved. 

fresh unpreserved samples were examihed immediately on return to th0 

laboratory. Preserved samples were examined usually within 10 days 

after the date of collection under a light microobope. 

Concentration of Samples 

A:11_ samples were concentrated by manual ccnt.rifugati.on or often 

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

•. ··--~: . - ,-.; :.!,_.·.;, 
. ':~-:' 
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6 2. 

Qualitative Ex~~i~ation {Tdentific~tion of ~lanktnnl 

Identification of plankton were made aft~r Panak (1953); 

Ward and Wnipple (1959); Bellinger (1974); anrl APHA (1980). 

Phyt
0

oplankton wei:-a identified to species for the import.dnt membun, 

usually. in terms of relative abundance. .Thu phylopli.lnlc t:.on 1J£HE1 

broadly grouped as 8acillariophyceae, Chloraphyce~e, Cyanophyceae and 

Dinophyceae. The broad groups were subsequently clas!l!HI i,,to t.axa 

and species. 

Quantitative Examination 

Numerical estimation of phytopla~kton were made by the drop 

method in which 5. drops of 0.5ml of well sha~en sub-samplns wor8 

examined under a light microscope. 

Abundance 

The abundance of the various important taxa in each m6l8 ~ati 

determined using the forrnuLir. 

where 

D 

D 

N 

V 

= 

= 

= 

= 

N 
V 

( 12) 

the abundance of species x·(number of 
individuals ·drn3) 

the estimated number of specieg x per sample 

the volume of water origlnally sampl8d, 

Species Diversity Indices 

-This was used to char-acterirai the plankton community st.ruct.ure 

and lake trophicstatus. 
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The following formula derived from the information theory of Lipsey 

and Malcom (1981) was used to calculate species diveruity. 

II = N log N - S 

ni log n 1 

ns1 ( 1 3) 

Where 1 I = Species divt'3reity 
~ 

N = the total number of i nJ l Vi d U ,il 

s = the tot a 1 number or species 

rd. :;.:; the number of individuals in taxon x. 

Species Diversity 

The theoratical maximum diversity (11 rnax) of·the plankton 

community was determined using the equation: 

II max = 

Where II max 

s = 

loq 5 

tho theoret.ic2.l maxin1um 
diversity of plankton 

total number of species. 

(b) Concentration of Sample Zooplanktan 

Samples were concentrated by manual centrifugation or by 

leaving them to stand in a sedimentation colu~n. Unlike tho phyto­

plankton, the sedi-rnent,,t-i-or:i.-~-;.olumn ·w·a;~ usual l.y i"llumina·ted from 

the bottom and side to cause the organisms lo move towardi the 

surface from whete they were lmmediatoly siphoned out. Organisms so 

collected wJre 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 Ana~vsi!i · 

Fish.Biolooy 

Fish samples werli collected from the various sampl !.n1J point,; 

from gill nets; fish):;raps'and hook and }ine calch(H• .baitr,1d with· 

earthwor111s., Add it io~aJ s·i:1ecirnens · w.ere aiso · co ll.9ctedC f r~m. traditional 
' ; . : !· 

...• 1:_ 

. • .. 
,;,,.. .'i ', ' ,· .: .: ".· : '. 

identified live ~hi,le others we.re transportP.d to .·~.hii ·. lnbpt;atol."y 'for· . ' . . 

identification. 

fish samples were analysad for total leng(h, using a standard 

one metre measuring baarrl and then dissected. The gGndcia were examined 

to determine the sex a~d stage of gonads development. A5-staga gon3d 

maturity Key based on actual observations of qonarls of tho fish 

samples were used to describe the ritages as: 

(i) Jmmatur~ - representing young virgin fishes neuQt previously 

engaged in breeding. Gonads were very small 

(ii) Mature 

(iii) Gravid 

a~d transparent; not easily differentiated lnto 

maLes and females as eggs were not yet visible 

to tho naked eye. 

- Gonod:; developiny or op<1que and duvrdopud; in 

females ocytas clearly vioible tu the n~kod eye; 

in male5, milt may bi;. exuclecJ. w~1en cut.. 

Females with swollen nvorles, but tH]~Js not yel 

ripu; aggs gen8rally yolky with smaller eggs, 

lei:;ts swolltrn full of inilt when prcrnsed .. 
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femaies with very ~arcJe s1~01len ovuries, la1:gf::, 

spherical, ,golden y·a.iiow .yelky e•JD:9 lcst,;; ful 1 

of.milt, ~x~ded und~r libht pressure. The ugga 

may be ~asily separated ~nd milt may flow fram 

tJ_'I e v ·$ n t: . f r, e fJ 1 y w i t h. t h 1., ] e a s t fH' f~ 1HilH' c o n Urn 
.,~ .I •,': • ' .:., ,: ,_;,~ : ' • 

1
° :. 11 /, :,; ! 

1 

abdomen··:;"•'· 
' i ' • •. .~. : . 

. •, 
t 

(v) Spent - Ovaries and teGtes }ioarly empty·. ffo,cently ~ipent 

.oviriag are flabby ~it~ few idsidual e~gs •.. Thu 

t;~~ti:!s are depleted;·~-r"\ii:nt·-.,~~~;,in.both. i;exo~ 

the gonads are reduced in comparison with stages 

'iii and iv. 

Length - Weight Relationshin 

The length-weight relationshJp of the fiuh samples ~as da{ftrmined 
--......... ..).0.____,___.,- .. ~, - ~- ... •--···· ··-· - .... ,.!•.,,, '• 

,,, '······ .. , ,:_ 

using a modified meth~d of Pennak (1~53) of 

Log w =· 1,09 ~ + b 1.0~1 I. 
(15) 

Wh,ere w ·- . Weiqht of th~l ft sh in ;J rn 

L = Standard lenght of t h (l fish in cm 

a = Constant 

b = an exponent 

Condition· Factor 

The condition factor ('K' value) was dutetmined usin~J the 

relationship 

K = W X 100 
-L3-- ( 1 6) 

Where Is' = Condition factor 

w ·= Weight of tho fish in gm 

L = Standurd length of the fish in cm 
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Weight of Fish 

The weight of fish samples was taken with a top loading slater . _,.-~· 
··--------· ---·-- ---·- ---- --- ------~ 

balance to the nearest gramme. 

Parasites 

The fins, gills and skin of the fish samples were examined 

with a hand lens for the presence of parasites. 

Total Tissue Hydrocarbon 

This was'~etermined using the wet digestion method. 

Fisheiy Te~hnig~es 

The fishery techniques were determined by assessing the catch, 

per unit effort over a·one hour period using a baited hook. The 

fishing gears were als~ investigated. 

Heavy Metals - Bioassays 

The fish samples were classified into genus and species a~d 

then measur~d and weighed. For determing toxic heavy metNls in fish, 

it is not suitable to use whole fish, but selected orgams which 

effectively accumulate these elements • As these e l Ern1 IHl t s · d if fer 

for different metals and species, we sampletj four organs from 

selected fish species. The organs were the gill, kidney, liver and 

muscle which were obtained by dissecting the idcritified fish samples. 

The analysis for heavy metal level was done ac·cording to rAD/SIDA 

(1983) with atomic absorption spectrophotometer. This method involved 

wet ashing with a mixture of nitric acid and hyclrogen peroxide. 

CODESRIA
 - L

IB
RARY



i::i:.}-1•.,~'i_, /i•.: ; .,'..'.;• 1 !' . I. 1 . Jl, I~ ..... ,.:~1i< .. ·'1· 
.

:. :}('.~: .. ·; \-, ;;'. .... ;~.:11,:·: .'.~;: .... ~.~;,,., .. ,~ ..... ,~~,,,, .. -, 

I 

t I 

:_ i 

... ,. 

·1· 

t{' 
::,1,i •. . ' : 

'I .~· • 

t' .:....,,,,, .... 

':',, 

··-. -~ ,'; ' ... , ~ , . .,,.•,- ... \•, ·-"·· 

~1 
The concentration was expr~ssed in Ug g wet weight. Tho concen-

tration factors were calculated to determine the sorption capacity 

of the examined · animals a f"t er F AO/SIDA methods. 
. . l 

CF --B'··--~.fYlcA. 
Mew (17) 

Where CF = Concentration.factors of heavy metal 

Mc A = Metal cancentrat ion ir1 · i:.he body of· f lsh 

McW = Metal concentration in water. 

10. Sediment 

A. Collection of Samples 

Bottom sediments wars collected·as approprtate using Erkman 

Sediment Grab Samples ~r grab samples were collected and anilysmd 

in triplicates. The sediments were washed with sieves to removu 

debris. The resulting sediment was then pru~arv~d in fin~l ~oncan­

tration ot 4% formalin. Another set of the washed sediment sample 

was immediately stained with rose bengale. The later process 

conspicuously stained all the macro-benthic invertebrates red except 

members of the mollusca. The organisms were then identified and 

classified aftei th~ method of Edmonson (1959). Samples for 

physico-chemical and other biological analysis ·1,.1ere imn1~dil:lfe!.L.: .. 

after collection allowed to drain followed by the re~oval of debris 

manually. They were then immediately preserved .tn ice to prevent; 

further microbial degration of hydrocarbon. 

B. Analysis of Sediment Samples 

Analysis of the sediment samples for physico-chemistry, micro­

biology and macrophyte was identical to those for th8 soil samples. 
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3.2.3 Hydrogealogical and Geophysical studies 

The geophysi~al in.vestigation wos can:jed_out usJng an ABEl11 

Terrameter SAS 300 for the groundwater. Thr~ie geo-eloctr.ic·-aepTf,-· 

soundings of array lengths of 1000m each were made in ·the area. 

The popular Schlumberger electrode cor1figuration was used and thB 

instrument (ABEM SAS 300) which has a high resolution gave a direct. 

readout of the apparent resistance of the layers in ohms or 

milliohms. These readings were then converted to apparent resisl:i~i­

ties by using the formular~ 

Where 

Pa = (L 2 
- 1

2
)R 

cz-· 

Pa. = ·apparent resist~vit.y 

(18) 

(m) 

L = half the cur.rent electrode separation ( m). 

I = half the potential electrode separation ("m) 

R = resistance of the layer (ohm) 

five curves made of the apparent ~esistivity (pa) against 

the electrode separation (BAB/2) for each of the geoelectric soundings 

were interpreted by automatic computer evaluation using Dar.zarouk 

curves. The geoelectric sections that show the resistivitias and 

the depths to the corresponding layers were thGn estimat8d• 

1. Physiao-chemical Characteristics of Groundwater 

The water an~ soil samples for hydro-geochemical and hydroguo-

logical analysis were collected from recently drilled s.P.D,C. bore­

holes p_urposely selected from 3 out of the oil-field 1ocat.inn1, iri 

the area, specifically at Elelanuia,' Alaklri and Ebuhu. 

'1il 
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Drilling was achie~ed by tha hydraulic rotary method. During drllling 

soil samples were collect~d at 20ft intervals until the.real aquifers 

were reached. Drillings werG followed by the installatir.1,·, o; :::2-sti.!:g~; 

well screens, the granting and borehole development. Thu boreholes 

were then flushed to ensure satisfactory development of boreholeB. 

Water samples ware then collected for hydrogeophysical and dydrogeo­

chemical analysis. 

The analysis ·of borehole water was as in the'case fur the 

water samples already described. 

'for the analysis of soil samples for geophysical and geochQrnical 

characteristics it was as in the case of the soil samplea previously 

described. 

The particles fractionation of borehole soil samples was 

carried out using the standard "bouyoucos hydrometer" technique. 

Prior to transfering the sample to the hydrometer, 50q of th13 samplo 

was weighed and transferred to a baffl~d cup to ~hich 10ml of. 

calgon (So~ium hexametaphbsphate) had been. added. 

'Calgon• acts as a dispersing agent: {To obtain celgon 5% 

W/v, 50g of 'calgon' is dissolved in water Follo~ed by the addition 

of sodium bicarbonate to bring the final pH of Lhe sample to pH91 

The mixture was then diluted to 1 litre). 

To obtain the amount of sand in sample, the hydrome~er was 

removed and the suspension shaken vigorously. The sample was thun 

left undisturbed for 30 seconds. 
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After the interval, the hydrometer was replaced careful~y and its 

reading taken after 30 seconds. The hydrometer wos then removed 

and the temperature of the suspension recorded. To compentiate for 

temperature variations, for each degree rise in temppraturs above 

20°c, 0.3 units was added while for each degree fall D.3 units waa 

subtracted~ The amount of part{cles which settled at th~ end of 

the 40 seconds gave the percentage 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. The percentage compoei­

tion of the sand was obtained by dividing the weight of the sand by 

the total weight of the soil and multiplying by 100. 

To obtain the amount of clay present, the suspension was 

vigor~usly shaken and the sample left to stand for 2 hrs. The 

hydrometer reading was also taken as in the case of sand. The 

corrected hydrometer reading gave the amount of_clay sample pr·esent. 

The percent clay was also obtained as· in the case of sand. The· 

pri~ciple is that at the end of 2 hour~, the sand and silt must have 

settled out of suspension. Th~ difference in weig~t geue the per­

centage silt. The weight of silt was obtained by subtrating the 

combined weight of clay and sand from 100. 

2. Microbial flora 

An~lysii of ground water for microbiological features·waa·carried 

out as decribed for surface previbusly. 
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· 3.3 . SOCto-ECDNOMIC,. STUDIE°S · 
·····-:--~-.-:.__:__. ___ ,' 

The sampling proc·eciure. involved first contact anrl- negotiafions--.·. 

With the. r elev ant-C_Q_l!IJ!l!:!_n_i t y/v i lla~_nsa-cts: Th 8 hqus a hole;! S and. Villages_ 

sampled were selected _o'f! t.he basis of the multi-stags· cluster sampling 
~ 

technique. 1·,2 out qf ._the 2.4 vit~ages 'that make up the 6 cornmunit.ies' 

in the study area were subseque~tly chosen as th~ first-stage sampling 
· · . · tt\ .. · .;1 r · ... : _ ....... · . · 
unit or the p.rimary :saii'ipling' unt~··.(pSU}. The selected househol~) •.. frqm 

J ' . ' :' : ' ' ' ' '' 

the sampled villages fbrmid the ~econd stage units •. Thlr{~ hou~~~olds 
:f ' ' 

.were sampled fro,n each·\.1illage ·that 'formed part of the first stage 

' . 

- .... -., ....... ,.. ,or···primar-y sampling unit or cluster. A. total of thrae hundred and 

sixty households were used for the study. 

Data were colle~ted by observations and thB use of structurud 

questionnaires as well as interview schedules. The structure of the 

quest~onnaires were based on the specific objectives of the study~ 

The questionnaires were administered to the selected tiouuuhn.lds. 

Questio~naire administration was.done with th8 help of ~ss1stant~ 

who were indigens of the 6 communitiE,s that m<1ke up thu st:udy c1rt1a. 

The assistants assisted with the.interpretation of the language. 

The type of data collected by the u~a of the questionnaire or 

by visual observation include tho socio-c.ultural b.:1ckground of tlw 

people viz; sex, status, religion, primary and saconc:ialy :J:::c,1patiC1n, 

farming activities, 1JJith respect to crop and livestock production, 

land ownership, crop and livestock production systems, household 

size, and education. Others include fishing, practices pBtrolriu111 

related trades, consequences or impact of oil production or activities 

in the area among others. 

.-.T 
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CHAPTER FOUR 
,· .,,. ,{: . . ' •, 

iEs~trt·~~D DISCUSSION " ,1'1 

'I 

4. 1 
i 

-The results of. thl3 soil analysis· (int Appendix Ar indlcate 
. i 

. I 
that with the exception of the Port Harco,urt Nortl1 ·(PHNT) a11d 

Port Harcourt south (PHST) trans~cts oil pollution did not affect 

the other soils. Appendix A (10) shows that even wi.ti,in the PHNT 

oil pollution could not be detected beyond the 150m from the spill . . . . ' - . 

point while along the P.HST (Appendix A(S) it could be c!ut1,cted up 
,'• - . 

to 250m from the spill point also. The detection of hyclr.ocarbon 

does not always indicate oil' pollution as they may be of bi9ganic 

origin such as in the waxy coating of leaves. HowRver, bocause 

of the values obtained h~re 8 - 86Dppm which are far in excess of 

levels of biogenic origin (5 - 50ppm) the source of the hydrocarbon 

must have been crude oil. 

The values of the pH,EC, organic carbon, PD
4

, N' N0
3

, Na 
+ R -i-, 
' 

Ca 2+ and Mg 
2+ 

others investigated show that the $() i1 still among was 

very suitable for agricultural purpose. Evidences from the abundant 

and healthy crop and forest veQetation in the area support these 

conclusions .• CODESRIA
 - L
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Soil Microbiology. 

'.LL.,;:; .. :.>. 

::\.fr·:· 
.... ( ·>': 

., ! . j 

. .. · .. ,,\" .1· .. 
,,.'.·· I ' ' 

Th e .. d ·~t;r i but i OT rt~ er~~ifu/$tF~f P'.'cirntse~ ;i~ v~· • 
Soil are shoiiJn.·· in. APPEND'Ix:'".:9'~'.:/''Exoapt .'for. the PHNT· ani:f PH~d/ 

·: :~\·.\; .. ::./.; .-,.·;;,?\ ,:: ·: ·;·t·"'..;..·~·/:t· ... ~~./ ·:-···. r(·r: ;. (,.{.; .. /_.~:- .. . J' ~.: .... •• • •• 

transects, th.e ba~teri~::~P~Pi~.i:~~)?:;·~ ~BI;'8 ~ghin 'no.rmai' l.ev~,3{~\ ,;';: 

Am~ng the ;~~g~l org•n:t~s}i~f {;~i~f:f ~~i:+ spahes wer~':H·~ fr , 
Asp erg i 11 us, · f us a r i um z ,<Py t h'i'.a cea e· :13,rid:.Th iz o cto r.ia;f;J;~~gy.:tJ1.:p'(c~<;16/. 1/J.e~ t3 

· .• ncouo t er .d ~" . Ov ~ry; ;~f.tf if~~~t#'~~m£~~:m';?f ~i:{f :~~~f f 6~:;T~~ , ~'i~y:;:~ 
saa~on sampling. 

exhibft.··. 
"\,: ·;·. ·:\ 

.. any clear moisture pr'efe,renc::'es;'. ·Organic m'kferT~tt·-~h{~h:;-·aro £,n.::.; 
': ,I.=.••'• L: •' .. t ' ' 1• ,,,'• • '. ;' O .. '[ 

corporated during misro~i,1:growth sh~wod varied ~ar6on; Nitrog~n 

ratio• S inc 8 the Val US·~.: ar~: al .1 b~low _2Q, • favourable. con.d .it ions j:ha t 

satisfy the. nitrogen neetj .of the inicro""."organisms which docpmpose 
. !: : .::. . . -.. ~ 

organic residues exist~ 
.,. ' ... 

It has been demonstrated that ratios i.fbov-1:"· 

20 usually result in· immobilisation of _rJ.,it-rogen in the soil and 
-· -- - ----·-···-··"- ·-·--···-··-~=--'- ... ---- .. ---·---··-·· 

thus nitrogen fertilizers become imperative. 
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The features of the soil pit profiles are presented 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 

ri~ht of way. The ~ajority of £he transects show only three ~orizons 

within the 0-120cm depth. Zone A ranged from D-5crn forth~ very thin 

zo.nes, 0-18crn for the majority of zones and D-29cm for·soma--of__,_.tbE__ ______ _ 

very thick layers. Similarly, zones ~qed from 5-36 cm and 13-~i9cm • 
. ---- --- -. ··--·---... ·--:--:·:- .-· . 

Some zones showed a thickness of 28-105cm. Various shades of colours 

which included light brown, dark brow~, orange yellow, dark grey and 

reddish among others were observed. The dark greyish-brown colours 

result from high humus content. 

T~e .soil surface contain some leaf litter consisting of fresh 

and partly decdmp9sed leaves and other plant materials. The loamy 

and granular n.;tur·e-·of .the t_c:ip horizon are the result of microbial 

action 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 an indication of good drainage and aeration property. 

The brown, and yellow soil colours are indicative of the presence of 

iron in a hydrated form auch as ltmonite. Grey soil colours are 

indicative of the presence of iron in the reduced state. The reddish­

brown soils have numerous pores between structural aggregates and 

these enhance air and, water .circulation in the soil, Grey colour:; in 

addition are in~icative o( iron in oxygen deff!ciont soils~ 

1t· 
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Table 4: ~.!;lmary of Transect ScU Pit Profile Features of 
Pott Harcourt and Envirohs 

Transect Horizon Type Description 

PHNT 

PHNET 

0 - 13cm 

Very dark (almost black) sandy layer that is very 

oily and a bit greesy. Has few dead roots. Has 

litt~e humus, no leaf litter and boundary with· 

13 - 18cm ·---- ------ .. ---·- ~----··· . ---~··'. ·-. --·-- ·-·-

Light brown, sandy and oily; has dark oily patches 

soft and de~se; merging into 

8 18 - 48cm 

Yellowish brown, fairly silty layer with few grauels; 

merging into 

C 48 - 120cm 

A 

Very oily ~lay speckled with reddish yellow patches. 

Very greasy and dense. Deep down the pit,_ 11,ater with 
v •• ·--- -·---·-'---

a film of oil sips into the pit. 
__.---· 

· O -----'}-3c-m-.-==~~- --------
Dark brown loam with fine sand, porous, lu.ith little 

humus, dead and fibrous roots, clearly separated from 

8 13 - 39cm 

C 

~ellowish brown sandy silt, with tap roots and. 

humus, merging into 

39 - 120cm 

t; Reddish brown clay with occassional tap roots and 

pieces of rock. 
- . ---·-
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-------· Table 4: -contd. . -------··, ---.·:---~.--------------

Transect Horizon Type Description 

PHNWT A O - 15 

PHST 

PHSET 

8 

Dark brown loamy sotl with a lot of leaf litter and 

humus, many dead and f i.brous/branch ed root, porous, 

merging into 

15-, 42cm 

:-; Brown sandy loam, porous, with some humus, tap roots, 

insect burows with an i:regular boundry to 
C 42 - 120cm __ _ 

A 

Orange red clay with fine sand, tap roots and dark, 

sp·ots. 

0 - 8cm 

Very. dark brown loam, very porous,·little humus, 

some root systems; merging into 

8 8 - 30cm· 

Light brown Sandy Silt, fairly p~rous, contains 

s o m e t a p r o o t s a n'd d e c a y e d r o o t n , f e w gr a v o 1 ; m e r Q in g 

into 

C 30 - 120cm 

Dark brown clay, -0ccassional tap roots and pieces 

of rock. 

0 - 11cm 

Dark brown loam, with many fibrous and tap roots, 

contains some humus and leaf litter, porous; merging 

into 

A2 11 - 38cm 

Light brown sandy silt, few tap .roots, a bit porous; 

clear, irregular boundary with 

B 38 - 64cil1 

Daz;k' brown silt with fine sand, has red ~;t-reaks 

occassional tap roots; fairly porous; 111111-~Jing into 

'!/! 
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'·....._· 
\. Table 4;. Cpntd. 

•• !t 

PHSET C 

PHSWT .... A , 

··-,,, 

8 

( 

C 

. -~ ...... -.. ~~-----... 

·----... 
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···<~L'JlitltttL:'· 
.· Ll~!lli1_1.i.·.·.r.1.::.: .. l_;,·,1.;::.: ...• • J;c;; :,;;i .. 

p ;:; t Ii o s ~e Ana 1 y s fa• ::: ;:1:t• ii_\~ ;;;;:';; ; ·r 
F j, Ve of the p 1 ant::,:.:3 p~Ji:.~ e~( e;n~oun:l:;E3re~ . i~ th ei'· a r ~a .· ~J e/e 

. _. ,:· :lil,' ' , . .!:• . . • , ' : ; : ' ' . l I 1 • , ; ' '. ,, .' ··., :'.· ·: •; \ i :~1- ~ '1 ! : : :' I • ·:. ' ; _: ! : ' 

an~i-Y,@,~d for foliar .. rif~A;(;Jf~i~/,t}~ir~~i,1~ ~;l~~~~jihat :1)····· 
··.of. the five species·sc\mpl'e_q;:, t'_he··range.of' the prirnary··ariq·tni=lcro~. 

·. :.;1;..'''.)'~'.:·)!{t,.,• ~f·: ' ; , ', ! ',:1', I 'I ,1 
nutrients indicate the·pliir:,°;tB}.;ll/13re.healthy, and not lacklng in 

.. ·.·-· ... :.,., <:-;f: li~:_>---~·- ... ·.:·· '• ·.-
most nutr.ients. Howev~r, i(!le',:c::oncentration of nitrogen, phos-

~ ;:?.. ~. 

phorous and sulphates·were lo:. 

Entomology-

In terms of entomological r~lationship, six orders of insects 

belonging to the orthopthera (grasshoppers, mantids and brickets); 

Lepidopthera (butter flies and moths)f Hymenoptera (Ants, bees, sand 

flies and wasps); Hemiptera (tree bugs); colesptera {beetles and 

weavils); Odenato (d~agon flies and damsel flies) and the diptera 

{true flies) were encountered. Table 6 shows the distri-b-t-ut-i-on---.. · .. -· .. -···---· 

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

are represented by four species; Lepidoptarai seven species; 

Hymenoptera, one species; Hemiptera, two species; coleoptera, ona 

species and the Odonata two species. In terms of abundance, the 

three most abundant orders are the Lepidoptera, orthoptera and 

Coleoptera. In terms of Species abundance, the three ·most abunc;i.~n-~ 

species were Neptic Sp., Myliabr:i.s Sp. ~d Holoperna gerstaeckeri. 
·-------- _.,...._ . -· 
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Table 5t Folia Chemical Composition of Some Species Within Port Harceiurt and 
Environs Field/Transects 

% (ppm) 
K Ca Mg Na N p Fe Mn S0 4 cc2 

Newbouldia laevis 0.04 1.50 D.16 0.06 2.10 0.01 96 340 350 2 •. 20 

Baphia nit id a 1. 60 0.67 0.20 0.08 3.56 0.40 144 150 230 2.35 

PentacleUna macrophylla 1o40 1.30 1 • ·14 o.os 2.20 0.20 - 210 96 116 2.55 

L andolph.is Oia•err i ens js 1.34 1.20 o. 2:0 0.04 1.66 D.15 150 450 303 2.41 

Gnestis ferrug.inea 1. 80 1.60 0~32 0.06 1.90 0.12 160 282 485 2.58 

~ 

\ 
\. 
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Table 6: Checklist of Insect Fauna Within the Field/Transects of P.H. and Environs 

ORDER FAMILY GENUS SPECIE ABUt;DAf!CE 

Orthopthera Pyrgomo.rphidae Zonocerus Variegatus BO 
II Acrididae Etprepoenesis. plorans 133 

II II Cantantoes melanostictus 38 

" " H ol op er.en a gerstaeckeri 144 

L epidoptera Saty.r ida e Bicylus dorothea 26 

II II Bicylus 5 !J. 
--'--

01 

" Aracidae Bernat i st es Sp. 36 

Lepidoptera /1.craeidae Acraea bonasia 42 

" tJymohal i dae Bebeatia Sp. 46 

" I! Neptis Sp. 204 -- \ 
Lepidopthera Nymphalidae Catuna Crithea 42 

Hymenoptera torrriicidae Black ant 140 

!-i emipt era Pentatorr.idae 1 8 

11 Reciuriidae ·Petalocheiras Sp. 82 

Coleoptera Meloidae Mylabris s p. 160 

Odonata U.b2.l lulidae Palpopleura· lucia 40 

Odonata Libelludidae Palpopl2ura portia 56 
,. 
I 
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Crop Pathology 

. ,:­
i:; .,: . ." 

'.•, 

;/:'· . 

-.,· . . : ·-' 
;' ·- :; . ~ ' ·. ; /. ' ' 

,· _.., .... , 
,:·'· 
·l 

The tree species and crops showed some signs of dinease. 

However, most of th.ese infection ,were usual plant diseasirn not 

associated with pollution, as observed elGewhere outside the riil 

fields. It is also noteworthy that no disease epidemic occured 

in the vegetation •. Most of the diseases were caused by vir~l an~ 

fungi pathogens. The commonest diseises were those of tho viral 

mos~ic disease and leaf spot disease which are normal with vegetation 

in other similar agricultural areas. 

,4.3 AQUATIC AND SEDil'IENT STUDIES 

The re~ults presented in Tabl~ 7 indicate that the physico-

chemical characteristics of the selected streams in the area show 

littld dynamic features. The water temperature has been dembnstcated 

to fluctuate between 26.3 - 21.1°c. Lowest water tamparuturs and highest 

water temparature occured' in streams C and .a. respectivt:1ly, These 

values show inverse relationship to the depth of the stream and the 

density of the surrounding vegetation also. It is therefore rerisonable 

to suggest that the water mass primarily dictate the water temperature. 

Other factors ~hich also affect the water tampar~ture are d{ssolved 

substances, wiad and vegetational cover. The smaller water ~ass •t 

stream A thus required a smaller heat energy to raise the water tem­

perature in comparison to streams Band C with groater mass. It has 

been shown by Kibby (1971) that low water temperature and turbidi~y 

which result in low p~oto-synthetic c~pacity er phyt~plankt~n an~ 

light penetration cause a decline in primary productivt_ty_values_ •. ,.. '"" ...... . 
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It may be an indispensable factor in explai~ing t~s distrihution 

pattern as well as .the primary productivity feature of the streams. 

The water PH show minimal fluctuation of insignificant range 

(8.00,- 8.30). Analysis ·of data on PH recorded during the study 

shows that the PH of the streams is l~rgely circumneutral. The PH 

range recorded also indicate that the streams are largely _civ~um­

neutral. The PH range recorded also indicate that·the ~tream water 

is soft water. The watei hardness as indicated by the PH and circurn­

neutral- pr6perty are characteristics conducive f6r high biological 

productivity. The existence of this pattern is due mainly to ph~to­

plankton photo-synthesis which r8sults in carbon dioxide removal-

We also observed compared to the streams, that a lower PH occureci in 

stream c. This arises from decreased algal growth and photosynthetic 

rats which show positive correlation. Sines higher levels of 

productivity results in higher PH values higher car~ondioxide utili­

zation and lower free carbondioxide, the PH ruay .be an alt1:1rnativn 

index in productivity estimations. ·-------- --·· -·- ... ·-· -·--- --_::; 

·····-··-----
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( ~·1·,r .. ?t ).\ 1,. 

' '\':!{ ::_.;.nr lti / ": ' .\. . ,", ' .·' ~f 

Table: 7 ~. P. h ls i co~~•~ed~Dt~ ;'.a~{~ i 1: tic s · o;~~;;;;p~~=:C :-,,~~,~--- .. •. 
Streams iin···po:tt 'Harcou'i,t and'.. Envi:roris'C·' · CJ,·. 

· . . . . . __ I)}?/'.?'.\f/:.r' '.ff,:{\~_:'3'.::~:vf:' .·. · ' ·:· ·· 
Physico-Chem1cal , . .-.~';'"0 ~·~-~'"'·c·~=:r:· ·· · ·· s··trea·m· 

-:·1 l . !Jt• :,·: . ), 

Characteristic · ,:}· ,'.;\ 

' /;( ~.:.' 

Sampling Time 

Colour 

Turbidity 

flow rate 

Alkalinity 

Tem·pera t ure 

Depth 

t; 

Total Solids 

Suspended Solids 

Conductivity 

PH 

Dissolved Oxygen 

BOD 

THC 

Na 

K 

Ca 

l'lg 

Mn 

fe 

PD4-P 

N0 3 

NH4 

N02 

SD4 

. free Co 2 

1° Productivity 

·' :,{;;:: ·~.r~· :·. ·::· ' 
· ·. ;Co four less 

. ,,. ··,; .. '. . 

<,:;t f. 0' 

· \'. 2~ · Sec ,, ,; . 

·35.1 

·27.0. 
' t;!. '• : ' 

!:{~Dcm 

226.0 

3.0 

35.3 

8.3 

5.3dm3 

1.40 

38 

1 • 1 

3.0 

l~D 

0.01 

ND 

1. 33 

1.25 

26.5 

ND 

0.08 

110 

2.00 

4.70 

8 ,C 

Afil : . ~f1 

Colourless . Colourless· 

1 ! 0 1.0 

4mSec 2. 5 m~i ec. 

37.2 37.6 

27. 1 26.3 

18.0cin 25.0cm 

253.0 :rnG. (J 

3.6 5. 1 

36.1 36.4 

8. 1 B.O 

6.2dm3 7.3dm 3 

1 • 3() 1.10 

36 43 

1-7 1. 6 

3.0 3.5 

o. 1 B 0.23 

D.03 · o. 03 

ND ND 

1 • 14 1 • t, 3 

1. 23 1. 20 

25.8 26.1 

ND. ND 

D.06 0.07 

110 130 

2. 20· 2. 3 0. 
5 .• 20 6 .. 50 

¥ 

·l 

-.. z 
·:~ 

~( 

! 
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,The results obtained in this study show that the PH generally 

rises with deGreasing alkalinity (bicarbonate), and ths higher 

alkalinity co-qccur'.with ~igher free carbon dioxide concentrations. 

Based dn kinetic considerations, the latter implies that the carbon 

dioxi6e and bicarbonate alkalinity are not in. equilibrium. Thus 

changes in c~rbon dioxide concentration do not cause commensurate 

changes in bitarbonate concentrations. The occurrence of higher 

alk~liraity at lower free carbon dioxide values appears to be due to 

the nature of the ,bed-rock and the geochemistry of the BRdimcnts. 

if as has been demonstrated here that levels of alkali~ity show 

positive correlation with ~roductivity, it indicates tl,at the streams 

are satropic. 

The conductivity values 
~ 
'~ 

obtained iri this study show that lowur 

values occur in stream A, i~termediate values in stream 8 end 
I . 

maximum value in Stream c. The higher conductivity obtained in stream 

C is due to the inflow of s~aller tributaries, some of them ssasorial 

tributary streams. run-off from the catchment area and higher erooion 

of soils leading to increase in major irons in the stream. The 

generally high water temperature may also permit the dissolution of 

the surrounding rocks. The stream waters exhibit bicarbonate 

alkalinity mainly, and in consequence, the conductivity of the stream 
I 

is related to the concentration of maj9r ions, 
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The free carbon dioxide tjistribution obtained in this study 

show that higher values occur in itream C when compared to the other 

stream values. This may be due to an increase in thl:'l rate of decom­

position of organic matter with-ao evolution of larger amounts of 

carbon dioxide. This process also coincide with the level of suspended 

solids arid dissolved.solids. In consequehce dissociation of bicarbo-

nates will lead to an increase in free carbon dioxide concontr~tich 

of the stream water. The lower concehtratio~ of free carbon dioxi~e 

in steam A arise~ from a decrease in amount of organic mattor being 

6ecomposed and ~ighe~ rate of temperature mediated phitosynth~~ic rate. 

Accordingly, we propose that low concentrations of free ca~bon 

dioxide wili support rates t~a~ utilize cbnsiderably higl1er concentra-

tions of bicarbonates. 

11'1 comparatively. low conc~ntrations, rates ·of primary productlon 

may. be increased mu~~ more bY in increase in free co 2 th3n by an 

equivalent increase in bicai~onates. The profile of Frau CD2 nhow 

that generally, higher concentiations arises as a result of the higher 

rate of respiration by great~r nekton· and benthoa biomasa, microbial 

activity· in ·the sediments, a~ 1;iell as the brenkcluwn of orlJ,rnic matt.er 

by micro-orgnisms. The atkali~s nature of ~ha water as well as.the 

geochemistry of the 

levels of car~on dioxide~ 

'',! 

:i:;,, 

contribute to the highG~ 
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------· -• -----·--------·---------------
The distribution of dissolved oxygen in this study has been 

shown to vary with the stream. The major peak in dissolved oxygen 

observed in stream C arise from the followin~ factors, tho higher 

rate of photosynthetic activity due to higher phytoplankton biomass; 

and appreciable sedimentation of organic matter brought into the 

stream during ·the -r-ain::q _ ~he 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 A results from 

the lower iate· of oxidative breakdown of organic matter of alloch­

thonous origin, lower oxygen solubility resulting from higher water 

temper~ture and weaker wind action. The range of dissolved oxygen 

in the streams (5~30 - 7.3Ddm 3 ) ~eflects its ability to au~tain a 

higher biomass of aquatic life than is availablG at present. The 

range is also high enough to maintain high levels of fish activity 

and production. Th~ wide fluctuation in the dissolved oxygen values 

is associated mainly with the irregularity in the intensity and 

occurence of light. It has been shown by webor (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 org~nic 

matter in the water. This possibility is further .validated by th,~ 

moderately fluctuating disiolved oxygen values when practically 

rain-fall occured. 

.. 
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l'"licrobiologx_ ,::;i 
:1, 

',1,). f·· 
The microbiologicaL·fe~tu~es of Port Harcourt and Environ~ 

sampled boreholes, streams and; s~dirnent in Tab.le 8 show that. highi1st 

bacterial count was obtained' in the borehole water samples. However; 

the percentage of hydrocarbon utilising bacteria was very low 

(0~002 - 0,004%) indicating the possibility of pollution of the 

groundwater by oil. intermediate values (0.007 - 0.012%) were obtained 

in the stream samples while maximum values {0.010 - 0.026%) were· 

obtained in the sediment samplBs, The higher values obtain~d in the 

sediment samples is not surprising since sediments are known to s~rve 

as reservoirs for effluent materials and microbial organisms. 

For the bqrehole samples, the potential of their pollution by 

oil depends largely on the geology of the soil, the soil c~ndition, 

the composition of the oil and the intensity and dyration of ths oil 

s p i 11 e d • F or o-i l , it s v i s c o s it y a 1 s o p 1 a y s a n imp o r t a n t r o 1 e i n 

determining the l~vel of pollution, Although oil may be immodiliQed 

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

it may still be polluted following rain-fall. Here, recha~~ 
. h~ ~l\d ,,,....,.~,. 

fluctuating water ·table and percolating rain illicit th-1 · 1utio ~~,~ 

by the dissolution of the water soluble Fraction -cwsr-Yi"
0

, t.be c~ ,...~\---=-, 
' " ~Ci :'t 
: \': c,O<) ' ,~':l,f. 

oil which subsequent 1 y reach Em the underground water. ~
0 

,.:f::~J,."'l 
,, ;.·-~-

It has been known that oil in water and sediment ~~on e __ !,'J!(ll,@',V'·~A{; 
... .._ t# 1,. -•7°,;.;·\1..,wt>·· '-.'.." a i~ . ...,,,,.,., ._,. 

through microbial action, avaporat ion, phot a-ox id at 1 on and ci1:'1f(£ fut 1 on 

of the water soluble fractions by mainly phytoplankton, ~lqna, fLlnQi 

and bacteria. (Lipsey and Malcom, 1981). 

. -·----
· ··--- ---·---, .. 

.,,..--
----~---
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These organisms have been idsntified in ths area of study notably the 

hydrocarbon utilizing forms. Often, tile abundance of-th·e----o·!-i-ut-.iJ .. i.s_ir,_g­

micro-organisms is expected to increase___J:ollowing oil spill in favour-
. ---•• -- ----u·--•::..-•~=---=-" 

able conditions. 

Table 8: Microbial Characteristics o, Sampled Stream, G~ound Wat~£, 
And Sediment in Port Harcourt and Environs 

Sample Type Total 
Bacterial 
Counts/ 
ml or g 

Borehole A 

80,rehole 8 

B0rehol1:3 C 

stream 

Stream 

Stream 

A 

8 

C 

Se-diment A 

Sediment B 

Sediment C 

2070 

2020 

2140 

260 

460 

420 

400 

720 

Total 
Hydrocarbon 
Ut il isers/ 
g or rn1 

1.3 

2.2 

2 .1 

3.2 

?. • 2 

2.3 

4.5 

Percentage 
Hydrocarbon 
Ut il is ers 

0.003 

0.002 

0.004 

D.009 

0.007 

0.012 

o. 010 

0. 010 

D.026 

Hydrocarbon­
Utilising 
Spee ls!, 

A c .i"n f3 t o b a c t e r 

Acinetobacter 

Acinc~tobacter 

f.lacillus 

Bacillus 

Bacillus 

i\ c i nri t:ol1act er 

Ac inat.olrnct er 

~ C h I' CIITI O b a C t P. r 
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.:i~.:;.· . ''.· :, .;,;·,:.:,;,- .·, ·., .. 'i':f , : ,, ·,·:'.:' ...... : 'i/.{f" .iii'·~··' 

~'. ,. "!·::\':.' '? ~ . J?.:- :, 

Ph,ytoplankt:o~ :::·;, ,Nf ~ < •,.·. ·. • . . ·-· .: 
Amcing' ithe. phyt·ci)p·+~'n!<\o'r;i, (~APP.Sn~ ix/R.t Six Spec:'ies of bacc i~. 

·. ;':.;i< :::2:'i\i b<, ·.:: .. : · ',: :·:· .. , ,_ .:~· .. :. 
··la'riophyc·eaa, f.our o:f .. ~.:~\y.ano,baq;.t'.ep:'_j;a, e.i·gtlt· of th1:1 .·qhl·ori;·~;ihY.c.·t.?ii·~~·; ........ _., .... ~,-· 

. . :\::·}: i!/I(:F/ffi::::-, .. , ... _: ... · . ~: · · · · . · . . ... ·i 
and four of the din'qptJYf.C~~e,'(i4ltire(. O'b!;l:~rved'.! .. In ts,rms .of d.o.rninano.w, 

status and 'wJh regar~!(:tJ:tt;·~;/J:t··diii~r~~ty, th~ ~rder te 'cr:t:~J·:)7 

. p h y c ea e bac c i 11 a C i_~;JJ~:~~!:l~±nr~~x~if ;~~- . :~.0-~l:~_t,·,in ?J'."~ ~~[::L'' 
Species abund anc s ,. the::. ord:er oJ ·.dominance· is . cosrnar·i um. b:i.oc ulatuoi .·t·,· . :-:·:-·;:· .... ,. 

. ·.·:·:/ .. /\.:.i·.:._- .. 1l?:: :1t>::_: ·_· .· .:: · .. >···.·. . , .. ' : · :.~T·~~~~··:,:·. ·.) 
A nk i st rod esrnus Spira l'.is·'~ii.~:.k;iiL :/i;r al

0

ca t 0s ~ .',./:Mel O s'i r•a:>q Bah uh ta''~ . ' (;, .: ,: : ·' ' . 
. , .:.-~ ~~~:.(~/'.L.:.·.:~·\i:1:.·: ... ~\t(/.:.):··.{: ,\: ... :/, .. '..-.·· :~}.~;~ :·-··~-~;.·;:~~~~.:~: :. :: (~;// ..... ·.: .. ·,,- · ..... 

Chr ococcus 1 imnat ica ;.<>l;,Y:.! ivii'.crr,foysfis :a erticJir~ -~ ;·,;:~~'.9.:''.:i~'·e f'f:l 1: iur~:· . .£2.~riut um~· 
' '; •;,:' 1:,:1;,:, lr:).: I . ', ·,. ·:,:•> '• ' .. ,</',·:, • •'i:'/ \ : ' 

With regard to the S~f-E3a'.°~:,.:': t9.~ ;ofd~~·.9F.phytoplanktc:rn ~j~rnir_anr..!3· ~1as 

slroa,~, ,c ·stream B. {\stfl;ft:rf:app~e:f~b\O•?rOJ):f fr;·.~~i/;;.·. 
of the phytoplankto~· wo.u.l,q·'.enh,(inc.e high.p:rimary. pr..9Jluct:lyity~ 'Jhe'' 

... ' . ' :: .. :: :,. ' .. \:·,:-.::;· ,;*1··. 1'~ .'. •, '.' ·, ;· : ,' ,: .. : !·. 1 ' ... ,: .'. ·.''"· ' !·' 

,. ..... ..· .. , 'l';. ·.' : 

composition o.f the chlorophvcean'.- algae,·is· not indicati\1(1 ·of potentlai 
. ·~·· . , : ·.· . ': . ;_~} .. ?(';:-~· .:.:. ' ' ·.' ' '. :·.. '. : -, 

pollution but rathei a reflection of the concentration of their 

nutrients. 

Macrophytes 

for the aquatic macrophytes, only five species w~r:e r.ecord£.HI 

(Table 9). These were species of floating algae namely Salvini.a 

nymphellula, Postia Stratoites, and Ceratopteris Cornuta. The 

attached algae were Utricularia i.nflexa, and ceratophyllu111 demer!,t!~.!!!· 

In general their:abuadance was very low. Many of thg aquatic inuecta 

recorded were recovered from the surrounding .. aquatic .m(':lc::rophyte. 
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· Table 9: Aquatic Macrophyte Flora of Stream in Port Harcourt 
And Environs Sampled streams 

Nature of Vegetatio~ Specie 
·-··--------------

FLOAT ING. __ · ___ ____...-5a l v in ia 
·---. "'•··:::--:=:==:::-~ ·----· -·--·-

nymphellula 

stratoites 

ATTACHED 

Macroinvertebrate 

'Pistia 

Ceratopteris 

utriculoria 

cornuta 

inflexa 

Ceratophyllum deflwrsum 

The distribbticin of ma~rf-invertebrates shows that except for 

oligochaeta, no othe'r ·benthic1
· macro-invertebrates were encounter1~d 

within 'the streams only aquat) .. c insects and one freshwater crustac~an 

was recorded·. :;, ,. 
'1. 
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Table 10~ Criecklist of fiJacroinvertebrate Stream rau~-!:.~~-~ 

CLASS 

HJSECTA 

Hemiptera 
·~\ 

Hemiptera 

Odonata 

Hemiptsra 

Odonata 

Ephemeroptera· 

Hemiptera 

D ipt era 

CRUSTACEA 

OLIGOCHAETA 

SPECIE COMMON NAME 

C~lindrostethus Sp. Pond 5k a ter 

Ptilomera 

Notonecta 

Ranatra --
Pantala 

Laccotrephes 

Ischnura 

Cloron 

Amorgius 

------------·-c·s·ccrrrr·rrn·Cl"mu·s-· ----:-----

Potarnonautes ' 

Tubifex 

Nais obtusa 

Enchytraeus 

Limnodrilus 

1E..:_ ·---- - Pond --~k at er 

·water Boatman 

------

Water Stick Insect 

Dragon fly 

Water Scorpion 

Damsel fly 

T'la y fLy ____ _ -- .. ____ _ 

Water Bug. 

Blood blorm 

-------------. 

Freshwater Crab 

not worm 

Yorubs 1i.1orrn 

In all, ten species of aquatic insects were found, (Table 10). 

These were two pond skaters, one water boatma~, 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 rot.i,.fera,. ___ l:Jove~1 speci-es'111ere recorded. -The group u.1as 

d o m i n at e d by B r a c h ion u !, ~ n ~l ~~ , .1\ s p 1 a n c. h n a b r i g h t w e 11 i. , H r a c h i on us 

calyciflorus and Brachionus caudatus. Tha cladocera, was re~resented 

by four species which exhibited the following dominancn pattern, 

f'1acrothrix Spionosa, Alona Sp_., CBriorJaphic, Cornuta and l2.:_iaphanosorna 

excisurn. The Copepoda was represented by two species which sho~o~ the 

order of abundance Menocycl_r.:0;_ ljp_., Thermocyclop ~rassussi. The 

higher abundance of zooplankton organisms in stream C is associated 

with the higher phytoplankton biomass and productivity in this stream. 
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FISH §IOL.OGY i . 
From the result qf: th;;~i_·1~th.t,t\ypf;una1J'.dist'ributi~!l 

' : ·,,,-: '" (}. )rt . ' ' 
a total .of 16 fish species'.i,uei;,e' 81""l°COUntor'3d during the Bl:Udy. 

, :' i . _; 

A 11 , fish species were pre s e; t h n· stream C ., 6 s p e c i e s in t, t ream 8 

;_:ii • It~'• • 
a n d 4 s p e C i e s i n s t'i- e am, ' A ~ ' ;, T h e n um b 8 r O f i s p f:) C i O s i n 

··.:\,. i:~. 
may be as s o c i at e d wit .h: :its ,i o d'~ t ion in r e 1 at ion t o s t r ea m ::; fl a r, d 

. ·-i~ . ;·, . 
. ,· .. ~ ·~- '· 

It i s a l s o h i g h l y .· p r o l:i a_~ 1 f t h at s t r ea m s. A a n d 8 rl r a i. n Jn t CJ B. 
: !r ,:>" • '.{:'.:' ''• 

stream C. ,:[his obser~aiio\;fr•rnl; hi,,,pa:rt. expla.in°the•pD8!H,nce Of'.ci:Ll 
I ' • ' •• '', •• ,;,h, f."' ' • I ' 

0 ' ' 
16 fish species, in stl."[f,\-,..;-'c-~>~·::·c1~~rited .tha't thu ca;np'lincJ lr1t.end0y 

an·d gear were identical at all· locations, tr1e order of abundance 

for Species in ths 3 streams is stream C B A. 

~ith the sizes of the fishes encountered, we note thHt must 

of the fish were JuvErnile fish ranging in sizes from 4cm - 20cm. 

Consequently, none had attainod maturity in t1=1rrns of reproductive 

status such as gonad maturation. NGvertheless, two specieG na~oly 

Tilapia Zilli and Claria~; La:ic,n:·a tuith t1uo distint food arid fecding 

habits ~ere examined For heavy metal tissue analysis. 

In all the fishes caught, none showed any signs of physical 

deformities, parasite infast~Lion or abnormal growth. The 16 fish 

species encountered belongr,cJ to 13 fc1milins, Apart frorn the f'amiJy 

Cichlidae which were represented by 4 species, sll oth~r 12 famil.ies 

were represented by one speciAs each. 
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. i ·· -., t .• .I,. 
·.; .<:·~;-

. . " . ::';\;'J;ii~t~,::;·~·: ··t" "' 
Table· 11: Checklist oL.·Ichthybfauna' (Fishes) within 

.... -Streams in Porti'Had,ourt.·and: Environs· 

FA~iILY 

Bagridae 

Osteogloss±da:e 

Polypteridae 

Syrnbranchida~ 
I 

PantodonticiaJ 

Cichlidae 

Anabantidae 

Characinidae 

Osteoglossidae 

[YJalapteruridae 

Ciclidae 

Cic:).idae 

Cichlidae 

Clariidae· 
:·; 

·Channidae 

Cyprinidae 

,Ca L~m}th.t.1:'..r·. 

Symbrabch4s_ 
.i;. .. ··; 

pant od cw' f}l, 
\\! . "•, \,.'t . 

H em {9:?(~:~Ei\:r 
Ctenoppma ·. ·:·; 

Hepsetus 
., 

: 
H et e·rot. is '.-:'-: :·, 

. ;,calqp,aricq~ ...... 
t.t. : .... ·.. ':: -,·:.' . . ' ; . 

,. ' ····-·--- ...... 

':a ft 13r\ · 

··bucholizi. 

... ;,,·,·.-:. t'.'.··;: 
•••• ,: :.~. I ~j ,,: •i .. L, .. : . ·, 

Odoe 
.• 

•,' : . . 
n ii ot ic u§. 

.... - ""'" !-,~~;--·~--- ---~-:-~/ - ' - --· .. ,----··"' ' 

iv1~lapt~rµr1,1s electric us 
,1 

Sa rot herod-on i. Galilsae 

Sarotherodr:.in nilotica 

Tilapia Zilli 

Clarias lazera 

Ophiocephalus obscuro 

Labeo Senegalensis 

i • I 
~ . . 

- ~·1 

2: 

. ~ , ... 

4 

3 

4 

.,.. 

:.. 

-
3 

6 

6 

8 

3 

C 

3 

1 

1 

El 

11 

"I 
I 
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..... -t:.. .. : 
·,-

Bioassa:t, .: . ..:r~. 

·.,. . .. ';/\ . '?';:;f. /f: ' . 
The results of .tt:\e'·.:ir,ves'.tigat.i'ons .on the ciistrtbu,tipn o'f tH1a\1y: · .. : .. ~'. ... : .. :.::·,~ :r )t; ... · .,· · 1: . . . . 

metals in the 3 streams iof ·.tfi'e {ar~ia ·showecl 'that the JllE,t,,ls i•'lsr·cury, 
' :· •/;\·,' :, •:. :·· (.:;}; {r:· < ' ' ,· •' • • • ·, • I 

Chromium, Cad mi um; N ic::k~tJ .... rO;P w.~·8,1:l~ i-~~:, 'w er t.1 bel c;,t,1 • .- d e.t .ect cl ble :.i ev, ~;.!,p 
(Table '12). T~e levels i~f t;i,e foi}ow:in:' heavy nfE1tals; viz·:: Lead,~· 

Cromium, manganese, Mex;-;c,ury~,)o.Q6·_: 4<:ipp~r uie:re reas o'nabl y. hi ~/1er· if']' 
~ .... ,..... _i •, :_ ., ... :{;;.,J\ '/}:, ·. ,, . . . : .... ....... . . i . J '. ', ' ' 

the . S°'e,dl,,'E.en t 5 amp 1 e s . ( Tap.+~<~t~ )f;J hap j, q t,h.e . wa b-J f. fJ em p), fJ i.i (I~ l1 le, :1 'l) • 

These levels .did. not ·1A-Jj_9~:tJ' \i~:ir'' ~O~F·G~:itq be dufi° to' ~ii. p~lh.1t(o9 

but due to other non-poi.nt s.au1\ces~ Thi's is because these concen-
··· ·;·;·: .. . ,·_~\\· .. ·,t ,; ~ ,· 

trations are quite lower\than. tJi'Ei''.maxi'murn ~llowiat:ile level.s of the 
-·· '.; { 

metal.s. 
'. J,, ' .. 

Table 12: Concentrations of iviet:afs-·for.m) in Water Samples o-f 
the Selected Strearns' in ·the· HltJa; 

Water Sample Source 

flletal Stream 

A B C 

Sodium 26.70 28.60 /40.20 

Calcium 5.75 5.70 6.40 

r~agnesium 8.20 8 .10 :i.oo 
C opp·er 0;07 n.n? D.07 

lron 3.80 3.74- 4. 1 o __ 
--- -·------~--_... .... .,, = '. 

Zink 0.31 D.31 D.33 

Mangan,ese 0.06 0.06 0.05 

Vanadium !\!D 1'1,li'\ i~D ,au 

Nickel ND ND ND 
Cadmium ND ND ND 

Cromium ND ND ND 

Lead ND rw ND 
IY!ercury NO ND ND 

, 

I 
L 
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Table 13: Heavy Metal Concentratio~ of Sediment From the 
Sampled Streams (ppm} 

Heavy Metal 

L mad 

Cromium 

Copper 

Nickel 

Vanadium 

Cadmium 

Mer·cury 

Zinc 

Iron 

Manganese 

A 

0.46 

0.42 

o.oa 
ND 

ND 

ND 

0.02 

0.03 

0.40 

0.78 

Sediment 
8 C 

0.44 a.so 
0. 31 D. :38 

0.14 D.84 

ND ~JO 

ND- - .ND 

ND ND 

0.02 0.02 

0.03 0.04 

D.34 D.38 

0.93 0. 7'.3 

Table 14: Heavy Metal Concentration 
of· Fish at Stream C 

(mg/kq-1 dry wt.) In 

Fish Specie Organ 

Pb 

Clarias Laz era --Lil.L~ r 2 .1 6 .. --·-··--=--~ = '""'!"'-:.- -

Tilapia Zilli 

Kidney 

Gill 

Muscle 

4.56 

0.70 

2.38 

Heavy l•letal 

Zn Cu · Cd 

_l)_~OD- --s-: 35 0. 86. 

113.00 5 .16 1 • 36 

141.00 5.65 D.78 

53.00 2. 13 D.29 

71.80 5.72 0.47 Liver 

Kidney 

Gill 

Muscle 

3.76 137.00 3.65 D.83 

4. 41 

2.87 

84.30 2.41 0.52 

24.8 0.87 0.21 

Hg 

0.1Q 

0.46 

0.23 

0.15 

0.12 

0.87 

o.04 

0.19 

97 

--·---. ...~---·~ ... -= 

Organs 

-------

Ni 

ND 

~JO 

ND 

NO 

ND 

ND 

ND 

·-,_ 
V 

ND 

ND 

ND 

~JI) 

NO 

NO 

NO 

NO 

··---
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I"••••>'••',•••·•""''''' 

The ~eavy metilp in ihe SLIT f ,1C:e. 

waters might: have rnerelt I'Eif~ehted norrnal :accumulation or: concer1t1-ations 
., .:: -:::t. i:\ . .. : ·, .. ' '.,!tl. 

from sub'stantial run-:-dff fqi~o~iflg 'us4a_l hi,gh precipit.at'ipn i-n ,U11,·. 
:_~.;:.i~-•~..J-~~~~~ , ~ : .. ,._./.~• ' _ I · .. : •• -~ ~~ •' •'- I• 

area rather than direct')int·~fa~tio~; of the dynamir.s of' .. goochemic.~I 
. ·,·;,· {, 

.cycles •. ·The . .:ividcrntly higt"1er bon·centration of thes_e· he.:wy metal£, in 
· · ... \, >·:·t1 •• ·r· · 

the sedimant than in tha surfa~elwatars may h~ve r~sulted fro~ thuir 
·< i_:· 

accumulation from vario9·s. A?n-p_o·tnt so9~ces. It is thus not -~- _d.tN,ct 

ind.isation of \the inten~it/::·_6lthe -.~il pollution,'·.' SecJi.ments have 

; -'· 

been shown to readily adsor,p:}.ms'tallic ion thus -acting .<1~1 a 
'\' ::'/Jtjj':'' .,. .. •. . . . :: . ' ' 

"re ·a er v o i r !' .. · .. ' 

of heavy meta.ls. 

Defining the maximym petmlssibla 
'.J t; . 

.level or concentration of mutals 

in water is of fundamenta.l ,ii';~pi~~~tanci::1 i n s.t u d y i n q . m e t a l t c:i x i c i t. y • 
' . ~ ::~ ·. ,:; .. 

5 i m il a r 1 y , id en t i f i c at i o n 6 f. '. t h e c a u s o s • and · rn a r:j e · o ( a c t i o l'l iJ f t !1 e ' 

toxic meb:il and their eff;~:£\~1-~·;·.;·~;--r~;~~-~boUsm, qonoraJ phy!;iology 

and survival of aquatic: _life:_:~if"~_ecessary. The establistirnr:rnt of 
,.' ,:,•·. 

empiricDl relations bei~~en in{~sses5rnent of direct toxicity to 

organisms and the status of productivity .in ·riollutuj wc1l.er hased or. 

valid statistical; ex~erimental and ecological considerations is 

re q u i 17 e d • To arrive at an est i mat e of safe con di t ions a L_L~.ti_.t£b ---· 

organisms would survivB, allowance would have to be made far sub-lethal 

ecologically significant adverse affecto an aquatic organiRms, in­

cluding reduced growth, fecundity, and other alterations on normH] 

behaviour and physiology. 

"•··- ·--~~---· -------------~ 

CODESRIA
 - L

IB
RARY



_, "' ·,~·, .. , .. , ..... ,., .... _ .... ,.,,:., '. , ..... '• 

, . 

99 

It has been shown that snzym8 activity of organisms can be 

a lt e r e d by met kil s ( L 1 b s e y a n ii 1v1 a l c o m , 1 9 8 1 ) • Th e r e a r e h o we v er , 

other sublethal ~ffects on endocrlnologj, cell biology, hematology, 

histopathology and various physiological Functions such as respiration, 

circulation, and osmoregulation. 

It has beeh suggested that, for measuring toxic hsavy metals in 

fish, it is not advisable to use the whole animal body, but organs, 

' . 
should be selected which especially accumulate these elB111onb,. Since 

t h e y m a y d i f f er f o r d i f f e r e n t s p e c .i e s a n d m et a 1 £ , w e s a rn p .l u lJ f c1 LJ r 

organs of two fish species in the same J.ocatinn of thr~ :·,tnJam. TatJle 

14, gives the data for Clarias and Tilapia in muscle, li1181·., kidney 

and gill. In both fish Cui~ concentrated most in the livar while Cd 

and Hg are more in the kidney; zn and Pb are-concentrated moet in the 

gill of Clarias and in the K_idney of Tilapia, Significarit differences 

were found in the metal concentrations of the same organ of the two 

species. This was especially stricking for Cu in the liver, for zn 

in the gill, for Cd in the liver and Kidney, for Hg in the Kiciney 

and for Pb in the gill. 

Studying the we_ight dependency of the metal concentrnt ion wo 

found . that , for example , in t,h e liver , the Hg con cent ration in c re il tJ e s 

in the Tilapia, but decreases in the Clarias, The observed fluctu8tions 

show that transient pollution may have 6ccured in the stream as ~eflected 

in. the metal concentrations of the fish or~Jans. For Cd, tl1i.~, can tw 

connected to the use of fertilizers in the catchmmnt.arou during thru 

rainy season, whtle higher amounts of Pb may reach the water duo to 

( the traffi6 in the surrounding fDads. 
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Seaiment Analysis 

Campa.red to the stream waterf the concentration of the hydrocarbon 

utilising bacteria (HUB) in· the sediment was higher (TGblc 8). This 

may be related to the oil spill which occured in the area being wa~;hed 

into the sediments in stream c. However, thn bacterial population can 

be an indicator of the state of an environment i~ several ways. 

firstly, bacteria number or biomass roughly r~fletts the concentrution 

of organic matter o!' pollutant in the SEidiment. Secondly, tile 

presence of .particular bacterial groups. can be used as indicatorG of. 

inflow of pollutants, Thirdly, the bacterial flora, or community 

structure can also indicate at least to some extent, tht1 onvironnrnntal 

conditior.s, including physico-chemical factors, th~~ quul.i.ty of 

qrganic matter ~nd/or biological activities of other organisms 

surrounding them. Based on the_ results shown hert'), thsre is evid(rnce. 

of an oil spill. However, the.oil concentration as evidenced by 

the percentage of HUB indic6te~that sume of the oil has boon lost . ~ . 

through rnic:ro8ial actior, e<;:~jpuTation, dissolutiori and photo oxil'h1tioh. 

The physico-chsmical char~c~~ristics of the sediment is uhown in 

.Appendix F. CODESRIA
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4. 3 H YDR oc ED LOG re AL A~JD G E'OPHYS I CAL STUD I ES 

Geophysical inv~·s.tigai\~'.ris:·. fa; ·depth to ground\:rnter leve.l 

in the n tu d y are a we f' e rn ad~ a .s p ~u L a f'. a:t he. as s s s s merit stud i e ~ t' o 

investigate the groundwater pollution in the areB. To achil-TVB tf1'.i.s 

objective, three geoelectric depth soundings wer8 made· in 3 sampled 

lotations in the area (figures 2,3, and 4). 

Each of the geoelectric sections shows that the subsurface 

geology is primarily made up of aquifer and aquitards forming a 

multi-aquifer system as summarised in Appendix G and Tables 15,16 

and 17. For the.vertical electric soundings made at BH 1 ;-BH:z,-·a-n.iL_ 

~H3, the water table was met at 60.25m, 70.90m and 72.41m respectively. __.,.--· 
- ·- ·---·--· -·- .. ---~-·___.-- . ., . 

Also the base of the· ~~uifer was not met for the 500AB/2 electrode 

spread signifying that the aquifer is, thick. Table 18 -~ummarises 

the depth to the watei table in each of the sounding stations as 

obtained by the geophysical method. 

;II 
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Depth6,,) 

Alluvium 

-~~~Sandy Cloy 
f3rownish 

-- - -- ----------- -- ---. - - -- - ---- -----~- ----- . ~ ~ =· = -.:_ ---c""~- . ---~ ·- ... . - ----------~--
- - - -

60 

Fin~~CoarsedSand 

FlG.2 STRAT 
. . sourc.e·. fif:ldwork, f.J93, \ :· 
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:_ ·:·_:: ::·::· :·: 
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· .. : . : : : ·. 
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---- .... ~-, 
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• • ,.IP 
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Table 15: Sum~ary of Ves Results at P.H. and Environs BH3 

Depth to the Thickness of Resistivity Probable 
Layer bottom of the the layer of the Fl Pck Type 

r~ o. layer from the Layc3I' 

ground surface 
{ rn) (m) (nm) --

' 
1 4.63 4.63 2336.69 u~teritic 

top SO i 1. 

2 12.79 8.16 272. 39 Wet Sandy 
' Shale 

- ... 
3 72.41 59.62 3038.21 

I 
Sandstone 

--· 
4 Base not Base not 414.28 

J 
Saturated 

' reached reached Sandstone 
I ( 

Table 16: Summary of Ves Results at P.H. and Environs BH2. 

Depth to the Thickness f~esistlvrty 
·- ---'---v-------~---

nf ·probalJle 
Layer bottom of the· the lay.er of the layer F{ock typEI 

No. layer from the 
ground surface 

(m) (m) ----'-~'!!.l __ "---

1 3.90 3.90 150.16 Lat er it i c: 
top soil 

·--
2 15.60 

. 
11. 70 328.10 Wet Saridy . 

. - Sha.le 
!-· 

3 70,90 59.20 2609.84 Sandstonu 

-- ----
4 ·Base not Uase not 4:18.55 Saturated 

reached reached Sandstont:1 

··'l_ 
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Tabl~ 17: Summary of Ves Results at p.~. and Environs BH1 

rlaysc DElpth of the --Th :i ck n e s s of fl e S i. S tj V i t y Probnbls 
bottom of the the Layer of the l;1yer type 

No. 
Layer from the 
ground surface 

( 
(m) .. ( m) (nm) 

1 0.90 i 0.90 526.22 LatrH'itic 
Soil 

-·--
2 2.90 2.00 36. 22' Wet ShaJ,.e 

--
3 3.89 D.99 (105. 6/1 Wet Sandy 

Shale 
··-

4 60.25 56.36 3543.39 Sandstone 

--- ·-
5 Base ·not· - Base not 447!48 Sat ur·at ed 

Reached Reached Sandstone 
.. -· 

---~- ----=---=== -

Table 18; Summary of the Depth to Water Table at Vesstation 

Location By Geophysical Aquifer Unit 
flJsthod (m) 

P.H. and Environs 60.25 Sandstone Unit of Benin 
BH1 Formation 

··~- . . ·-~ ·--- ···---------.. __ 
P.H. and Environs 70.90 SandstorH:J Unit _of Benin 

8H2 _ _________. formant on 
. -- ------··-· -~-- ---·-·· -- ·--

p • H • and ·Environs 72.41 Sandstone Un iL of Benin 
EJH3 Formation 

~ 

·- ·-- --------~-.. ----~ ... ------
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The graphic representation pf tha grain size data are represented 

as (i} histogram ~1ij'c~mulative.frequen~y curve (figures 5 - 14). 

T h e h is t o g r a rn i n d i c a t e s t h a t rn a s t o f t h e s e s a rn p 1 EJ s h a v e U n i ma rl a 1 g r a 'i n 

size distribution with coarse-medium sand grain population dominating. 

From the cumulative frequency distribution it is observed that most 

of the samples exhibit more than three straight line segments separated 

by sharp break between the segments. The slope of tho straight line 

as well as the position of the breaks between segments rerlsct the 

mechanism 6{ particle deposition. The fine end Segment of the distri­

bution resulted from deposition ?f particles carried in suspension, 

while that at the coarse end• occured .from r,articles transported by 

rolling and sliding. One of the noticeable tharacteristic of this 

ijnalysi~ is that most of the· samples show more th~n tha cummulativ~ 

frequency curve. 

'The analysis ~hawed no accumulation of silt or clay with the aands. 

The sorting values depicted that there iG fair vaiiation in the saltation 

population which accounted far more than 95% of thR distribution. The 

steep slope of the line of distribution in the cummulative frequency 

curve is indicative of good sorting. It is noted that water actinu on 

sadiment serve as a mechanism of selection and removal of µArticles, 

thus contributing to a proce~s of sorting. The ga~eral lack of silt or 

clay particles and the mean ~lf8in size of all thn sam[1lfo:i arr, indic:ati.ve-

of apparent regional permeability since there is minimum cramentation of 

/ the beds ~nd hence high poroiity of the sand gr8in. 
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;~T}J<f i . . . . .. . 
In .s,urnrnary, from the:.1J:fs~{~t,of .. t,re :·~ochemi~ai a_r,d ·phy~ic~d ·• 

characteris\ics of thei:3. $a~p:l:ed: boreholes· (Appenci,.i.)( H) ,. U is 
.: t>: \ ;f/t. ·)t'.'. ' ·< .. : · .. .::''/ . : ..•... , ·:·. .• '.. . ·' > 

abs erv ed · that none of .. tt,_l;l :)}p r:e.bt:ilel;!: w~·,? s igp iF iP:\f:tl y p·ou ut ed ,by: 

pet r o 1 e um o i 1 · s p u 1, , ~~~i·~\;rJ\n~;:he I:J/ i of. n ;dr o~::"" o~~~-~t ~ _ · 

in the .borehci.les. However,'lthls does. not,disprove the fact _tha\~: • 
-·-·-> ~~~-~~·~- ~-~-~~::~~~ '. ___ : ___ . :·,~-~ 

transient oil pollutiq~ doi~ tjot significantly affect the water 
'' '\:i ''.' /:. ' 

boreholes s.i1ce hyd:ro~:f rq?~; '.t.;·?:~:f~ili~ation in . th.f.! pres,mce. of act\1~1t i<:; 

· micro-organisms is o~J co[j{ih~'~i bas•is • 
• ;:·: .r,.< ., 

'., ·.~.,,,}:· ,,,., :.f(f:' 

.Ill 
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4.4 SOCIO-ECONOMIC STUDIES 

Family Siie and Marital Status 

About 76% of the total respondents had at least six (6) children. 

On t he, ave qrn e the percent a 9 e of households with 3-5 c h il d re n was 

aboub 19% while only 'about 6;-i'. had 1-2 children. T.he mean family ~dze 

per hou~ohold includifig the extended family members was found to lH.1 

ten (10) people. These consists of a husband, wife/wives, childru~ 

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

married .·and· only 6% single (Table 19). 

Table 19: Distribution of Respondents According tc family 5Jze 
and· Marital Status 

-

Variable Frequency Percentage 

No. of Children 

·Nil 0 D 

. 
1 - 2 22 . 5.5 

·- - - ---.. ___ 
3 - 5 76 19.0 

6 and above 302 75. 5 

Marital 5 tat us 
I 

.. 

Single 24 6.0 

Married 376 94.0 

Total ( N) 400 '··-
. ·--

Source: Fieldwork. 

. . ----~---, ...... . 

, 

·1 

-~- .. 

------·------·-- -- . 
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Sex and A.ge 

The results of the study showed that 89% of the respondents 

~ere males and 21% of them females. These were all household husband 

and wives respectively. With resp~ct to their age distribution, 48% 

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

under; 23% were between 31-35 yrs, while 22% of them w~re of the ag~ 

..----· ' 
rang 8 0 f 3 6-45 yrs ;--on}y~~;;?c%,-.o-f-t-hem-r~p ect i V el y u'.IBr e between 46-55 

and 56-65yrs. However, 3% u1ere found to be 66yrs. and above (Table 20). 

Table 20: Distribution of Households Ac~ording to their Ages 

Age Range ----- __ Fre~~ncy P er c L~ n LHJ e 

30yrs. and Lind er 1 g 7- 48.0 

31.:;.t3 5 92 23.0 

36-ijS 88 22.0 -........_ __ . 
46-55 8 2.0 

56-65 8 2.0 

66 and over 12 3.0 

Total 400 100.0 

Source: rieldwork 

Education and Social Status 

The study re,vealeci thc.1t ]4% of the inhabitants of the 6 commur.ities 

have no formal education. However, 22% Httempteci primary 1-5 while 

25% have their First School Leaving Certificate {FSLC) 01: complcLecl 

their primary education. Five·pGrcent of the respondents had in­

complete Secondary Education while 9% had West Afrl~~n School Cettifi­

cate (WASC). Only 5% of them had poet Secondary Education (Tabl8 21). 

CODESRIA
 - L

IB
RARY



I 
! . 

Ta b 1 e 2 1 ; D is t r i b u t i o n o f R e s p o n d en t s J\ c c o r d i n q t o E ci u c iJ t .. :L:~ 
Level 

·-
Variable frequency Perconta1J8 

·-C 

No f orma.l education 134 34.0 

Primary 1-5 90 22. 0 

FSLC 100 ·24.G 

Secondary 1-4 .20 5.U 

WASC 36 9.0 

Post Secondary 10 5.0 

Total 400 100.0 
-

Source: Fieldwork 

Th us rn o s t o f t h e. i n h a b i t a 11 t s o f t h e 6 c o rn rn u n i t i r1 s a r u i.11 it e r a t e 

or at best of low education. 

Generally, social amenities or infrastructure wRre found to be 

th~nly developed in the communities, except in one ElelH~wa. 

Communities there are no road networks linking the villagos, except 

for the major ones liking the communities themselves and which was 

provided by the Shell Petroleum Development Company (SPDC). However, 

it was discovered that Shell access roads to their oil locations 

(fields) have-in no small measure assisted in the ~evuloprnent of 

economic activities in all the Six· communities investigated. 

On the other hand Shell have provided pipe-borne water to all 

the.communities, except that the accessibility to some of these puplic 

taps (by some sections of the communities) is quits discouraging • 

... ··--···~_ .. __________ ,.... __ _... ............ -,, .. ,.._.__ ~--· 
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However, in general, it was discovered that Shell has done much more 

than any other segment of the ·wider society in the development of the 

exlsting physical and social infrastructure in the 6 communities 

iMvestigated. Apart fro~ roads and piped water, th~y have built at 

least one iecondary school in each of the ~ommunities i.n addition to 
' . :~ . : . .' ' . . ' . ' . 

Sever al pr ~mar y S ~ho ol's°','·h ~:aJJh ··:' C erit res, f an(:J ha V b:, f1f; s 1 :;; t ~H-J S 8 V p'.I' .iJ i 
. • ·'; .. t-,::-·· '(\'.,tj>,·.f/: · .. '·. ·_.;,:'"··.· ·.. . . : '' ~ :·~.::; ...... ,, ' 

ind iq enes . 0 f the comml-l:n~ ti:~-~ <'ti. tf1 rnonotar~y •. gran b <'.n.;p l~C Ld i y t.hoi; fl 
. ' . ' - . ,; .. _.· 

invo1v.e·d in qgricuiturai an"cJ Fi shtnJ act.itv.it.i.86. 
; l., ' ' 

1· 
I AgricuH;Jr~l Producti'on :. 

The major oc~~pati6n 
. .'·f: , ,· . I • , 

.,'t;._h e . · c;: o mm u n i ~ i e s · oJ a s fp ~D d Lo b c) far rn j. n CJ 

or agric8lture. Thi.s' .lnvo:11,ie~ crop and l).vestock production~ 
•.: .. ·,· .:·;, ··? 

: .. )j 

Land 01£Jr.iership . j;,;. 
· · · : :: ;:r. t,. ·. . i . 

In the Corpmu:iitt~\t -la'.l)d;i',;is COf1Sidere~. tho_ 111osf. important 

.. ,._;.,,,. 
., .. ,.,,,. ... ·····-:·~~. -.,, ... . 

. ' ' :"~) : ' 

p r o d u c t i v e \, e s o u r c e ·. f o. / 9 g ;~\ c ~l t ·u re .; . :, fY] ad ·e s · o f l a n cJ. i) c q l I .i " .i t :i. o n / 
. . .. ·' ,: ···:.·,;.'' .i·:: •. . i ' •• 

ownership include farui~_y, ."l~aS,f.lJ purchase, p.lud(JEJ and r:0111rncrn.i.tj'~ 

From the survey,° 43;'~-o~:,'--t!\~lptop:te, ~tcquired t:hcdX:: land tl"lrriu9t,· ~~m:!:ly I \". . ·; , . . .. . . 
inheritance,' 165% by leasehold, and 15.5% throu,Jh pur-ch.,1,0, 

::··· . 

Furthermore, _12% of. tt:.r:/Ff~.t~·R'.~e~.t?i;~:~ . .f-<:!:;}b~ .. i.r .. _laD?, ,I3~'Ul~(re ·w~:Ei. 
throu~h pledge while 13~{, ~:;;;::·thern depended! on comrnuni t.y' 1:.;rnJs. Land-• 

ownership through gift.· was found··to be ~bsent :i.n r.h8 ;.Hpa, ThM '' 
I ,,t.;.1 

•• ·,. •• • l 

most important source of lahd :·ts family land (Table 22). 
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Table 22: Distribution of Hc~:,pon,:;~mb, t,ccording to P.ciJ.:tt~n: 
OF Land Ownership 

, ... '~;'' 
'.,J'' .. ·. " -·· 

Cahci 
;, . '; ,· ' :.; ' .. ~ ·:! ·" ·~:: .. , .. -·· ,, 

Source of ':}i Fr,equepcy .. ,,, .. 'p £?. r c; e:1 n t a q t:;i ·; 
! '\-, ., ,; .. 
·-· ,. ; 

Family 172 ti3. 0 

Lease 66 1 6. ~) 

Community 52 1 3. 0 

Gift 0 o.o 
.' 

Purchase 62 15.5 

Pledge 48 12.0 

I 
··-. 

Total 400 100.0 J 
Source: Fieldwork 

Most of the field holdings were found to be upland. b~ the 

average, most farmers owned 3-6 plots of land, 

2-5 ha. of upland fields each. 

Crop Production: Cropping Systems 

·123. 

: I 

The Cropping Systems prevalent in the Communities are mixed 

cropping and intercropping. These are. employed for th8 arable crops. 

However, mono-cropping is also practised especially For th8 tree ~raps, 

such as banana, cocio~ut and cocoa. The study show~d th~t abctut 7U% 

of the farmers adopted mixed cropping systems and 23% int~rcropping. 

The remaining 7% of the inhabitants practise such. cropping systemQ as 

relay cr6pping, land rotation and continuous cropping. 
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Crop Types and Mixtures 

Broadly, tile crop typ,~:, include bot.I', arable .Jnd lree crops. 

The prsdominant arablu crops in order of importance includu yarn, 

cassava, maize, tomato, pepper, cncoyam and uroundnut. Othe~s are 

pumpkin, Okra, melon, garden egg, bitter leaf and·green vegetabl@, 

They are normally planted in mixtures. The common arable crop combi­

nations in the comm~nities were found to be: maize/cassava/melbn (35%), 

yam/maize/vegetable/melon (28%) and yam/maize/vegetable (15%). The 

figures i~ parenthesis indicate the proportion of farmers that adopt 

different crop mixtures. 

r~a j or t r 88 crop S grown are Oil palm, Citrus 1 br eacf.::-fTuTt-;-l«lla-n ut, .. 

mango and coconut. Others include banana, plantain and african pear. 

Farming Practices and Use of Inputs 

Land clearing, tillage practices, zero tillag8, among ·others, 

are some of the far rn p r act ices in the are a • For land c 1 ear in g , 6 7>\~ 

of the farmers adopt cilearing/burning, 20% clearing and 13% stumping. 

With respect to tillage practices, 93% do moulding and ?CJ'/ 
/t: 

e s p e c i a 11 y f o r y a rn , c a s s a v a a n d c o c o y a m ._...,..--,, Z e r o t i 11 a g e i G c m p 1 o y e cl ~-4--
for such crops as banana/plantain, and vegetables. However, minimum 

tillage were also practised for banana/plantain, and maize. 

Implements used ln agricultural production in the area include 

matchet, spade, hoe, axe, watering can and shovel. Crop production 

is completely dependent on rain-fed system. 
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li~estock and fish .far~ing 

The qo111inant ~p·ecies of. li1,1estock in th.e ccmmuni~ies are ch.ic~en, 

goats and ahaep. Livestock distribution in the area are.as shqwo in 
---,.··~--

Table 23. ·-----'--------- .. · 

fable ?J: Distributic:in of Farmers Accg.r-ding to Livestock Species 01rJ1ned 
---..- -~.::=..~.-.:__.~--==-=+ 

Livestoc!< Speci-es ·Fre,ql,!ency Percentage 
.. . 

' 
R~l>bit 0 o.o 
S~eep 76 19.tJ 

t:attle 0 ·o.o 
·, 

qorft. 112 2a.o 
Pigs 2~ 6.0 

Turkey ____ 1G . 4.0 . ,. - -·- ··-· ... ---- -

Ducks 8 2.0 

eQgs 24 6.p 
' 

.Ctlicken -140 35.0 

.Total .. 400 100.0 

Source; fieldwork. 

~i~astqck hwsban~ry systems fou~d in th, area aze the int~nsive 
. . ! · . 

. systems. The l!lethod used. depe111ds·on the type cf stock. P.ig i~ 

mainly_ ie~rjd by'.ths i~tensiw, methcid; sheep and goats by the.semi~ 
. . . . . ' . 

intensi-.ie . system. (:hicks11 and. ducks. are managed by the fr~e ... l:'~nge 

- or- sami-intensive syete111~ About:: 72% of. .t~e hcil:.lseholds did, not 0111n 

any pf the speci~s of ,liv~atoc~. · 5% c;inly owneq _one type of s;ock, 1% 

two typ~~ and about 2% owned 3.,.5 typeG while 19% ~wnad up to~ diff~rent. 
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fi~h production i~ essentially done to provide !amily in9ome, 

·employment as wall~$ for_ co~su~~tian •. Equipment used For fishing 
--'---.. --··-·-··----·---

include net, hciok,. cal4basn, w~t~r pUl!ilpS and e~gine/mot.ot for fh'1 

pond•· B~ckets andi~iAs are also used·for drainiog water from fiJh · 

pond,, lake~ or a~reams wh~re fishiAg is carried out •. A fis~ rarmer 

on the average raaliied about ti200_per month in the ~raa ~uring ~he 

period of study. 

The ~~Jo~ prqblems-(in order of importanc~) !ssociated with ~tv, 

&~DC~ aDc:f f ishillc;) ac:tiviti8S: i,n the area ~re as fc,l10111st dis-·uas~fs,---pe-\3ts:·, .. 

b~d weath,u·_,_ cher,tl~ls and storage· f~l-ltie, for fish; ,lnd hi1,;ih .co·st 
'~ . ··-~--:~~=~~:---·:-. --. ··--·-----

of fishing equipment~ 
, 

PETRt'JLEUfil/OIL RELAT(O ACTI\IITIES: BENEfICIAL AND ADVERSE HISTORICAL 
BACKGROUND 

Th• eutvay rav~aled ~hat the Shell Pe~raleu~ Devel~pmen~ tom~eny 

which ·produce oil in the. 6 communities etudiod, st,ried operation in • 
. • I 

the communiti~h betw~an 1958 and 1965, T~e order qF develbpmenl ia 

as foliows, Olubirl- ri~ld, ( Olubiri CommuAity), Elelenwa r iel~ ( El~le11wa 

Community)~ ~p~ra field (Apara Community)~ E~ubu field (Eb~bu 

C~mmunity), Korokoio Fiel~ (~orokor~ Cpmmunity), and Alakiri Field 

Alakiri Co1111aunity)., 

BENEf.lCIAL IMPACTS 

Aithough SPDC acquired all the lands (fields) where oil was 

discovered in t~e· cammuniti~s invl~ed, ~evarth~less, r~a~onablo 
' . .' ' . . 
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And this has as~ist~d those ao~~unities in the development of their , 

educational and-•ocial infrastructures. Subseque"tly SPOC.ainae 

inception of their pJtroleum production a~tivi~ies in the aroa·has 

stepp,d up her financial assistance to the development or the 

oo~~uoities iqrdiver$e ·ways. r~gure 15 su~mariies graphically th~ 

· contributions of SPDC to the dev~lopment of the 6 com~unities invasti-·. . ·-·-~---

gated. The ~1utnities found in t~e graph depics ame.nities introduced 
' 

by SPPC betwean the years 1985 and 1993 only.· 

from ihe graph~ it can be observed that Shell has made an impact 

in ~he development and provision of piped watQr to all the Communitie~ 

except ·one - Alakiri~ Again• she has positively made an impact in 

the .development of.educati~nal iofra~ttuctures in.all thu oom~unitie~, 

and ha~ gone f~rther to provide~ modern market and hospital equipmaht 

to Elelenwa and Korokoro Communities respectively. 

OTHER IMPACTS or OIL PRODUCTION IN THE COMMUNITIES 
ADVERSE IPIPACTS 

The imp~cts/effecta of oil productio~ tiy Shell Petroleum· 

Oeuelopaent Comp~ny in the area are summ*rised in la~l~ 24 gyQrle~f. 

f/1 
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~; FIGl5. SPDC AsstSTANCETOOI[ PRDJCING C:OMivliNI· .. 
- TES IN PORT HARCOURT AND ENVIR0NS(1~s-ig;3). . . 

(Source,Fielclwork,1993). · · · · · 
. ' .. ' •.• · 1. -, -~ ·. . . ' 
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Table 24: Probla111s 'of .a.if -Produot·ion ·in Ele.ienwa,.··-~;:~r~, A_la~irl,._ __ 
·£bubu, Korakaro, and·Olub:tri·cornmunitjas 

. ·{ 
'.: l ·.~- -, ,~:· •• '_ 

. ) ·.: 

Prob~eins -

Occupation or land spac~ by oil 
pipe~ and burrow-pits · 

Destruction of ~rable l~nd 
through oi~ spillage 

Death and reduced growth of 
~agetation, crops and economic 
trees 

Oi:ico111fort from heat and vibrations 

Health problem$ e.g. ter~ination 
of pregnancies, sudden daathu 

Pollution of water·through oil 
spillage, production of tastes and 
odoure~. aa well as colour 'change 

Death and/or decreased population 
of fish and other ~quatic · 
organisms 

Damage to houses ~inc rust, wall 
·cracks due to viQration 

Air poJlution ~ith dust an~ smake 

Spre~d of insects •nd mosquitoes 

Decreased livestoek· and fish 
pcpul~tio~ du~ to ~~eMical 
poisonirig 

Numbel· g f 
flespondent1:, 

384 

374 

368 

348 

350 

380 

352 

164 

368 

10 

376 

-

93.5 

87.0 

87.5 

95.0 

.. 

88!0 

41.D 

9~.o 

2.5 

I 

1--------------------1----------t,.......-----· .. ----... 
Total* 3,474 

868.5 

*Total is ~ore than 400 due to multiple responses. 
Source: fieldwork. 

-~-·-- --

• -· --· ··- ·-- > 

CODESRIA
 - L

IB
RARY



I 

.,., ·"' . _., ............. ~- ' . 

-----····----·-··- -:.,. ·-------· · ... - · ... -··· ~-_,-,--·--

130 

, 

The above percentage respcn$es to the· various problems created .by 

Shall uper~tions Jn th~ ~rea· ls indiqativo of a significant da~re, 

of nagative i~pact of those operations on the people. Thaso impacts 

. a~e as follows; (as ~bssrved by the research~r). ~ 

:· ~ 

Impacts on the· En.vironmant: 

It waa obssrved!durin9 the survey that the lay1n~ of pipes, Shell 

access ro~ds~ and barrow pits occupied agricultural lands, fish ponds 

and land spaces for infrastructural development. ~xcessive heat 

prod~ced from the flow-stations withered most of th~ vegetation 

(especially palm trees and raffi~ palms) around. 

(ffects on ~gricultural ProductioA& 

Nost of the vegetables, cr~ps and economic trees arrec~ed by 

recent oil spills ·sh(?-, 8igns of s~orching; yellowing art'd shedding of 

leaves, st,.mtei grollllth and d'lath. It ~s possible that oil on the 

·leaves of plants iuterfered ~ith their functioning by raducing p~oto­

synthesio and transp1ration. A~imals a.g, sheep, goat&, and poultry 
. ' . . 

etc, di~ of axcessiv~ heat,.chsmical poisoning and water pollution 

from poqds contaminated by recant spills. 

Effects on Water Resources: 

Wat~r quality w~s. found to be altered through the impactation 

of dark red or blackish colour and objectionable odour, the presence 

~f tur~i~ity and oil films~ 

It was reported by several of the inh4bitants of the Co~m~nitias 

that most fis~as caught riom polluted ~~~~~MG~re oftan unpalatabl~ 

an~ show signs of r~~ucad ~rowth and reproductive performance and 

consaque~tly decreas~d population. 
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CHAPTER FI VE 
:,:: ·:·. : .. '·~·>1 . . ' 

.£0NCLUS10N ANO RECOMMENDATIONS 
.. 

• • ., ' l ~ ~·~ " 

5., 1 CONCLUSION 

fr.0111 the results· ~;f. oi~/· ~~,tJor,rn.· ~nalyse$, wJ cqncluda thot .tha 
J ,!'.. ' : ' . . . . . 

obje·ctiwes for setting up :t.~ii··research project have be61n .attained,' 
. . :'''.. ,. . ' . ' 

judging rralll the res~i.r~<~tBioJ:~ :r 1~id· obs~:r~.:u,m~, · 1abo~atol:y ·-rn~1 Y·s.is 
.. ···· ... ,::-~i ·t:· . . . ' ' 

of ~~~ples coll~cted and othai investigations carried out during th~ 

course of this work. 
Acco :rdingl y; .ther1:;1 is :~Vi dence o F oil po Uut ion; e.manating f ro1n 

several oil· spill incidences llilith'in ou:r study ,uea. And thosia 

incidences resulted from sev~ral causes, such a~ pipelinD failures 

due to corrossion and faulty CO~$truction. faulty flo~ mtation op~rations, 
' ' 

sabotage and theft of 6i~ p~oduction equipment, wall heads malfunctioning 

and several engineering faults within flo~ ~tations. 

The evidence of the pollution is clear in tha lev~l~ ~foil 

obtained from soil sam~les, ~ater sa~ples, natur~ and biomass of the 

vegetation, soil and water microbiology, and socia-oconoo1ic surveys. 

The area of ~ajor or primary impact is around the flo~ statign~ 

and oil delivery lina~ of Elalenwa field (PHNT) ahd Olubiri field 

{PHST). The impact in these segments is particularly ob~~rved im 

the sQil samples up tg a depth of 30 centimeters, and between 150m to 

250m fro~ spill points. 
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·. ~/t->j(<. 

RECiJMPICNDATJONS i• '. ,..,1~_e1t'' ·........ . 
r:i;om the·. above coa,htsiqfl~: 'an.'.d sumRHl/:rY ·of.· oi.n: ·· pesul ta, 

~ -., . '. :~. t·t· ·rr, ,.,;_ \,_..... .r:, ., . . ' . ·, ' 

recommend the f ollowin'g''l1l~iu\,}~~' fCJr.1; h.e m;magement . und t:ont rol :h't· 
' ·, . :;:i .,.:' J t\ ',{~::<. , : ,'' ,·. ::• . • . I! I : ('., ,,:, 

pollution from oil spi.1,!agti!=-··a~'ii(i:~ti~g Jro,l'll· p~trolau1u procfocq~n.·;i · ., 
·1 · : ic ·. r/? ·if::: :.:_:.>: · · :·· . · ·· ···· · : .. --

• ' '· .· ·-:' .:.\_ : ... ·.{· ;.: .. ·. : ·., ,.· :· ,· ·.· : . ·1 · . 

·~- ·tl. 

we . 
.~-· ..... .. :;:._. 

activities& 
.. ,,"· ; . ,, ." . :··);·.··· .· .,:i,. r .·. . . .' •· :; .. 

1. Oil in dust r i as nes~: to' a(.tg."1ent.; :t~Q#, ~ ·, e.f f 9 rt s ·to · aµ"ur.EL_!?J-9.oU..i;~ilO.t. . . .... , 
. ,·. :·t.1::?:<···:~\ ?~·;°})~····:~ilj ;-~ -~·:~::,_) .··_ .::_· ,(:~) . ' . ',), ''" 

reduc:tiQn or oil spills -~y/;'.tackling tha problem dir.ectly from 

the various source~:. pf :Q\if spi i{s ~ ·. ~.hf:~Y~i'.:·the ... /denti r icat i9p 
,·,;,, ···:·:' . . . . ' 

of thai~ imm~diate caus~~;'. Sue~ ~rev~lent causes, as pipe line 

failures. and faulty fl o',~s tat ion operat ionu n ea d to be addren ~d 
. . . ·'· ',· ,' ' 

very seriously, since ~hio~coqsti~~te over BO% of all oil sptllagas 
l '\\ . 

recorded in most. studies .. i~cludino the present' study .... Ani.:!_ .. s~-~-fB 

pipe l in e CO rt' 0 SS i O f-l 1 U t ~ ff m aj Or Ca U fl Ill Of pips l if) ll fail Ur O s a f f O rt S , 
. ,.,---

the r afore t should .. ba···macfe'"tifwards'.-the introduction or atate-of~ 0 the-

art teehnology in pipeline laying~ Therefore, an urgent need has 

arisen to ensure the replacement of all existing and worn-out 

~etallic pipes with the new "high pressure-super-rai~forced·poly­

vinyl-chloride (PVC) pipas, as is now widely used in ~evaral 

pollution conscious advanced countries, as u.s.A., Canada, Sweden 

and Norwar." 

2. In the interim an effective uthrougn pipeline~ ~onitoring team need . 

.,;;-

to be set up (by all oU companies) - 1c1hoiru job 111ill be to conliitantly 

monitor both the internal and axterAal conditions of thoir oil 

pipelines, by utili~ing or employing tha "iri~trum9ntod LAspa~tion 

tool 11 technique. 
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. . •·····•• :·:!1:,1'~;:.~.~"~' . :·: ~ 13·3·''" • ',, 

This wl.11 go a long 1#:ay.',;ij;l;i;.'.~ducing. pr cil:leck.ing 1;ri~ · corrµssion 
. . :· .... ::·~ ;·:i'I··~ .. !;~l; .. ·:jj:.+~j~~~i._;_:.·:-: .... :/~-~-· ........ : .. ~·:'. .. :.:.<_;_ .!. ... . . .. . . . . . • -·::~·:·;.. 

of piP,e lines through: tri~ .. ::F~Pi~p!i!mant Q( worn-o~t: and ar.iUquat;.d:-'-~ne~. · 
. . . - . "_; .. ~-!~,;:.-·,·::· :.:-->:::;t. ·';{;"/ · .. : '·.'. . .. _. ':· : !· . .. . . ·. ··: :, .,.· ·-- '·····~ 

3. Strick ·~dherence ta :~·r:tcf l~}il~!ll~r,tation tjf .. the Nation~!. Gu'ideliritui 
. . . . . . . : . _·,:.··\:~' .. /:-i:;.;;,_·;Jt _· --~:. . . . . . . ,· .. ' 

and Standards· fo·r thi)/p,eti;pilj~r.,11! industry _f.or effe~ti¥9 oil 111a~ta 
• '', • • • ~. ::. ::.-:,- ,··,_ :;'.(•ir- ·~t;~ .. · :.,: .' .' ·.: ... ,!.,,,, ,, ·,, .. '.., "t '.-,•' 

111ani;sgelflent practice1t · neEJd :'.tci be,.ca.r.r.i.f.1d,_Q_Yt._Jn•. all. oil produc'ini;i 
•. • t ' '.l 

comp an ie&i' since the 9ane;r~t}on a11d dispos ai- of these-h-o.-~l--w,ci!-tii·E--e-s-----·c~, 
\t,'. ' !i' ·~<! : !_.:.;, '.- .' ::;; , •,'' ' •1 I' '•: ' ~' 

is more 00 ' continua} aop :r;~9~lar :bGsJ)~ than t.he oil spill~ga;, 
I 1 • ,,l .• 

These guidelines a~d._::~~.~r~:~1:'.9~ 't1av~·:ad~~11~te· j:::'.O';;lt;;t:;~' for tho 
;.· ··.? ;~.,'. ·\/:1'.;:,jJ. ,!{f' . ·: .... _;; .. <· ... _~-· ... ,;~-~·:rr·~ .... \ . , , I ,'. 

collection, storag@, :t~ea~~ent~ .. and recycling of t.las.te oils an,d 
. ! ·.-'.:· ' . . . ' .• 

•• , ·1·. 

· other effluents. 
' j :. 

( \'':. ~I• 

4. Baseline studies need~o:~e carried ·out by every oil company 

especially before th~ opehin~ up of ne~ oil field~~i~c~:thi$ .w!!l 

go ~ long way in helping to sensit.ize o<!Od synthesise all importi:1,it 
. . ' -~ 

"··N··-~-.--~!'::"•'~·:,-,'', --·-·-.:....••• -··-····.·· ...... -

and slinsitive environmental .f.actorllo ,needed to be addressed before, 

duringt and after tha'axpoitation of such oil fields. Such bas~line 

studios ~ould contribute immensely to the enhancement or the qu~lity 

of the environ~ant through the regular monitoring of relavanl 

environmental parameters to regulate their qualities by the utiliza- • 
r: 

tion of a ~uiti~disciplinary appraach, and in addition to the 

application of stata~of-tho-art technologies. 

s. A functional and effective National Oil Spill Co~tingency Plan 

should be put in place to ensure that up-to-date technologies are 

applied during oil spill emergencies. And coordinated emergency 

relief teams from the major oil companies naed to b0 put in place 

to assist in particular the smaller oil companio$ who might not 
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. l 

alone cope with major oil spills from'. their 4ctivitios. Tho 

NNPC could coorfinata this team to ensure effactivun~ss and 

compliance. 

6. StringeAt efforts should ba mada to p~otact "criticul habitat6," 

such as streams, lakes, and ponds during an oil ~pill incidence 

by ensuri~g that no a~ount of oil enters into them au thiu 

could cause seriou~ short term damage to the habitata. Also 

this effort should be extended ta some other habitat$ as shoreline 

vegetation, which habour some endangered animal species, such as 

the rare African-grey-parrot found during our study. 

7. finally, all abandoned burro~ or waste pits should be identified 

for regular clea~-up and ramediation by the generator~ of the 

wastes. 

- - ·-------·----··-· -~---
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A.PP NDI X A(11 
I 

Ph~s°ico-c,hemical/ Characteristics 

Trar sect Depth. Ph EC/ THC. Org.C. 
PHNb 1T (Cm) - (PPM) % ! 

I 
{,' 0-15 6.3 

I 

0.2 ND 1.2 
I 

! 
:15-30 6.1 0 ./2 ND. o. 8 · 

i .. 

s·o 0-15 6.6 0~1 NI) 1.3 
i. 

I 
I 

I 15.30 6.2 ol •. 1 ND 0~7 I 
I I 

100 0-15 6.7 0 .1 ND 1. 2 

15-30 6.7 0.1 

~~ 
o.·s 

150 0-15 6.6 0.1 1.3 

15~30 '6 •. 4 a .1 ND 0.9 

N6 aoo 0-15 6. 7· ·0.1 1.7 

N~ 15-30 · 6.8 a.1- 1.0 

NO 250 ~- .. ( · 0-15 6.6 0 •. 1. 1.0 ., 

N~ 1 S,;-30 6.1· 0.1 a.a 
-300 0-15 6.7 0.2 

,I 
1.0 NO 

I 

' 15-30- 6.7 
•' 

0 •. 1. NP . 0.9 -

350· 0-15 6.6 o., N/£) 1~? 

15-30 6.7 0.1 ND 1~3 
i 

400 0-15 6.5 o·.1 NO 1.0 
J 

15-30 6.-7 0.1 NO O'. a-
! 

450 0-1p 6.6 • 0.1 ND 1.3 
' 15-30 6.7 0~1 ND -- 1 • o-

soo· 0~15 6.3 0-. 2 ND 1. 2 

15-30 :5.4 0.2 ND O.B 

147 

- .. ar Soil 
.• 

Samples From Port Harcourt And i:-· • ._nv1rons 

·P04 
TOTAL 

NH + NO - NO - Na + K+ Ca 
2+ Mg 2+. 

(PPM) 
N 4 2 · 3 

( Meq/100g Soil ' )· 

" ( PPM ) 

1.00 .14.0 0 .18 5.0 0.4 13.0 0 .12 0.06 0.90 
-:::· 

14.0 0.1a s.o 0.4 13·. 0 0 .12. 0.05 o.ao a.ea. 

18.0 0 ~ 19 5.0 0.4 ·12. 0 0.11 0.05 0.90 1.40 

-,22.0 0 .19 5.0 0.4 13_. 0 0.11 0.05 O.DB 1 ~-i6 

14.0 0.08 . 4 .o 0.4 7.0 .. 0.09 0.05 0.95 1.58 

19.0 0.10 : 3-.0 q.2 5.0 0.10 0.04 0. 70 f.21 

10.0 a .1 s. · 5. 0 0.4 13.0 0 .11 0 .-05 0.90 . 1.so 
. , 

20.0 0.10 6.0 0.3 13.0 0.11 o.-os 0.90 1 ~30·. 
j 

14.0 0.12 I 7.0 1.0 32.0 0.12. 0 .13 . 2 •. 40 2.82:- · . . 
20.0 0.10 I s.o 0.1 10.0 0.12 0.1 a . 1 .• 55 1.s-1· 

'' '' 
·' ,·,: .. · .. -:-;·,,· .'s',.' 

... 
,,c'\."'T -- " 7 

22.0 0~12 s ._o -: 0.4. 16.0 _o. 1 i . 0 .16' . f._3_0 2 .:on .. :>·· ' . 

' . ·. -==-~ :!'-~ 

·1e~o . 0.11 J 4.0 0.4 13.0 0.11 0 •. 10 0.90 1 i1'6 · 

19.0 0.10 4.0 o! 1 14.0 0.10 0.12 ,.so · 1.~6,-

a.so ·14.0 0.-10· 5~0 0.2 7.0 0.12 . 0.07 1.20 ::,_,,.'· 
; !_', 

' 
15.0 0.10: .. . 

;~a 1.4 1,8. 0 o·.-10 o. '!.3 1.30 , .so 
r 

30.0 .0.1~ a.a 1. 0. 28.0 0 •. 10 0.18 1.10 ~ 1. 20 --.. 

23.0 0.13 s·.o 0.4 18.0 o·.1? 0.17 1.45 2.02 
.. 

'. 

11·.o rr. 11 3.0 a:. 4 ' ·13. 0 ·0.10 0.09 a.so 1.15 
l·-

: 

2rr.o 0 •. 11 6.0 0.4 25.0 0.11 0.15 1.611 1.30 

17'.0 0.14- 7.0 0.4 17. O' 0.10 0.12 0.90 o.ao 

20.0 o·~ 19 s.o 0~4 18.0 0.12 J a.as 1.60 . 1.01 

1e.o o.n s.o 0.4 9.0 o_.11 0.06 a.ea. o.s2 
,, " 

····· 
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PP END IX A (2) 
Phvs_ i c.o-chemical Characteristics 0 f' Soil Samples rrom Port Harcourt ancr r,wirons 

'C 2+ 2+ Transect Depth .Ph EC - THC Org. C. P04 1 
'1 TOTAL NH4+ N0 2~- NO - +- ·K+ Mg 

C 3) 
Na a. 

PHNl!lzT --
(Cm}' (PPM) % (PP.M)\ - N (' PPM ( Meq/10Qg Soil: ) 

; 
% : 

0 0~15 6.6 0.1 ND 1.3 _ 18.0 0~10 2.0 0.7 11.-0 0.13 0.07 1.50 1.28 

15-30 6.2 0 •. 'f ND 0.7 22.0 (). 08 6.0 0.1 Ei. 0 0 .11 0.06 0.90 0.98 

50 0-15 6.0 0 .3· ND 1.9 21~0 
; 

9.11 -6.0 0.7 9.0 o .11 0.07 ,1.60 2 ~ 24. 

15-30 6.3 IJ. 4 ND 0.9- 24.0 0.06 3.0 0.4 9.0 0 .10 0.06 0 .. 65 1 •. 28 

100 0-15 6.3 0 •. 1 ND 1. 7 - 1s. o 0.17 2.0 1.4 , 1 ff. a 0.13 .0. 09 2.60 1.94 

I 15-30 6.4 0.1 -. ,NO 1. 6 · ·- 17.0 0 .15 3.0 0.4 5.0 0. 11 0.07 1.'90 1.08 

. 150 0-15 6. 4- o;,. ·ND 1.2 11 • 0 0.06 -
. 
4.0 0.5 23.0 ·0.10 0.06 ,.~s 1.32 . 

·• 
-, 

15-30 -6.0 0.6 ND 1~0 23.0 0, 12 2.0 a.·2 1.0. 0.09 o.os ll.90 1 o'18 

- • 200 0-15 . 6.4 0. 1, ND -1. 2· _11.0 0.06 4.0 o.s 23.0 0.-10 o.os , .• ss 1,32 

15-30 6.0 0.6 NO 1.0 23.0 0.12 2.0 0.2 ·: 7.0 o·.09 0.06 0.,90 1-._1 a· 
,- - ~-, .... ' -;. ,•' 

,'· 
. 250 --· 0-15 6.4 0 .1 - ND 1.s 17,.-0- 0, 18 3.0 0.4. 0.9 0 .13 ,_ o. 07 , •. 55 t.34,; -

. 
- . 

15-30 6.s· 0,1 ND 1.0 16.0 0 .17 4.0 0.2 4.0 0,12 0.05 1e10 ·o,~ 02. · · 
'. 

- . 300 0-15 - 6 .4 0.1 No- ,.s 17.0 0.10 3-. 0 0.4 9.Q 0.13 0'.07 1-.ss 1.34. 

15-30 6,.5 . 0 .1- -" ND .. 1 .o- : 1'6. er 0 •. 11 4:-il 0~2 4~0 0.12 o.os· - 1.10 0.-02 

350 O-i5· · 6. 4 0.1 ND' 1.2 11.0 (J, 06 .4.0 o.s 23.0 0 .1_0 0.0·6 . 1.ss 1', 32 

.15-30 6. 0- 0.6 _ - ND . f.O 23.0 0~12 2.0 0.2 _7.0 0.09 1 0'.06 0.90· · 1.10 

400 .. -o;..15 6-.J. 0.1 ND 1. 7· 1s·~rr 0.1 ~- : 2.0 1. 4 ,rn.o. 0.13 , 0.09 2.60 :. , • 94 

15-30 6.4 0.1 ND 1.6 17.0 0'.15 3.0' 0"·.-4 s. o· 0.11 0.07 1.90 1. OE!: 
.. ·, 

0.11 2.24 450 -0-15 6.0 -_ 0.3· ND 1 • g- 21.0 0.11 6.0 
~ 

0.7 9.0 -- 0.07 1..60 

15-30 .. 6. 3 0.:4 ND .a. g: . · 24.0 ·er. 06 3.0 
.. 0.4 g·~o 0.10· ·o.os -- 0.65 .1.2e 

500' 0:-1 s 6.6 0.1· ND.· 1~3 .1B.O 0.10 -2.0 a.1 11. D ' 0.13 0.07 1.so 1.20 

15-30 6.2 0'.1 ND IT. T 22.0 o.oa 6~0 0.1 s. a_ 0.11. 0.06 ·. 0.90 o·.ga. 
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AP.PEND IX A (J} 
p h IVSl. co~ 

Transact· Depth Ph 
PHNE1T (Cm) 
--

0 0-15 6.0 

15-30. 6. 2. 

so 0-15 6. 3' 

15-30 5:1 
I 

.100 · 0-15 6.1 
15-30 6.3 

150 o-,s ~). 9 

15-30 fj. 2. 

. 200 
·. o;...15 . 6 •. , 

.. . 
15;..30 6.3 .. ' - ' ·?~ 1,-.;~: i, .. \ • 

. . 
250'. .0~}5. .: 5,.9. '· 

15-30 fr. 2 · 
' 

300 o;..15 6.3 
: • .. · 15-30 6.3 

.. 
350 0-15 .. 6 .1 .. 

- . 15;...30 6.3· 

400 0-15. .. 6.1 

15.;.30 5 .. 3 
.. 

450 0.15 ,6.3 

1s~30 6.3 

500 ·. 0.1s ·s·.o 
15-30 6.2 

; 
/ 

. 

I / ··· 
mica 1 h C aracter1st1cs 

I 
bf ·t /.501 ·1 ·r Sam~ as ram P.ort Harcourt 

EC THC Org.C. PO~ TOTAL NH4+ ·N02-: - + 
% 

I 

< .· N 
.. .N03 Na 

(PPM) { ~PP!.)., I' PPM ) { ... ,: % \· 
I - . 

I ~-"· ... .. < 

. ··-· .. 

0.1 ND 2~0 1 i7 ~ 0 'ci. 21 1.0 2.0 s·. a 0 .13 
i u.1 .ND 1 .1 1:6. 0 0 .16 3.0 0.4 44.0 D.T1 

0 .1 ND O.T 12.0 p .11 3.0 0.7 23.0 0.11 
-· 

0.2 ND 0.4 /13.Q 0.06 3·.o 0.5f18.0 0.12 

0 .1 •· ND o.g 21. 0 0 .13 4.0 D.7 14.0 0.12 . 

0 .1 ND 0.3 20.0 • a.us 5.0 0.2 s.o 0 .10 

0 .1 ND 0.9 14.0 \o.1s 3.0 0.6 23.D . 0 .10 
.. 

0.2 ND 0.5 1s.d, ·0.09. 
t 

·3.0 1.2 32.D 0 .• 11 

0 .1 ND 1.0 . 20.0 ... .h.13 2.0 0~6 27.0 0 .11 
. ' -.... 

'l I 0.2 ND 0 •. 7 · 24.0;' ·· .OS · 3.0 0.5 9.0. 012 
:;>_._~:.:.-:\-:: :;,>'.....,:·. ·~~·:.·,,:· . :.· .•.·,-:·.··:·, . .. ·'. ,_; ·- .... t\·· . .::.~::'~/ .:\-~-, (\·:,··.:: .,_ : . .:~ ; .... !:, .. >--::--:--•.::.:.:r .·.·:-:.: -··', . - ,, '~; . 

.. o.J .'rJO.: 0,..9· :.-'\1)?(: o:5 -~3~0 . .CJ.10 .. "·;··t!i '.,,,3.,~ ., ·. ~- ·.. .. · .. -: ~ . : ; •··. . ' --

0.2 .ND 0 •. 5 . 15 ;o · .09 3.0 1.2 32.0 0 .11 

:}·~·11 . 0 .1 · ND · 0 •. 1 12:.,0;., 3.0 0.7 23.0 0 •. 11 

0.2 ND 0~4 13. o~ /b .. 0·5 3.0 o.s 18.0 ·0.12· 

1~0 20~0. 2.0 0.6 27.Q. 0.:1 ND 10.13 0.11 
I ' ' 

0.2 ND . 0.1 24.0 o.os 
~ 

3.0 0.5 9 .• o 0 .12 
·--

.O. l ND a.~ 21. a_. '. :o._13 4.0. 0 •. 1 14.0 0.12 

·o.r NO 0.3 21t.o. ·0.05. s.o 0.2 s.o 0 •. 1 o 
•· 

0.1 ND o.r 12.0 0 .11 3.0 0.7 23.0 0 .1.1 

0 .. 2 ND 0.4 13.0 0.06 3.0 o.s ·1 B. 0 0.12 

0 .1 ND 2.0 11. o· 0.21 1.0 2.0. s.o 0.13 
'· 

0 .1 ND 1.1 16~0 0.16 3.0 ,. 0.4 4.0 0.11 
-

149. 

and Environs 

K+ Ca 2+ 

1'1laq/100g son 

o .1 s 3~30 

0.14 2.10 

·. 0 .10 1.as 

0.06 1.20 

. 0.06 1. 40 

0.04 Oo?O 

0.07 1.90 

0.05 0.45 

o.os .. 
1.95 

0.04 1. 20 
' 

Q.07, .. . l.90 

0.05 0.45 

0.10 1.85 

0.06 · .. 1.00 

·o.o5 1'. 95 

o.o4 1.20 

0.06 1.40 

0.04 0.70 

0 .10 .. 1.85 

0.06 1.00 

0 .1 s 3.30 

0.14 2 •. 10 

M/+ 
) 

i.78 

1.01 

1.28 

0.60 

1.12 

0.42 

1. 08 

0~50 

0.90 

0.48 

1!08 

a.so 
1.20 

·o.60 

0 •. 92 .. 
0.48 

1.12 

0.42, 

1. 28 

0.60 

1. 78: 

1 •. 01 .. 
•. 

.. . : .. -:· . 

' . 
: '' .. ~' 

.. '-~' 
,;' 
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0 .1 

0.2 

::.: .. 0.-1 

6.3 .. 0.1 

/15.;:30 -- 6~4- 0.1 

)jf f: J~Ii ~: ~ 
.- _ Q.,.1 s , , 6 ;. 4: · 0 ~ 1 

"'°"'''',"':-s,_:c~,,,."·--· iii,~ ii~~ ~~:!t~ 
:.-0-15.c 6.-3 .. cc·0.1 

:?i':5~~~~ ;~,.i~;:2·~ tta~ 1 

Oi.-15 -6.4 0.1 

-_ 15.::30 -·tr~-2 _ a .1 

0--1 s ' 6~ f _: o._2 

1 5..;.3 a _ 6 •. 1' o; 1 

o..;.1 s -·5 • 4- o • 2 

15-30 '6~S 0.1 

.-o--·1s-::6~2; 0.1 

1 5;;,;_3 0 ·-' 6 ~ 4, ' 0 • 1 

_tharact ar ist ics 

THC ·org.C. 
(PPl"l) % 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

N.D 

ND 

ND 

ND 

ND 

Nlf 

ND 

ND 

ND 

ND 

ND 

. 

0. 1 

0.6 

0.7 

0.6 

1.5 

D;.6 

0.7 

d.6-
0.9 

q.6 
1.0 

µ.s 
'1. 5 

.0.5 

i 0.9 

o.s 
0.1 

0.6 

1.0 

0.1 

1. d 

a.a 

150 

of Soil Samples rrom Port Harcourt 

P04 TOTAL _NH4+ NOi- NO - ~Na+ 
(PPM) ; ( PP~ 3) ( 

and Environs _ 
1 

K+ Ca 2+ • 1•19
2

+ 
Meq/1009 :Still } 

1.0 

6.0 

0~10 5.-0 0.5 10.0 0.10 0.08 2.00 1'-.16 

0.05 3.0 0.5 2.0 0.09 0~05 1.30 0~73 

14.o o.~o 9.o 0.2 17.6 0.10 o.o9 1.2s o.a6 

11.0 

16.0 

19.0 

16.0 

14.0 

12.0 

18 .. 0 

10.0 

20.-0: 

10.0 

1650 

12.0 

16.0 

13.0 

10.0 

16.0 

20.0 

11.0 

16.0 

rr.oa 10.0 0.2 22.3 0.10 o.o& 0.10 0.42 

0.11 2·.o 

0.12 4.0 

0.10 10.0 

0 ~07 1.1.0 

0.11 6.0 

0.12 9 .• 0 

0.12 4.0 

0 •. 11: 4.o 

0-.10 6.0 

0.12 9.0 
o~ n .s.o 
0.12 9.0 

0.10 9.0 

0.08 10.0 

0.2s 6.o 
0.20 a.a 

0.10 5.0 

1 • 9 1 0 • 0 0 •. 1 0 0 ; 1 0 3 • 15 1,. 1 6 

1.4- 12.0- 0.09 0.07 1.40 0~38 

0.2 20.0 0.10 a.as 1.16 a.so 
0.2 

o._2 
0.2 

16.0 

12.0 

1_9. 0 

0.08 

o.oa· 
0 .10 

0.06 

0.07 

0.06 

o.ao a.so. 
1.00 0.61 

0.70 o.so 
1.00- 32.0 0.10 0.07 2.30 0.-10 

·'· 

1.20 44.b 0.10 a.as 1~so o.47 

1.so 26.0 
0.20 39.0 

0 .. 20 32.0 

0.20 39.0 

0.10 0.10 3.20 

0.10 o.os a.so 
a.as 0.01· 1.00 

0.10 o.os- a.so 

1.18 

0.45 

0.59 

Q.46 

0.20 26.0 0.10 0~09 1.25 0.86 

0.20 23.0- 0.10 a.as a.so -0.37 

1.0 30.0 0.10 0.19 Z.30 0.20· 

1.10 42.0 0.10 0.15 1.ao o.42 

1.1 10.0 0.10 o.og 1.2s 1~16 

0.01 9.o 1.3 10.0 o.oa o.os __ o.9o a.so 

·~ .. - l 
... -.-, 

~-. : 
•.·.-";, ... •' 
·. -r,-·· 
···.' 

·. ::-... ~ ... :· 

·- .... 

i-.-·· 

l·. ·.:. 
L ., L 
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. i 
i 

I A(ii) ·t ·· 

1'51 

. ~-·.:...· -~--,,..;P_;.h.:..J.y:..::s;.:;;i:..:;c~o~--=C.:...h.,e;,;,;.m -rl. c;;.;a::.;1:..,..-;iC=f-h;.;;a;.;;;r..::a..::c.,;.t.;;,e.:;..r.::.i ;:;..s t-;;.;i::.;c,s~o;;;.f:--=S.;;;o,;;.i.::.l_S::.a=.;m.;;.i:P;.,;l~e;.::s~f.;;;r.;:;.o.;.;;m_:_P ~o r;;...t~H.:.:a:.:r..;c:.:;:o..::u.:;.r~t;_-=,.a :..:;n d=--:E~n.:..:v:..::i~r:.::o;.:.;n.:;..s.,......~----·r,~ ans e c t. Depth Ph .. tc .~HC Org.c. PD4 TOTAL NH4+ ~J0
2

- N03- Na+ 'K+ ta 2+: M/+ 

,· PH ST ( Cm)·-1---f----+_-+f_P_PM_)-1-----%----1~(-· P_P_M-'-) +-...;~:...----1i--,:;.(_'~-p-p M--11----!)-+-~{ ____ rtie_q_/_1...,0 O,_;g~S_o_ilr---,-)_ 
01

;:~~- a o-1s s.9 0.2 I -060 

-·,l 

200 

,::i;t,,,;:;::;:~t/1-,i-- :.> '?>.X'i.:. 
0 

00 
. ;,· .. 

350 .. 

: ,100 

450 

l.1 . 
I 

15-30 6.1 0.1 , 720 O.B 

0-15 6.0 0.1 

15-:30 6 •. 1 0.1 ' 

D-15 6.0 0.1 

· 15-:30 5. 9 0. 1 

o-·t 5 ·· s. a .- 0.1 

750 

700 

417 

36\ . 

180\ 

120 

1 .1 

D.9 

1.4 

0.9 

o. a-'. 

86: 1 1.4 

1a_'to.9 
18 1:.1.3 

I 
10 /1.0 

I 

ND ! 1 ·• 4 

18 .o 0 •. 11 

12.0 0 .17 

1s.o 0.20 
16.0 0.20 

10.0 p.2s 
19.0 . 0.20 

10.0 · 0.00 

13.0 0.06 

10.0 0~25 

19.0 0~20 

1s.o o.oa 
10.0 0.06 

1 o.-o; · o .12 

6.0 0.10 3.0 

B.O 0~20 18.0 

4.0 0.20 16.0 

6.0 2.06 14.0 

4.0 O.HI 19.D 

1.0 ·o.oo 1a.o 
4.0 o.oo 11.0 

! 
s.o o.oo 19.0 

4.b 0.10 19.0 
. ' 

1.0 . o.ao 10.0 

6.0 0;20 ·14.0 

s;o 2.40 16.0 
i 

6.0 o.oo 11.0 
/ ... 

0.09 0.11 

.0.09 0.07 

0.90 

0 .. 45 

o.64 

0.43 

0 •. 10 0.12 1.2s o.74 

0 .1 CJ 

0.10 

· o •. 1 o 
0.11 

0.10 

0. 07 0.35· 

D.07 0~40 

0.06 0.25 

0.01 a.so 
0. 05 o. 25 

2.04 

o. 41 

0 .~20 

1 s-:rn s. 1· a .1 

0-15 6. 0 0.1 

15-30 . 5.9 0.1 

0-15 5.6 0.2 

1s:-30 s.1· 0.1 
.0-15 5,.8 0.1· 

, s-3 a s • 1 o .1. -.- ND 0.9- 12.0 0;10 1. o . o·~ o·o 19. o . 

0.10 0.07 Oo40 

0.10 0.06 0.25 

0.10 -0.05 0.30 

0.10 a.as 0.2s 

0.11 0.01 a.so· 

o~;~ a.as· 0~2~ 

a. 12 · o .11 ·. a. s s 

·o.33 

0 .17 

0 .A-1 

0.20 

0 •. 1.8 

0.35 

0. 3,3 

0:.17 

1.27 0-15 5.3 0.3 

15-30 5.4 0.2 

o;.1 5 6 • O· ·. 0. 2 
15~30 6.1 . 0.1.· 

o-1s ·s.1 o.,: 
15-30 ; 5. 6 ; 0 .1-

0-1 s · 4.8 0.3 

15-30 5.3 0.1' 

I 
·No ·1.9 !•-17.0 0.11 3.0 · 0.40 81.0· 

ND 1.4 

ND 

ND 

NO 

ND 

ND 

1. 4. 

1. o 
2.6 

2.0 

5.3 

ND 3.5 

10.0 a.of 4.0· 0.20 35.o o.1i 0.13 · a.so · o.33 
1s.o 0.20 6.a 1.30 14.0 .. 0.1n .o.oe ,-.oo a.Ja 
10.0 0.20 ~.o 2.40 16.~ 0.10 o.os o.so o.se 
1 4 • o · a .• 11 1 2 • a 
17.0 0.10- 17.0 

0.10 41.o 0-.10 ·• 0.26 a.so 

0.30 23.0- · 0.09 . 0.12 0.30 

.. 
1.23 

0 .17 

,o~o 0~23 1s.a 0.30:11.0 0.10 0.19 a.ss 0.24 

rJ~o 0.1s 16.0 a.so 10.0 0.11 0.10 o.35 0.01 
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APPENDIX A(fi) . 
Phvsico-Chemical;~har~cte~fstics or Soil Samolss from Port Harcourt and Envi-o-s 

. ' .. ·- .. ,.._ - - .. . -- . L ,, 
... 

Transect Depth Ph . . Ee THC Org.C • P0 4 fOTAL NH,4~ 1\02 - - +- K+ 2+ Mg 
2+ 

N03 Na Ca·.· 

PHSW-1T (cm) (PPPI) % {PPM) N ( . PPrl ) .( Meq/100g Soil } . 
et. \· . 

_; ... , ..... -
·.: · -r:- .;: 

:. -.-- '\: 

.. 

0 0-15 5.9 0.1 rm 1.4 -38 .o 0.,, 7.0 1p1 59.0 o.oa· 0.20 3.,85 2 .• d8 

15-30 5.9 .. 0.2 ND 0.5 63.0 0.09 1.0 0.2 9.0 0.01 0.21 1 C 25 0.95 

50 0-15 5. 9· 0 .1 ND 1.4 38.0 0.11 7.0 1 .1 59.0 0.08 0.20 3 .. 85 2.os 
' 

15-30 . 5. 9 0.2 ND o.s 53_.o 0.09 1.0 0~2 9.0 0.07' 0.21 1.2s 0.95 

100 Q;-15 6.0 0.1 ND 1 .1 60.0 0·.11 a.o D.7 99.0 0.07 ·0.11 2.18 1.24 

6.0 
I o.ss 15.-30 5.7 0.2 . .ND 0.2 4.6. 0 0.09 0 ~1 16.0 O.QB 0.01 10 00 

150 0-15 . 6. 0 . 0 .1 ND 1 .1 . 
.,_. 

60~0 0 .-11 . a.a · o. 7 99.0 0.07 0.11 2. ,s 1.24 ._-__ 

: -·-.. 
. 15-30 5.7 0.2 ND 0.2 46.0 0.09· 6.0 0.1 · 16 .o o.oa 0.07 1.00 0.55 

200 0-15 · 5.0 0.1 ND 0.9 53.0 0~11 · .7.0 0.1 72.0 0.07 0.07 a.as ff. OS 

15-30 5.3 0.2 ND 0~6-' 52.0 0.10 6.0 o.o 14.0 0.01 0.07 o.ss 0.38 
I -0~08 250 -. o--1s 6.0 · a .1 ND 0.9 53 .o- 0.11 1.0 a .1 72.0 p.07 0.01 O~BS: 

.. 

15-30 5.3 0.2 ND 0.6 52.0 0.10 6.0 o.o 14. 0 O •. OT 0.07 d.ss 0.38 

300 0-15 6.0 0.1 ND 1.1 60.0 o·.11 a.a 0.7 99.0 o.a_7 · 0 •. 11 . 2.15 . , • 24-

15-30 5.7 0.2 ND 0.2 46.0 0.09 6._o a .·1 16.0 O.OB . 0.0_7,. 1.00 o.ss :·.-: ·, \1:: 
' 

350 o. '.15 · 5.5 ·. 0 •. 1 ND 1·.o 78.0 0.11 s.a · 3 .1 .go.a a.as · 0. 12 . 1 .90 0.64 
. 

'. 15-30 s.s o·. 2 NO 0~2 54.0 ·o.og s.o o.s 11.0 cr~o1 o·.06 _ a.so o •. os 

4·00 
.. 

·0.13 0-15 5.6 a.1 ND· 1. 3 12.0 0~08 6.0 . o.s 108. 0 . o·.oa _1.50 0.42 · 

15-30 s·.4 rr; 2 ND .· o-. 7 -. 27.0 a.as . 7'.·o 0.2 27.0 0.06 O.OB 0~35 . 0 .13 

450- 0-15 . 5.6 ' 0.1 ND 1. 3: 12~0 a.as 6.0 o.s .. 108"~ 0 a.as . 0 .. 13 : 1. 50 -.o·.42 

. 15-30 ·. 5.4 ·0.2 .. ND 0.7 27.0 ff. 08 . 1. 0 : 0.2 27.0 ~1. 06 o.oe 0.35 o·.13 

500 0-15 5.5 .· 0.1 ND 1 • a 78.0 0.11 s.o . 3 .1 90.0 a.as 0.12 1.90 0.64 

15~30 5.5 0.2 NB 0.2 5_4.0 0.09 5.0 o.s 11 ._o 0.07 . 0.06 0.60 0.06 

' 

i 
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P.h- Ee 

0.1 

0.1 

. 0 .1 

0.3 

,5. 8 · 0.1 

s·. s o. 2 

' :;:'·:-5:.::, s: < 5 .-6 0. 2 
::·-·,::-.•' 

·_ ;15i:30.· i5.3 0.3 
, .... , .. _,._, ... ,,-.- :::?JE1t >-s'._7' o •. 1 

·{;}_30--s.4 0.2 
. -'--· ::,-... 

~:(~~~ ~~ff: ~:: ! 
· ,·.:·._,_..,>_.,,,.,_,,;,·.,_,, __ .,,,,;.,,,,., s1~s~a1~:, ~: ~ 

· 0~15 5. 7 D. i 
; 

15-30 5.4 0.2-
•. 

o;.;;1 ff ·· s. 6 o. t · 
:~:. ;: .-~. ~-:. 

_ 1 · 1 5.;..3 0 5 • 2 0 ; 1 : r :,~ 45ci : - -0~15 . 5. 4 _ a. 2· 
. ~. •. 1 • . . . . . . 

,i~;)[.fo~\ ~::~J: :{: . ~:; 
.,;· t~J;:: ··-\ ' 

·r·r:::::._:;>, 

Characteristics 

THC Org.C. 
(PPM)- % 

ND 1 .1 

ND 0.6 

ND 1.4 

ND 0 •. 1 

ND 1.1 

ND o.s 
ND 1.1 

ND 0.9 

ND 2.0 

NO- 1. 0 

ND 1 • 1 

ND .0. 5 

ND 1.4 

ND 0.7 

ND.· 2.0 

ND 1.0 

ND 1.1-

ND- 0.6 

ND 2.0 

ND-. 1~0 

ND 1.4 

ND 0.9 

··- ... • < '-~--,,--·--- - • ·--· --- • 

,- ...... 

153 

of -sa:n- Samples from· Port Harcourt and.Environs 

P0 4 TOTAL N.H 4 NOz- - + ~:+ 2,r Mg 2+ 

N 
N03 Na Ca 

(PPf'I} % ( PPM ) ( \ .Meq/1 OOg Soil ) . 

e.c::: n· 0.09 s.o 0.7 70.0 0.07 0.12 OaBO o.os 
vav 

' 
80. 0- o .1 a 4.0 0~3 ·1 a. o 0.07 '.·.0.07 0 .. 40 0.44 

12.0 0.11 s.o 1. 4 16.0 a.as 0.1a 2 .10 1 • 213 -
•.,••,.,Ho 

47.0 o .1 a 7.0 a • .4 36.0 0~01 0 •. 12 0.50 0.10 

80.0 0.07 a.a 0.4 . 65". 0 0-.09 .0.13 -1.35 o.os 
22.0 D.09 s.o ·0.5 16.0 ' 0.09 o.ss 0.30 0.07 

22.0 0.11 6~0 o·. s 99.0 a.as a .1 s o.oo 0.34 

12.0 0.09 6 .ff 0.5 - 27 •. o 0.07 0.10 0 .45 o·.13 

52.0 ·0.13 4.0 0.2 · 42 .o 0.01 0.09 0.75 0.20 · 

5d.o · 0 .11 6.0 0.2 1a.o 0.06 ·. 0.04 0.30 0.3.4 

so.a 0.07 a.a· 0.4 65.0 a.as 0 .13 1. 35 o.os 
22.0 · 0.09 -. a .a o.s 16.0 0.07 0.09 De SS. .0.30 

f :' .. 

12. 0 0.11 s.o 1. 4 62.0 a.as 0 .18 2.10 1. 28 

·47.0.· ·, 0 .10 7.0 0.4 36.0 0.07 0 .12 0.60 0 .10 

52 .• .CJ 0.13 4.0 0.2 45.0' 0.07 0.09 .0.75 .0.20 
.. 

o .o.4 0.34 60.0 0.11 6.0 0.2 _18.0 0.06 0.30" 

86.0 0.09 s.a .• 07 10-~ o·- .0.07 · ,r.12 .o.ao a.oa ' 
,{~--- .,, 

so.a - 0.10 4·.o 0.3 18~ 0 a.a; a.a, -o.40 0·;44 .~' ·. ~ 

.·,·. 
-. 

91.0 0.12 5.0 o.s 59.0 0.01· · ci. 09 ·o.ss o·.s1. .·. , .. ,.. . 

26.0 . 0 .11 6.0 0.2 _ 11.0 0.07 0.01 0.40 0.03 

·22.0 - 0 .11 6.0 o.s. 99.0 o.oa· : 0.1 s· 1.00 0.34 

12 .o- 0.09 6.0. o.s -21. a 0.07 0.10 0.45. · o._13 l, ·. 
"t 

;_ 
t' 

I., . 
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154, 
1 

Pt~JD IX, A CB) ; 
/ 

.. i 

Ph;·sico.::.;Clismical -Char,aci:..b;e:ri St i CS .of:: Soil Sam Harcourt and Eoil .. iJ;.on:sJ 

''5:ap.th . f?h";, E'c. me· Org.C • PO .. TOTAL· NOz -- + + C 241 Mg2+ 
·(PPM). % 

4 N 03 Na K . a . 

: (Cm} ( PP.M) % PPM ) ( Meq/100g sdn ) 
··t 

:, 0. 0-15 s •. fr. 0.1 ND 1~0 22:0 0.09 .6. 0 0.2 1.4 0.07 0.01 0.,60 0.21 
,. .. 

. ' -! 
.. _ . ' . 

10.0 
'. o.sn 3.39 

lS-30 5. 6. 0 .1 ND 0.9 0.12 3.0 0.2 9.0 0.08 0.06 . i 
'· 

C ... ,w•. 

: so·. ._0.:..15 s •. 7 ', 0 .1 ND 0.7 10.0 o.os 4.0 .0. 4 9.0 0.09.- 0.07 0 .. 10 o.17 

.15-30 · 5 :'it 0.1 ND 0.7 22.0 0.07 .7. 0 o.s s.o 0.'09 o.os Oo~S 7.1!2 
.. ... i '.:~/r·· 

·· ioo 0-15 5.9 0.1 ND 0 .. 7 ,o .. o 0.09 5.0 o.s / 27.0 .0.09 o •. !)6 o.:ao ·0.22 

' I 
J s.:.30 6 .·.o 0.1 ND o •. 4 21 .. 0 o.os 5.0 0.:1 18.0 0.10 d. Ok 0~5'0 0.83 

0-15 .5~'.1 ·-0.1 ND 1.0 21.0 0.07 6.0. 0.1 14·.o 0.1 o a.as 0~90 1 '16 . :. 

o)3 ~ -.-., 

:15-30 5.8 0.1. .ND a. a· 26.0 0.06 s.o 0. (] s.o 0.09 a. os. 1).,65 _.::, 

\ 

0-15 · ·s ~3 0 •. 1 ND 1. [J 10~0 o.o5 a.a 0.2 9~0 0.10 o.os· ,.as a.3f 
. ·, 

' -.·15.:.jo ·,· fi. 0 0 .1 ND ·o. 3 15 .• 0. . 0 •. 10 6.0 0.4 s.o 'o·. 09 0.04 o . .,66 · o·.1 r -
.. . ~-". . . ' .. 

·.\-p~~1.s 5.3 0.1 NO 1. 0 10.0 D.06 a.a 0.2 9.0 0.10 0~05 1 .. as 0.3; . 
. :·;t,.·· 

. 0 .1~ 
:?l5:-30 6.0. ,0.1 ND o.3 1s.o 0.10 6.0 ·:.· 0 .4 a.o 0.09 0.04 Oe65 

' ''lo~\s 5.7·· ·o. os 
i::, 

0. 1 ND 1.0 21.0 · 0.01 6.0 0.1 · 14.Q 0 •. 10 0.,90 1.1 . 

<l::. ' : 5~ if :-_ d .1 ND o.s· 26 •. 0 D.06 s.o d.o s.o ·0.09 o.os 0.65 ·o o&· 
t:,-30 . • I . • ., 

o--1s ., 5'.9 0.1 :ND ·O.T 10.0. 0.09 5·~0 o.s · 27'.0 o.a9_ 0.06 OcBO 0.:2: 
1-5-30 6.0 0.1 'ND 0.4 21.0 a.as 5.0 0.7 1a.o 0.10. 0.04 o~sa a. 3 

.. , 

' 

,·.·· 
I 
I 

500: 0-:15 . 5 •. 'J 0.1 ND o·~ 7 10.0 'O. 05 4.0 o •. 4 9.0 0.09 cr.01 0.10· 0.17 
\ 

,s-...30 s.a 0.1 NO o. 7· 22.·o a.or 1 •. 0 o.s s.·o o.og· 0.05 o.45 7 •. 12 \-.· 1. 

. 450, 0:-15. 5.9 0.1 NO 0~9- 16.0 0.09 6.0 o. 7· 27.D 0.07 0.06 0.95 0.47 

,: 15-30 6.0 ~ 0.1 ND o.r 45.0 0.01 a.o d.s 20'.0 ·o.oe o.os 0.60 a.as ,. 

500 0-:-15 .5.6 · o.·1 ND ,.o· 22.0 0.09 6-. o· 0.2 · 14. 0 ·• 0.01 0.01 o·.50 0.21 
,.,·.-,:,.,_'· 

l 

·. '. 3.39.· }· 

15-:30 5.6 0.1 ND 0.9 10.0 0~12 3.0 0.2 9.0 O.OB 0.06 a.so l -,. 
r. 
! 
i 
' 

. '---- f 
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APPENDIX A(9J 
Ph,/sicc-Chemica 1 

Transect 

PHSE2T 

0 

50 

100 

150 

200 

Depth . Ph 
·. (Crn) 

Ee 

0-15 5. 8 · 0. 3 

15-30 5.9 0.1 

0~15 5.5 0.2 

15-30 5.7 0.1 

0-15 s. a o .1 

15-30 s.s 0.1 

. 0~15 5.5 0.2 

15-30 5.7 0.1 

. 0-1 5 6 • 0 0 • 1 

.. · 15-30 6.0·0~1. 

6.0 0.1 

6 •. 1 0. 1 

6.0 0.1 

., 
250 "· 

-.-·: 

300 

·· .. -· o-1·s 

15-30 

0-15 

15-30- 6. 1 0 ~ 1 

350 - ·o-1s ·6.1 0.1 

15-30 · 6. 3 0. 1 
··-

400 - 0-15 6.0 0.1 

:. . ~- ~; .. -

155-

Characteristics of Soil S2moles fr'om···Port Harcourt <>nd Envir_on·s ...;_;;;.;;.~~..=.;;..;;,.;;..~;;__.;....,;i;.;..;.:......::::.:..;.;..=.;;.;.;.;;;.._-~--
2 ? 

THC O rq. C. P04 TOTP.L NH 
4 

- N0 2·- ND
3 

- Na+ K+ Ca + Mg~+ 

(PPM) % {PPM} ~. ( PPM } ( i"leq/1 OOg Soil ) 

ND 

~!D 

ND 

ND 

ND 

ND 

ND 

~JD 

ND 

ND 

ND 

ND. 

ND 

ND 

1.1 

o.a 
1 , 5 

1 • 2 

0. 9 . 

a.a 
1. 6 

1.0 

1, 2 

0.9 

1 • 0 

1 • 6 

1.4 

2 .1 

10.0 0.07 7.0 

,s.o 0.11 7.0 

15.o o.~o 10.0 

3.1 46.0 0.12 0.15 :O.BO D.51 

3.8 s.o 0.11 0.20 0.95 0.46 

2.6 ·29.0 o~~o 0.13 o~gs o.sa · 
30.0 

24.0 

:33.0 

22.0 

s.o ·4.1 16.0 0.10 o.os o.40 o.!Jg 
0.12 6.0 

On13 

0.09 

7.0 

7.0 

20.0 0.06 a.a 

2. 9 14. 0 o. 08 0.09 1.50 1.63 

4.8. 27.0 

3.1 50.0 

o.os . 0.09 0.90 2.10 

0.12 b.19 o.~a o.98 
3.4 49.o o·.og 

23.0 ff.12 8 • 0 2 • 8 1 s-. 0 0 • 0 8 

0.10 o.35 ·o.oa 
0.10 1.ss ,.so 

.13. 0 

17. D 

15. 0. 

16.0 

24.0 

26.0 

0.12 

0.09 

0.11 
D.19 

0.14 

0.18 

6~0 
6.0 

5.0 

7.0 

6.0 

4o7 19.0 0.08 

2.8 37.0 Oe07 

4.1 34.0- 0.05·· 

3.0_· -·49.o o.oa 
3 • 4 24 • 0 · 0 • 0 7 

0.06 1.00 

Oo07 0.95 

0.01 a.so 
0. 21 1. 30 

0.19 a.as 

0.86 

2.33 

1.97 

1.ao 
1. b6 

9 e o, 2-. 8 1 8. 0 0. 0 8 • · 0. 1 2 1 •. 3 0 2 • 3 3 

24.0 o:1s a.a ~.s 20.0 0.01 o.oa a.as ~.94 
20.0 0.12 e.o 3.1 so.a 0.12 o.io a.ea 1.60 

15~30 6.0 0~1 ND 

1.4 

1.2 

1. 0 

1.8 

1.6 

0.9 

0.7 

22.0 

20.0 

0.12 
0 .16 

7.0 

6.0 
6.0 

3~4 46.o a.as 
3.4· 9.0 0.01· 

0~12 0.65 2.00. 

0.08 1.20 • 2.20 450 

500 

0-15 6.1 0.2 _ ND 

15-30 6 .1 0 .1 

0-15 6.0' 0.1 

1 5-3 0 6. 1 . 0. 1 
' 

ND 

ND 

ND 

26.0 0.15 

34.0 0.12 6.0 

33.0 0.13 7~0 

:r.6 s.o a.as- o.oo ff.60 1.96• 

2~9 13.2 · 0.07 0.09 1.69 1.60 

6.6 27.3 0~08 o.os. 1.08 2.23 

.J; :. 
.i. --

·-:;. 

. ,,·' 

:::· .. · 

f. 
i 

I 
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APPENDIX A(1D) . 
Physico-Chsmical-Gh~~~ct~ristics of Soil Sample~ from Por~ Harcourt and Environs - - -

THC Org.C. P04 TOTAL -- - ·-- + +' 2+ Mg2+ Ta,:,sect Depth Ph Ee i\!H4 N02 NlJ3·. Na K Ca 
PHNT . (Cm) . (PPM) % (PPM) ~ ( PP~l \ ) ( Meq/100g Soil ) 

\, . 

0 0-15 5.9 .0.2 860 O.B 10.0 0;.07 2.0 1.7 18 •. o 0 •. 10 o.os· l-10 0.48 

15-30 · 6. 0 0~ 1 720 0.7 a.a 0.10 3·.o a.a 32.0 0.09 :D.07 o.65 0.23 

50 0-15 6.0 0.1 . 340 1.0 10.0 0.09 5.0 3 .1 g-. ll 0.12 :0.05 1.25 0.37 
.. 

15-30 6.2 0.1 210 o.5 17.0 0.06 5.0 3.4 5."0 0.11 a.as_ 0.65 0.33 

100 0-15 6 .1 0.1 68 o.a 4.0 .· 0-;.10 s;o a.s 36 •. 0 0.10 0.05 1~15 0.21 

1 s-:rn 6.1 0.1 44 0.6 11.0 0.07 4.0 o.s I. 
11 ~.o o.oa -0.05 0.65 0.03 

150 0-15 . s._a 0.2 18· 0.7 26 .o 0.11 
-

6~0 · 4 .• 1 .14.0 0.10 -o.oe 0~85 0.42 

' 15-30' 6.0 0.1 8. 0.6 10.0 0 .09- 6. \J 6.0 9.0 0.11 . 0.06· a.so· 0 .10 

200 0-15/ , 5.8 0.2 N.D 0. 7- 26.0 0.11 6.0 4.1 - 14.0 0.10 -a.as a.as p.42 
.. . . . 

15-30/ 6.0 o._1 ND -0.6 10~0 0.09 6.0 6.0 9.0 0.11 - a·.06 o.so 0.10-
; 

2-50 0-15 6.0 0.2 ND 1.0 12.0 0.09 6.0 ·o. g 23.0 0 .10 o·.os 0 .95, o.:30 · 
. · . 

'15-30. .6.0 0 •. 1 ND 0.7 19.0 .· 0.12 · 12.0 4.3 14.0 0.09 o.os 0~50 0.16 
. I 

0~06 .o.:rn 300. 0-15 6.0 0.2 ND 1.0 12 .o 0.09 6.0 0.9 23.0 0.10 D.-95 
I 
1 • 

. ' 1 !3-3,b .6 .o 0.1 ND- 0.1 19.0 0.12. 12.0 4.3 14. 0 0.09 a.as a.so 0.16 
s 

- •, - . ~ 

350 
I 

.26.0 0 .16 o--vs s.a. 0~2 ND . o. 7 0.11 . 6. 0 4.1 14.0 0.10 o.oa 0.85 
.. 

·' ; 

· 15-30- · 6.0 0.1 ND 0.6 1 a.a . o.o9 6.0 6.0 9.0 0.11 0.-06 - a.so 0.10 
• .. ; 

400 i:J;..,15 6.1 0.1 ND- a.a · 4.0 0.10 s .a o.s · 36.0 0.10 0.06 t .. _15 0.21 
.. -· 

0~65 - 15-30 6 .1 0 .1 ND 0.6 11.0 0.07 4.0 o.s · 11. 0 . . o.oa . o .. os 0 •. 03 

450 o;..1s ;6.0 0.1 ND 1.0 1 o .. o 0.09 6.0. . 3 .1 · 9.0 '. 0.12 . 0.06 1. 2'5 0.37 . 
-15-30 •6.2 . 0.1 ND o.s 11 .o 0.06 6~0 3. 4 • s.o 0.11 ·. a.as 0.65 0.33 

500 0-15 s.g· 0.2 ND a.a 10. 0 .. 0.07 2.0· 1.7 18.D ·. 0.10 0~08 1.10 o.-48 
'15-30 6.0 0.1 ND 0.7 a.a 0.10 3.0 a.a - 32.0 0.09 .' 0.07 0.65 o·.23 

'.:: . 
c:..· 

i . 
I 
I 

I 
! 
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Transept 
PHNW1T 

q 
,. 

50 

100 

150 

200 

I 
250 

300 

350 

400 

450 

500 

• ..... • .. :t••-•:. ' ...... · :jl~1ilitt~t~\i;.f ;j;)j(:;_f :: ::
0 
:·····:::'ti:t:i;f t,!} 

~licrobiolog icar:~cha'rac't ElrTs'ti.cs ··of\ S·O il ''Sa,n'ples':.: f ram'. 

· Port ·~a r·c our t · a_n ~?'. ~·ny-1,~ ~f ~:,f::f :'::~:Y::f i;: ':'(·fj~f+~~;t;:~:.~:;.;~~:ii\~:~jq1:{:::\~; !L 
Depth·. Bactei ia · Fungi. · F~ngi Species · present··.· % 
(Cm) population Colony. 

· (x10 6r . Count Ta (x10-4 ) As fm Pm Ps Ra Rs 
.. 

-I 5 
. 0~1q, 20 'ID 90 5 

15-3Q" 22 4. 88 12 . I.·., 
-- ·-

0~15 18 .. 10 90 5 5 
. ,, 

15~3q 24 4 88 12 
• 

0~15. ·1a 19 38 10 30 .1. 4 8 

. , s~:rn 20 .13 S4 16 

0-15 14 ~2 p 75 8 - 4 

1 s-:rn 20 6 9 73 ... 

I 
18 --

0-15. 16 1,2 13 75 8 4 

15-30 24 . 6 9 73 18 

0-15 26 19 34 61 5 

15-30 22 4 25 25 36 12 

. 0"".'15 18 19 38 10 30 14 El 
; 

_ 15-30 22 13 94 16 

0-1'5 ." · .. 28 30 70 29 .. ·1 . 
15-30 20 66 96 2 1 1 

0-15 18 .. 12 13 75 8 4 

15-30 22 6 9 73 18 

0-15 2fi. 30 70 
' 

29- :1 

1!.5""'.30 20 66 96 2 1 1 

0-15 24 19 · 34 61 

d-_ 
5 . 

1 s-~o· 22 4 25 25 12 

. --... 
'"--- -

\ ._; ,, ·.-. ·Y 

Vr 

; 

;, 

' ' 

r 
I 

··,, 
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----·------·-= 
.APPENDIX ,8(2) 

Transect Depth Bacteria fungi Fungi Spi::Clt:15 · Pr·esant % 
PHN\ll1T (Cm) Population Colony 

(X1'0 6 ); Count 
(x10··· 4 ) As Fm Pm Pe Ra Ra Ta ·vr 

0 0-15 24 29 95 5 

15-30. 22 6 100 -- ..... ·- ------.... 
50 . 0-15 38 .3 100 ··---.. -- ----

15-30 26 46 93 

------
7 -.. 

·- ------.... -·~- -~--:.:· 

100 0-15 28 ·=~==-5-·· ··--21- 27 46 

15-30. 34 4 38 62 
, 

150 0-15 2_8 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 

15-30 
r; 

30. 2 70 30 

300 0-15 34. ·18 75 . 25 

15-30 26 4 75 
.... 

25 

350 0-15 34 1 2 90 10 ~ 

15-::rn 30. 5 100 

400 0-15 iB 6 27 27 46 

15-30 32 4 38 62 

450 0-15 36 3 100 

15-30 30· 6 93 7 

500 0-15 · 26. 29 95 5 
' 1_5-30 24 fj 100 

I-

: ... 

. - . . ·-,:.:/"_' .. ', • ~ 1· '. ' 
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APPENDIX 8{3) _ 
-. ----- ·------------------··-

Transect· Depth Bacter.ia fungi Fi.mg~· Spepies , · Present % 
PHNE:1 T (C111) __ P_C?~:uga_!i~ Col'ony --~~ . 

{X1D· 1 .. ---'"-fr(H1n~ 
· -, · · (x10-4) · As · Fm Pm Pe Ra . Rs Ta Vr 

' , 
0 0-15 ... ~22. 26 40 46 6 .4 4. 

''· . •' ' ' 

15-30· 24 · · 7 7 14 7 ·r se 
. ' 'l . . - . 

50 · 0-15 . 32 9 ~ 65 18 6 6 

15-30 · 24. 9 11 17 72 ' . .· ,Iii 

· 1 0 0 0-1 5 2 4 1 8 2 3 2 0, 31 6. 3 1 7' ·,·· . '.' r: . ,. 
15-30' ~ ~2: 13 80 12 4 4 

150 0-15 . - ·,--3.4 .. ______ ~ 8 20 . 33 . , 47 ' 
' ,. " ·, ... ·---' 

------. ·---·-----. ----·~- --·--- , .. - ----·-
1 :i•30 ~8 , 5 44 22 22 12 

200 · 0-15 26 2-9 44 16 .20 1, 3 ' 7 

1s~30 20. 5 50 30 1p 10 

2so .0~1s ' 34 s 20 33 47 

1~-:sq :2!5 5 44 22 22 12 

:w O . ; 0-1 5 3 0 9 5 6 5 1 8 6 6 
• . I• I • 

1 5 --~ 0 · 2 4 . 9 11 · 1 7 72 

3 5 0 p-1 !? . ·2 6 . · 29 4 4 1 6 · 2 D 1 3 7 

15-3Q 24 5 50 30 10 10 

400 0~15 26 18 · 23 20 31 · 5· 3 17 

15-30 '28 13 80 12 4 · 4 

4 so o"':' 1s . 3 4 . , · g · s 6 s · 1 a 6 6 

15~30 26 9 11 17. 72 

so o 0-1 !;, 3 o . · · 2 6 1 o 5 a 6 · 4 4 

.. ,s-3p 2!5 7 7 14 L 7 _ .. 7 sa 

__ ..,..__.. ___ -+----4-----'--.___......:.. __ .__ -~'--- --L-.:.·.·-.-'-

I 

.,:. .. 

. 
. : ... ~;-:·-- ;',;! •; ,<•c '•,,, '"'.\,,.: 

,, 

;~,r 

n 

1-.','; 

,-;,_, 

,. 
,' 

:J:· 

q 
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APPENDi.X _8(4) 
160 

·~.,_ 

-·-• o1 Transect Depth 
Bacteria Fungi .Fungi Species- Present /J 

PHN£2T (Cm} 
Population .co 1-cin'i-
(x106) Count· 

(x10-4) /\ s Fm Pm Pe Ra Rs Ta vr 
--

: 

0 o.:..1s 24. 19 22 ,3 60 5 10 

15-30 . 26 58 5 1 92 2 

50 0-15 22 51 7. 1·8 6L1 
I· 

6 3 2 

15""".'30 22 ·,"" 30 8 82 7 3 . 
100 0-15 20 16 39 10 32-· . - . ... J..L_ 3' 3 

15-30 22 89 5 93 .1 1 

150 0-15 24 51 7 18 64 6 3 2 

15-30 2;2 30 8 0'> I 7 3 UL 

200 0-15 · 24 40 11 B 70 5. 5 1 
; 

15..:.30 18 15 · 21 76 3 

250 0-Hi 28. 28 20 13 55 7 4 1 

15-3[) 20 7 30 7 43 20 
... -

300 0-15 26 16 39 10 32 -·-. ·- .. · 1-3-- 3 3 ---·- ----1--- 15-30 24 89 5 93 1 

350 P-1 s- -- . --·--,.~2.6-. ___ ,__" 40 11 · ....----Er"" 70 5 5 1 
:: ___ --~•-'--:-::,--,"!" ~-·-~ 

15-30 20 15 21 76 3 

40P 0-15 26 51 7 i, 18 64 6 3 2 
i 

15-30 ... ,-· 

26 30 8 82 7 3 

450 0-15 28 ~8 20 13 55 7 4 1 

15-30' 22 ? 30 7 43 20 

500 0-15 26 19 22 3 60 5 10 ro 

15-30 r; 28 58 5 1 92 2 

. . ! ~ . 
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Transect 

PHST 

p 

.50 

100 

15,0 '' 

200 

250 

300 

350 

400 

450 

5'00 

Depth, Bacteria>}· f:un'g'.iJtJ,'\: TUri.g'i.:;,:·'L ·Species -~."_p-;esent. ,.:% :/: = 

(Cm) ~~~~grM~ Jli$!1:•· ;:¥AJ·;;:i:~flt:~L·· .. ~ '··~s .. itii.·. ·v, 

I 0.,.15 
.. 

15":'.'30, 

I 0-1 s 
1~-30 

I 0~15· 

15-30, 

, . 0~1.s· 

15-30 

I 0-15 

15-3Q 

, . 0-15. 

15:..30 

I . 0-15 

15-30 I ,. 1 

I 0-15 

15-:30 

I o-1s 

15-30 

0-15 

15-30 

D-15 

15-30 

22 

26 

24 

18 

,3 P. 
24 

30 

·2s 
'28 

.26 

36 

46 

30 

27 

35 

80 

20 

15 

5 () 

40 

100 

40 

I 

·30 

16 

12 

20 

3 

40 

28 

6 

3 

1 o. 

7 

::1.0 '.' 
'1: '' 

·9q, 

~ 

7 

16 

81 

2 

· 1 0 

7 

9 

10 

7 I 

86 

6 I 

,,~;7 

£54 

60 

73 

85 

49 

57 

80 

86 

84 

·.s: 
:·· ,·,': ,/',I:~ 

,. ·:;':.11·,\~~.: 

'.1~;:t·····1'''~ 

.~·· '•· 

:3,: 

'''.1 2· 
10 
~ I . 

:,. :' 

' 's.' ! 
.9 

8 

7 

5 

1 

4 

6 

2 

3 f 

,, 
2 

2 1 

··\· 
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i"r": u :~;. - ' ' 

··.:·::,4./ ·i.t· 

.. •~~lJ;\ 8(5) •. 
162' 

Transect Depth Bact er i_a Fun.qi fungi Spee; i BS Present qt ,., 

PHSW1T 
(Cm) Population Col i:iny 

(x106) · totint 
(x10-4) As Fm Pm Pe Ra· •. Rs ·.ti::. Vr .. 

·' 
0 0-15 36 20 48 52 

15-30 20 10 60 40 
. 

50 0-15 36 25 45 55 

15-30 18 10 68 32 -·,-·--. ·- ---- .. ·-···--···~ ... . -

100 0-15 20 15 80 20 '. 

15-30 16 8 70 I 
'l n 
··"'" 

- ... , 
150 0-15 22 6 80 20 

.. 
15-30 20 10 70 30 

200 0-15 24 90 62 3B 

· 15-30 22 20 25 13 62,. 

250 0-15 28 6.0 62 38 
.. 

22 
··-- .. ···- ··frz::..: . 15-30 20 25 13 ·-- ~ - ----,. 

300 0-15 24 5 BO 20 

15-30 .. ---2-0-- ·=~ ._ ... 9 --- .. '.70·- --------·· 30 
-· 

350 0-15 24 70 98 1 1 

15-30 1"6 10 55 9 36 

400 0-15 
--

22 64 100 

15-30 16 52 100 

450 0-15 24 68 100 

15-30 20 60 94 6 

~soo o-1s !'? -24 70 9 /3 1 1 

15-30 18 10 55 9 36 L. . - ... . 
·---- .. -. . 

' 
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Transect Depth 
(Cm} 

APPE 

Bacteria· .. 
Population 
(x10~) · ... 

F ung.i'1/ 
Col.§ni; 
Co lint;'.-

fungi · 

: 163 

Speciei,· Present 

tfa Rs Ta. Vr ( X 1 CJ".".:ff ) .A s F m. · P rri P ~- . ---------1---------· -l~---__;,_.,.._ ____ ;. ________ __,,--,---,,---
-t ,;,:·; 
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150 

200 
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300 

350 
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450 
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D-15 
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0-15 
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0-15 
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0-15 

15-30 

0-15 

15-30 

0-15 

15-30 

0-15 

15-30 

0-15 

15-30 

0-15 

15-30 

98 
!·· 

)72;: 1 OP 
I '.:53, ·· ··· r 99 

'(/1.-:?} 
, 69, .· 99 
.·., { 

',. I 

.,5\ 
' 51, 

., .. 47 
' ~ ' . 

'··--·-··'. -· __ ,.J:.,~:.: \.:., -· 
. 48 

53 

69 .. 
: 51 

51 

81 

72 

60 

64 

55 

40 

99 

n o.o 
;, 

J 00 

100 

96 

gg 

100 

99 

99 

100 

96 

98 

100 

99 

100 

100 

100 

4 

4 

?. 

., 

1 

.1 

.i . . 
:-: ........... , '".""'· ·-····"·· ... , ..... . 

2 

1 

1 

1 

1 
'.i 

• .. n,,-, 11!;.;..,_, ,00,,,•4,1_ ... ,:,,~ •••••I, 

.. L .. I 
'. 
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·. ,! 

. . . . . ·r. Rs ·-··--:Ta -
0 0-15 38 . 31 

15-30 34 
,. 

,. 1] ,82 5 

50 0 ... 1~ 26 
.. ' ~" ,., 

65 24 
J.\= 

15-30 20 ;: .1.7, 
,•'!. 

18 .. 1 2 : ·70 

100 . 0..:15 26 ·t>~o'.: 99 1 

15-30. 32 
'. ,;,7 .,14 ,. 79 

., 
I 

150 0-15 24 ·. ·\66. 64 31 5 
I '., 

15-30 · 28 ,·21"., 13 9 L1 4 2 ,2 

200 ·0-15 34 9 100 

1~-30 24 4 100 

250 0-15 32 9 100 

15-30 26 4 100 

300 0-.15 24 

15-:rn 20 

66 64 31 

27 89 4 

5 

··4· 1 
2 1 I 

350 0-15. 28 40 99 1 

1.5-30 38 7 14 79 7 

400 0-15 26 19 65 21, 6 5 

1.5-30 24 '17 18 12 70 

450 9-15 . 28 9 12 41 41 b 

15-30 '36 4 13 <-5 62 

500 0-15 36 8, 69 31 

1 s-:30 30 31 ~2 5 13 

,', . 
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_...;._ ___ . .rl: 

Trai,sect Depth Bc1cter'ia.;,' · fun·g·t ··. Fungi . , Species< Pros,ent /0 
, . 

p Op U l.a tJi;i'ri'. C S:i'o flY ·: _ I,,? . 
.·-· ! •·.• .-

.. ., 

(Clll) 
·' ' 

PHSE2T. " 
.-,.· 

ex 10 6 ) .•. · ·c·a:~i.ntJ ·~ : 
· (xto':,4) As: · Fin., Pm Pe. Ra Rs. 

.. 
}a Vr 

·"' .. \'"' ,. 
' ' ,· •,-,.•' ,. r, 

0 0-15 24 .. .}?,'· 50· ,12 5 
., 33 - . ' 
:l' 

15-30 26 ,48 ' 47 25 2 \3· 13 

50 0-15 28 14 82 7 11 

15-30 36 ·47 80 ,9 2 g 

100 0-15 ,·, 26 64 17 1 61 1 ·.: 

15-30 28 13 36 64 
•'· .... ... ~-...:.. . 

150 0-15 24 ·54 .79 20 1 
•. 

15-30 30 62 42 41 17 
' 

200 0-15' 26 14 82 ' 
7 11 

15-30 30. 47 80 g 2 g 

250 0-15 28 64 17 1 81 1 

15-30 30 13 36 64 

300 0-15 26 54 79 20 1 

15-30 30 62 42 41 17 
" 

350 0-15 24 . 27 58 30 8 4 

15-30 26 10 22 14 64 

400 0-15 2.0 3 '7 50 12 5 33 

T5-3Q 24 28 47 25 2 13 13 

450 0-15 22 28 23 21 56 

15-30 26 63 13 2. 85 

500 0-1~ 26 27 58 ' 30 8 4 

.15~30 28 .1 B 22 14 6.4 
.. 

' . 
. . -

' ' 
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· Jranse,ct 

PHNT 

0' 

50, 

100 

150 

200 

250, 

300 

350 

400 

450 

500 

' 

Depth 
(Cm) 

0-15 

15-30 

0-15 

15-30 

0-15 --

15-30 

0-15. 

15-30 

- 0 .... 15 
~·· 

15-30 , 

0-15 

15-30 

0-15 

15-30 

0-15, 

_ 15 .... ,30 

0-15 

15-30 

o-1s 
15-30 

0-15 

15":"'30 

( ~ . 

. .. '. \!.:·. 
''j 

Bacteria::·_-_ fµrj'gj,:;:, · • fungi< · Sp~ci~s. · Pr~sent 
Population Colony I 

( X 10 6 ) . \( Cob'n-t( '. 
Ra · Rs Ta· Vr. · .. :} (x'.1:'q·i·:4)':: As_ .' Fm .· Pm .Pe 

- Y', ; -1-,,,......;....;;.----'_.--'--_.---,.---....---.---.-,--

26 

36 

30 

28 

26 

20 

28 

36 

26 

32 

40 

36 

42 

32 

' ~6 

28 

26 

20 -

- 38 

34 

24 

36 

. ,., 

.58 26, 

~4' . 3:i 1-
.:> ' g () - :: . 3 

,;/'.2.G:t 
,· :J 1 

-·':, 1's -
s{~, 

>\f·:,'· 
__ ,':'.i .. :._ -

4.3, 

7 

43 

7 

1 a 
B 

-26 

11 
3 

8 

6 

2 

- ; 27 27 4.0 

80 

64 
' 7,7 

1 QO'. 

77: · 

100' 

54 

- 54 

-77· 

100 

BO 

64 

90 

6 

6 

15 

15 

6 

27 - 27 

8 

34 

58 

33 

·,;- ! 

32 

11 

· 11, 

100 

100 

11· 

32 

- 3 

40' 

26 

B 

6 

- 6. 

6 

8 

4 

20 

15 

1. 5 

20 

4 

33{ 
: f. 
, •.. h ·~ • 

6 

- -, . -,4 

16 

16 

--
__ ,_ - I, 

-4 

3 

6 

_r:: 
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i 

- (" ' Cbecklist o.f - V~getation .-.. -. APP E.ND,r X iJJit n ii, the Po:ct Harc~:utt. and Erivirons I 

l. ' ' J_ -- . ; 

Field7Transects l 

1 
--- . I - PHNT/ PHNW1T/ I PHNuJ2Ti 

I 
PHNE 2T/ MEAN• I PH~/ E 1T / TOJAL 

SPECIES 
PHST PHStu1T p~ ~'lf-T iPHSE1T -I -- , • ...i ...... L' PHSEiT I 

I ! I I 
,l\cion bateri 40 40 8 i 

--- ----
,1'.\lbizzia labella 60 230 iO 1 0 3~0 62 

-
Alb(zzia zygia 5 l 20 ao 4 

Albizzia adentifelia 50 20 ~20 I 40 230 46 

' 
Albizzia . ?_PP• 220 210 4 li 

···-

Akornea cordifetia 150 400 970 300 360. 2HW 436 

·Ancephalantus Sp. 1 on 100 20 

Alstonia conqensis . _. 

A1iiph imas ·2.e.·-
/Afi'aca:sd:-i'.1.im·' . -~ ace {dent iaiis 40 40 8 

-.~ . . 
An f\~{;.~ is:· · 

, ... : 
: " 

_,_ africane- 60 60 12 

P.nth_qc-le.ista -. · dialonensis 30 30 6 

Anthonata ~- 100 360 200 660 132 

Banana· ·100 340 380 820 164 

Baphia nitida 330 320 200 170 1020 2011 

-- 34 Bestinio .?.E.. 10 1 60 170 

Bombosa vulgavis 50 60 110 22 

Carica eapala 30 40 70 14 
-

Chlorephora excelsa 40 180 220 44 

Ceiba pentendra 30 100 60 20 210 42 

Citrus Sp. 40 40 8 

Cleistooholis pet eus 
·cocos nucifsra 10 10 2 

Cola ~r,,m; n~~ <;> 1n "---- ~ ii '2 
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APPEND IX. C (2} 
r 

Veqetation in the Port Harcourt and- Environs Field/Transect {Contd.l_ 
i.: . ,_. _- _.-.. , 

. - i 
SPE.C IES 

Comb return his~ida 

Cambretum . .9.iqa~thia ---
~o~bretum eennicutata. 

C:ombretum.:. Sp,. 

c;:,melina 

cbstos ----· 
-U'hlb erq ia - .. 

•. D,t6mel i 

Dfalum 

Spp. 

alfa 

so. --
guinnensar 
- . . \ 

. ' -

, - Dr·aecinia . manii · \ 

, _i .:. __ •;~;,.~;.:,,,."'.Dr ac ryod ~s< .. edul is>.--·_:,:\\,., .. _,,,,,:..'4-... ,·0'-,.•. 

}i,:/,'sc }/[fr·a ec'uni a;.;;':'·: 'g i., i"nneri;. a ,·: 
'.: . . ~ ' . - : :·. ,._. \ -~-. 

/oraecunia Sp. :: ... 
- -~;_y:~"'""·~::=.ji.· . 
guinnensis 

Emilia .ie.. 
Emilia Sonchisocia 

fagara §£.e.• 

Ese 

Ficus exaseirata 

F. ing eus 

r. escucenta 

F_untumia .elastica 

P.HNrf· PHNh!1r/ PHNttf7.T/ 
PHST PHSW1T PHSW2T 

:F"--· 

-: 1.7.D 

1200 

60 
... 

230 

110 

90 

120/ _:-

350 

130 

240 

60 

40 

180 

150 

320 

640 

380 

160 

380 

240 

290 

10 

50 

PHNE1T/ 
PHSE1T 

20 

320 

200 

100 

360 

360. 

270 

60 

PH~JE 2T/ 

PH:-,lE 2 T 

20 

70 

20 

20 

620 

540 

160 

40 

280 

TOTAL· 

20 

200 

190 

390 

·640 

90 

990 

520 

120 

160 

2070 

2790 

160 

190 

40 

1080 

70 

150 

110 

168 

MEAN. 

4 

40 

38 
. 
78 

128 

18 

198 

104 

24 

32· 

414 

558 

32 

38 

8 

219 

14 

30 

22 
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APPE:NDIX r(,) 
- \ -· I 

SPECIES PHNT/ PHNW1 T/ pu~:w T/ ~ PH~JE 1T/ PHNE 2T/ TOTAL flEAN I LI',: 2 f / I PHSE1 T PHST. PH3W1T PHSW2T PHSE_2 T 

Gn es I: is fer-uginea 150 200 .. .-n 
f iu 2c .320 800 150 

H ola ::rhena floriburda 50 10 4 (] 100 2D, 

Hor.ea hleniana 

~ar.::__n~ Sp. 320' 10 I 330 66 

Harun~ana madagascariensis 100 60 160 32 

.Ha ·.1 ea brazili<;lnsis 4!] 40 8 ---
Khay a_ grandif·olia 40 40 B 

Irvinqia .2£. 30 30 6 

I• sabonensis -
I• Srnittii 30 30 6 

Khay~ q::-andifolia . 

Ladophia Ott1erriensis 50 50 10 

Lanne2. 2-E· 
Lecaniodlscus 2.£• 16() 120 280 .56 

L • cupanicides 60 60 12 -
L enchocarpus Sp. 30 300 70 20 420 84 

Lophira etata 50 50 10 

.. ;r;~,e.he-~ri a- .§.E.. 
f~al letua .§.E.. 450 400 640 960 640 3090 618 

~ 

:•lan ihot ut ilisima 150 50 170 240 180 790 158 

r~angifera indica 60 20 80 16 

'---- ., 
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- - PYNT/ ' i PHN!tliT/ 0"<'."S TI PH1'J[1T/ PHN£2T/ ,r,,. 2· TOTAL JY;EM'.i 
SPECIES PHST PH S':J.! 1 i PHSW 2T PHSE ·(f PHSE2T -

t1au=.onia Sp. 

f'1ar2nthoclea s !J • _.__. 

Vi·! t r a~...,,.. :1 a c.i l i;-1 t e --- 640 640 i 28 

!'';Uf.; 2 sa;::i ientum 350 120 20J 160 48U 96 --
l'•lusan,..,a ___ ..:..;.,_ cercropiodes 30 30 6 

i'~acc.i 22 2.scu1enta '150 50 60 250 4 '20 84 ---- \ 
~Japa.l.>:?ona ,10:.::eli \ 150 210 

I 
40 20 BOO -1220 244 ---- \ • 

Newbot:ldia veavis 90 60 180 40 370 74 ··.!)-

!ll2x i.E.:. 
.. 

--.·. ! 

Pacry ·i 70 20 90 18 ,. 

Pc.l __ i~,ot2 h ist;ta 
t 

SSC 550 180 280 540 2250 450 ----- I 

Pentaclithra rnacrophy1ia --~ 

Pi :1 t ~~·c·e·n 5.. a,:; t LUir• afric2nl!fn ; 

Psidium siuojava I 300 270 180 520 1270 254 

Pterocareus Sp. 
: 

50 20 70 14 

P. Soyauxii 
... 
. .. 

-- ,.,,·· .. 

Rauovophia vomitoria 10 60 70 14 ' 

Rt car.thus augolense 120 20 60 80 280 56 

f!~landol:z:hia OwEiar i ens is 10 160 170 ::34 

Raphia hookeri 310 160 4 70 9a 
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I 
' 
/ APPENDIX C (5) 
' 

- , l PH~H/. PHNW.4T/ PHNWzT/ PHNE 1 T/ PHNE 2T/ I 
TOT~L MEAN. SPECIES ! 

! ·11. 

f l r , 
' PHST PHS:i'T T ::::c~s-,;2 T PHSE 1T r PHNE2T 

f l Rh;tzophora .? p" 50 - 50 10 

\ I Sida acota 32(\ 120 480 920 184 -- -- \ ·-

Solamum Spp. \ 10 

I 
10 2 

\ ' 

Spondia mombin 

~o \1 

60 80 I BO · 240 510 ,02 
; 
i 
' Sterculia tragacautha 20 40 60 120 24 .:.-

. -· 
Ii Talinum triangulare 1! . 120 12-0 24 
;: 
I 

T1;:rminalia Ivorensis ! BO 80 15 1 

1so/ 
f 

1990 Urena lobata 250 350 540 700 , 398 
! I r ... 

·--
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APPENDIX D: 'Checklist of .£..!2l.!.oplankton_~-~L iri Port 
Harcourt and Enviions Sampled StrRarns 

--·- ·------- ... --·- - ----
Specie 

BACCILARIOPHYCEAE {DIATOM~} 

l'llelosira 

(VJ. -
Navicula 

,Nitzchia 

Synedra 

s. -
CYANDPHYCEAE 

Chrococcus 

Microcystis 

Oscillatioria 

o. 
CHLDROPHYCEAE 

A nk ist rod esmus 

Cosmarium 

Micrasteruim 

Scenedesmus 

s. 
StranrodesmU!? 

s. 
i 

D INOPHYCEAE 

'oinobryon 

Psridinium 

P. 

Ceratuim 

· granulata 

Varcuis 

muralis 

acicularis 

acus. 

. ulna -
limnetica 

~qinasa 

lirrinetica 

limosa 

falcatus 

spiralis 

bioculatum 

crux 

guadricaudo 

obliquus 

connatus 

triangulate 

cormita 

acciculifornes 

a net.urn 

cornutum 

Abu n \:1 an c e 
stream A El 

4 

1 

2 

5 

1() 

4 

0 

.. 
26 

1 

6 

2' 

2 

2 

, .. 

7 

13 

9 

8 

'l ,. 
5 

14 

7 

6 

8 

13 

19 

70 

2 

9 

5 

6 

2 

2 

6 

5 

1 4 

C 

30 

15 

15 

9 

8 

11~ 

24 

14 

g 

12 

7:. 
135 

1 :rn 
.20 

20 

'19 

10 

5 

1 'I 

6 

El 

1 :1 
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APPENDIX 

SPECIE 

Checklist of Zooplankton 
Sampled Streams 

!2_·.pod.1~s Within the 
.. ·--------.·~-, 

5H1EA~I A 

Dt:Nl:iJTY 

f) C 

ROTIFERA 
,·, 

A.nuraeopsis naricula . 1 1 1 

11scornorpha -eucaud is 2 
--·-:-----:. .. 

As p.lanchna brightwelli 1 3 5 

Brachionus angulanis 1 4 10 

B. calyciflorus 2 7 

B. caudatus 

·conochilus hippocrepis 1 3 

Filinia opal ien.sis 2 2 

Lecane decipens 1 

Mytilina ventral is 1 

. CPPEPODA 

•. Th,e.f.lJlOFY'? fi:DPf. 
. < . .., . . '' ' ".'~ ...... ,_! .) 

•·.:; •' '·:, ,, . 
" ·•1'.1 

·, 
". "• 

~~---" 
·.,!. 

........ __ ,_ ····--..... . ·-··----. 173 

,\ 

.;1· . .-1::r-~1L,,i·1/i1 11ri·:: t\~ 
<· .1](fi1 it;;:.\{/ .. ::::~}:'.'.if 
. ;' :~';t~ i(:\:/\;.Lt:::: '.f 
~1.:·'.~~;~, ~\ I -~~; ,:·;r:~1.:t:s .( l;1 1 t!/r 

.11.~( <ft,ir:,,r· !11!\/·:,1,.:n; :.1,,,· ~- ·. :f:, 
r 4..t,-,r,J: 1,li ~'141),1,:.1,,u:r, ~ 1,i~ ,•!Jr, ,1 

··I , ~?'1~1M11 ;1,1;·;-~~~·1t~:,.:r.;.~r1::~;~\:·~t~l. 
: ~· :};th .'; li~ ;rli ,i;.1\'./\t;: ;_~~ ! '! tsi 
·~·'· f,l~,j t11'1"•, ~,._. 1···-t.;~,i'~) 

· t· ·;N -~ ::f1

,~:\ (.;.-~, ·:f1
~:. :I;i '' [~ i,a~n.i ;!} /)i~;,', I: \1 ',;, ;.~, .::~i 

' , , .,.,,t 1 ' 
1 

'/' ;: ~ 1, ''~1 !,1 / f ~ 
J t~ t•(N,l ,1 \'t i..., , .t , r, 1, tl"-'C tf,.., 'f. ~l:l'1P11 r,;., 1· ,:·,11>~',) ':: ,;; 

,1[;,: J';'~\ ~ :1,i ',' ~ '~'. ~·-1.,:/(r'i~; 
':' 'f1 '.~ ,1:} :,. ',',H '\ t1\U'\ ,: .. ~{ \ I •;f'l,,r ,., ,'·'·\ , , ,11 , 

'.~ !~:1\J:,:i•·Xi:·f 
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APPENDIX F: P~sico-Chem~:.ul Charactrn·ist.i-c~; of ·sediment 
Within the -Sarrplsd Streams 

Sidiment Characteristics - (Stream) ·. _Sediment 

A. 8 C 

Sampling Time AM AM Al'IJ 

Temperature oc 20.00 19.37 11.,1() 

AH-:alinity 16.71 1 :3. 45 1 E.l • :I ;s 

PH 6.40 6!60 6. :rn 

Conductivity 230.00 216.00 238.()0 

Depth 10.00 1 0. 00 15 .o 0 

Co.lour Brown Brown Bt·own 
.. 

THC 21 • B. 21 • 31 26.43. 

Na 15.26 14.34 15.?2 

K 4.98 '5.01 5.63 

Mg - 2. 46 2 .. 57 2.26 

P0,1-P 3.86 3.02 3 .13 

N03-N 410 3 7 o- --------4-w------·-·--= 

NH4 3.20 2.20 2.50 

N02 2.60 2.60 ... 2. 60 

Cl 11. 20 11. 5 3 11. 78 

S04 214.00 119.00 203.00 

-------- ' ---,----. -

---------··-- --- ---- ... ,. __ , ______ -~~,~--~~-,,,._~~,,_.,....._.,...,_._ ..... -----. 
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APPENDIX G: ~ PE a rent Res is ti ~-it~ Read in_gs r or T~ Three BorehoJ. e 
-....._ .• 1?1 Locations In Port Harcourt and Env.i~ 

I • _,, ___ 
P-H~and Environs P.H.and [nv iror_is P.H. and Environs 

AB/2 MN BH1 BH2 ··----·- BH3 
- --- ---------.. ~-· 

Pa Pa Pa 
(m) (m) (nm) (nm) (nm} --
2 1 1 8'5 • 6 236.8 3246.1 
3 ·1 14 2·. 3 95.4 . 2900.6 
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 4 210.3 132.7 1006,7 ' 

15 4 320.6 246.9 550.4 
25 4 850.1 493!5 - ---- 364.7 

. 40 4 1206.9 1106.1 ··-- ··-·-:9 0 0 .. 1 
50 4 1600.0 1052.7 . 1125. ?- .. --·-·-

75 4 2000.1 1145.6 1732.5 
---· 75 ·20· -· "-------'.J.S.1.6_.,,~.=-~- ------1'2'.3 8 • g -19 20. 3 

' 100 20 1925.8 1003.4 1800.0 . 
150 20 1506.9 .1000.1 1403.!6 
200 ·20 ---- - 1389.1 750.6 1216 .• 3 
300· 20 950.6 566.2 

•, 

.109 9, tl' 
300 40 . : 1100.B 1 6tH,1 .5 {150. :~. 

-., ... 111..,..,v .. - ,! .... -r-,---~~-<I.'"-~ 
400 40 856,7 546. 7 . 065 .9 

500 40 ,· 7001~3 425.0 725.4 

- -- ff .. ~--

------~---------- ·---

. - ·· ... ~-- ' 
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, :e , . , · ;:'1:,1i:11i11:t~~rrt1tt'.'tf ?, !,,!: 114::i . JIBl . 
Ap;p~·iioi~)H :tG ebch~rrii}~i>~;~d;·:pl:\,Jii:~i; \i:>:'ct;~r~c t:,11,·; 11::it: i Cl5•. J;·,b .· \1'·· ;·:;,:,. • • 

. . :: :·:···:::.;~"· .sa,~~1~·;;,~: ~''lk;,r:ri::\i; · .. ·}1!k , .. ·. -
.... Geoehys1t:o-Chern,,cial ·:,; .•' :·,':,',:..i.;,,.·,-, ,, . ,, .. ; ,"·'~·· J' ;,.,_.,,, ... ,, .. :\;!:•:· 
··1:,;-; r a ~t er i·$'t i c1~Pl'.J'.;1.;;q'~:~.:/1· ::,:.:i:.·.-~t: }:.:~.,·. ,,: -: ·:',/, t:?/:,. ~1/frJf/1\ .. ~ .. ,~:::·L:;-:·:}: J~,i<r.}i~\Y{; 

,' I' ·., :· ·: ·, · •. 1/;•;ii;r,·:,.:,,t~:,;,1,1, ·:p:,;·'·'/:--'h~'., 8H1 ::-..:'.: /'·': 1>:j('1:s1:12.· 'f./',.'<:,,'.::GHJ!},:.:. 
:.- . .. . ·. · · · i · · /\\ . . \.:· ~;:,:~"::,.r: ~/~.~1·,"',h~~::.;l .. f .. t/:1,.·\J·t-:l_ . .:.. · .1.:/.:i:.,.::.":"i·.:: ?:'.;:'._':~t::.:;:J;;t·/. _./}.;·}; .. _;\)t·,·.:.:\1,/ ... ·:.~:,'.~ ... , ·;: ... 

- ' 1.·. Tem~e L' at u re ; ·'/··'1:·1 ;t~.:-r,,:,·:.,, '•)i,:,< .. ..i, •. •'."·:- • - ·2o ,3u.r. ·· ,. 'f''·:,:;,1.:!t:i •. 00 .. f:;,;:, ........ ·':;,, ib:. itO,, · 
·,1 ··~··~ '. 'pji :i· :, ··. !' .. : . , !Jf.,i\jj?_\,\{;;',''.'; /.i)\'.~::'.,:/ }:\~,:: 1 '.: .:: :. iJ~\:'l<,:';_;'t:_ 1 _:; ir:h;:j· .1/~}\;' . ~t,Ji:}·'.J', 11 

' . ', 1< 
3 .• : Elnc't):'·ical 
' . . ' : i•.' ·. . 
·f•,•·i' . .T ~z;-b ~p.iJ~··· r· .... / .l - ... ,.,. 

r.: 1 ·c1- ,[ · 

':i.:,; 

o .. ! ,. ,J • 

. 5t.i~~1:::,:r .. , ............ ,.. ,, 
7 .. 11t . i ···ll··'i.\ <5 'i:10·:II!'''','. :/····4··;,.n .1 

· ' · '1 · I · ' ·.', ·:· • " · ... / :', · ,1 -' · · ~. 1' , '~.· : ''; 2 i, ,.: r \{ ·. J!;,1,:/' ,'.;, 
,., 8, '· rvj· + ·· '· :, ··'.::;1:,;,:.·,1 •·1·1 I",,, , ·1·;,.;:,,,0 ,, .. 

•;1 •{1'9 l'r···:, d:11,,J,.1 .... ~,,_,,\_ 4,·.,.).f'\:', ·.,<11!f1I •I ii· :i': :2+' ! ''° ,!' '\ 1
: 

0 I.I•\:\:'''.,'. •?)ii I ;:. ~.::q~.i: · · :·. ·.1: .• ,3.Dl/. . ·. ·:J,:Jl(J,. , 
I ·, •,' · ' / •), , < I ·' •,! 'I•'· , .. W,'l" 'I, j. , .. I ,111,: "-' ,,•: ,,., · ·'' ., .. d,i , 

'.10·,d1)qta1 1 :· 6,0.0D, 55~00<·. 
-~ ,, 1 

13. fe 
'.\•, 

·14 ~ Cd . 
'',· .. •!' ,1 

1!3.:cr 
16·~. ·pjj 

17. ,:u 
1.8. N .i 

19 ~ V 
20 •· ·Hg 

,. '; .. 

21. Zn 

j\: 

y. 
i 

[, 

22. Ni/V ratio 

23. Hardness (Ca) 

24. Total Hardness 

25. Suspended Solids 

26. Total Hydrocarbon 
Concentation (ppm) 

, .... , '•.;;,: .. 
: • ,•'l, ,,..· -~. 

. ',•'.' 
L 

ND ND NO 

6.20 4.30 4. !;JO 

9.30 8.00 1.uo 
98.00 90.00 92 .iJO 

3.00 1 • :30 1. no 

. \:.~· ··\'. ··.,,.,,, •. 

'f ~·. ! I 
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, ' ' ,i ·. 

,} '; 

' , ·. I .. 
Di!par(;ri1c+i't::0f Cl'6ogn1phy 1 

tJn1ve 1·td.ty pf Nitc'r la, . 
N.si'.1kkr.1·, ··::;'.. · ... 
J.: 

~~bru;:ir•y, 1994, 
I, 
I 

Dear Respondents' .; . I 
l ~ !· •

1 
• i ,11 ' ·.: ; ~ 

:·.. . QJES'I'TONNA.J.R~ . 'j '' l 
i: ·. r_,_. ,: . ~ , ' · ' · • i 1 

As part o'r· the requirement· for the t1ward of the rlegr·~f? o ti. 

~1:;;;~n:f 0~~i::tt=~~,~;!h'.~;;je;tvb~:~~!:~ta1 Manaf(#!nll11}, · I am. 'Ji:.: • 
; ·~· . ,' .... ,.,:t1· . ·' ' ' ' .. ' , • ,, '~ ', i: ' ~ 

"AS!H~S.SMENTior gNVIf\ONMENTAL<iMP/\CT Of PE.TROLElJM , .!". · 
ACTJVITlE.SIN PORT liA(lCOUf(f'.ARD l!NV~!iONS .... 1'.· .· 

I will be ver~}g;a
1

~e;J·1 ·1;. y~·:W;u1/acg~1rQ+~·1'~ res;~_:ld ~:~:··'. ;::\;:··· ............. ,. 
th(j l{Uesti onnair,~ it.ems below. PY .1) ck ln~..J.h~eropJ:L<!ll. · '~ : 
space or: cy wriJjni5 ·:In· t~_.il..r'!.§~· · · .. : . ·: · . . ' ·., . ... ; ' . 

Any 1riformati~I'!: you offe.r .shall be tre<lted wl th 11t:rjct 
confidence ancj yo~,r . ~no:nymJ.ty fs highly, gy~r·a~teed,' . 

' . . . . ' 

5. 

7. 

'l'ha11k you,' 

Sex: 

f'1arital Status: 

-Yol.lrs ~.inf«ar·~1f, 
•: 

Female c·7 6, 

Married ,·--7 
'L--

!>.i.ngle i 1 

·8, Family/Household Size: 
1
-··--; 

9. Highest .Educat1on13l Status: ---..-=--··-·----·--·-------. , 

10. Occupation: (i.e) Yo1,Jr occupation and/or your p~rents!: 

Farrni.~g l. _ · 1 (b) 

Civil Servant: 1-..::T 

(a) 

(c) 

( e) Un.employed;. j_ J 

11. Pla~e of Work/Residence: 

!l1.1siness/Trading LJ° 

(d) FLsh.~ng / 
1 

Student: 

{b) in.sjde vtlloge 1 ~ 

(c) outside village 

. :·., 
'i· 

',, 
\1:\'• 

,,,, ... ,_ .... 
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PA~T 

12, 

AVAIL,8BILIT'L OF' B1_SIC .. A~l'l'IES 

Which of tl,e following amenities does your community 
have? (e) Pipe-borne water,---. (b) ElectricltyL--7 

J__/ -

( c) Hospital/Health Centre 1-7 ... ,; /t~~ 

(d) Motorable road (tared 

(e) Primary School 

···-, j __ _ 

r--7 (f) 
L-

Seeonda.ry School f:::J 

(h) others r··; 

13. 

15. 

16, 

17. 

18, 

(g) Post Secondary School £::::7 

Where. a.vaila.hle, who provide.d the follow amen1t1e.s? 
(Ciovernma-ntt Cpmmunity~ Oil Company, individual) 

(a) 

(b) 

(c) 
(d) 

(g) 

' ---·--·---· Pipe-borne water,•-~ 
Electricity: -...... -... ·---------·~ - .. -"":"'--'" 
HoSpi tal/Heal th Centre_: .. ---~-----
'l'.aret:t roads: _{ e) Primary Sch0els 

(f) -- Sec~>ndary ... ·----~---·--­
Fost_-secondary ~ .. ::~·---"---·· ··-· (h) Any Other --·· 

(Rank in order of priorlty). 
problems' of your community: 

List 3 most disturbing 
Who should do something 

about it? fr.ehL~l!!f. 

(a) ---------­
(b) 
( (t) 

<a) 
(!{)) 

(4' 

B.fJi/?.M,wuJi.t:JL 

-------
·~· 

_ Name the Oil Company or comp. anies Ol?er:-ating in your 
community ( Only those producing; oil), 
(a) ·(b) .i: •. · · ·, .· ·--·---- ---- ·---
(c) · · · · .. d) ··· --·-··-------, ( --------.; 

Has there been any oil s'pillage(s) _since they 
began operation? Yes .,--:....,. No •~ 

L.....,_J L..;._;.I 

Has your community sui;'fered any adverslty · from oil 
spills or gas flares? :es [-7 No~/: .. 7 

wh.ich resource ( s) of yo1.1r communlty are often 
affected clurJng. these 'inci.denc.e.:'l? · · 

(a) L_~nd i-.:~7 (b) Stream/cree~-£--'7 

Other· · · ' .. -~:""1, .. ' ~/"•·a 

19, Specify cliaer1 y: How are the ,above, resources affected? 

(a) Land -· .... . (b) Water _ (c) Farmlands 

20. Has th~ ·p,o~lsion of put,lic utilities; by oil companies 
stopped the adverse effects -of oil _spil],s or gas 
flares in your _coromunl ty? . Yes L · ~! · No J-

1 
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·/ 
! 

I 

21 • Which economf'c BC ti Vj ty does your CQnil1'1Uni ty Q\Uln] Y 
'i depend ~n? (e.g) F'arinlng, Ftshtng e,tc; · ~--- ---;----

22. 
I 

23, 

2$. 

Is the .aJ)~VE!Jac~).,-viJ:y ~~~. sa111e as you~ famJly' 011' 

Yes ,__.;.,, No· ~----7. L-~I L 

Is youp community'~ or family's f~rmlands or fiShiMg 
ceBtre~ cl~se to oil produqing flelct/Jocation? 

'( e s ):,~:. z /·~ ,: . NO. ' : L: .. :::i' 
Has there been an.Y.· inci<lence ( s) fJf ga ~ .flar-.lng·· or' 
otl .spills w~stes. /jj schars-ed i.n or neai~ your f~r·in-

Jands/ .f,1:liihin~: a.t'eas? Yes L~,
7 

N~ j -~) ' 

If yes,. )low· oft.,n does this occ:1.1r? . (1) ), :'·~ail y .• , .. __,. !: ... _,_, 

I 
I· ,·:·1: 

)(\. 
',' ~ ' 

!' 
1' , i 

·h 
l' 

(' 

'.: 

., 
(b) weekly L. 7· ·{c) mo11tlily ....... 7 (d) Yie/1rly ··-·-7 

. L--.. ~ · . . l--
26. If there are no gas flaring iry your c,w,mvr,.ity, iplea.i:e 

specify: ·. ' ' . ' " - ·.- -... 1~· ': - ' ......... 
2'1, 'which qf the ·fol1owiryg crops or v,egt1tation·do111s "t-he 

oil. or gas· fa lres wastes affect?· Ar_,y · e'f.fects o.n 
their qu.a+Hy/·'iuant1 ty: · 

' ' ' ,·. 

Lower,ed~ant_ill Red ~ .. £.!?..L!il:!.~ill.X 

(a) Yam [-7 ,·---, 
L--' 

(b) Cocoyam ;..,--; c-7 ,I,.._ ....... 

. ( C) Cass~va I ..I .c:7 
( d) on Palm L._l r:_: __ 7 
( e) Vegetables --7 f__·. r·-1 
(£) Plant a in/ 

Bat1c.111a [--7 .L __ l 
(g) Rice c:::T r:~·~.7 

28. Has the problem above negatively affei:ted your• 
family's income from the croµs? Vea ~··-7 IIJo /-- "7 

Lw.,__.. I~--
29, Has the income from your cr:ops steacJj ly decreasaci 

stnce the past 10 years or more? Yes (-:---; liJoL~:::.7 

30, If yes, kindly provide the £allowing ln!ormation in 
rough estimates (VALU.ll. lN N) 
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( 

,no 
I. 

~NRCO·~M~,1984; 19~$1198611967: 198Bj1969! '1990! 1991 f 19~/ 199.3 
{' •• , . .',' ) • ' I I I I ---·--·· 1·· ~.·-· l--· ·----i",-·-------·-+-:--· .......... ·0

·-~----- .. - ,, .. _,, •••• 

d ) o 1 1 · . . · .· · ' · , . · . . . . . . I :, 
p ., -- . . • I .. ~v~-:~--- . -.. -... ··--··· __ .. __ T __ .... ~.,-.. --·- ....... (... ....... ? 

- _1:.£111~.2. - ·-·-·- ·-·-- . -· _ .... ' ___ ..... . --·' l_ .. ..., -··· ... " - ' . ',, -~ '! -·-· _,. 
f) Pl~ntai~ ; · .· , l : 11 · 
~-~1'! .. ~!l.ll±·-- ~...-.:... .......... - ~- ----- ·-·-"- -..--- __ ... _' ' --·-· . . '.,' 
£J Rice .~ _ · _. - ...... _ _' ___ --- ··-·-· ··---· -···. --·-- ·,- •. ·:·. 

' .-': ' !'' . ·~, -, ' ' : . ' ' I. . . ,,,, . ;. ' . : ,<; · 1,. 
31 , How has the'·: quariti. ty / quali 'ty of ·the cl:"OP!> above d ecr:-e.ase,4, 

qver the ye~t~1\ (Write'value or estimates in ka,) 

---- ' - ' ' __ : ·~-. ; .••. ,.,...&-.-.~~ ...... ·-::::'.-t-~:i-:-~- ·-t'.:--··' 

_ _y:alll1___ --· . ·- --· .... ·---~- .. ·- ---·--·- --· 

.£.LCassava · • ...,_ · '. ' ·. ' .. _ ·-:-· .... ·. 1····-·..,.' .. -:-- .......... -. -~-
d) Oik__j_ .· ...... •· . • 

~{!~:"7 I . --t:~ :--· . --- . ·~1-~--- ·_·.;_;_:_ ·--- --··-
ta_blea ~-- ·-----._ ' ---- - --··- ---·-- ............. --·--·-··e ... --..,. 

f) Plantain/ . · . ··. ' . 1 

_ Banana-t--- ~;_.__ ·. _ --· ·---·-----. . ..... , ...... '· .... -·-··~ 
eJ.....8 _i_c.£..._-J_ __ ___ _. __ L ...... _, ·r-..... :... ---·~ .. , ... --

I 32. 

J). 

34. 

Has your family or communi 1:y · abantio!flE}d any farmlond t, 
resulting :from the above J.ncir:l.ences7 'le.sr:~=7 Nr, L=7 

Are · there any oil pr-oducing wells near or wt tt·iin · yo1.H' 
water courses Yes ---7 No ---;-. L.__ L. __ 

Have they ever tltsrupte.d your fishing acti.vities'? 
If e 6 (_ -r No · · ·--.. , 

_I L ... _ .. I 

35. Have you or yo1.L'l' community sustainea any i'lnanc1al 
loG&e.s residlling from t.he disruptions?' Ye.$ L-·-y No __ 

7 --. .L_. 
36. What is the major cause of the disruption? --·---­

_,...--,,--~-- Has it affec~d the quantity of fi&h you 
catch from your wat~. t:ourses over t.he years? Yes.---. L, __ 1 

No I -, 
37, If ye.s, provide the following inform~ti<-m in rough 

estimate:.s · · fflHCillH rr~r6T~"rs-lf'[f':S-:-'"~-cc~·1-·1'cr:-iTr-r· arlill'fftr ; •. c='" ~\ .9.!!1 .2 . '. .. ~~r~ ~- 1~ -2.r:~ 
~Afbl; IN U . - ·--1---· -.. ·--r-·- --- .,-- -. - · 
-----~ ~- ••·- ·it .. w - •--· ' 

)8. Has your family or con11nun.lty ever beer; for~ed to relocate · 
as a result of an oil spil.l incidence'? Yes ·J;:.. 1 . N.'! __ [;;_7...--·----····-··--, ..... --,·· 

39. Was the relocation -permanent or temporary'? 
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