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ABSTRACT 
A study was carried out lo determine the p l y  sico-chemicni d~arnctcristics nnd 
heavy metal contents of the water nnd sedi~ilents o f  Ekole River in BnyeIsn Slate. 
Nigeria. Water and sediment samples were collected in the dry 
(DecemberlJ~nuary) and wet (Junelluly) sensoils during 1003 and 7004. Surface 
wnter up to lficm deplh and scdi~nenls were sampled at nine locations: 100, 
200,400.500m upstream; 0. l00,100, 300.400111 downstream of an oil flow station. 
The sa~nples were analyzed for total suspended solids (TSS). pH. chloride, 
dissolved oxygen, conductivity nnd heavy netals. These parameters were either 
measured in-xAr using appropriate Inaers or analyzed in the laboratory using 
standard methods. The ~+esults obtained were compared with the Baseline 
EeologicaI Data for 'Gbaran Extended Field', upstream of the study area. World 
Health Org~nimtion and the Federal Environ~nental Protection Agency's standards 
for water quality. 
The results showed increased TSS. pH and co~~ducrivi~y of the water over the 
baseline data. All heavy metals o f  interest: cadmium (Cd). l e d  (Pb), manganese 
(Mn). zinc (Zn), nickel (Ni), copper (Cu). iron (Fe) and chromium (CI.) were 
present in the wnter while Ni, Cd and Cr, absent ia the baseline data were detected. 
Significant i n c w c s  (p < 0.05) were recorded for iron. zinc. copper and manganese 
over baseline data. Higher concentmtions (p < 0.05) of heavy metah were recorded 
in sediments than water and the dominant metal was iron. 
It was concluded that changes in \valet quality had occurred in Ekale River near 
Obama flow station and the.need to adhere to existing environmental laws and 
regular monitoring recommended. 

INTRODUCTION 
Water in Nigeria is subjected to stresses due to unplanned activities which lead to 
environments! degradation, (Mastaller, 1995). The m ~ i o r  anthropogenic sources of water 
pollution in Nigeria are agriculture (fertilizer application. pesticiddbiocide. and drugs). A 

siltation due to the re~noval of vegetation, ntn~ospheric dtposition or disppsal of solid wastes. 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



liquid effluents and oil pollution (both refined and crude oils). I ~ ~ c r e a s i ~ ~ g  population and 
industrialization have promoted pressures on water (Clarke. 1994). 

Attempts have been made through legisln~io11 to maintain good water qunl ity (Federal 
Ewironn~ental Protection /igency 1991 ). b ~ r ~  Lhcrc is mi urgent need to enfarce lows and 
regulations. Water ii-I the Niger Delta rcgirjn 01' Nigeria suppons sevel-a1 aquatic ani~i~nls 
(Ashton-Jones, 1998),'nnd birds (Ayeni L.I ul, 1981). It is therefore very important to 
undertake detailed scientific studies and inenitoring of major water bodies in the zone. ' The 
sediments at the bottom of water bodies forin a continuum with terrestrial environments. It is 
rich in nutrients and sewes as a sink for materials froin the overlyink water and watershed 
(Doresmus and Clesceri. 1982; Odiete 1999). The nature of the sedimcn t call affect the 
primary prclductivi ty of' tI~c wnln. uspuuit~ll y wilh wspcct LO ~hc  11011-upaliLc mit~crnls (iron 
and aluminium), pH, adequate dissolved oxygen and high level of rnicl-ubial activity. 

This.study is aimed at assessing the water and sediment qualities of Ekole River in Bayelsa 
State, Nigeria with a view to ascertaining its wholesomeness for batb man and animals. 

MATERIALS AND METHODS 
The Study site: 
The Nun River System is a bifurcation of the R i ~ e r  Niger after Aboh with the Forcados 
flowing westwards (Delta State) and the Nun River flowing southwards (Bayelsa 
State,Figure I). it provides a good waterway towards the Brass River System and enters the 
Atlantic Ocean (Netherlands Engineering Consultants. 1 96 1). A swampy plain interspersed 
with dry and seasonally dry.plateau surrounds Ekole River. The soil is fine sandy and silty 
loam with low permeability. This region is an eco-zone between the frkshwater and brackish 

' water with a viable ecosystenl of high biological productivity. 

Ekdle Rivt;r flouls'frorn the Nun river througl~ Otursgwe, Anyiama, Oloibi~.i,Olcodi-Oghia (in 
Ogbia- Local Government Area); Dorgueowoal~~a and Tereke villages ( Okoronmn-Terukc 
Local Government Area) dl in Bayeba State. 
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FIELD STUDIES 
The study was carried out in the \vet( JuncdJuly) iii111 dry (DecemberlJanutlry) serisons ut' 
2003 and 2004 .Samples were coIlected at t i i~~e  locations( Sampling depth 0-15 crn for 
surface water): O .I 00. 200. 400. 5001~1 upstrcnm. 100. 200, 300 and 4C)Om down stream ol' 
the bil ilow-station nr 0 bamn along the course oI' thc river .'There was active gas faring and 
the effluents also contained metals and hydlncnrbr~ns . Sewage was also disposed into the 
river, This river was chosen because it is the rnsljor water body flowing through and linking 
the capital, Yenegoa. It serves as the maill water source. boat route and the natives fish and 
use the water for agricultural purposes. Fast-changi ng parameters like pH, total suspended 
solids (TSS). Dirsovled oxygen (DO). salini tp and temperature were measured in sifrr using 
;in Orion (Mr1dc.1 1260 pI IllSI.;) tudcr {A.S.'Im.M. 1002. Al'l lh. 1902). Watcr for I I C ~ I V Y  n~clal 
analysis was collected in 1 -1itre plastic bottles, acidified with nitric acid (HN03) and iced on 
the field (5ml conc. HN03: 1 L water sample). Sedimcnt samples were collected with an 
Eckman grab sampler following the procedures.outlined by Odiete (1999) and stored in 
polyth&ne bags for analyses. 

C 

The laboratory analyses of the water and sediments were carried out accol-ding to the 
guidelines of A.S.T.M, (1 992) und A.P.W.A. (1 902). The heavy metals in the water and 
sediments were quantified using an atomic absorptioi~ spectrophotometer (AAS). The data 
dbtained from both field and laboratory studies were. subjected to Analysis of Variance, 

- ~i&er:s Least Significant Difference (LSD) and correlation analyses. 

RESULTS: 
The physico-chemical characteristics of Ekale River compared with the Baseline Ecatogicnl 
Data for ' G b m  Extended field (Environmental Pollution Monitoring Project. 1991192). 
World Health Organization standards for donlestic water, (WHO, 1991) and FEPA standards 
for effluent discharges to water bodies {FEPA. 1991) are presented on Tables 1-3. 
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( l / f t $ t ,  F F t m /  l . t l i ! t s i ,  Ap F < I  T r y  For R ~ J V  iff>/ ~ O ( ~ # l ~ # ! +  &i- i i 

'Iq:! I) I t  1 : Physico-chemitii! Charartcristics of t h ~  Ekole rivur Water 
Sanlpfe pH 1 '  Ur Uo Cond Cd i'b MII Ln 
XU t ion 1 mgll - mgll, Islcm mg/l mg/I mg/I mgll 
I 6.30 130.0 30.0 10.83 69.0 0 0.04 0.13 0,05 
3 - 6.70 110.0 21.65 7.02 81.3 <O.OUl 0.05 0.15 0.06 
3 6-50 150.0 27.20 8.64 72.3 <O.UOl 0.05 0.23 0.08 
4 7.36 133.0 27-45 4.1 1 79.3 <0.001 0.17 0.23 0.06 
5 6.65 206.0 39.60 4.81 89,l <0,001 0.M 2.60 0.08 
6 7.5 200 30.0 5.24 83.5 cO.001 0.08 1.10 0.08 
7 7.20 263.0 25-80 625 79.6 <0.001 0,13 0.26 0.07 
8 ?.IS 270.0 24.05 7.26 72.8 <0.001 0.10 0.21 0.06 
9 7.30 235.0 21.06 8.90 75.3 <O.f)OI 0.9 0.19 0.08 

Slat ion TSS 

(n) Dry Stason 
C'u kt: {'r 
I n mgtI 
0.015 7.76 0.01 
0.01 5,43 0.02 
0.01 6.54 0.34 
0.03 5.39 0.543 
0.03 9.64 0,41 
0.02 6.71 0.51 
0:02 5-94 0.40 
0.02 6.8 0.29 
0.01 6.12 0,2h 

ND - Not .Detected (>0.001) 
TH ble 2 Heavy Metals in Sediments of Ekulu 12ivc.r 

.. 
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Tablc 3: Physicu-clicmical charactcri.ufics of Ekolt Rivcr  water nnrl ~edimurtfs 
during dry m d  wet seihsuns (lelnl,nrcd with BEDA 199 1192, WHO and 
FEPA Standards. 

( m d ~ )  0.33 0.49 0.17 o.~e NII ND NS €1.0 
Note: ND = Not Detected 

Mean values tbr study 
Physico- area ' WHO FEPA 

Gi~idelines standard for 
chemical RIIIJA 199 t/W For water water 

Dry Season I 

parameter Wut Scnsun ' 

Sur Fdce S~trlbcc S~trliutc 

- Water Sedimznr Wnter ~1:flinleni WiWr  Scdi~nent (W1.111 199 1 ) (FEPA 1'19 1 ,I 
pl.1 - 6.92 7.03 - I 6.2 - 6.5-9.2 6- 9 
TSS(mgll) 188.59 - 197.1 NS - 25 30 i - 

I 
Chloriddm 

NS '- Not specified 

26.32 - 22.63 - 
D.O(mg/l) 7.0 - 7.3 ., 

~on'ductivit 

There were significant differences (P < 0.05) between surface water and sediment heavy 
metal contents. Correlations. (PcO.05) were obsebed between TSS and p H  (+0.55), D.0 and 
pH (+0.54), D.O. and chloride (-0.69) D.0 and conductivity (+0.82) in .the dry season and 
only between D . 0  and Chloride (-0.65) in the rainy season. 

33 - 600 600 
NS - >4.0 NS 

Y ( V / C ~ )  77.02 73.48 73.68 - NS NS 
* I Cad 111 iuin 

(mgA) <O.OO ~0.00 ND NID MD 
Lead 0.085 1.64 0.06 1.4 0.03 
Minganese 
(mdl) 0.567 -' 0.48 5 1 !OX 0.08 
Zinc (mgll) 0.069 22.94 0.062 20193 0.28 
Nickel 
(mg/l) 0.0 1 8 0.6 0.004 0.34 N1) 
Copper 
(mgll) 0.01 8 I .99 
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I 

I n  surface water during thc dry season. Zn was pofiilively correlated (pqO.05) with Mn 
(0.99). Ni with Pb ((1.961, Cu with Pb und T\(i (0.92. 0.87respectively). Iran correlated with 
Mnb(0.96). Zn (0.87) and Cu (0.69). while CP sl~owed a positive corrqlation with Pb (11,821. 
Ni (0.83) and Cu (0.78). In ihc wcl season. %h a,rlrlo~cd with Mn (0.99): Ni with Pb (0.98): 
Cu with Pb (0.74).n1-1d Ni 10.82). while I:c ~c~wlula~cd with I'b (0.74). Mn 10.97); and %n 
(0.94) correlated positively with Ph(0.87). N; (0.00). imd Co (0.86). 
In sediments during the dry season Mn con~qnled wit11 1% (0.86); Zn with Pb (0.73). and Mn 
(0:83); Ni with Pb (0.96). Mn (0.84), and 711 (0.79): Cu with Pb (0.90). and Ni (0.83);Fe 
with Pb (0.831, Ni (0.78).Mn [0.76),aild Cv (0.73):n11d Cr correlated with Pb (0,93), Mn 
(0~73) , Zn (0.74) , Ni (0,951, Cu (0.89) .In 1k wet season. Ni correlated with Mn (0.78). Cu 
(0.80) and C'r(0.70): I:c and MII (O.XO). ('I. {IIILI (',I IO.XO).(.:IJ~~~II~II shnwud lililr nlri:l~it,o 

with depth and season, 

DISCUSSION 
I . I  

This study was undertaken to assess the phvsico-c lwn ical characteristics and heavy metal 
: contents of Ekole River water. The presence! of heavy metals in the water and sediments was 

silnililr tothe iindiys of other wol-kcrs in [lie Closs Rivcr Estuary (fitckim. 1987: Elim and 
. Akpnn, 1999). file results showed that scd{lments conlailicd significnnlly higher (P < 0.05) 

concentrntions of heavy metals than water. ~ilnilar observations of higher concentratiuns of 
heavy metals in sediments than water have been made for River Niger. This is altributed to 
the discharge of industrial and domestic kffluentr into the river systems. Iron was the 
dominant metal and differed significantly bdween surface water and sediments (p < 0.05). 

1 

Phydco-chemical Chnrartcristics of Watcl' 
The Ineon pH value ol'6.95 was higher thin tl~c 0.2 ohservcd by Environmenlal J'olliition 
Monitoring Project ( 1 99 1/92} but was within, the z~cccptable FEPA and WHO limits. ?he 
mean value of TSS of' I88.59mg/l was higlier than the BEDA 1991192. WHO and FEPA 
limits.' There was a decrease in chloride cor$ent of the \wter than the BEDA 1 991192 and it 
was also lower than FEPA limit.. There wcq a marked increase in conductivity than REDA 
19g1/92.~he appearance of cadmium. nickel and chromium in the water and sediments that 

, were not observed before could be due to [\he inf l l~u~~ce  of increased' oil related activities in 
' 

tile area (Ntekim, 1 987, Eti~n and Akpan, 1 99 1 ).Mni~ganese, zinc, irdn and copper increased 
during this study thrill the UEDA 1991/92. n'heir vallles were greater ihnn WI.10 grlidclines 

. exckpt where not specified. There was an ihcrease of lead in surfhce water than the BEDA 
1991/92. This observed value was higher than WEiO (1 99 1) guidelines. This study showed 
changes in the water and sediment qualitied across sampling stations, depths (surface' water 
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and sediments) and seasons compared with R ~ D A  1 99 1 (92. Heavy rnelal concentrations 
were higher in thc dry than rainy seasons. 

I 
CONCLUSION AND RECOMMENDATIONB 
Water quality clmnges occur due to differences /in the activities along the water course and 
the water shed surrounding the water body .Anthlopogenic activities on land and wnter affect 
waier quality at an increasing rate. . There is therefore a need For sustainable use of water 
with consideration for its quality. There is n heed to enforce the Environmental Trnpact 
Assessment laws almndy esmblished in the couljtr).. -I.hcre should be regular monitoring to 
assess regularly the water quality and this s h ~ u l d  have a multi-disciplinary approach ro 
consider various aspects of water pollution rind ntTcr workable solutions. Environmental 
education and awareness are important to make idberyone maintain a clean environment. 

1 
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