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ABSTRACT

This study evaluates quality of 26 water and 2 soil samples around Abule Egba and Olushoshun landfill sites in
Lagos, Nigeria. This was enhanced through the determination of the major ions and their origin, suitability of well and
borehole water for drinking purpose and analysis of geotechnical properties of the underlying soil. Piper’s was used to
interpret water suitability for drinking. Results showed that Abule Egba is dominated by Ca-MgCl and CaHCO; while
Oloshoshun dumpsite is generally dominated by (Na+K)-HCO; with few samples as CaSO, suggesting incursion of saline
water into the fresh aquifer. The mean concentration of Fe*" at Oloshoshun measures above the permissible limits of WHO
standard for drinking water. Grain size analysis revealed that the soils are sandyclay with average hydraulic conductivity of
10 cm/s which makes them potential barrier material in modern landfills. Though quality of groundwater shows little

anthropogenic influence, pre-treatment due to dominance of Cl" and SO, is recommended.
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INTRODUCTION

It is pleasing to know that Lagos has good
groundwater potential which can be easily tapped at less
than 15m in some locations with confined aquifers of
artesian conditions being common in the coastal plain sand
of Lagos [1]. This is a sign of relief for the growing
population (about 15 million) of the largest city in Nigeria
which contains over 40% of Nigeria’s manufacturing
activities [2]. Water supply from Water Corporation is
inadequate, while it is completely unavailable in many
parts of the city. Consequently, boreholes and wells are
being largely exploited as higher percentage of residents
consumes groundwater for both domestic and industrial
purposes. Lagos, the most industrialized state in Nigeria,
produces enormous amount of wastes that decay and
pollute groundwater. An estimated 4 million tons of
municipal solid waste was generated in Lagos in 1995 [3].
The government seems to be concerned only with the
disposal of waste by simply accumulating it in places with
the aim of keeping the environment clean. Little or no
attention is paid to the effects of these wastes on the
environment particularly the cherished groundwater
resource. In Nigeria today, majority of the common
groundwater sources are polluted, resulting to serious
outbreak of diseases [4-5] and the event of modern landfill
construction, the quantity of waste to be managed needed
to be known and projected as a guide to designing final
waste disposal facilities and planning other solid waste
management processes [6]. The waste is generally
collected and dumped in so-called refuse dumpsites where
they are either burnt or left to decay. Because the waste
contains mixture of plastics and other synthetic fabrics,
toxic fume (dioxine) usually accompany the option of
burning. Fat and oil components may produce polycyclic
aromatic hydrocarbons [7]. These may be washed into the
soil by rain thereby contaminating the surface and
groundwater source.

Thorough examination of the chemical
characteristics of groundwater in residents around these so
called landfills is thus paramount.

GEOLOGY OF STUDY AREA

The city of Lagos lies in southwestern Nigeria, on
the Atlantic Coast in the Gulf of Guinea, within latitudes
6° 23N and 6° 41'N and longitudes 2° 42E and 3° 42E.
Abule-Egba dumpsite (Figure-1) lies within longitude 3°
17.94E and 3° 18.48'E and latitude 6 38.19'N and 6°
38.64'N while Olushoshun dumpsite (Figure-3) lies within
longitude 3° 22.32'E and 3° 23.1'E and latitude 6° 35.4'N
and 6° 36.0N (Figure-2). The two sites are easily
accessible through major state roads.

Geologically, the study areas fall within the
Dahomey basin. The sediment was accumulated during the
Cenozoic to Mesozoic. Depositional materials in the basin
vary in texture and in thickness from place to place for the
identified lithostratigraphic units. Abeokuta Formation is
the oldest sedimentary Formation overlying the basement
[8]. It consists of sandstones and grits towards the basal
conglomerates. It has good groundwater potential except
that the bituminous materials associated with the sand
could affect the groundwater quality [8]. Though there
may be associating low yield due to the presence of
Borehole failures could be due to the frequent occurrence
of clayey material which tends to seal the pores[9].

Ewekoro/Akinbo/Oshosun Formations consists of
a sequence of sandstone, shale, limestones and clays
overlying the older Abeokuta Formation. The formations
have poor groundwater potential because of the
argillaceous nature of the rocks. However, some thin
lenses of sand have been reported confined by the clays
and shales. Ilaro Formation overlies the
Ewekoro/Akinbo/Oshosun Formations which are together
regarded as Ewekoro group [8]. It consists of fine to
coarse sands alternating with shales and clays.
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Coastal Plain Sand is also referred to as the Benin
Formation [9] underlain by the Ilaro Formation. This
formation is a very important groundwater reservoir that
underlies more than half of the basins’ sedimentary area. It
consists of a sequence of predominant continental sand
and some lenses of shales and clays.

The Benin Formation gives copious yield of 45,
000 lits/hr in many areas [10]. The water table is generally
high and the water quality is good [10]. High groundwater
yield is common in Benin Formation throughout the basin.
Recent deposits overlying the Benin Formation comprises

the littoral, lagoonal and alluvia deposits which are
predominantly clayey sands. Due to limited thickness,
aquifers in this formation are easily contaminated by
saline water. However, these deposits have high yield
potential.

Most of the groundwater sources in Lagos which
fall within the Dahomey Basin tap water from the recent
deposits and the underlying coastal plain sand/Benin
Formation. Only very few boreholes tap water from the
Abeokuta Formation [10].
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EXPERIMENTAL

12 groundwater samples were taken from hand-
dug wells and boreholes around Abule-Egba waste site
and 14 groundwater samples taken around Olushosun
landfill at Oloshoshun (Figures 1 and 2). Static Water
Levels were determined for uncovered wells. The samples
taken at Abule-Egba were labelled Abu 1to Abu 12 and
those of Oloshoshun tagged Ojol to Ojo 14. Each of the
water samples were collected into 2% litre container for
the determination of physico-chemical parameters. Five
additional samples were retaken in separate 2'5 litre
containers at Abu 6 (Borehole very close to the dump),
Abu 12 (Open well), Ojo 1 (Covered deep well), Ojo 3
(Borehole few meters from dumps) and Ojo 6 (Open
shallow well) for microbial analysis. The transportation of
the samples from one place to another does not allow
agitation of the samples.

Samples were preserved at low temperature. This
was preferred to addition of chemicals because low
temperatures maintain the sample condition since the
addition of chemicals may cause interference or
contamination in the sample. Samples were stored at low
temperature and kept in the dark to prevent growth of
bacterial and algae. Air-bubble was minimized by filling
the sample bottles to the rim before closing during
sampling. The duration of storage was 10 days at
temperature of 3°C before laboratory analyses. The cations
(Mg*, Na', Ca*’, K', Fe*") were analyzed using the flame
photometry and atomic absorption photometry method
while calorimetric, gravimetric and titrimetric methods
were used for the determination of the anions (COs,
HCO5, SO,%, CI', NOy, PO42'). The microbial analysis for
five samples was also conducted for Escherichia Coliform
count in each sample.

Two soil samples were also taken at 1.5m depth,
each taken beneath both landfill sites. The soil samples
were subjected to geotechnical tests- grain size distribution
test, Atterberg limits tests, hydraulic conductivity tests and
specific gravity test were carried out on the two soil
samples.

RESULTS AND DISCUSSIONS

Physical properties of water samples

Results of the analysis of water samples around
Abule-Egba landfill is presented in Table-1 while that of
Olushosun landfill is presented in Table-2. In Abule-Egba,
only three samples- Abu 6, Abu 7 and Abu 12 have pt/co
units Raw of 114, 127 and 28, respectively. These are
indications that Abu 6 and Abu 7 water are highly
colorized while Abu 12 is slightly colorized. In
Oloshoshun, only Ojo 6 and Ojo 7 are colourless. All other
samples are coloured with values ranging from 3 pt/co
units Raw to 439 pt/co units Raw. These waters have light
brownish coloration due to the presence of Fe as natural
impurities. Occurrence of Fe is common in wells at
Oloshoshun except in very deep wells probably due to
natural filtration.

The mean turbidity value at Abule-Egba is 3.7
while that of Oloshoshun is 21.5 FTU. Turbidity should
not be more than 1 FTU and preferably much lower. This
indicates that groundwater system near the landfill at
Oloshoshun is usually turbid. Electrical conductivity (EC)
ranges from 50 ps/cm at two locations to 890 ps/cm at
Abu 12. In Oloshoshun, it ranges from 20 at two locations
to 1450 ps/cm at Ojo 3. The mean TDS at Abule-Egba is
95.8 and 196.4mg/1 at Oloshoshun. Electrical conductivity
is an indication of the Total Dissolved Solid (TDS) in
water. In drinking water, dissolved solids may cause taste
problems. Hardness or aesthetic problems may also
accompany excessive TDS concentration. The palatability
of water with a TDS level of less than about 600 mg/l is
generally considered to be good; drinking-water becomes
significantly and increasingly unpalatable at TDS levels
greater than about 1000 mg/1[11].

The mean p" value in Abule-Egba is 5.36 and
that of Oloshoshun is 6.06. This is an indication of
corrosiveness of underground water in these areas
especially at Abule-Egba where Abu 3, Abu 6, Abu 8 and
Abu 10 have p" values of less than 5. The optimum p"
required is usually in the range 6.5-8.5. In general, water
with high p" (above 7) are less corrosive [12].
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Table-1. Physicochemical Analysis Result of Water Samples Around Abule-Egba Waste Disposal Site, Lagos.

S/N | Sample pH EC Col | Tb | TDS | TH TA Cl NO; | SO, | HCO; | PO, | COs Ca Mg Na K Fe
1 Abu 1 6.02 300 0 0 120 68 12 | 4730 | 9.78 14 14 0.03 - 12.00 | 5.71 12.35 5.00 0.10
2 | Abu2 | 5.06 | 240 0 0 | 100 | 78 | 10 | 3877 | 870 | 3 13 013 | - | 13.00 | 743 | 9.75 325 | 0.10
3 Abu 3 4.49 350 0 0 140 32 7 32.05 | 8.63 10 9 0.17 - 4.00 5.57 9.10 2.75 0.20
4 | Abu4 | 560 | 240 0 0 | 100 | 118 | 19 | 4091 | 945 | 14 | 24 | 007 | - | 23.00 | 743 | 13.00 | 9.00 | 0.10
5 Abu 5 5.84 220 0 0 90 64 20 | 4232 | 837 11 25 0.61 - 10.00 | 6.86 8.45 4.00 0.20
6 Abu 6 4.39 280 114 | 23 110 40 6 46.32 | 3.58 2 8 0.09 - 4.00 7.86 7.15 1.00 1.30
7 | Abu7 | 599 | 90 | 127 | 20 | 40 | 91 | 41 | 497 | 1.00 | 4 49 | 012 | - | 1850 | 585 | 3.90 | 030 | 170
8 Abu 8 4.58 80 0 0 30 22 7 1539 | 434 2 9 0.18 - 4.00 1.71 3.90 0.50 0.10
9 | Abu9 | 526 | 50 0 0 | 20 | 28 | 14 | 933 | 301 | 3 17 | 025 | - | 400 | 343 | 325 0.10 | 0.10
10 Abu 10 | 4.80 50 0 0 20 26 11 8.29 3.30 2 14 0.17 - 2.00 4.14 3.25 0.10 0.10
11 | Abull | 545 | 60 0 0 | 20 | 50 | 27 | 841 | 245 | 2 33 | 024 | - 800 | 514 | 260 | 0.10 | 0.10
12 | Abul2 | 688 | 890 | 28 | 4 | 360 | 123 | 152 | 66.99 | 1.00 | 28 | 186 | 043 | - | 1450 | 1657 | 63.75 | 62.50 | 0.30
TOTAL | 6436 | 2850 | 269 | 47 | 1150 | 740 | 326 | 361.1 | 63.61 | 95 401 2.49 - 117 77.7 | 140.45 88.8 4.4
MEAN | 536 | 2375|224 |39 | 958 | 61.7 | 272 | 301 | 53 |79 334 | 02 | - | 975 | 648 | 117 74 | 037
E/C-Electrical Conductivity(us/cm), Col-Colour (Pt/Co Units) Raw, Tb-Turbidity (FTU), TDS-Total Dissolved Solid
(mg/L), TH-Total Hardness (mg/L CaCOj3), TA-Total Alkalinity (mg/L CaCOs) (Methyl Orange)
Table-2. Physicochemical Analysis Result of Water Samples Around Olushosun Landfill, Oloshoshun, Lagos.

S/N | Sample pH E/C Col Th TDS TH TA Cl NO; | SO, | HCO; | PO, | COs Ca Mg Na K Fe
1 Ojol | 639 | 1300 | 72 15 | 530 | 120 | 217 | 77.18 | 1.00 | 102 | 265 | 0.05 - 16.65 | 1543 | 110.50 | 103.75 | 0.90
2 Ojo 2 6.61 820 16 4 330 214 234 72.08 1.00 49 295 0.03 - 40.00 15.43 81.25 86.25 | 0.30
3 Ojo3 | 677 | 1450 | 381 | 71 | 590 | 52 | 378 | 7517 | 1.00 | 37 | 441 | 021 - 5.50 9.57 | 123.50 | 138.45 | 2.00
4 Ojo 4 4.86 20 106 18 10 27 44 0.10 1.00 4 54 0.01 - 2.00 543 3.25 1.25 0.10
5 Ojo 5 5.39 80 67 11 30 17 24 9.84 3.45 12 29 0.01 - 1.00 3.71 3.90 0.75 0.40
6 Ojo 6 4.61 290 0 0 120 106 14 40.55 9.91 36 17 0.05 - 11.50 17.14 16.25 17.25 | 0.10
7 Ojo 7 4.46 500 0 0 200 112 14 55.13 | 1035 24 16 0.11 - 24.00 4.57 33.15 51.25 | 0.10
8 Ojo8 | 523 | 20 74 11 10 20 18 0.10 | 100 | 3 22 0.07 - 3.50 1.71 2.60 025 | 0.50
9 0jo 9 7.43 910 439 80 380 110 416 53.71 1.01 31 508 0.08 - 23.00 5.14 104.00 | 117.15 | 1.70
10 | Ojol0 | 674 | 960 | 48 9 390 | 94 | 373 | 72.08 | 1.00 | 36 | 303 | 0.03 - 18.00 | 343 | 6045 | 97.50 | 1.10
11 | Ojoll | 673 | 80 | 286 | 53 40 64 18 0.10 | 100 | 40 21 0.10 - 10.00 | 5.86 6.50 250 | 0.60
12 | Ojol12 | 631 | 90 3 1 40 62 17 0.10 | 109 | 42 20 0.11 - 11.00 | 5.14 3.90 250 | 0.10
13 | Ojol13 | 661 | 90 70 15 40 88 17 0.10 | 100 | 40 20 0.18 - 1120 | 6.57 3.79 225 | 030
14 Ojo 14 6.68 80 83 13 40 62 20 0.94 1.00 41 20 0.05 - 10.70 5.29 4.05 2.70 0.30

TOTAL | 84.82 | 6690 | 1645 | 301 | 2750 | 1148 | 1804 | 456.68 | 25.81 | 497 | 2031 | 1.09 188.05 | 104.42 | 557.09 | 623.8 | 8.4
MEAN 6.06 478 | 117.5 | 21.5 | 196.4 82 128.9 32.6 1.84 | 355 | 145.1 | 0.078 - 13.43 7.46 39.79 44.56 0.6

E/C-Electrical Conductivity(us/cm), Col-Colour (Pt/Co Units) Raw, Tb-Turbidity (FTU), TDS-Total Dissolved Solid
(mg/L), TH-Total Hardness (mg/L CaCOj3), TA-Total Alkalinity (mg/L CaCOs) (Methyl Orange)
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Table-3. Results of Microbial Analyses.

No. | Sample Location | Count (X/100ml) Growth
1 Abu 6 AEb;blZ_ 32 Escherichia coli isolated (Heavy)
5 Abu 12 Abule- 52 Escherichia coli isolated (Very
Egba heavy)
Ojo 1 Oloshoshun Escherichia coli isolated (Moderate)
4 Ojo 3 Oloshoshun 4 Escherichia coli isolated (Moderate)
Ojo 6 | Oloshoshun 35 Escherichia coli isolated (Heavy)

Chemical properties of water samples

All water samples in the study areas are soft with
the exception of Ojo 2 having hardness of 214mg/l. The
Total Hardness values for all other samples are less than
maximum allowable limit of 150mg/l - 200mg/l. The
permissible WHO standard for nitrate is 10mg/l with an
excess of 50mg/l and all the nitrate concentrations at both
Abule-Egba and Oloshoshun fall within this range with the
highest value of 9.78mg/l at Abu 1 and the lowest of
1.0mg/1 at both Abu 6 and Abu 12 at Abule-Egba and the
highest of 10.35mg/l at Ojo 7 and 1.0mg/l at most
locations at Oloshoshun. Nitrate concentration above
50mg/l can cause methaemoglobinaemia in bottle-fed
infants. High sulphate concentration in drinking-water
may cause gastrointestinal effects, noticeable taste and
may contribute to the corrosion of distribution systems.
The mean concentration of this anion is 7.9mg/l at Abule-
Egba and 35.5mg/l at Oloshoshun. This reveals that the
sulphate concentration of groundwater near landfills at
these locations is suitable for consumption. The mean
concentration of chloride in Abule-Egba is 30.1mg/l while
that of Oloshoshun is 32.6mg/l. Chloride levels in all the
samples comply with WHO standards.

No carbonate ion is found in all the locations
where waters were sampled in Abule-Egba and
Oloshoshun. However, bicarbonate ion ranges from 8 to
186mg/l with a mean concentration of 33.4mg/l. The range
is from 16 to 508mg/l at Oloshoshun with mean
concentration of 145.1mg/l. The bicarbonate ion
concentration thus, meets the WHO standard for drinking
water. Sodium ion concentration at Abule-Egba ranges
from 2.60 to 63.75mg/l. At Oloshoshun, concentration
ranges from 2.60 to 123.5mg/l. All samples contain
concentrations below the 200mg/1 excessive concentration
of the Nigeria Standard for Drinking Water Quality [19].
The sodium concentration in the study area may not have
any significant health effect. The concentrations of K' in
water from the study areas range from 0.1 to 62.50mg/l.
Ojo 7 has the lowest concentration of 0.25mg/l and Ojo 3
has 138mg/l which is the highest. Potassium is similar to
Sodium but tends to be less soluble. K ion is higher in
groundwater system of Oloshoshun than that of Abule-
Egba.

Results of chemical analyses of all the samples
revealed Calcium content very much lower than the WHO
excessive concentration of 200mg/l. The lowest Ca
concentration at Abule-Egba is 2.0 mg/1 and the highest is

23.0mg/l. The lowest concentration at Oloshoshun is
1.0mg/l and the highest is 40mg/l at Ojo 5 and Ojo 2,
respectively. The Piper plots of the samples revealed
CaCl, CaHCO,;, NaSO*, and CaHCO; water types
(Figures-3 and 4). This indicates heterogeneous sources of
pollutants.

Magnesium concentration ranges from 1.71 to
16.7mg/l in Abule Egba and 1.71 to 17.14mg/l in
Oloshoshun. This range is lower than the WHO
permissible concentration of between 50mg/l to 150mg/1.
The reactions involved in the dissolution of Mg from
carbonate minerals are similar to those of the solutions of
calcium, meaning that the solubility of MgCO; is also
controlled by the amount of carbon dioxide in ground
water. Mg occurs in lesser concentrations in groundwater
than calcium despite its high dissolution. This is true in the
study area.

Anaerobic groundwater may contain ferrous iron
at concentration up to several milligrams per litre without
discoloration or turbidity in the water when directly
pumped from a well [12]. On exposure to the atmosphere
however, the ferrous iron oxidizes to ferric iron, giving an
objectionable reddish-brown colour to the water. This is
the situation more conspicuous in Ojo 1, Ojo 3, Ojo 8 and
Ojo 9 with 0.9, 2, 0.5 and 1.7mg/l iron concentrations,
respectively where the water samples turn reddish-brown
on exposure. At levels above 0.3 mg/l, iron stains laundry
and plumbing fixtures. There is usually no noticeable taste
at iron concentrations below 0.3 mg/l, although turbidity
and colour may develop. Abu 6 and Abu 7 as well as many
locations at Oloshoshun contain iron at levels above
0.3mg/1.

Generally, the result of analysis of groundwater
quality around the study area appears to corroborate earlier
research [13 and 14]. They however, confirmed pollution
attributed to landfill operations by the decreasing
concentrations of some ions away from waste-dump site,
increasing nitrate concentration [15] while ascribing the
insignificant effects of leachate on the groundwater to the
attenuating power of the clayey formation underlying the
waste sites.

Microbial characteristics of water samples

The microbial analysis result for selected samples
at both sites is as presented (Table-3). E. coli is a type of
faecal coliform bacteria commonly found in the intestines
of animals and humans. Escherichia coli occur in high
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numbers in human and animal feaces, sewage and water
subject to recent feacal pollution. E.Coli can cause urinary
tract infections, bacteraemia, meningitis, diarrhea, acute
renal failure and haemolytic anaemia [16].

A total of five samples were analyzed for E. Coli
(Table 3). Ojo 1 and Ojo 3 which are covered deep
boreholes have moderate count. Abu 6 is a shallow
borehole at less than 20m away from the dumpsite with
E.Coli count of 32. Ojo 6 is a well having 35 count/100ml.
Abu 6 and Ojo 6 have heavy counts of E. coli. Abu 12 is
an uncovered well having a heavy count of 52/100ml. The
Nigerian Standard for Drinking Water Quality [17] puts
10/100ml as the maximum permitted limit of Total
Coliform Count in drinking water. Only Ojo 1 and Ojo 3
which are boreholes meet this requirement. Bacteriological
analysis of other samples revealed Total Coliform Count
ranging from 13 to 36 (Cfu/100ml) which confirms feacal
pollution. It is therefore obvious that shallow wells in the
vicinity of dumpsites are prone to feacal contamination
than deep wells.

Figure-3. Position of Abule egba water samples on
Piper’s plot.

Figure-4. Position of Oloshoshun water samples on
Piper’s plot.

Geotechnical properties of soil samples

Particle size distribution analysis conducted on
the soils revealed that both soils are sandy clay with 53%
of fines (clay + silt) and 47% of sand for Abule-Egba and
58% of fines, 39% of sand and 3% of gravel for
Oloshoshun (Figures-5 and 6). Both samples meet the

suggested percentage of fines for use as landfill lining
[18]. The largest grain size is 1.18mm for Abule-Egba and
3.35mm for Oloshoshun both of which are acceptable
compared to the suggested 30-50mm diameter [18].

Analysis results showed that Abule-Egba has 55,
23 and 32% while Oloshoshun has 48, 21 and 27% for the
values of LL, PL and IP, respectively. Ministry of the
Environment, Ontario, [19] sets values greater than 15%
as satisfactory for IP while [20] agrees that IP should not
be greater than 65%. The Plasticity Index of soils at both
Abule-Egba and Oloshoshun meet standards required for
clays to be used as landfill liner. IP of 32 and 27% mean
that both soils have low to intermediate plasticity.
Permeability value in the order of 1 X 10°cm/s without
compaction was obtained for samples from the two sites.
These values conform to the < 1 x 107 m/s standard
stipulated [20]. It is also believed that the hydraulic
conductivity of undisturbed sample or in-situ will be lower
if compacted. The specific gravity of 2.23 calculated for
both soils conforms to > 2.2 specified to be useable in
landfills [20].
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Figure-5. Grain size distribution curve of Oloshoshun
soil sample.
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Figure-6. Grain size distribution curve of Oloshoshun
soil sample.
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CONCLUSIONS

Quality of groundwater around Abule Egba and
Oloshoshun landfill sites was examined. The following
conclusions were drawn.

1. That the degree of pollution reduces away from
the landfills with shallow wells having noticeable
pollution compare to deep wells.

2. That Oloshoshun samples are more polluted with
respect to physical properties.

3. That three major water facies were identified at
the sites, namely: Ca-MgCl & Ca-HCO; for
Abule Egba and (Na+K)HCO; & CaSO, for
Oloshoshun  which indicates anthropogenic-
geologic interplay.

4. That most of the wells have coliform count in of
WHO permissible limit.

5. Based on the preliminary geotechnical
information, the underlying soils could be
improved and made suitable as barrier in a
modern sanitary landfill
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