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Abstract
Groundwater in regolitlz cqr;ri:; izrounci Awcn-Nepa cuntpsite in Kefi (north-central Nigeria)
was assessed for ioilf.Jtti;.1t:;t:., -)itribuf.;rie to ht:*}; ntlai le*chales. The assessment was
conducted by rnapping ei"":.,,c;;,,:: af siatic ltutit iable . geo-eimtic sounding, determining
concentrations ol herr,]; ;iir:t,';! ioirs infiltrate crected usiitg lke dumpsite soil colloid, and in
water samples obtditEd.fi".:it ti.'en4,,*eils dug ruan'ually inla the regolirh within the dumpsite
vicinity. Contdriinotict: i::!.it .t,,,s -stizr:iieri ,:s;ng contamifidlion factor (CF), index of
pollution load iFlli. ;:i,j .': .:.i n+'tal ?oliuiigtt (l4l.l), and index of geo-accumulation (oj.
Groundwater convergence ,.itt., .rere revealed ai 2-ifm sw and 4Km NW ofrhe dumpsite.
Topsoil at the dumpsite t,;*: fctund to be thin e.B-tm) and characterised with
moderateresistivity (l4a-21a{2m1 anri iransverse unit resistance (t 20- 150 am'1. These values
indicate high permeabilitr* and ?rydraulic canductit ity withh the rapsoit. Low resistivity (35-
45 {lm) characterised rhe reg,liril at the dumpsite, indicating the presence ofa conraminanr
plume. surface runofffrom rcin;/bll dissolvecl some metal conpanenrs of the dumpsile waste.
Part of rhe dissolved metals i,filtrated the regolith. and buitt up a conraminant plume.
concenrrations ofarsenic, chromtum, manganese. nicke! rtnd lead is higher than 0.7 mg/t in
waler. samples obtained,fiotn tlrc regolith welts. inis concentration value exceeds World
Health organisation prescrib;d iinii.for potable water. I/alues af cF indicate moderare level
contaminationfrom arsenic *nd moderate toveryhigh co tamination levelfrom cadmium and
copper at the dunrpsite. Less thc.n 0.a24 PLI value reterls rhat lhe area is free Jrom heavy
metals aggregare effects. lppraximately 0.6 wI value shows the dumpsire;s viiinity is free
from anthropogenic pollutia aftriburable to heavy metals, in spite of some contaminotion at
the dumpsite. The sparia! con:efitr1ria maps reveal a conrdminarion pl*ne at the dumpsite,
and a gradual attenuation in loii;a inarion level autward lrom lhe dumpsiie- ?he maps also
show that lhe concentrati.it; .,1 i'criurn, chromium, arsenic and le,ail within lhe eonvergence is
lower than 5% of the ca c?4iraii{}?i in filtrate lram the dur psile's soil colloid. watir in the
groundwaler conve rgefic e zo t i.. s t t _it -lr ir.ix!:i-tg.
Keywords: Regolith aquiier, i:er;neaLiiity, ilydiaulic co.r.lucti'ig, Dumpsite, Groundwater
convergence ,"
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Agplicsiiori oi {Jecstier.,ir:s 'irchniquci for the Assessment ofDompsite Leechates and G.oundwater.: uifers
- i. _

cornmon dis'.::::: 
"'ritili, 

iir eirr,ii..;'l:.. .i,:such rirrrirpsites include hypertension, skin cancer,
kidney failurr:, ii,r:i. l. i,,:.tr..rr:- -Lr_; .1ia-td- usleoporrrsrs. deatiress anrl rierrrological
diseases- suuh s:sea"e.s;,.-r-.,.j beerl dj:ociated u,ith irrgesrion oi treal}, m"tat, 1Oeming,2002;Adegoke et a!..2009; Ayolabi er al., 2013; Singh er a/, 2015). Ir is this association that
necessitates the assessmenf ofgroundwater contarnination that is connected with heavy metars
leached into the regolirh aquifer in rhe environs of Agrva_Nepa Or,n,.f,". i,"* "i*,r#resistivity varues generated from geo-electrical souniing are traditionalry employed toidentifo areas *'ith unusualry high amount ofions related to;roundwatef contaminant prumes
(MacFarlane er a/., I983;Becker,20O2;Rosquitelal,2003.:,legedeerol..Z0ll;Carpenterand
Reddy, 2011; Omolayo and Tope_,20.14).The issue wirh the ippros.h is that highly clayeyinterval within the regolith courd simurate simirar iou, resistivit,r, values and misguide
interpretation. Pollution status is also sometimes qualitativelv categoriscd using concentration
ofions obtained from chemical anall,sis ofsarr,oles ofgrourd,*uter lAd"gok e et at.2009; Alile
et a1.,2013; Ayolabi et al.,2Ol3; Omolayo :: i/., 20 t 4). Such quatirative categories could besubjective, blurred and do fair to quantitatively specift contamination extent. Besides this, fewpublished works exist on the use ofnurnericar indices developed from geo-erectric resistivitSr
measurements 10 irscertail ti a!.rsportation direction of contaminant ions from dumpsites intogroxndwater contained in regolith. This work deproys numericar indices such as cF, pLI, MpI,and Is- to evaluate ionic cc,centrations of heary metars determined in groundwater by
Inductively coupled pla:,na- r\4ass specrromerry (rcp-Ms) method of chemicar analysis.

n Furthermore, the work s.,'ir.es to in.er migration direction of contaminant ions from dumpsite
leachate into groundwater frorrr hydraulic conductivity criteria deveroped from geo.erectrical
resistivity data.

Methodolog,
Agwan-Nepa du;rrpsire is ir',c;i,i-i,r Ke{Il. north-central Nigeria- within Latitudes g.49.00N,
8 53b0N and t;ongitudes ? 5 r 00-E, 7'55 00"E 6[. r ). rrre iunrpsite is massive and many
inhabitants within its environs drink water fetcheJ from hand-dug wells tapping its regorith
aquifer.
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Fig.l: Location map ofAgwan-Nepa dumpsite
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Detailed lithological mapping of the area was carried out. Static water table elevation was
determined by subtracting depth to static water table from the elevation ofthe top ofeachwell's
concrete protection. obtaincd using a Geographic Positioning System(GPS) device. Soil
sample was taken fnrm depth of0.8m at the dumpsite because exposed geological sections in
the area revealed thai the soii thickness is generally less than 1.0m. The sample was soaked in a

clean plastic bottle containing one litre ofdistilled water and the resulting colloid was shaken

vigorously and left to settle for one week. This was then filtered and the filtrate labelled L0.
Water table elevation map was generated with Suffer ll contouring software. Samples of
groundwater were taken from twenty wells dugmanually into the regolith (locallycalled hand-
dug wells). These samples were labelled Ll-L20. Ionic concentrations of heavy metals
comprising arsenic (As), barium (Ba), cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe),

manganese (Mn). nickel (Ni), and zinc (Zn) were determined in the twenty groundwater

samples(Ll to L20) and filtrate (L0) using ICP-MS method, atAcme Laboratory inVancouver
BC, Canada. The laborator;, was chosen for the analysis because it employs state-of-the-art
equipment and software for generating chemical data with accuracy level required for making
inferences conceming human health. Maps illustrating the spatial variations of each heary
metal's concentration u,ere produced using Suffer I I . The method ofTijani et al.(2004),Satrllh
e/a/.(2013), Singh er crl.(201,?), and O nwuka et al. (2014) wasused to calculate CF.
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Application of G€osciences Techniques for thc Assessment of Dumpsite f,€achates snd Groundwater
Poilution in Regolith Aquifers
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In Equation l, C. represents the measured concentration ofeach healy metal in a sample, and
B" is the aVerage crustal abundance ofthe corresponding metal (obtained from Mason, 1956).
Calculation ofPLI was carried out using the method ofsarala and Uma(2013), and onwuka et
al.(2014):

I
(

PLI =(CF, x CF, xCF, xCF. x CF., x CF") {2)

In Equation 2, cF, represents each healy metal's contamination Factor in a sample while'n,
represents the whole number ofheavy metals utilised in the computation for each sample.
SaralaandUma(2013)methodwas emplc.,.,", 1.. calculateMpl:
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i
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ll

MPI=Logxll, 1f;; (3)

I

t

'X'in Equation 3 represents average concentration value for each metal in all regolith
groundwater sample and B, represents a standardiser, which is ofeach corresponding metal s

average crustal concentration.
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Calculated ofl- was made with rhe method of Saraia e/ al(2013) and onwukaet al. (2014):

/-^ : Los. C''seo -"., ;g (4)

where the concentration of each metal in a sample is represented by C, while the mean crustal
abundance for the corresponding metal is represented by B, (obtained from Manson,
1966).Table I was employed in categorising the groundwater contamination status: after
Hakanson, 1 I 980); Sarula et al. (20t 3) and Singh elat (2014) .
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Table 1: Contemination factor(C0 and Geoaccumulation Index (Igeo) categorisation
CF/lgeo

Neglible contamination facor
Mild contamination t'actor

Substanlial contamination fa.tor
Very high contamination facto.

Contam ination is implied when PLI or MPI or Igeo is greater than l, while values lower than I

indicates a clean status (Sarala e/ al,20l3).Vertical Electrical Sounding (VES)was canied out
at twenty locations, using the Schlumberger field geometry in which maximum electrode
spacing (AB) was 100m. Such electrode spacing guarantees that the electrical current
generated from an external source (a banery) would investigate the entire regolith interval.
Values ofapparent resistivity (p.) were calculated using Unuevho et al. Q012)

(s)

where'AB' and 'MN' are respectively current electrodes spacing and potential electrodes
spacing, V is the potential difference between the potential electrodes and I is the current
passing between the current electrodes. Win Resist interpretation software was used to
generate geoelectric sections from the apparent resistivity data.

Longitudinal unit conductance (S) and transverse unit resistance (T) values were obtained for
topsoil and weathered basemenl intervals, using the methods ofMailet( 1974):

(6)

T: I,],N,P, (7)

The thickness and true resistivity value of each unit in a geoelectric section are represented

respectively by ft,andp,in Equations 6 and 7. Maps representing arealvalues ofS, Tand true
resistivity p were created using Surfer I I contouring software.Elevation data on static water
table was integrated with ionic concentration data for healy metals, as well as S, T and

resistivity data. The integrated data was used to validate the presence ofleachate contaminant
plume at the dumpsite, to decipher the plume movement direction, as well as to ascertaia'the
status ofcontamination ofgroundwaterwithin the regolith.
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Results and Discussion
' FIow pattern and its implieation

Static water table erevation map (Fig.2) revealed a groundwater divide that trends NNw-ssE.
The divide terminates about 0.7Km SE ofKarofti. The groundwater flow direction is NNE and
SSW northwards and southwards ofthe divide respectively. The position ofthe dumpsite on
the SE ofthe divide, and the opposing g:oundwater flow directions on either side ofthe divide
creates a geomorphologic setting that protects groundwater on the north ofthe divide from the
dumpsite leachates. Converging groundwater flow system at 2.5Km SW of the dumpsite
suggests that distant areas beyond the convergence zone are free from influence oi the
dumpsite leachate. Another groundwater convergence zone exists at about lKm SW of
Karoffi. which is about 4Km NWofthe dumpsite. This indicates that groundwaterflow system
from the dumpsite does not extend beyond 4Km NW of the dumpsite. The rapid change in
static water table elevation, east of Sabon Lavi (around Ll3) and around south of Karoffi
(around Li6) implies poor hydraulic con<iu-lrivity, Iow permeability and aansmissivity of
regolith (combined topsoil and weathered layers) in these places. Apart from the vicinities of
Ll3 and L6, static waterrable elevation changes slowly.

Applicatiofl ofGeosciences Techniques for th€ Assessment of Dumpsite Leachates and Crourldwater
Pollution i Regolith Aquifers
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The resistivity sounding data revealed that H-type geo-erectricar resistivity curve dominantry
characterise the study area (Fig.3). This indicates three geo-electric rayers: top soir, weathered
basement and fresh basement-The top soil is very thin (0.g-lm) at the dumpsite and its
immediate viciniry (Fig.4). The weathered basement is slightly thin (4.5-6.5m) around the
dumpsite (Fig-5).Moderate resistivity vatues ( I40-240om) and transverse unit resistance (T)
values (120-150 c)m') indicate high permeability and hydraulic conductivity within the top
soil at the dumpsite (Figs.6 and 7 respectively).Figure g reveals that the weathered basement s
T value is moderate to high ( r 50-350 om'z) within the dumpsite vicinity. The T varue is very
high (750-1250 om') in the sourhem areas and high in the centrar portions (350-550 em,j.
The weathered basement's s varue (Fig.9) is row (0.06-0.19e) at the dumpsite, and moderate
(0.19-0.294) in the cenrralportion and the on the SWofthe dumpsite.
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- -Fig. 2: Stetic water table elevation Contour map of Angwan_Nepa dumpsite and its
enYlrons
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Fig.3: Representative H-type curve forAgwan-Nepa
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Fig.4: Topsoil thickness map
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Fig.5: Weathered basement thickness map
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Applicstio! ofGeosciences Techniques for the Assessment of Dumpsite Leachates rnd Groundwater
Pollution in R€golith Aquifers
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Fig.6: Topsoil's isoresistivity map Fig.7: Topsoil's T map
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The pattern ofr and S values. as well as slowly changing static water table elevation, indicates
widespread high permeability and hydraulic conductivity in the area. weathered basement
isoresistivity map(Fig.l0) reveals lowest resistivity values (10- l5 clm) on eastofsabon Layi. j'
This reflects high clay content already indicated by rapid changes in water table elevation in
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the area. The map also reveals very low resistivity values (35-45C!m) at the dumpsite. This

suggests the presence of a contaminant plume associated with groundwater at the dumpsite.

Slightly acidic rain water falling upon the miscellarieous waste at the dumpsite possesses

capacity to dissolve some portion ofthe metal components in the waste. The dissolved metals

would travel in percolating solution through the thin soil interval into the weathered basemen!

*here it is intercepted by groundwater within the.regolith, and then gradually build up a

contaminant plume.
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Fig.10: Weathered basement's isoresistivity map

Heavy melal concentration and its spatial distribution

Concentration ofeach heavy metal in the filtrate from dumpsite's soil sample colloid (L0) and

water samplds from the hand-dug wells is given in Tables 2 and 3. Mean concentration ofAs,

Ba, Cd, Cr and Cu is respectively 0.29,0.32,0.27,0.41and2.22mg|\.Their respective range is

0.05 - 0.8, 0.02 - 0.?, 0.05 - 0.66, 0.17 - 0.75 and 0.1 - 5.4 mg/I. Fe' Mn, Ni, Pb and Zn have

respective average concentrations of 1.25, 0.76, 0.81, 0.34, and 2.63 mgll. Their respective

concentration range is 0.3 -6.9, 0.05 - 1.65, 0.21 - 0.18, 0.01 - I .04 and 0.5 - 5 '7 mg/I. The

graphical illustration of each of the metal's mean concentraiion in comparison with WHO

(201 I ) prescribed standard for potable water is given in Fig. I L The mean concentration of
each of these metals (with the exception of Zn) exceeds the maximum limit prescribe& by
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Table 2: Concentration ofeach heary metal in filtrate from dumpsite soil's colloid (L0)
and watersamples from hand-dug wells (t,1-Lf 0)

Samplc
No. As Ba Cd

Parrftcter (mg/l)

Cr Cu Fe Mn Ni Pb Ztr
3.0

0.12

0.12

0.80

0.18

0.25

0.

0.10
0.05

0.12

0.23

5.8
0.02

0.0't

0.09

0.4

0.3

0.3
0.2
0.2
0.2

0.3

0.7
0.40

0.20

0.t 6

0.51

0.19

0.18
0.25
0.17
0.51

0.38

3.0
0.36

0.26

0.22

0.31

0.33

0.34
0.34
ii. _i4

0.17

0.35

8.0

L',70

4.90

2.80

r.53

1.03

4.30
2.',t6

1.24

5.41

1.72

t0
Ll
0.6

0.4

0.9

0.5

0.'l
0.4
0.9
0.3

0.6

5.5
0.40

0.20

0.20

0.50

0.60

0.20
0.07

0.09

r.4l
0.12

3.0
1.38

0.4'l
0.38

1.08

0.39

0.43
0.58
r.50
0.43

0.56

4.0
0.14

0.88

0.78

0.1l

0.75

0.76
0.'12

0.82

0.56

1.04

I
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Table 3: Heary metals' concentration in r*'ater samples fmm hand-dug wells (Ll1-I20),
heavy metals' concentration range and mean concentration

SrEp&
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Patriral.r {!r91)
Cu r.cd 1t.
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WHO (201 I ) for potable water. This is because higher concentration ofzinc i5 required by the

human body for metabolic functions. This is the reason why medical practitioners commonly
. prescribe zinc to be taken as a dietary supplernent to bodl metabol ic patients.

U)
LI
L2
L3
L4
L5
L6
L7
L8
L9
Lt0

JO

3.14

1.30

3.25

5.61

1.89

1.55

2.38
2.t2.
2.10

2.4!^

:{r ?b !r
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Fig.ll: Each heary metal's mean concetrtration vis-jr-vis WHO prescribed limit for
potablewater

The concentration ofAs in all the samples is greater 0.01mg/1. The highest concentration ofAs
occurs at the dumpsite, from where the concentration begins an approximately radial outward
decrease (Fig.l2). The lowest concentration ofAs exiss within the zone where groundwater
flowconverges, atapproximately lKm south-westwards ofthedumpsite.
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Fig. 12: Ionic concentration map for arsenic within Angwan-Nepa dumpsite anq its
vicinity
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I
Spatial distribution of Cd concentration (Fig l3) follows the concentratHowever, a reversal occurs at about 0.5Km.south ofthe dum

ron pattem of As.

where a concentratio n syncline (or depressior) exists. The con

psrte (on the NE ofSabon Layi)

I geo-accumulation effect produced when regolith parti
centration syncline is aprobable

their surface, ln response to decreasing re

cles adsorb Cd ions from solution onto

Solubil Ity and concentration of Cd

golith perm eabiliry and hydraulic conductivity
rons rncreased again southerly towards L3 due tormprovement in regolith permeability along this direction.
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Fig' 13: concentration mepforcadmium within Angwan-Nepa dumpsileand itsvicinity
concenrration of Cr ions in a, the water sampres is higher than the 0.05 mglr hearthy limitadvised by wHo (201 l ). concentration of Cr ilns dec..l... ,n ir**o *diar pattern from itsplume at the dumpsite (Fig.l4), in simitarity with c;. i;;;;;r"" ormafic and ultramaficrocks in the area indicates that the high concentration orc. ir.l. ,*rurtabre to the dumpsiteleachate' and thus anthrooosenic' The concentrat;o, or Ni exceeos the permissibre limit of
l^l'^Yll all,the sampreslHighest Ni concentration .**. 

", 
*" dumpsite and then theconcentration decreases ouhvard (Fig.l5). C"r..";;;;;;io, a* o, *or* Kokona islikely due to increased concent

m inerar s with in r;;; ;",;;' l":' 
.1.1T 

:.i ?:il, ff iX? :ff .#.;, 
ff n i[ll:concentration of pb exceeds the WHO (201 l) prescribed i;ri ., O.O, ,gf in all the water

lTlli];l[1..'"oncentration 
plum" o."u..ingrt th. dr,,rl,,. 

"ro 
o**asing outward from
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Fig. 14: Concentration map forchromium
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Fig, l5: Concentration map fornickel
within Angwan-Nepa dumpsite and its
vicinity
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Application ofGeoscicnces Techniques fer theAss€sxment of Dum psite Leachstes and Groundwater
Pollution in Regolith Aguilers

the WHO (201 l) prescribed limit of 0.4nrg{ in all th€ water
samples t dumpsire. and then decreases south-westward and southward as aresult of di with pri;:rrnr--q i"" ,:ioli/ fF'ie,. l 7). The reversal in concentration
trend on Kokona is probabl_\, due to the presence of magnetite in relictnl weathered schist in thisarea.
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Fig. l7: Concentration map for manganese
vicinity

u.ithin Angwan-Nepa dumpsite and its

Spatial concentration map forCu (Fig- i 8), Fe (i'ig. 19). zn (Fig.20) and Ba (Fig.2l)arl reveal aconcentration plume at the dumpsite- and a radial outward concentration decrease dueconcentration attenuation re Iated to d i lution in d ir.ect ion ofgroundwater flow.
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Fig. l8: Concentratiou map for copper rrilliin Angx.sn_Nepa and itsvicinity

T

T

7

f,
ll

I
I

i

)

I
,

E

-.i

I
tLfr



I
ter

r
ct

Unuevho et al (20;6).
Voi: 16l - 180

't

a.d930- 1'x
7'Sl'20.6".

-I. 
,-:- r:r ., !5} ta ! .r.,

Fig. l9: Concentration map fol iron wittriri,4rrgwal_Nepa dumpsite and its vicinit
t sr'20.6-\

I
I ,'

4.49 30.1-)i 7051'20.6'E

rsI.,*-
7's.s't5t

t-
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Fig.2l: Concentration map forbarium inAngwan_Nepa dumpsite &nd its vicinity

The computed contamination factor (cF). and porution load index (pLI) for sampres
L0-Ll0 and Lll - L20 are given in Table 3. The mean concentration for each ofthe heary
metals in all the water sampres and their average concentration in worrd rock (employed in the
computations) are given in Table 4.

,

The CF forAs reflects mild contamination level from As at the dumpsite (L0). The CF for Cd
and cu shows md and very high contaminarion revers respectively at the dumpsite. The pLI
value is less than 1.00 in the area and this implies that the overal contamination atkibutabre to
the aggregate effects ofthe heary metars is negligibre in the area.The computed metal pollution
index (MPI) value for the area is given in Tabre 5. The MpI value is rower than 1.00(approximately 0.6) and this indicates that the study area is yet to suffer anthropogenic
pollution from heavy metars. though some contanrination has occurred, especia y at the
dumpsite.l.-value for each cftEe metars is gi'en in Tabre 6. It revears mird accumuration ofAs
at the dumpsite. Italso reyeals secaccumuiation ofCd at the dumpsite and at Ll0, rrr,rrr, r'
and L 14.
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Table 3: Computed CF ard PLIof hear,1, metals in Angwan-Nepa dumpsite and its
elvirons

Srmplc
No. As

PLI

Ba Cd Cr Ctl Fe M4 Ni Pb Zn

1.61

0.06

0.06

0.40

0.18

0.10

0.06

0.05

0.03

0.06

0.l-1

0.05

0.06

0.29

0.21

0.2t

0.t2

0.18

0.28

0.44

0.33

0.00 t4

0.00005

0.00009

0.0002 t

0.00094

0.0007 r

0.0ft71

0.0004?

0.0004?

0.00017

0.0007r

0.0007r

0.0004?

0.00014

0.00071

0.00009

0.00009

0.00009

0.00012

0.0001?

0.0012

3.i0

2

I

0.80

4.15

0.90

1.25

0.85

:.6C

i.05

t.3

i.85

2.95

0.25

0.2J

0.25

1.65

0.9

8.00

0 031

0.089

0.050

0.028

0.019

0.078

0.050

0.022

0.098

0.031

0.035

0.04?

0.023

0.M2

0.015

0.013

0.00i

o.&r

o.&s

0.019

0 0002

0.00002

0.0000r

0,00001

0.00002

0.00001

0.00001

0.00001

0.00002

0.00001

0.00001

0.000010

1.000392

0.00006r

0.000t 38

0.000002

0.000002

0.000002

0.000002

0.000002

0.000019

0.0058

0.000042

0.00021

0.00022

0.00052

0.00063

0.00021

0.000073

0.000095

0.0012

0.00012

0.0032

0.00053

0.mr7

0.00061

0.0010

0.00021

0.00084

0.000053

0.00054

0.0014

0.04

0.018

0.006

0.005

0.003

0.005

0.m6

0.008

0.02

0.m6

0.008

0.0066

0.0017

0.0091

0.0r6

0.011

0.0093

0.0073

0.024

0.0028

0.012

0.21

0.0

0.068

0.06

0.0085

0.058

0.058

0.055

0.063

0.043

0.08

0.m76

0.0t 7

0.065

0.065

0.m76

0.0023

0.00077

0.0076

0.m76

0.057

0.43

0.05

0.02

0.05

0.08

0.01

0.03

0.03

0.03

0.03

0.04

0.052

o0si
0.052

0.030

0.007

o.dro

0.016

0.047

0.033

0.072I
T Tgble 4: Mean concentrations of HearT metals in water samples and their World rock

surfaceAverage from Manson (1966)

DE snr|a (r'e l) nB|CdCrCtF. lI! :\i ?b 2r
XaalCc. (0?l)

$'orLt idxr 8o.l .{'n. (rnE }

o:9

1.8

032

llJ

0.€l

lco

I5
500000

0.;6

9t0

0rl ?,:; laI
?51rB

T

I

LO

LI

L3

L4

L5

L6

L'l

L8

L9

Lt0
Lll
Lt2

Ll3

Lt4

Ll5

Ll6

Ll7

Ll8

Ll9

L20

0.10

0.004

0.003

0.002

0.003

0.m3

0.003

0,003

0.004

0.002

0.004

0.0039

0.0075

0.0032

0.0044

0.0075

0.0062

0.0012

0.0023

0.0052

0.0034

0.098

0.004

0.006

0.007

0.m8

0.006

0.m6

0.006

0.0t5

0.m8

0.m7

0.0073

0.0230

0.0U0

0.0t42

0.0038

0.0030

0.0026

0.m28

0.m58

0.0099
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Table5: Calculated MPI lbr the studv area

'I\{etals refaverage
concentratio r

As
Ba
Cd
Cr
Cu
Fe
Mn
Ni
Pb
Zn

0.29
432
0.27
0.41
2.22
I .25
0.76
0.8 r
7 .27
2.63

0.01
o.7

0.003
0.05

I
0.3
0.2

o.o2
0.01

3

0.0029
o.224

0.0008 i
0.021
2.22

o.37 5
o.152
0.016
o.o73
0.89

I 3.97
0.598lo x

Table6: Computed I.." forthe heary meta:i in the stud I' area

lgeo

Cd Cr Cu Ii- Mn Ni Pb 7.n

iul,

II

i

:I

I

rh

th

r(r

,{i
dt,
lr
fl

LO

LI
L2

L3

L4

L5

L6

L'7

L8

L9

Llc
Llt
Lrz
Ll3
Ll4
Lt5
Ll6
Lt'l
Ll8
Lt9

- 8.38

8.70

- 9.20

- 9.38

- 8.90

- 8.83

-8;16
.8.76

- 8.70

- 9.83

- 8.76

- 8.59

- 7.64

- 8.90

- 8.43

- 7.64

- 1.93

-'t.7a

- 9.38

E.la
.8 -6

- 3.38

-5.7'1

- 4.08

- 4.91

- 5.71

- 6.38

- 4.2'/

- 492

- 6.06

- 3.92

- 5.57

- 5.U
-5.01

- 6.06

- 4.61

- 6.i0

- 6.88

- 8.70

.9.',i{l

- 12.91

.19.35

- 20.25

- 11.40

- 16.35

" ti.2t
- t6;1t
- l?.53

- 16.35

- I'1.93

- 16.93

- 17.14

- t5.23

- t4.51

- 13.41

- 16.23

. 16.23

. t6.23

- 16.23

- r.
- 5.06

- 6.38

- 5.0r

- 4.2t

- 5.80

- 6.06

- 5.44

- 5.64

- 5.64

.5.44

- 4.84

4.2t
- 4.84

- 5.57

- 7.70

- 5.88

- 6.74

-5.01

- 5.51

606

I
T

Reference value
Ref

I

t

I

0.15

- 4.51

- 4.51

- t;16

.3.92

- 3.13

- 4.64

- 4;16

- 5.72

- 4.51

- 3.56

- 4.51

- 4.51

- l-'16

- 3.92

-3.44

- 4.64

- 4-',]6

- 9.04

- .< t{.

- 10. t0
- I1.06

- .66

10.06

- I l.oti

10.63

- 1i-05

- I1.66

- 11.66

- l1.66

- 11.06

- I t.06

- t 1.66

- t0.06

- . 06

- t0.63

- 10.63

- 10.63

- 10.32

1.21

0.4r

- 0.60

- 0.92

0.77

- 0.67

- 0.'74

- 4.92

. 0.84

- 0.77

0.34

- 0.5,

1.,4

0.30

I

-2.56
- 2.56

-2.56
.2.56

-i:6
? 1t

- 8.00

- I5.61

- 12.80

. 12.80

- .48

- 11.22

-12.80

- t4.32

- t3.94

-r 0.t0

- t3.54

- 8.83

- I1,44

- 9.7t

- I l.l8
- 10.68

-12.61

- 10.80

-i4.8,0

- 5.21

- 6.38

-'1.90

- 8.20

- 6.70

- 8.16

-8.04

- 7.59

- 6.2'.1

- 8.38

-'t.61

- 7.83

- 6.51

- 7.38

-6.&
- 7.14

- 7.33

-'7.70

- 5.91

. ? :l

- 2.29

-'1-14

- 4.1't

- 4.61

- 7.48

- 4-72

- 4.68

- 4;t6

- 4.5'1

- 5.11

- 4.24

-'1.62

- 6.51

- 4.47

- 4.41

-'1.61

- 6.06

- 10.94

- i0.94

:-:

i8



T

I

I
I

Unuevho et al (20t6). Nigerian Journal ofHydrological Scienccs Vol: 16l - lg0

Conclusion
A groundwater divide that trends NNW-sSE was established in the northern vicinity of
Agw'an-Nepa dumpsite fr:r :t:ti,: -,'.:',: r. tt;l; cievatic; ieia. The data revealed that
groundwater flows north-northeast wards in the northem sector of the divide, and south-
southwest wards on its southern region. The data also revealed a groundwater convergence
zone within 2.5 Kfii SW and another convergence zone within 4 Kn NW of the dumpsite.
Hydro-geochemical data indicated that the ground*ater flowing south-southwest wards ofthe
divide contains dissolvedAs, cd, Cr, Mn, Ni and pb in toxic level concentrations on the wHo
standard for potable water. Dilution at the groundwater convergence zones keeps the
concentration of the dissolved metars within the wHo prescribed concentration range for
potable water. The groundwater divide protects groundwater on its northem portion from the
dumpsite leachates, and this keeps the groundwater there potable. contamination indices data
established moderate to very high lever contamination of cd, and Cu, and moderate lever
contamination ofAs atthe dumpsite.
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