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Abstract

In southeastern Nigeria, the Great Kwa River waigdswhich was originally covered by tropical raimfst has
now become a beehive of various agricultural, estra and industrial activities. The present stfoigused on
the investigation of the current level and disttibn of seven heavy metals (Pb, Zn, Cu, Ni, Cr, @d)
collected from surface sediment at 12 stationsgtkxt within Mbat-Abbiati and Oberakkai Creeks of threat
Kwa River. Results show that the measured heavyalmehave an abundance trend in the order
Zn>Cr>Ni>Cu>Pb>As>Cd for sediments from Mbat-Abb&id Zn>Cr>Ni>Pb>Cu>As>Cd for sediments from
Oberakkai Creek. Enhanced concentrations and gignif spatial variation was recorded for heavy tseia
sediments from Oberrakai Creek as against whairsbia sediments from Mbat-Abbiati Creek. The pttin
status was evaluated using Enrichment Factor (EEgx of Geoaccumulation (Igeo), Contamination Bact
(Cf), Degree of Contamination (Cd) and Pollutionadolndex (PLI). Indication from both the contamioat
factor and degree of contamination is that all theasured heavy metals, excluding Pb and Cd, egHiit
contamination status in the sediment. Based onageoaulation index, the sediments are generallysdlad as
unpolluted with regards to the measured heavy mefdie computed Enrichment Factors (EF) showed that
some heavy metals (Pb, zZn, Cr, Cd) have EF val@e ¢o 1, which indicates enrichment through Igkaic
and anthropogenic sources. Further screening redeéhht more than 55% of the calculated EF valoeshie
Pb, Zn, Cr and Cd are from lithogenic sources, efnersuggesting that the main sources of pollutice a
geogenic materials, probably sourced through migind quarrying activities that thrive within thetaament
region. Results of the Pollution Load Index conelutiat sediments from both Mbat-Abbiati and Obeaakk
Creeks are generally unpolluted.
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1. Introduction

Heavy metals, which can be sourced through antlyemio and geologic sources, are stable and parsiste
environmental contaminants of coastal waters addrents. Elevated concentrations of these metadgjuratic
ecosystems are of major concern due to their tigxanid non-biodegradable nature. These metals pdlseat

to aquatic life in various ways, notably, throughsuspension into the water column from geochenigal
cycling (Ahmetet al, 2005; Al-Haidareyet al, 2010; Campbell & Tessier 1996), accumulationénthic fauna
that feed on sediments, and ability to enter tha fohain to produce a range of metabolic and plogiical
disorders (Barakatt al, 2012; Kumatet al, 2012; MacFarlanet al, 2006). Aquatic sediments serve as a pool
that can retain or release these heavy metaletavditer column by various processes of remobibratCaccia

et al, 2003; Pekey 2006; Marchaedtl al, 2006). On a weight per square meter basis, theramost superficial
sediments constitute the largest heavy metalsweiseén aquatic systems (Al-Haidarey et. al. 20Ie heavy
metals always occur in concentrations that usuatiyeed the levels of the overlying water by 3 toréers of
magnitude so that bioavailability of even a minfitection of the total sediment’s heavy metal coht@ssumes
significant importance (Defewt al, 2004; Zabetogloet al, 2002). A number of serious health problems can
develop as a result of excessive uptake of dietmsvy metals Also, the consumption of heavy metal-
contaminated food can seriously deplete some eakemtitrients in the body causing a decrease in
immunological defences, intrauterine growth retticae impaired psycho- social behaviour, disatabti
associated with malnutrition and a high prevalenteipper gastrointestinal cancer (Arora 2008). Thhe
continuous identification, quantification and assesnt of heavy metals in aquatic system should be
encouraged, given its immense health benefit (Aetdd, 2011).

In Nigeria, studies on the assessment of the cdn&ion status of heavy metals on river sedimeneHhaeen
vigorously pursued over the last couple of yeaee (®r instance, Aderinolet al, 2009; Butu & Iguisi 2013;
Chindahet al, 2009; Davieset al, 2006; Ladigbolu & Balogun, 2011; Majolagbe et. 2012; Olubunmi &
Olorunsola, 2010; Puyatt al, 2007; Uwaket al, 2013; Uzairwet al.,2009). The present study focused on two
Creeks of the Great Kwa River in Southeastern Nager

The Great Kwa River watershed was originally coddng tropical rainforest but has now become a heebf
agricultural, road construction, forestry, industrmmining and quarrying activities (Efiong 2011). €Th
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establishment of mostly the quarrying/mining adigéa within the catchment area of the River, togethith the
intense agricultural practice in the area is botménpact negatively on the quality of the aquaiosystem.
Other areas of environmental concern in the bailuiles the numerous human activities within aodiad this
river, notably, dredging, logging, fishing, boatingvatercraft maintenance, saw-milling, transpootati
laundering, bathing and swimming, etc. These dw@ivicould result in eutrophication, nutrient ehnient, toxic
chemical contamination, sedimentation and otheblpros that plague coastal waters, with consequtaridant
ecological and economic impacts on the aquatic yates1. There is therefore need for constant quality
monitoring and evaluation of the ecological integaf the aquatic ecosystem in view of the heattblications.
The present study was therefore designed to doduthencurrent state of heavy metals concentration i
sediments of Mbat-Abbiati and Oberekkai Creekshef Great Kwa River in southeastern Nigeria. Thenary
objectives include, (1) to provide preliminary dafeheavy metal (Pb, Zn, Cu, Ni, Cr, Cd, As) concation and
distribution on the study area, (2) to employ vasioneans of assessments, including the use ofugairnadices
to assess the current pollution status of the fa=in, and (3) to evaluate impacts on industmal @conomic
activities in the study area. The justification the work is the fact that Mbat-Abbiati and Ober@k&reeks are
well positioned to receive effluents from the vasaagricultural, mining and quarrying activitiesiethflourish
within the neighborhood.

2. Materialsand M ethods

2.1 Study Area and Sampling Site Description

The present study considered two Creeks, namelytbeti Creek in Abiati village and Oberekkai Ckem
Oberekkai village. The area of study is therefagbnuited by Latitude 5°05'N and 5°06'N and latit.gd8°27’'E
and 8°29'E, situated within present-day AkamkpadldgBovernment Area of Cross River State, southeaste
Nigeria (Fig. 1). Mbat-Abiati and Oberekkai Creeksipty into the Great Kwa River. The Great Kwa River
takes its rise from the Oban Hills in eastern Nimeflows southwards and discharges into the CRisgr
Estuary around latitude 4045’N and longitudes 8820’he lower reaches of the River drains the easteast
of Calabar Municipality. The lower Great Kwa Rivercharacterized by semi-diurnal tides and extensiud
flats. The study region is characterized by tropatianate with distinct alternating dry and wet seas. Based
on data measured by the National Meteorologicalnggethe area is associated with warm temperataregng
between 26 °C to 32 °C and a bi-modal rainfallgrataveraging approximately 2,300 mm annually. dtweual
mean daily relative humidity and evaporation isha range 76 — 86% and 3.85 mm/day respectivelidiRet
al., 1989). Moist, evergreen forest-type vegetatiastexn unaltered areas, while herbs, shrubs andriees are
cultivated in the altered portions of the area.cKhriparian forest fringes most streams and indtea. The
topography of the study area is typified by plaimsier 200m above sea level which dominates thedarfdce

of the area. The study area is also an integrdlgfathe Calabar Flank, which is unique in manypeess. In
terms of sediments, the Calabar Flank is underginCretaceous Sedimentary rock deposits comprising
sandstones, limestones, marlstones and shalesMfdmosing Limestone Formation is the main Carborate
bearing deposit occurring within the study area idiglthe thickest carbonate body in Nigeria (Redj& Petters
1987).
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Figure 1. Geological map of Cross River State utlseastern Nigeria, showing the geology of studaar
2.2 Sampling and Laboratory Techniques
A total of twelve (12) sizeable surface sedimemh@as were strategically collected from differeotdtions
beneath the drainage channels of the two Creekstsdl for study. All the sampling points were ajppiately
located using the Global positioning System (GR®Y identifiable landmarks in adjoining land ar¢aghe
sampling points were also recorded. At each samloint, surface sediment samples were taken aepthaf 0
— 10 cm, drained of water in situ and then quiccked into well-labeled, sterile cloth bags whigbre
previously thoroughly washed and dried before ise. choice of surface sediments was due to theHatthis
layer controls the exchange of metals between ssusrand water (Barakat al, 2012; El Nemet al, 2006).
Also, Solomons & Forstner (1984) reported that jeaetals tend to be concentrated in the finer gs&as of
sediment. The collected samples were transport&biloScience Laboratory of University of Calabiigeria,
where they were air-dried for three weeks undenroemperature of about 30°C. The drying was necgssa
eliminate organic matter and moisture contents,raysbother undesirable components. After dryindividual
samples were disaggregated, and sieved throughman Qlastic sieve to remove large debris, graved-siz
materials, plant roots, animal shells and othertevasaterials. Finer fractions, not only concemtrabn
oxide/hydroxide, organic matter, aluminum, clay enals, but also have the largest capacity to bpaiticle
reactive trace metal contaminants relative to @apsirticles (>2 mm size). The prepared sample® wern
package, labeled and stored in clean closed plaatis for subsequent analysis. Considerable pieoautere
taken to avoid contamination during drying, grirglisieving and storage.
Prior to the analysis, 0.5g of each sample was legignto the digestion flask and digested to coteplieyness
with an acid solution, comprising H20-HF-HCIO4-HN®@Bthe ratio 2:2:1:1. Afterward, about 50% of H&As
added to the residue and heated using a mixingoloak. The solution was cooled and homogenizedreefo
being transferred to test-tubes where it was brot@kiolume using dilute HCI. Sample splits of @y2&as then
analyzed for heavy metals using the ICP-ES (IngattiCoupled Plasma-Emission Spectrometry) tectenafu
the Geochemistry Laboratory of Acme Analytical Leddories, Vancouver BC, Canada. All the sediment
samples were analyzed for total concentrationsofR, Cu, Ni, Cr, Cd, As, Al.
The accuracy of the analytical procedure used wasitedly cheeked by analyzing duplicate samples and
repeatedly analyzing reference samples (STD ORERE{24nd comparing the obtained values with the
expected values. The quality control samples remtesl 10% of the total analytical load. The dupésa
samples were treated identically. The percentagevery from 93 to 105%, while precision is withife5
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Details on the sampling, treatments and analysiseotediment samples are in Ajayi (2014).
2.3 Determination of Contamination Factor (Cf) alddgree of Contamination (Cd)
Both Contamination Factor (Cf) and the Degree oft@mination (Cd) are widely employed to determine t
contamination status of sediment. Cf values werasme=d using the expression below:
Cf= Cmetal/cbackground
Cmetal is the concentration of metal in sedimemtijevCbackground is the background value for théaim@he
average composition of shale from Turekian & Wedt§p961) was used as background values for thalmet
The degree of contamination (Cd) was computed astim of the determined contamination factors {Qf)
each of the measured heavy metals in the site.
2.3 Determination Index of Geoaccumulatiogpd(!
The Index of Geoaccumulationyd), which involves comparing observed concentratibthe metal (n) in the
sediment with pre-industrial levels or backgrouadels, was used to assess the level of heavy p&tation in
the sediments. Thegl, was calculated, using the method of Muller (19&9)Abrahim & Parker (2008), as
follows:
lgeo= 1092 ([Crl/ 1.5* [By])
Where, Cn is the measured concentration of elefméit the sediment and Bn is the geochemical backgd
for element ‘n’ which is either directly measured pre-civilization sediments of the area or takesnt the
literature. In the present study, the average caitipa of shale from Turekian & Wedepohl (1961) was
considered appropriate. The factor 1.5 is introduceinclude possible variations of the backgrouatlies that
are due to lithologic variations in the sediment.
2.4 Determination of Enrichment Factor (EF)
To evaluate the magnitude of contaminants in theremment, Enrichment Factors (EF) were computed
following the method of Atgiret al. (2000) and Simex & Helz (1981), as follows:
EF = (CM/CAI)samplé(CM/CAI) Earth’s crust
Where, (Cu/Cal)sample IS the ratio of concentration of measured heavyam€y) to that of Al Cp) in the
sediment sample an@y/Ca) eanns crust IS the same reference ratio in the Earth’s crlisé values taken as the
average abundance of Pb, Zn, Cu, Cd, Cr, As an@Ni95, 45, 0.3, 90, 4.72 and 68 mg kg-1, respelgili in
the reference Earth’s crust were the average catmposof shale, from Turekian & Wedepohl (1961).
Aluminium (the reference value being 47,200) wdseded as the reference element.
2.5 Determination of Pollution Load Index (PLI)
The pollution load index (PLI) proposed by Tomlinset al. (1980) was also used in this study. The PLI for a
single site is the nth root of n number multiplyiihg contamination factors (CF values) together:
PLI = (CFy x CF, x CF3 X ........ CR) "

Where CF is the contamination factor, n is the neind§ metals.
3. Analysis and Discussions of Results
3.1 Heavy Metal Abundance
The concentration of heavy metal and relevant sfiedil summaries for sediments of Mbat-Abbiati and
Oberekkai Creeks is given in Table 1, while thepbra illustration of the mean abundance of the heaetals
is presented as Fig 2.

TABLE 1. Concentration of heavy metals (mg/kg Dregight) in sediments of Mbat- Abbiati and Oberakhai

Creeks of the Great Kwa River, SE Nigeria

Pb Zn Cu Ni Cr Cd As Al
AS1 25.22 81.8 22.88 26.6 70 0.27 0.3 58,900
AS-2 20.61 86.8 21.88 25 62 0.3 15 55,0p0
AS3 18.28 83.9 25.25 253 57 0.28 0.4 47,400
AS4 16.58 87.9 27.05 285 58 0.43 1.3 43,300
Xltt));tati AS5 17.58 82.8 25.94 25.9 56 0.32 0.6 48,100
Creek AS-6 16.66 81.1 25.21 245 53 0.32 2.1 43,400
MIN 16.58 81.1 21.88 245 53 0.27 0.3 43,300
MAX 25.22 87.9 27.05 285 70 0.43 2.1 58,900
MEAN 19.16 84.05 24.7 25.97 59.33 0.32 1.03 49,%67
ST.DEV 3.32 2.75 1.94 1.44 5.99 0.06 0.71 6,419
0s1 26.56 107.8 26.91 30.4 72 0.46 0.2 73,400
0Ss-2 15.55 59.4 16.33 21.2 a7 0.23 0.6 42,900
0S3 19.92 82.7 22.55 23.8 56 0.35 0.6 48,100
0S4 37.65 130.6 24.61 51.9 120 0.11 2.3 161,400
Oberakhai 0S5 26.24 105.3 26.6 29.9 66 0.36 1.6 65,300
Creek 0S-6 21.69 73.5 22.21 23.9 63 0.2 0.3 72,900
MIN 15.55 59.4 16.33 21.2 47 0.11 0.2 42,400
MAX 37.65 130.6 26.91 51.9 120 0.46 2.3 161,400
MEAN 24.6 93.22 23.2 30.18 70.67 0.29 0.93 77,450
ST.DEV 7.6 26.07 3.9 11.25 25.66 0.13 0.83 43,112
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Figure 2. Mean abundance of heavy metals in sediofavibat Abbiati and Oberakkai Creek of the Gridata
River

A cursory appraisal of Table 1 and Fig. 2 showrtgpective abundance trend recorded for sedimémtibat —

Abbiati and Oberrakai Creeks as: Zn>Cr>Ni>Cu>Pb>@d>and Zn>Cr>Ni>Pb>Cu>As>Cd. Also revealed

were the relatively enhanced concentrations andifgignt spatial variation in concentrations reamdor each

of the heavy metals in sediments of Oberrakai Gress against what obtains in sediments of Mbat #bbi

Creeks (Table 1).

As shown in Table 1, the heavy metal concentrat{omg kg-1 dry weight) of sediments of Mbat Abiatie€ks

can be summarized as follows: 19.16+3.32 for PbQ®B#.75 for Zn, 24.7+1.94 for Cu, 25, 97+1.44 fdi

59.33+5.99 for Cr, 0.32+0.06 for Cd, 1.03+0.71 A and 30183 +4186 for Fe. Similarly, the heavy ahet

concentrations (mg kg-1 dry weight) of sediment©bgtrakhai Creeks (Table 1) can be summarizedllasvi

24.60+7.60 for Pb, 93.22+26.07 for Zn, 23.20+£3.80Gu, 30.18+11.25 for Ni, 70.67+25.66 for Cr, GtQ93

for Cd, 0.93+0.83 for As and 28,517 +10,284 for Hadication is that Zn and Cd respectively constitthe

highest and lowest abundance in terms of concémisain both sediments of Mbat — Abbiati and Oblera

Creeks.

3.2 Comparison of the mean concentration of heaetals in the investigated sediments with Geochdmica

Benchmarks, Sediments Quality Guidelines and M&balcentrations in Sediments of other Local and &ei

Rivers

The mean concentration of heavy metal in sedimehtdbat-Abbiati and Oberekkai have been compareti wi

the concentrations of heavy metals in the wideljized World average shale composition of Tureki&n

Wedepohl (1961), EPA Ecological Screening Value®AE 1995), Canadian Interim Sediment Quality

Guidelines, comprising Threshold Effect Concentrati(TEC) and Probable effect concentration (PEC)

(Environment Canada 1995, 2002), Dutch Soil QuaBtandards which is made up of the Target and

Intervention values (MHSPE 1994), as well as wilHisents of various other local and regional rivaisese

criteria are shown in Table 2.

Table 2. Mean values (mg kg-1) of heavy metalsamtstof the studied sediments, in comparison with

geochemical background data, sediment quality djuiele toxicological reference, and other local eggional

river sediments

Class DESCRIPTION Pb Zn Cu Cd Ni As Cr
L 19.16 84.05 24.7 0.32 25.97 1.03 59.33
o esent sud Mbat-Abbiati Creek #332) | @2.75) | (#1.94) | (006) | (+1.44) | @0.71) | (@5.99)
Y Oberrakai Creek 24.6 93.22+ 23.20 0.29 30.18 0.93 70.67
(+7.60) | (26.07) | (+3.9) | (#0.13) | (¥11.25) | (+0.83) (+25.66)
) Average composition of Shafes
Geochemical background (Turekian & Wedepohl, 1961) 20 95 45 0.3 68 4.72 90
EPA Ecological Screening Valles 30.2 124 18.7 1 15.9 7.24 52.3
. . . TEC 35 123 35.7 0.596 18 5.9 37.3
?gf%rﬂ‘igtge[]g}‘(‘ﬂ?\?;a‘ Canadian ISQ& PEL 913 315 197 3.53 35.9 17 90
sediments and soils Dutch Soil Target Values 85 140 36 0.8 35 29 100
gg’:ggra {?;TJZ?”“"” 530 720 190 12 210 55 380
River Kubanni Sedimerfts - 103.7 - - - 2.04 24.3
L ocal and international Ajawere River Sedimerits 27.96 14.63 16.02 3.39 3.75 12.38 43.24
v %din']ems : Cross River Sedimeht 56.51 | 108.77 - 1.85 7.03 2.05 0.97
Day River Sediment, Moroco 109.01 100.13 108.62 1.27 - - 102.27
Japan River Sediment 23.1 118 30.6 0.158 25.1 9.32 65.2

Note: TEC= Threshold effect concentration; PERrobable effect level; ISQG= Interim sediment awali
guideline.
*Turekian & Wedepohl (1961FEPA (1995);°Environment Canada (2002MHSPE (1994)Butu &
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Iguisi (2013); A

Oyekunleet al. (2011);%Ekwere et al (2013)"Barakat et al (2012)Gamo (2007)
It is observed that the mean concentrations of yeaetal in sediments of Mbat-Abbiati and Oberekies
generally lower than values quoted in the EPA Egiclal Screening Values (EPA, 1995), in both TEC BE(C
of the Canadian Interim SQG (Environment Canad8512002), as well as in values recorded for batgét
and Intervention values of the Dutch Soil Qualitarg®lards (MHSPE, 1994) (Table 2). The only excestim
this regards is the fact that Cd appears to batsfignriched in the sediments of Mbat-Abbiati aDderekkai
compared to that of the World average shale cortiposof Turekian & Wedepohl (1961). Similar trersl i
observed for Ni and Cr when the mean contents eleged to the TEC values of the Canadian InterinGSQ
(Environment Canada 1995, 2002), and for Cu andvien compared with the EPA Ecological Screening
Values (EPA 1995).
In comparison with sediments of various local aegional rivers, there is a general depletion tnexebrded for
most of the heavy metal compositions of sedimehtdlmat-Abbiati and Oberekkai, apart from the fdwatt Zn,
Cu, Ni, and Cr contents are higher than what obtairthe Ajawere River Sediments (Oyekuetal, 2011). A
similar trend is displayed by Ni and Cr when theame&oncentrations of heavy metal in sediments o&tMb
Abbiati and Oberekkai Creeks are compared withdhaisthe Cross River Sediment (Ekwereal, 2013)).
Also, Cd and Cr are comparatively higher in theeRiKubanni Sediments of Zaria northwestern NigéBiatu
& lguisi 2013) and in the Japan River Sediment (G&007).
3.3 Assessment of Heavy Metal Contamination
It is often beneficial to involve various indicesgeoenvironmental assessments. Some of the ineimpkyed
in the present study include: Contamination Fac(@f), Degree of Contamination (Cd), Index of
Geoaccumulation (lgeo), Enrichment Factor (EF) Ratiution Load Index (PLI).
3.3.1 Assessment according to Contamination Fg€t) and Degree of Contamination
Computed contamination factor (Cf) and degree otamination (Cd) is shown in Table 3, where itliserved
that the computed contamination factors (Cf) fodisents from Oberrakhai Creek are larger than trafse
sediment from Mbat-Abbiati Creek. For instance,07.6.56 and 6.44 represents the recorded degree of
contamination (Cd) for sediments of Stations OS2§-1 and OS-5 respectively, and all these are from
Oberrakhai Creek. These values are larger thamititeest degree of contamination (Cd) of 5.71 mesbsim
sediment of Station AS-4, situated in Mbat-Abb@teek.
Table 3: Contamination Factor (Cf) and Degree afitamination Cd) for sediment samples from Mbat-abb

and Oberekkai Creeks of the Great Kwa River, SEehbg

L ocation/Sample Pb  Zn Cu Ni Cr Cd As | DEGREE OF CONTAMINATION (Cd)
Station Contamination Factors (Cf)
AS1 126 086 051 039 078 090 0.p6 5.48
AS-2 1.03 091 049 037 069 100 0.2 5.35
M bat- AS3 091 088 056 037 063 093 0.8 5.13
Abbiati AS4 0.83 0.93 06 042 064 143 0.28 5.71
Creek AS5 0.88 0.87 058 038 062 1.07 0.13 5.14
AS-6 083 085 056 036 059 1.07 0.44 5.32
MEAN | 0.96 0.88 055 0.38 0.66 1.07 0.p2 5.36
0Ss1 133 1.13 0.6 0.45 0.8 153 0.04 6.56
0S-2 0.78 063 036 031 052 0.77 0.I3 3.88
Oberakhai 0Ss-3 1.00 0.87 05 035 062 117 0.43 5.08
Creek 0s4 188 137 055 076 133 037 0.49 7.70
0S5 131 111 059 044 073 120 O0.p4 6.44
0S-6 1.08 0.77 049 0.35 0.7 0.67 0.06 4.57
MEAN | 1.23 098 052 044 0.78 0.95 0.p0 5.70

Considering the contaminations level terminologéssociated with Cf values, shown in Table 4, adl th
measured heavy metals, excluding Pb and Cd, cadeberibed as exhibiting low contamination status in
sediment of both Mbat — Abbiati and Oberrakhai €seélowever, Pb and Cd and probably Zn appearsiolaiy
slightly moderate contamination level in both Creek

Table 4. Contamination Factor and Level of Contatiom (Hakanson 1980)

Contamination Factor (Cf)

L evel of Contamination

Cf<1
1<Cf<3
3<Cf<6

Cf>6

Low contamination
moderate contamination
considerable contaminatid

Very High contamination

n

On the basis of the mean values of Cf, sedimentdlt-Abbiati Creek are enriched for metals in drder:
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Cd>Pb>Zn>Cr>Fe>Cu>Ni>As, while that for Oberakhag€k is of the order: Pb>Zn> Cd>Cr>Fe>Cu>Ni>As
3.3.2 Assessment according to Geo-accumulatiorxi(ige)
The geo-accumulation index (Igeo) scale, proposediiler (1981) consists of seven grades (0-6) iagndrom
uncontaminated to highly contaminated, as showfaine 5.

Table 5. Muller’s Classification for the Geo-Acculetipn Index

Igeo Value Range | Class Sediment Quality
<0 0 uncontaminated
0-1 1 from uncontaminated to moderately contatathh
1-2 2 moderately contaminated
2-3 3 from moderately to strongly contaminated
3-4 4 strongly contaminated
4-5 5 from strongly to extremely contaminated
>6 6 extremely contaminated

The Igeo values and their corresponding contantinaithitensity for heavy metals in sediments from Mba

Abbiati and Oberekkai Creeks are presented in Télaled the variations are shown graphically (Fjg. 3

It is evident from the figure that the Igeo valdes all the metals fall in class ‘0’ in all the tive sampling

locations (except at sampling sites OS-1 for Cd@8d4 for Pb), indicating that there is no pollatipom these

metals in the investigated sediments.

On the basis of the mean values of Igeo, sedinart4bat-Abbiati Creek are enriched for metals ie tirder:

Cd>Pb>Zn>Cr>Fe>Cu>Ni>As, while that for Oberakha¢€k is of the order: Pb>Zn> Cd>Cr>Fe>Cu>Ni>As

Table 6:Geoaccumulation Index Values for sediment samptaa Mbat-Abbiati and Oberekkai Creeks of the
Great Kwa River, SE Nigeria.

Pb Zn Cu Ni Cr Cd As

AS1 -0.25 -0.8 -1.56 -1.94 -0.95 -0.74 -4.56
AS2 -0.54 -0.72 -1.63 -2.03 -1.12 -0.58 -2.p4
AS3 -0.71 -0.76 -1.42 -2.01 -1.24 -0.68 -4.]15
AS4 -0.86 -0.7 -1.32 -1.84 -1.22 -0.07 -2.45
AS5 -0.77 -0.78 -1.38 -1.98 -1.27 -0.49 -3.p6
AS-6 -0.85 -0.81 -1.42 -2.06 -1.35 -0.49 -1.F5
Mean |geo -0.66 -0.76 -1.46 -1.98 -1.19 -0.51 -3.J12
Values

0s1 -0.18 -0.4 -1.33 -1.75 -0.91 0.03 -5.15
0Ss-2 -0.95 -1.26 -2.05 -2.27 -1.52 -0.97 -3.p6
0Ss-3 -0.59 -0.79 -1.58 2.1 -1.27 -0.36 -3.b6
0S4 0.33 -0.13 -1.46 -0.97 -0.17 -2.03 -1.p2
0S5 -0.19 -0.44 -1.34 -1.77 -1.03 -0.32 -2.]15
0S-6 -0.47 -0.96 -1.6 -2.09 -1.1 -1.17 -4.%6
Mean Igeo -0.34 -0.66 -1.56 -1.83 -1 -0.8 -3.43
Values

Igeo Class 0 0 0 0 0 0 0
REMARKS | Unpolluted Unpolluted Unpolluted Unpolluted Unpdéd  Unpolluted  Unpolluted
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Figure 3. Spatial variations in the Igeo valuesediments from Mbat-Abbiati and Oberakkai Creekthef
Great Kwa River

3.3.3 Assessment according to Enrichment Factoy (EF
The Enrichment Factors (EF) of all the heavy metaésasured in the sediment samples of Mbat-Abbiadi a
Oberrakhai Creeks of the Great Kwa River are ptesein Table 7. The computed EF values are gemgerall
<2.00, which are not considered significant acaaydio Atgin et al. (2000). However, when interpreted
following the method used by Birch (2003), where<EFindicates no enrichment, <3 indicates minor
enrichment, 3 — 5 show moderate enrichment, 5 -delfiote moderately severe enrichment, 10 — 25 denote
severe enrichment, 25 — 50 denote very severehgneiot and >50 refer to extremely severe enrichmiéent,
becomes obvious that the investigated sedimentgeaarally be classified as reflecting minor enmeints with
regards to the measured heavy metals.
Table 7:Enrichment Factors for sediment samples from MHaitiati and Oberekkai Creeks of the Great Kwa
River, SE Nigeria.

Pb Zn Cu Ni Cr Cd As AL

AS-1 188 129 076 058 116 134 009 1400

AS-2 165 146 078 059 110 160 051 1400

AS-3 169 163 104 069 117 172 016 100

AS-4 168 188 122 085 131 291 056 1400

Mbat-Abbiati Creek | AS-5 159 157 104 069 112 193 023 100
AS-6 167 172 113 072 118 214 089 1400

MIN 159 129 076 058 110 134 009 1o

MAX 188 1.88 122 085 131 291 089 1)o

MEAN 169 159 099 069 117 194 041 1)o0

STDEV| 010 021 019 010 007 055 030 000
05-1 159 136 072 054 096 184 005 1400
0S-2 160 129 075 064 107 158 026 100
0s-3 180 157 091 063 112 211 023 1400
0S-4 103 075 030 042 073 020 027 100

Oberakhai Creek | ©57 177 149 080 059 099 162 046 100
erakhal Lreex 1 os-6 131 093 060 042 084 080 008 100
MIN 103 075 030 042 073 020 005 1o

MAX 180 157 091 064 112 211 046 1po

MEAN 152 123 068 054 095 136 022 1)

STDEV | 030 032 021 010 015 071 015 000
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Further appraisal of the enrichment Factors (EEy daowed that some heavy metals (Pb, Zn, Cr, Galje
enrichment factors of up to 1, which indicates @mment through lithogenic and anthropogenic sources
(Praveenaet al, 2007; Netoet al, 2006; Huang & Lin, 2003; Shotykt al, 2000). It therefore becomes
necessary to define the percentage of enrichmanigtdue to lithogenic sources and that due tbrapbgenic
influences. This discrimination was accomplisheadljofving the method of Hernandezt al. (2003); the
formulas employed are as follows:

[CM] Lithogenic = [CAI] Samplex ([CM]/[C AI])Lithogenic

[CM] Anthropogenic: [C M] Total = [CM] Lithogenic

Where [Cw] Lithogenic @Nd [C] anthropogenic Fepresents enrichment due to lithogenic and aptgenic source
respectively. Other components are as definedeeadnder determination of Enrichment Factor (EF).

The results showed that more than 50% of the catiedlEF values for Pb, Zn, Cr and Cd are from gjéric
sources (Fig. 4). The sources of pollution themefioclude geogenic materials, much of which aretriksly
sourced from dispersion or lithogenic influx argsiftom the robust quarrying and mining activitieghin the
area.

M bat-Abbiati Creek

Ph Zn Cr
L Mogam Anifrapogam W LiEhoger Anthpcemy BLMogany Antrmagagan:
1%
%
‘ ;‘
Cd

J

Oberakkai Creek
Ph Zn

= Liiognm Astlmrapogan o |thoger siithrapogs

i

Figure 4. Lithogenic and anthropogenic proportiohenriched heavy metals in sediments of Mbat-Atblaiad
Oberakkai Creeks of the Great Kwa River

3.3.4 Assessment according to the Pollution lodexr(PLI)

The Pollution Load Index provides a simple, compagameans for assessing a site or estuarine gualitalue

of zero (0.0) indicates perfection, a value of ¢hé) indicate only baseline levels of pollutantegent and
values above one > 1.0) indicate progressive aetdibn of the site and estuarine quality (Tomlimsd al,
1980).

Computed Pollution Load Index (PLI) values for seeints of Mbat-Abbiati and Oberrakhai Creeks are
presented in Table 8. As shown in Table 8, PLuealof sediments of the Mbat-Abbiati Creek rangedhf
0.006 to 0.029 with an average of 0.018, while tfaDberrakhai Creek vary between 0.001 and 0.247 an
average of 0.025. Indication from both datasehds sediments from both Creeks are unpolluted.

4. Summary and Conclusion

The results of this study supply valuable informatabout heavy metal contents of sediment fromeudsfit
sampling stations in Mbat-Abiati and Oberekkai Ge®f the Great Kwa River. The order of the mean
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concentrations of tested heavy metals in sedimehtslbat — Abbiati and Oberrakai Creeks is respetyiv
Zn>Cr>Ni>Cu>Pb>As>Cd and Zn>Cr>Ni>Pb>Cu>As>Cd. Gonination Factor (Cf) and Degree of
Contamination (Cd), Geoaccumulation Index (Igeayighment Factor (EF), have been successfully edgbr
the assessment of contamination status of sedirfremisMbat — Abbiati and Oberrakai Creeks.

Indication from both the contamination factor amdycbe of contamination is that all the measuredhhewetals,
excluding Pb and Cd, exhibits low contaminatiortusan the sediment. Based on geoaccumulation jnithex
sediments are generally classified as unpollutetth wégards to the measured heavy metals. The cechput
Enrichment Factors (EF) showed that some heavylsné®d, Zn, Cr, Cd) have EF values of up to 1, Whic
indicates enrichment through lithogenic and antbgemic sources. Further screening revealed thag mam
55% of the calculated EF values for the Pb, Zna@t Cd are from lithogenic sources, thereby sugueshat
the main sources of pollution are geogenic materi@obably sourced through mining and quarryirtiyviies
within the catchment region. Results of the Pdiintioad Index conclude that sediments from both tMba
Abbiati and Oberakkai Creeks are generally unpedut

Table 8: Pollution Load Index (PLI) for sediment samplestfirMbat-Abbiati and Oberekkai Creeks of the
Great Kwa River, SE Nigeria.

POLLUTION LOAD INDEX

AS1 0.007
AS-2 0.020
- | As3 0.006
E:AbaL_Abblatl AS-4 0.029
ree AS5 0.009
AS6 0.024
MEAN 0.018
0S1 0.014
0S2 0.001
_ 0S3 0.006
8berlf‘kha' 0S4 0.247
ree 0S5 0.081

0S6 0.001806

MEAN 0.024524

Results of the present study show that the sedimfetite Great Kwa River was not polluted by heawtars.

However, the level of these metals in the enviromnies increased tremendously in the past decddhes.
implication of this is that these heavy metals pdsk of contamination or pollution of the sedinernd
overlying surface water. There is therefore needctimsistent monitoring of both the sediment andrlying

waters. Further research should cover a wider @mdamade to also incorporate organic compoundsicjoes,

PAHs and PCBs) for better results.
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