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POTENTIAL GROUNDWATER CONTAMINATION WITH TOXIC METALS
IN AND AROUND A DUMPSITE AND LIMESTONE QUARRY IN SAGANMT
SOUTHWESTERN, NIGERIA.

ODUKOYA, AN LANIYAN. 1A AND FAVWIBES

Abstrect

This seudv evaluated contamination of groundwater with woxic melals in and around Oke diya dwmpsite and Limestone
quarry in Sagamu Sowthwestern Nigeria. The pH values for ike Groundwarer were acidic based on pH with a range of 3 3 1z
6.6 and a slight increase of the values along the groundwater flow direction which is geaerally towards the castern porl of
the siudy area. Velues of Total Dissolved Solids and Electrical Conductivity were benveen 57 to 1538mp/l and 85 (o
2366us/em respectively which classify the water in the studv area as fresh o slightly salire. Hr'gher values were observed in
the dumpsite area when compared with quarry site. The mejor and irace elemenis were deterniined using inductively coupivd
plasma optical emission spectrometry (ICP-OLS) analytical methed at Actlabs in Canada. Water samples arcund WAPCU
and Oke diya dumpsite areas showed a relative oabundance of Sr>fa>Zn>BizPb>S5i>Cu>Co>Mn>U— und—
Zn>Sr=Ba>Y» BixCe> Cu> W Ph>Ni=Si> Co» Mu> U respective v for trace »lements. The concentrations of trace elements
were within World Health Creganisation (WHG) standard excepr. v, Ba und *7 for leachate samiple onlv. The conceniraions
of Nitrate, Iron and Aluminium were higher than WHO standard. in most of e locarions with value as high as 483.76m
0.36mg/T and 14.3mg/l respectively in feachate. Mosr of the toxic metols decre-ied with disiance from the dumpsite especiidly
along the groundwater flow direction and this confirmed the possibility of Natra! attenvation jrocesses in the study area.
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INTRODUCTION

I e e T ki [

The disposal bf wastes and mining operation generated by
human activities within a municipality is generally an urban
problem. The waste disposal sites and landfilis that are
ncither properly designed nor constructsd consequently,
over the yesars become point source {or pollution of the
water units close to them. Apart ffom being a source of air,
soil, sediment and water pollution, chemical and biolegical
reaction inside a dumpsite may cause the generation of toxic
liquid that will leach from the dumpsite without liners, thus
polluting the surface and the groundwater. If the leachate is
reteased into the undertying aquifer, it forms a complex
contaminant plume that fundamentally alters the chemical
propertics of the aquifer (Bacdecker and Back 1979;
Nicholsen et al,, 1983; Lyngkilde and Christensen 1992;
Bjerg et al, 1995; Jankewski 1997; Jankowski and Acworth
1997; Ludvigsen et al. 1998; Cozzarelli <t al. 1999,
Jankowski and Beck, 2000; Christensen et al. 200]).

There is therefore the need to deposit waste in an engineered
landfill and operate mining activities with minimum
environmental and health risks and at optimum cest. For a
landfill to be secured there is need for the study of
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cngineering, g;eological‘ chemical charactenization 2l
evaluation of the soil within the site. These investipations
are a necessary part of the environmental impact assessment
which is obligatory for a Lecured landfill site.

LOCATION OF THE STUDY AREA

The two study areas are in Sagamu, South Western Nt
The study areas fall within the West African Pc ol
Cement  Company (WAPCQ)-Sagamu  and Ok .
dumpsite which are situated within the Eastern pos .f

Dahomey LEmbayment and lies within the Bwel
depression with Sagamu as part of type section. They
Jocated within Sotubo and Ebinpejo areas of Sagamu. Th
are located between Latitude 6§46 N - 650N and Longituc
333E- 3 39 E (Fig 1). Oke-diya dumpsite is ver
exlensive with a lopograshical height of about 48.3m with
reference to ground leve and situated to the North East of
old Jkorodu 1oad wvery close to West Alrica Portland
Cement, It covers an arca of approximately 184m® It Las
been in operation since 1496,
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Fig 1: Map of the Study Area

Geology of the Study Arca

The study arcas are underlain by the Ewekoro formation in
the Eastern Dahomey Basin which is predominantly highly
rich in fossiliferous limestones (Adegoke, 1969; Adegoke
and Omatsola 1981) The Formation consists of marl and its
arenaccous content increases towards the base and grades
into the underlying predominantly sandy Abecokuta .Group,
The formation is extensive and traceable over a distance of
about 32km continuously from Ghana castwards, towards
the eastern margin of Dahomey Basin, The thickness of the

" The exposed layer at the dumpsite showed fine to coarse,
reddish brown to grey sand grains of thickness 1.3m at the
topmost layer, It is subsequently followed by pinkish white
~ to yellow clay and ferruginised sandy clay of about 0.8m
and 5.2m respectively while grey shale is of varying
thickness (Fig 3).

Fommanen is about 30m at Ewekore quarry. The lithology
exposed at Sagamu quarry consists of limestone, shale and
fermugenised sandstodfe as topsoil. The borehole drilled
reyeal=d two principal formations, namely the shale, and the
underiving hmestone present throughout the area (Fig 2).
The shale which represents the bulk of the overburden
overlies the limestone with a slight unconformity indicativg
that it was deposited on an eroded limestone surface such
that it rested on a progressively younger and thicker
limestone succession,

NMethodology :

Water Samples from 10 preduction wells pcqetrating
shallow aquifers were collected around West - African
Portland Cement Company Sagamu plant and adother 10
samples which include one leachate were collected around
Oke-Diya dumpsite (Fig 4). Two set of waler samples were
collected at each location; one set for analyses of anions
while acidified water samples were used for the
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determination  of cations.  They were  collected  inte

. appropriate plastic containers for storage prior to analyses.

Total Dissolved solids (TDS) and pH were determined in-
situ (in the field) using portable WTW.-Conductivity

meter (model LE/95) and WTW-pH meter (model pH/G 1),
The analysis of trace elements and Cations were carried out
using  Inductively Coupled Plasma-optical Emission
Spectrometry (ICP-OES) while unacidified water samples
were analyzed for anions concentrations using the DIONEX
DX-17¢ lon Chromatography techniques, The analyses were
carrecd oul in Actlabs laboratery, Ontaria, Canada.

Discussion of Results

The summary of the concentrations of dissolved elements in
water samples around beth WAPCO und Oke diva
dumpsites in-Sagamuy, South wester Nigeria were givén
together with intermational standards (WHQ (2008) and
EPA (2004)) in Tables land 2, .pH vajues range from 3.3-
6.6 with mest of the samples acidic (g shightly acidic

The metals showed the follo‘,,-;ng trends
S§>Ba>Zn>Pb>Bi>Cu>Si>Co>Mn>U and Zn»Sr> Ba> Y2
Bi>Ce>Cu>W>Pb>Ni>Si>Co>Mn>U gy samples taken

‘around WAPCG and dumpsite respectively (Tablel). The

mean cpncentrations of trace elements for samples taken
arcund WAPCO and dumpsite were 43 4 and 158.8ppm for
Ba, 0.094 and 0.15ppm for Mn, 3.58 and 4.64 for Si,
1.76and 4.24 for Co, 10.8 and 15.2ppm- for Bi, 3.4and
11.8ppm for Cu, 7.4 and S.4ppm for Pb, 70 and 166ppm for
Sr, 15.6 and 229.4 for Zn and 0.047 and 0076 for U
respectively (Table 1, Fig 4). Y, Ni and Ce were only
detected in samples taken within the dumpsite with mean
values as high as 28ppm, 6.76ppm and I4ppm respectively,
Water samples from the dumpsite area show higher
concentrations for ell the elements when compared with
those from WAPCQ area except Ca?* (Figs 5 and 6).  The
variability of concentrations of these etals within the
groundwater suggests local anthropogenic input through
domestic, municipal and industrial wastes within the study
area,

Compared to WHQO, (2004) and EPA {2006) standards, Al
Fe, N, NO;, Pb, Ba and Ni concentrations were found (o be
in excess for samples within the dumpsite especially

{Ezeigbo, 1989} and werc above recommended standard
except one sariple. Concentrations of Tetal dissolved solid-
(TDS) were tow generally and [resh with mean values o
232.1 and 221 for dumpsite and WAFCO respectively anu.
fall withuin reconumended standard except for leachan
sameple which was slightly saline (Todd, 1990},
Coencenwrations of majer clements in the water systen
vow the Tollowing trends Na>Ca>Mg> Al K>5>FexP ani,
Lamtaznig>3oKeFe>AlRP for dumpsite and WAPCC
respecinely (Table 2. The higher concentration of Ca™™ i
waier samples around WAPCOQ is due to the presence o
limestone which is the main rock type in the area while the
higher concentration of Na'” in dumpsite area may be {ron
the decomposiiion of wastes. Majorglements concentration:
were within the himits of WHO {2004) and EPA (2000
standards for drinking water with the exception of Al Fe b
and NO; [or samples close to the dumpsiles tespectivel:
{Table 1).

lesohate samg'e with mezn values as high as 14.3, 0.0
109.2, 48376, =1, 158.8 and 22 revpectively. Concentration
of Al Fe, K, F. Mi, Y, Ce, W :nd § were below detectiv.,
lmits in most of the samples around WAPCO but showe
nigh concentration in samples within the dumpsie (Tables
and 2). The 1ol concentrations of the elements and (D
were compared at scveral sampling sites and there was .
slight overall trend of decrease in the concentration of trac:
elements along the groundwater Now for dumpsite sampic
and this may be due to the natural attenuation processe
ahile those zround WAPCO did not follow any potien
(Figs 7, 8, 9 and 10).
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Fig 3: Lithostratigraphic section of Sagamu { Oke Diya dumpsite) .

Table 11 Results Summary of Trace Elements in water samples for both sites
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Elements Range Mean Mean WAPCCO | Standard Dev. | EPA, YWHO, 200T
Dumypsite 2006
1 Ba 7-730 158.8 43.4 38.12 300 300
Mn 0.04-0.65 0.15 0.094 0.076 500 500
Si 1.8-5.1 4.64 3.58 1.17
Co 0.8-16 4.24 1.76 0.97
Bi 7-40 15.2 10.8 4.22 1
Cu 2-31 11.8 3.4 1.64 2000 4 | 2000
Pb 3-20 8.4 7.4 5.42 10 10
Sr 10-730 146 70 24.35
Zn 5-530 229.4 15.6 13.35 3000 3000
U 0.015-0.16 | 0.076 0.047 0.055 2 1 k
Ni BDL-22 6.76 0 8.6 i _j
Y BDL-148 T 0 62.61 (
Ce BDL-70 14 B 31.3 1
Lw BDL-30 10.6 0 11.15 J
Table 2; Results Summary of Major Elements in water samples for both sites
Elements Range Range wAPCO Mean Mean Standard WHO/EPA
Dumpsite Dumpsite WAPCO Dev. Standards
Al 0-143 ' | BDL-0.1 1.81 0.1 4.38 0.2
Ca 4.2-88.3 6.6-67.3 14.21 17.1 76.08 200
Te 0.02-0.36 BDL-0.57 0.106 0.15 0.103 0.3
¥ 0-1.7 BDL-1.4 0.98 1.3 0.48
Mg 1.8-52.1 1.8-1:4.3 8.5 5.93 15.75
Na 48-112 6.6-26,1 56.16 15.18 4.2 200
P 0.02-0.1 BDL-0.06 0.058 0.07 0.036
S 0-3 BDL-10 0.8 4.83 1.033
TDS 57-1538 102-445 L 232.1 229 459.08 1000
pH 3.3-6.6 4.3-6.6 4.59 5.23 0.645 6.5-8.5
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Fig 10: Spatial distribution ol TDS in surface and ground water of the study area.

Environmental Quality/Pollution Assessmenl

Quality status and level of trace melal contaminations [or
water samples in terms of Geoaccumulation index (Igeo),
contamination factor and contamination degree as explained
by (Mueller, (1979), Sahu and Bhosale, (1991). Singh et al
(1997), Sutherland (2000}, Manjunatha ct al (2001} and
Odukoya, (2007) using WHO (2006) standard as
background values showed that with the exception of Pb and
Fe for few samples from WAPCO and Pb; Ba, Fe and Nj in
the case of dumpsite samples which showed low
contamination in the water system, all other metals showed

Conclusions

Quality evaluation of groundwater from Sagamu,
Southwestern Nigeriz, was discussed as a case study of
anthropogenic influence of dumpsite and limestone quarry
in a typical urban environment of a developing country.
From this study, it is clearly evident that lack of wel
constructed  environmental  friendly landfills  apd
indiscriminate dumping of wastes to stream channels as wel]
as mining activities have considerable influences on the
heavy metal contaminations of groundwater in the study
area. The study revealed some degree of contamination for
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practicaily no contamination while the contamination degree
were 0.39 and .42 for water around WAPCO and dumpsirc
rescectively which fall within low degree of contamization
“at drz pwvoosiles.
1he zc¢urce of these metals may be attribuled to S
anzhrazogenic actvities from the various waktes at the ‘)

Jwwpeiter.and dumping of wastes/rubbish on the stteam
chanucls. The adsorbed portion of these metals will pollute
the water which serves as source of drinking water forsome
PeeTic.

Al Fe, N, NOj, Pb, Ba and Ni in the water samples around
Oke diva dumpsite compared to the WHO, 2004 and EPA,
2006 standards. Among the major elemeats, NO_ is the most

critical in the watet system as well as N and their presence
is related to anthropogenic sources mostly from different
wasles at the dumpsites which are domestic/municipal and
slightly industrial in origin. Metals like Ni, W, ¥ and Cc
were detected only from samples within the dumpsite and
their concentrations were below detection limit in WAPCO
samples. Generally, water samples around the dumpsite
showed higher concentrations of dissolved elements than 4

those around \VAPCQ. LWy
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