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Abstract

Groundwater in regolith ac
was assessed for contam
conducted by mapping elevaii
concentrations of heavy

waler samples obiaine
vicinity. (,anffm na
pollution load (FL

able, g:'fa_e‘s'ecmc ‘soundmg, determmmg
crealed using the dumpsite soil colloid, and in
nanuatly into the regolith within the dumpsite
contamination facior (CF), index of
) ), and in'i’f’x of geo-accumulation (I, J:
Groundwater convergence z« re revealed at 2.5Km SW and 4Km NW of the dumpsite.
Topsoil at the dumpsite Jjound to be thin (0. 8-! m) and characterised with
moderateresistivity (140-240Ckm) and transverse unit resistance (120-150 Qnr’). These values
indicate high permeability and hydraulic conductivity within the z‘opsozi Low resistivity (35-
45 Qm) characterised the regolith at the dumpsite, ind licaiing the presence of a contaminant
plume. Surface runoff from rainfall dissolved some metal cor nponents of the dumpsite waste.
Part of the dissolved meials inf Era ed the regolith, and built up a contaminant plume.
Concentrations of arsenic, chromium, manganese, nickel and lead is higher than 0.7 mg/l in
water samples obtained from the rpgolzrh wells. This concentration value exceeds World
Health Organisation presc 1 "s; il for potable water. Values of CF indicate moderate level
contamination from arsenic and noderate to very high contamination level from cadmium and
copper at the dumpsite. Less than 0.024 PLI value reveals that the area is free Jfrom heavy
metals aggregate effects. 4 pproximately 0.6 MPI value shows the dumpsite's vicinity is free
Jrom anthropogenic pollution attributable to heavy metals, in spite of some contamination at
the dumpsite. The spatial con f:t?"}f!(}‘l’ maps reveal a contamination plume at the dumpsite,
and a gradual aitenuation i; amination level outward from the dumpsite. The maps also
show that the concentratior ium, chromivum, arsenic and lead within the convergence is
lower than 5% of the concentration in jzifrate Jrom the dumpsiie's soil colloid. Water in the
groundwater convergernce z« i
Keywords: Regolith aquis tivity, Dumpsite, Groundwa&ter
convergence 7
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:chiniques for the Assessment of Duinpsite Leachates and Groundwater
Poliution in Regolith Aquifers

Introduction
Common diseases within th
kidney failure, li

“ such dumpsites include hypertension, skin cancer,

steomalacia, osteoporosis, deafiess and nenrological
diseases. stuch §iave been associated with ingestion of heavy metals Deming, 2002;
o o &

Adegoke et al., 2009; Ay
necessitates th

olabi et al., 2013; Singh ez al, 2015). It is this association that
e assessment of groundwater contamination that is connected with héavy metals
leached into the regolith aquifer in the environs of Agwa-Nepa dumpsite. Low electrical
resistivity values generaied from geo-electrical sounding are traditionally employed to
identify areas with unusually high amount of ions related to groundwater contaminant piumes
(MacFarlane e al,, 1983; Becker, 2002: Rosquiteral, 2003; Jegede et al., 2011; Carpenter and
Reddy, 2011; Omolayo and Tope, 2014).The issue with the approa
interval within the regolith could simulate similar |
interpretation. Pollution status is also sometimes qual
of ions obtained from che

ch is that highly clayey
ow resistivily values and misguide

itatively categorised using concentration
mical analysis of samules of groundwater (Adegoke ez al. 2009; Alile
etal., 2013; Ayolabi et al., 2013: Omolayo - ul., 2014). Such qualitative categories could be
subjective, blurred and do fail to quantitatively specify contamination extent. Besides this, few
published works exist on the use of numerical indices developed from geo-electric resistivity
measurements to ascertain iransportation direction of contaminant ions from dumpsites into
groundwater contained in regolith. This work deploys numerical indices such as CF, PLI, MPI,
and I, to evaluate ionic concentrations of heavy metals determined in groundwater by
Inductively Coupled Plasma- Mass Spectrometry (ICP-MS) method of chemical analysis.
Furthermore, the work strives to infer migration direction of contaminant ions from dumpsite

draulic conductivity criteria developed from geo-electrical

leachate into groundwater from hy
resistivity data.

Methodology

Agwan-Nepa dumpsite is located in Keffi. north-central Nigeria, within Latitudes 84900'N,
85300N and Longitudes 7 5100°E, 7 5500°E (Fig.T). The dumpsite is massive and many
inhabitants within its environs drink water fetched from hand-dug wells tapping its regolith
aquifer. :
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Fig.1: Location map of Agwan-Nepa dumpsite

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 of the top of each well's
concrete protection. obtained using a Geographic Positioning System(GPS) device. Soil
sample was taken from depth of 0.8m at the dumpsite because exposed geological sections in
the area revealed that the soil thickness is generally less than 1.0m. The sample was soaked in a
clean plastic bottle containing one litre of distilled 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 11 contouring software. Samples of
groundwater were taken from twenty wells dug manually into the regolith (locally called hand-
dug wells). These samples were labelled L1-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 (L1 to L20) and filtrate (L0) using ICP-MS method, at Acme Laboratory in Vancouver
BC, Canada. The laboratory 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 concerning human health. Maps illustrating the spatial variations of each heavy
metal's concentration were produced using Suffer 11. The method of Tijani et al.(2004), Sarala
etal.(2013), Singh er a/.(2013), and Onwuka ef al. (2014) was used to calculate CF. '
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In Equation 1, C, represents the measured concentration of each heavy metal in a sample, and
B, isthe average crustal abundance of the corresponding metal (obtained from Mason, 1966).
Calculation of PLI was carried out using the method of Sarala and Uma (2013), and Onwuka er

-~ al.(2014):
PLI=(CF,xCF,xCF,xCF,x... ... CF, ,xCF,)" (2)

In Equation 2, CF, represents each heavy metal's Contamination Factor in a sample while 'n’
represents the whole number of heavy metals utilised in the computation for each sample.

Saralaand Uma (2013) method was employ ' *.- calculate MPI:
10 X
MPI :LOgZ,,:I (-li:} 3)

~

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

Calculated of I ,, was made with the method of Sarala eral. (2013) and Onwukaeral. (2014):

= C.
lgeo L0g2 ___l SBﬁ (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 | was employed in categorising the groundwater contamination status: after
Hakanson, (1980); Saralaetal. (2013) and Singh ez al. (2014).
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Table 1: Contamination factor (Cf) and Geoaccumulation Index (Igeo) categorisation
CF/lgeo Category

<1 Neglible contamination factor
1-3 Mild contamination factor
3-6 Substantial contamination factor

>6 Very high contamination factor

Contamination is implied when PLI or MPI or Igeo is greater than 1, while values lower than 1
indicates a clean status (Sarala et al., 2013).Vertical Electrical Sounding (VES) was carried out
at twenty locations, using the Schiumberger field geometry in which maximum electrode
spacing (AB) was 100m. Such electrode spacing guarantees that the electrical current
generated from an external source (a battery) would investigate the entire regolith interval.
Values of apparent resistivity (p,) were calculated using Unuevhoetal. (2012)

—((AB)' - (MN)’ \z AV
N Jh 7 ©)

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 basement intervals, using the methods of Mailet (1974):

S= 3" 6)
T=X"hp )

The thickness and true resistivity value of each unit in a geoelectric section are represented
respectively by sand p,in Equations 6 and 7. Maps representing areal values of S, Tand true
resistivity p were created using Surfer 11 contouring software.Elevation data on static water
table was integrated with ionic concentration data for heavy metals, as well as S, T and
resistivity data. The integrated data was used to validate the presence of leachate contaminant
plume at the dumpsite, to decipher the plume movement direction, as well as to ascertain the
status of contamination of groundwater within the regolith.
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Results and Discussion
Flow pattern and its implication

Static water table elevation map (Fig.2) revealed a groundwater divide that trends NNW-SSE.
The divide terminates about 0.7Km SE of Karoffi. The groundwater flow direction is NNE and
SSW northwards and southwards of the divide respectively. The position of the dumpsite on
the SE of the divide, and the opposin g groundwater flow directions on either side of the divide
creates a geomorphologic setting that protects groundwater on the north of the 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 of the
dumpsite leachate. Another groundwater convergence zone exists at about 1Km SW of
Karoffi, which is about 4Km NW of the dum psite. This indicates that groundwater flow system
from the dumpsite does not extend beyond 4Km NW of the dumpsite. The rapid change in
static water table elevation, east of Sabon Layi (around L13) and around south of Karoffi
(around L16) implies poor hydraulic concuctivity, low permeability and transmissivity of
regolith (combined topsoil and weathered layers) in these places. Apart from the vicinities of
L13 and L6, static water table elevation changes siowly.

The resistivity sounding data revealed that H-type geo-electrical resistivity curve dominantly
characterise the study area (Fig.3). This indicates three geo-electric layers: top soil, weathered
basement and fresh basement.The top soil is very thin (0.8-1m) at the dumpsite and its
immediate vicinity (Fig.4). The weathered basement is slightly thin (4.5-6.5m) around the
dumpsite (Fig.5).Moderate resistivity values (140-240Qm) and transverse unit resistance (T)
values (120-150 Qm’) indicate high permeability and hydraulic conductivity within the top
soil at the dumpsite (Figs.6 and 7 respectively).Figure 8 reveals that the weathered basement's
T value is moderate to high (150-350 Qm’) within the dumpsite vicinity. The T value is very
high (750-1250 Qm’) in the southern areas and high in the central portions (350-550 Qm?’).
The weathered basement's S value (Fig.9) is low (0.06-0.19Q) at the dumpsite, and moderate
(0.19-0.29Q2) in the central portion and the on the SW of the dumpsite.
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Fig. 2: Static water table elevation Contour map of Angwan-Nepa dumpsite and its
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Fig.3: Representative H-type curve for Agwan-Nepa
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Fig.6: Topsoil's isoresistivity map
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Fig.8: Weathered basement's T map Fig.9: Weathered basement's S map

The pattern of T 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.10) reveals lowest resistivity values (10-15 2m) on east of Sabon Layi. 7 ‘
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 (35-45Qm) at the dumpsite. This
suggests the presence of a contaminant plume associated with groundwater at the dumpsite.
Slightly acidic rain water falling upon the miscellaneous waste at the dumpsite possesses
capacity to dissolve some portion of the metal components in the waste. The dissolved metals
would travel in percolating solution through the thin soil interval into the weathered basement,
where it is intercepted by groundwater within the regolith, and then gradually build up a
contaminant plume.

8°5120.6 N
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Fig.10: Weathered basement's isoresistivity map

Heavy metal concentration and its spatial distribution

Concentration of each heavy metal in the filtrate from dumpsite's soil sample colloid (L0) and
water samplés from the hand-dug wells is given in Tables 2 and 3. Mean concentration of As,
Ba, Cd, Crand Cu is respectively 0.29, 0.32, 0.27, 0.41and 2.22 mg/Il. Their respective range is
0.05-0.8,0.02—0.7,0.05-0.66,0.17—0.75 and 0.1 — 5.4 mg/l. Fe, Mn, Ni, Pband Zn have
respective average concentrations of 1.25, 0.76, 0.81, 0.34, and 2.63 mg/I. Their respective
concentration range is 0.3 -6.9, 0.05 - 1.65,0.21 - 0.18, 0.01 - 1.04 and 0.5 — 5.7 mg/l. The
graphical illustration of each of the metal's mean concentration in comparison with WHO
(2011) prescribed standard for potable water is given in Fig.11. The mean concentratlon of
each of these metals (with the exception of Zn) exceeds the maximum limit prescnbed by
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WHO (2011) for potable water. This is because higher concentration of zinc is required by the
human body for metabolic functions. This is the reason why medical practitioners commonly

- prescribe zinc to be take

nag
Has

a dietary supplement to body metabolic patients.

Table 2: Concentration of each heavy metal in filtrate from dumpsite soil's colloid (L0)
and water samples from hand-dug weils (L.1-1.10)

Sample Parameter (mg/l)

No. As Ba Cd er Cu Fe Mn Ni Pb Zn
Lo 3.0 58 0.7 3.0 8.0 10 5.5 3.0 4.0 30
L1 0.12 0.02 0.40 0.36 1.70 1.1 0.40 1.38 0.14 3.14
L2 0.12 0.04 0.20 0.26 450 0.6 0.20 0.47 0.88 1.30

=153 0.80 0.09 0.16 0.22 2.80 04 0.20 0.38 0.78 3.25

L4 0.18 0.4 0.5l 0.31 1.53 0.9 0.50 1.08 0.11 5.67
0.25 0.3 0.19 0.33 1.03 0.5 0.60 0.39 0.75 1.89
L6 0.11 03 0.18 0.34 4.30 0.7 0.20 0.43 0.76 1.55
ET 0.10 0.2 0.25 0.34 2.76 0.4 0.07 0.58 0.72 238
L8 0.05 0.2 0.17 U.26 1.24 0.9 0.09 1.50 082" -212
L9 0.12 0.2 0.51 0.17 5.41 0.3 1.41 0.43 056  2.10
L10 0.23 0.3 0.38 0.35 1.72 0.6 0.12 0.56 1.04 243~

Table 3: Heavy metals' concentration in water samples from hand-dug wells (L11-L20),
heavy metals' concentration range and mean concentration

Sample Parameter (mg 1)
No. As Ba Cd Cr Cu Fe AMn Ni Pb In
L 2.10 03 £ t3s 15 0.52 $.30 0.50 0.10 363
L G.12 2 & > 232 1.84 451 1.2¢ 0.22 83
L13 2 é 3" 32 124 33 1.8 0.48 .57 348
Lls 2 3 <3 3430 é9 .6l 1.17 C.58 216
L1s 3 < 5 (e5 1% id G488 0.80 0.10 .50
L1é = B 2 &0 ig .23 0.7¢ 0.30 1.50
% 32 LA e 20 id .30 0.55 0.1% 1.1¢
L1s B 03 g Gy ¢10 id 808 1.8¢ 0.1¢ 3.3¢
Llg 82 0.7 33 o5 S50 10 @351 0.21 0.10 2.30
L2¢ L& 0.51 184 034 108 o83 1.3° 0.62 0.74 1.5
Naam o G.32 Xe C4l 30 1.5 6.76 o.51 o34 B4
Range 0.03L8 0207 SL48 0.170.7% 0149 34 Co3-145 £21-18 010-104 0537
WHO 0.01 0.7 3 L153 2 - i4 02 0.0l 3
NS o.61 3 0003 08 43 02 0.02 0.0 3
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Fig.11: Each heavy metal's mean concentration vis-a-vis WHO prescribed limit for
potable water

The concentration of As in all the samples is greater 0.0 Img/I. The highest concentration of As
occurs at the dumpsite, from where the concentration begins an approximately radial outward
decrease (Fig.12). The lowest concentration of As exists within the zone where groundwater
flow converges, atapproximately 1Km south-westwards of the dumpsite.

8°4930.1'N

8°8120.6'N

7*5120.6 E

Fig. 12: Ionic concentration map for arsenic within Angwan-Nepa dumpsite and its
vicinity
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Spatial distribution of Cd concentration (Fig.13) follows the concentration pattern of As.

However, a reversal occurs at about 0.5Km south of the dumpsite (on the NE of Sabon Layi)
where a concentration syncline (or depression) exists. The concentration syncline is a probable
geo-accumulation effect produced when regolith particles adsorb Cd ions from solution onto
their surface, in response to decreasing regolith permeability and hydraulic conductivity.

Solubility and concentration of Cd ions increased again southerly towards L3 due to
improvement in regolith permeability aiong this direction.

RS oo N

B*49320.1°N |

TSRISE

Fig. 13: Concentration map for cadmium within Angwan-Nepa dumpsite and its vicinity

Concentration of Cr jons in all the wat
advised by WHO (201 1). Concentration
plume at the dumpsite (Fig.14), in simil

er samples is higher than the 0.05 mg/l healthy limit
of Cr ions decreases in outward radial pattern from its
arity with Cd. The absence of mafic and ultramafic

ng from probable presence of nickel sulphide
minerals within reljct veins in the weathered schist in the area. On the other hand, the

concentration of Pb exceeds the WHO (2011) prescribed limit of 0.0Img/l in all the water
samples, with the concentration plume occurrin g atthe dumpsite and decreasin g outward from
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Fig. 14: Concentration map for chromium

within Angwan-Nepa dumpsite and
its vicinity
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vicinity g

Fig.16: Concentration forlead within Angwan-Nepa dumpsite and its vicinity
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Concentmtlm} of Mn exceeds the WHO (2011 t) prescribed limit of 0.4mg/l in all the water
samples. Tt ﬁxghest at'the dumpszre and then decreases south-westward and southward as a
result of dxl'ution associated with gronndwater flow (F ig.17). The reversal in concentration

trend on ﬁxe SSE of Kofar Kokona is probably due to the presence of magnetite in relict
mineralised i\/ems within the weathered schist in this area.

B°S120.6'N

i

8°4930.1°N

7°5120.6'F

TSIISE

St
A e
< L3 tF ]

Fig. 17: Concentration map for manganese within Angwan-Nepa dumpsite and its
vicinity
Spatial concentration map for Cu (Fig.18),Fe(Fig. 19), Zn (Fig.20) and Ba (Fig.21)all reveal a
concentration plume at the dumpsite, and a radial outward concentration decrease due
concentration attenuation related to dilution in direction of groundwater flow.
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B*49'20.1°N

B*81720.6'N
7°51'20.6'E

L

Fig. 18: Concentration map for copperwitkin Angwan-Nepa and itsvicinity
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930N b
781 M6F

Fig.21: Concentration map for barium in Angwan-Nepa d umpsite and its vicinity

The computed contamination factor (CF) and pollution load index (PLI) for samples
LO-L10 and L11 - L20 are given in Table 3. The mean concentration for each of the heavy

metals in all the water samples and their average concentration in world rock (employed in the
computations) are given in Table 4.

The CF for As reflects mild contamination level from As at the dumpsite (L0). The CF for Cd
and Cu shows mild and very high contamination levels respectively at the dumpsite. The PLI
value is less than 1.00 in the area and this implies that the overall contamination attributable to
the aggregate effects of the heavy metals is negligible in the area. The computed metal pollution
index (MPI) value for the area is given in Table 5. The MPI value is lower than 1.00
(approximately 0.6) and this indicates that the study area is yet to suffer anthropogenic
pollution from heavy metals, though some contamination has occurred, especially at the
dumpsite.I_, value for each of the metals is given in Table 6. It reveals mild accumulation of As

at the dumpsite. It also reveals gecaccumulation of Cd at the dumpsite and at L10, Li2°E33; 9 :
and L14,

~J
(=3
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Table 3: Computed CF and PLiof heavy metals in Angwan-Nepa dumpsite and its

environs

Sampie CF PLI

No. As Ba Cd Cr Cy  Fe Mn Ni Pb Zn

Lo 167 00014 350 030 800 00002 0.0058 0.04 0.21 043  0.098
Ll 0.06 000005 2 0004 0031 000002 0000042 0018 - 0011 005 0.004
L2 0.06  0.00009 1 0.003  0.089 000001 000021 0006 0068 002 0.006
L3 040  0.0002f 080 0002 0050 000001 00002 0005 0.6 0.05  0.007
L4 0.18 000094 255 0003 0028 €00002 000052 0003  0.0085 008 0008
L5 0.10  0.00071 475 0003 0019 000000 000063 0005 0058 003 0006
L6 0.66 000071 050 0003 0078 000000  0.00021 0006 0058 003  0.006
L7 005 000047 125 0003 0050 000001 0000073 0.008 0055 003 0.006
L8 0.03  0.00047 085 0004 0022 000002  0.000095 0.02 0.063 003 0015
L9 006  0.00047 255 0002 0098 000001  0.0012 0.006 0043 003  0.008
L10 0.13 000071 160 0004 0031 000001 000012 0008  0.08 0.04  0.007
Ll 0.05 000071 105 00039 0035 0000010 0.0032 00066 0.0076 0052 0.0073
L12 0.06 000047 33 00075 0047 1000392 0.00053 00017 0017 0081 00230
L13 029 000014 185 00032 0023 0000064 00017 00091 0066 0052 00110
L14 021 000071 295 00044 0062 0000138 000064 00i6 0065 0030 0.0142
L15 021 000009 625 00075 00IS 0000002 00010 0011 00076 0.007 0.0038
L16 0.12 000009 025 00062 0013 0000002  0.00024 00093 00023 0026 00030
L17 0.18 000009 025 00072 0003 0000002 000084  0.0073  0.00077 0016 0.0026
L18 028 00001z 025 00023 0f01 0000002 0000053 0024 00076 0047 0.0028
L19 044 000017 165 00052 0889 0000002 000054 00028 00076 0033 0.0058
L20 033 00012 09 00034 0019 0000019 00014 0012 0057 0022 0009

Table 4: Mean concentrations of Heavy metals in water samples and their World rock
surface Average from Manson (1966)

Pacamster (o 1) As Ba €& Cr Cu Fe Ma N P In
Mean Cone (g 1) €28 032 G637 041 222 125 0% 081 127 183
World Sxface Rock 4ve. (me ) 1.8 428 0.2 160 33 5000006 850 73 13 0
— 3
77
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Table 5: Calculated Mlh’“i forthe study area

ssessment of Dumpsite Leachates and Groundwater
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‘Metals average Reference value x/ref
concentiaticns = Ref

As 0.29 0.01 0.0029
Ba 0.32 0.7 0.224

Cd 0.27 0.003 0.00081
Cr 0.41 0.05 0.021
Cu 2.22 1 2.22
Fe 1.25 0.3 =0.375
Mn 0.76 0.2 0.152
Ni 0.81 - 0.02 0.016
Pb 727 0.01 0.073
Zn 2.63 ) 3 0.89
p 3.97

0.598

Table 6: Computed I, for the heavy metzis in the study area

Igeo -
As Ba Cd Cr Cu Fe Mn Ni Pb Zn
Lo 0.15 -10.10 123  -838 -338 -129] -800 -521 -229 -1.81
L1 -4.51 -11.06 0.41 8.70 -5.77 -1935 -1561 -63%8 -1714 -5.06
L2 -4.51 -11.66 -060 -920 -408 -2025 -1280 -790 - -447 -6.38
L3 1.76 10.06 -0.92 -9.38 452  -1740 -1280 -820 -464 -5.01
L4 -3.92 - 11.06 7 -890 571 -1635 -1148 -6.70 - 748 -4.21
L5 343 10.63 0.67 -8.83 6.38 - 17.21 -1122 -816 -4.72 -5.80
L6 -4.64 - 11.06 0.74 -876 -427 -16.71 -12.80 -804 -4.68 - 6.06
L7 -4.76 - 11.66 492 <876 <492 1753 -1432  -T759 <476 -5.44
L8 572 -11.66 -0.84 -870 -6.06 -1635 -1394 -627 -457 -5.64
L9 -4.51 -11.66 -0.77 -983 -392 -17.93 -10.10  -838 -5.01 -5.64
L10 -3.56 - 11.06 034 -876 -557 -1693 -1354 -767 -424 -5.44
L11 =451 -11.06 -051 -859 -544 -17.14 -883 183 -762 -4.84
Li2 -4.51 -11.66 1.I4  -764 -501 -1523 -1144 -651 -6.51 -4.21
L13 -1.76 - 10.06 030 -890 -606 -14.51 <971 . -738 <447 -4.84
L14 -392 -11.06 I -843  -461 -1341 -1L18 -664 -447 -5.57
L15 -3.44 -1063 -256 -764 -670 -1623 -1068 -7.14 -761 -7.70
Lié -4.6 -10.63 -2.56 793 -683%8 -16.23 -1261 -733 -6.06 -5.88
Li7 -4.76 - 10.63 -2.56 7.70 -8.70 - 16.23 -10.80 -7.70 -1094 -6.74
L1§ 2.04 -1032 - -2.56 -93% 9.7¢ -16.23 -14.80  -597 -1094 -501
LI9 4.51 2,56 §.16 1623  -11.4% 212 -1084 -551
L £5 4 876 4 Afeas e = 6.06
/&
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Conclusion
A groundwater divide that trends NNW-SSE was established in the northern vicinity of
Agwan-Nepa dumpsite from static water table elevation data. The. data revealed that

groundwater flows north- northeast v&ards in the northern sector of the divide, and south-
southwest wards on its southern region. The data also revealed a groundwater convergence
zone within 2.5 Km SW and another convergence zone within 4 Km NW of the dumpsite.
Hydro-geochemical data indicated that the groundwater flowing south-southwest wards of the
divide contains dissolved As, 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 metals within the WHO prescribed concentration range for
potable water. The groundwater divide protects groundwater on its northern portion from the
dumpsite leachates, and this keeps the groundwater there potable. Contamination indices data
established moderate to very high level contamination of Cd, and Cu, and moderate level
contamination of As at the dumpsite.
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