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GEOCHEMESTRY

An active dumpsite in Lagos south-western Nigeria was monitored to test natural attenuation efficiency 
in reducing contaminants by determining soil and groundwater biogeochemical and engineering proper-
ties within and around the site. From the Casagrande Plasticity Chart, the soil could be classified as clay 
or silt having intermediate to high plasticity; unsaturated zone thickness was 10-20m and permeability 
was low (1.96x10-5 to 41.8x10-5 m/s). Appropriate microorganisms, such as bacteria, viruses and fungi 
which are required for natural attenuation, were naturally present. Nutrients such as calcium, copper, 
magnesium, manganese, potassium, sodium and zinc, as well as electron donor (organic carbon) and 
electron acceptor (oxygen, nitrate, sulphate and iron), were also present in various amounts for effective 
natural attenuation. All the parameters analysed in water samples came within Environmental Protec-
tion Agency standards, except Fe, Na, Cl, NO3, Al, Ba, Ni, total bacteria and total fungi. Phenol and to-
tal viral count were not detected in the two boreholes studied, but they showed values as high as 10,000 
MPN/100ml and 230 CFU/100ml, respectively, in leachate. The concentration of contaminants in the 
soil was very high and inversely proportional to depth.

Un basurero activo en Lagos, al suroccidente de Nigeria, fue monitoreado para medir la eficiencia de 
atenuación natural en contaminantes por la determinación del suelo, las características biogeoquímicas 
de las aguas subterráneas y las propiedades de ingeniería adentro y afuera del vertedero de desechos. 
Según la escala de plasticidad de Casagrande, el suelo se podría clasificar como arcilloso o cienoso, con 
plasticidad de intermedia a alta; el espesor de la zona sin saturar fue de 10-20 m y la permeabilidad fue 
baja (1.96x10-5 to 41.8x10-5 m/s). Están presentes los microorganismos apropiados para la atenuación 
natural como las bacterias, virus y hongos. Nutrientes como el calcio, el cobre, magnesio, manganeso, 
potasio, sodio y zinc, al igual que donantes de electrones (carbón orgánico) y receptores de electrones 
(oxigeno, nitrato, sulfato e hierro) se encuentran presentes en diferentes cantidades para una efectiva ate-
nuación natural. Los parámetros analizados en las muestras de agua están dentro de los estándares de la 
Agencia de Protección Ambiental, excepto Fe, Na, Cl, NO3, Al, Ba, Ni, el total de las bacterias y el total 
de hongos. El fenol y el total viral no fueron detectados en los dos hoyos estudiados, pero estos mostraron 
valores de 10,000 MPN/100ml y 230 CFU/100ml en los lixiviados. La concentración de contaminantes 
en la tierra es muy alta e inversamente proporcional a la profundidad.
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ABSTRACT

RESUMEN

Introduction

Leachate production as a by-product of organic and inorganic de-
composition in landfills poses a serious threat if it becomes released to 
the environment (Kimmel and Braids, 1974; Baedecker and Back, 1979; 
Arneth et al., 1989; Jankowski, 1997). The waste disposal sites and lan-
dfills in the study area were neither properly designed nor constructed. 
After some years, a dumpsite undergoes biologically-, chemically-, geolo-

gically- and hydro-geologically-mediated changes, resulting in weathering; 
consequently, it becomes a source for any aquiferous units close to them 
becoming polluted (Altindag and Yigit, 2005; Adeniyi et al., 2008; Arien-
zo, 2005; Whang and Zhuo, 2005; Awofolu et al., 2005). Many studies of 
urban activity-derived heavy metal contamination have been undertaken 
for soils, plants, stream waters and stream sediments (Zvinowanda et al., 
2009; Kim et al., 1998; Abimbola and Odukoya, 2006; Odukoya and 
Abimbola, 2010).
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If a landfill is to be regarded as sustainable, there must be no residual 
risk of pollution for the environment 30 to 50 years after disposal has 
ceased. Contamination of groundwater by landfill leachate is particularly 
difficult to clean up and is often associated with high costs and insoluble 
technical problems. Similar situations, related to the anthropological im-
pact associated with rapid development in industrial and urban regions, 
have been reported in other parts of the world (Zhang et al., 1999; Thuy 
et al., 2000; Ansari et al., 2000; Kim et al., 1998; Wilcke et al., 1998 in 
Morton-Bermea et al., 2002).

This has led to research into in-situ bioremediation involving natu-
rally-occurring microorganisms which can degrade harmful groundwater 
contaminants; such approach is known as natural attenuation. The Envi-
ronmental Protection Agency (EPA) has defined natural attenuation as, “a 
variety of physical, chemical, or biological processes that, under favorable 
conditions, act without human intervention to reduce the mass, toxicity, 
mobility, volume, or concentration of contaminants in soil or ground-
water.” A variety of other terms have also been used to describe natural 
attenuation, including natural restoration, intrinsic remediation, intrin-
sic bioremediation, passive bioremediation, spontaneous bioremediation 
and bioattenuation (National Research Council, 1993; Wiedemeier et al., 
1996). Natural attenuation focuses on the destruction rather than transfer 
of contaminants (National Research Council, 1993); however, the use of 
natural attenuation (i.e. chlorinated solvents) to remediate is a growing 
area (Renner, 1998). Natural attenuation is potentially applicable for some 
inorganic compounds, including metals and non-metals. The natural at-
tenuation technique can also be applied to pesticides, but less effectively 
(Federal Remediation Technologies Roundtable, 1997). These natural pro-
cesses include biodegradation, dispersion, dilution, sorption, volatilisation, 
radioactive decay, and chemical or biological stabilisation, transformation 
or destruction of contaminants [EPA, 1997]. 

Certain site parameters and characteristics are significant regarding 
natural attenuation; these would include groundwater flow, geological 
conditions, the nature and extent of contamination, microbial population, 
presence of carbonate minerals, nutrient supply, electron donors and ac-
ceptors.

This research was aimed at determining the efficiency of natural at-
tenuation for certain leachate compounds associated with the Olusosun 
dumpsite and ascertaining whether this would reduce the environmental 
risks involved with groundwater to acceptable levels.

Methodology

Four surface soil samples were collected at depths ranging from 
0-20cm using a stainless-steel hand auger within the dumpsite to deter-
mine engineering properties, in accordance with British Standards (Anon, 
1990) which included moisture content, grain size distribution, porosi-
ty, permeability, plasticity and Atterberg limits. Another eight subsurfa-
ce samples (0.5g) were collected vertically at 2 m intervals (2-10 m) for 
geochemical and microbiological analysis within the dumpsite (Fig 4). 
Subsurface samples were stored in sample bags and later air-dried in the la-
boratory at room temperature for two weeks. The already air-dried samples 
were disaggregated in a porcelain mortal and later sieved through a 2.0mm 
polyethylene sieve to obtain a <60µm clay fraction for geochemical analy-
sis. The analysis took place at Actlabs, Ontario, Canada, using an Aqua 
regia digestion and Inductively-Coupled Plasma Mass Spectrophotometer 
(ICPMS) method for trace and major elements analysis in soil. 

The groundwater and leachate samples collected within the dumpsi-
te were also analysed for microbial population, nutrient supply, electron 
donors and acceptors, as well as other physical-chemical properties. Water 
samples of about 125 ml were collected for multi-element analysis and 
acidified on site with 3 ml analytical grade HNO3 to bring the water acid 
solution to pH~2. Trace elements and cations in water were analysed by 
using Inductively-Coupled Plasma-Optical Emission Spectrometry (ICP-

OES) while un-acidified water samples were analysed for anion concen-
trations using DIONEX DX-120 ion chromatography techniques. Water 
samples were also analysed for microorganisms such as virus, fungi, bacte-
ria and coliforms.

Results and Discussion

Engineering properties / geological condition

The geological barrier in the study area was studied to see whether 
it met the following conditions; (1) low permeability, (2) low (effective) 
porosity, (3) large thickness and (4) high natural retention capacity for 
hazardous substances. 

The Casagrande Plasticity Chart (Table 1) showed that the soils could 
be classified as clay or silts having intermediate to high plasticity or com-
pressibility (MI-MH) while a few samples were classified as sand having 
intermediate to high compressibility, especially those at the surface within 
a 1 m depth interval. A high percentage of clay content in the soil in the 
study area could have contributed considerably to the removal of pollution 
by acting as an effective medium through cation exchange. Unsaturated 
zone thickness was 10-20 m. Permeability tests showed low permeability, 
ranging from 1.96x10-5 to 41.8x10-5 m/s (Table 1). The soil could thus 
have provided long-term protection for the groundwater by natural atte-
nuation as a result of unsaturated zone thickness, high clay content and 
low permeability.

A summary of some of the soil properties is shown in Table 2. Mois-
ture content ranged from 5.68% to 33.3% (Table 1). These values were 
slightly low as maximum oxygen uptake by micro-organisms in refuse 
usually occurs at 40%-50% moisture content (USEPA, 1998). Moisture 
is important for micro-organism and nutrient distribution; it also flushes 
away degradation products, apart from being the major factor in leachate 
formation. 

Water analysis results 

Major and trace elements as well as microorganisms such as Ca2+, Fe2+, 
Mg2+, K+, Na+, Cl-, NO3

-, SO4
2-, HCO3

-, Al, Ba, Cu, Ni, Sr, Cd, Cr, Pb, 
total bacteria, faecal coliform, total fungi, total viral and phenol were as-
certained in water to monitor natural attenuation effectiveness. The water 
samples included two boreholes, ten shallow wells and leachate samples. 
Both leachate and monitor boreholes were located within the dumpsite 
while the other water samples were taken very close to the dumpsite. A 
summary of the results, as well as EPA drinking-water standards (USEPA, 
2009), are presented in Tables 2 and 3.

pH ranged from 4.86-7.58, higher values being found in the leachate 
compared to the groundwater. High pH reduces metals’ solubility in lea-
chate and increases cation sorption in soil (clay), hence inhibiting these 
metals’ migration. This was probably why most  contaminants had a higher 
concentration in leachate which became reduced significantly in borehole 
samples. TDS ranged between 26–453 mg/l in groundwater, which was 
within the recommended standard, but leachate had values as high as 3580 
mg/l, thus being higher than the recommended value. Trace elements like 
Cd, Cr and Pb were only detected in leachate with the following values 
1,100, 2,200 and 6,200 ug/l, respectively, and were far above the recom-
mended values. Cu, Zn and Sr were within the standards for  groundwater 
but higher in leachate while Al, Ba, and Ni ranged from 0.1-0.8, bdl-520 
and bdl-1000 ug/l, respectively, most samples being higher than the re-
commended standard. 

All major elements were within USEPA 2009 standard in water sam-
ples, except Fe, Na, Cl and NO3 (values as high as 0.47, 243, 406 and 
250.3 mg/l, respectively) (Table2). There was a general trend to become 
decreased in metals along the groundwater flow paths, except for some ca-
tions (Fig 2). Decreased concentration of metals and some anions as well as 



a stable or retreating plume along the groundwater flow confirmed natural 
attenuation, like biodegradation, sorption and dilution.  

Microbiological analysis was carried out for the leachate and two bo-
rehole samples within the dumpsite, showing total bacterial count to be 
280, 550 and 23000 CFU/ml for the two boreholes and leachate samples, 
respectively. Neither faecal coliforms nor viruses were detected in the two 
boreholes while their value in leachate was as high as 10,000 CFU/100ml 
and 230 MPN/ml, respectively. Total fungi had 21, 56 and 1,500 CFU/
ml for the two borehole samples and leachate, respectively. Phenol was not 
detected in the boreholes but was recorded at 0.08 in leachate. 

However, these micro-organisms are required in certain quantities for 
natural attenuation but may also be hazardous for human health at certain 
concentrations. Coliform count was above the recommended standards for 
the two boreholes. The absence of faecal coliforms and fungi in the two bo-
reholes and their high concentration in the leachate could have been rela-
ted to biodegradation preventing their migration to the water table (Table 
3).  All the parameters analysed had their highest concentration in leachate 
and were above USEPA 2009 recommended standards for drinking water.

Soil analysis results 

Soil samples taken at regular depth intervals within the dumpsite were 
submitted to geochemical analysis. Major and trace elements as well as 
other biological parameters like phenol and microorganisms were analysed 
in the soil samples to determine whether natural attenuation was occurring 
in the study area (Table 4). The results showed that the parameters were 
inversely proportional to depth, which also confirmed natural attenuation 
(Figs 5 & 6). A greater percentage of these contaminants could have been 
attenuated before reaching the water table (second aquifer) and this was 
also confirmed by the borehole samples where most contaminants came 
within the recommended standards.

Total bacterial count ranged between 14.9 and 32.5 CFU/ml105, fae-
cal coliform ranged between 27.4 and 63.3 CFU/100ml103 while total 
fungi values ranged from 10.2 to 5.34 MPN/ml102 (Table 4).  All the va-
lues showed that the soil samples were highly polluted but became reduced 
as depth increased (Figs 3&5), thereby confirming natural attenuation.

Heavy metals like As, Cd, Pb, Mo and La were only present in soil but 

absent in water. The concentration of trace elements and microorganisms 
was highest in soil samples and this may have been due to clay’s retention 
ability and its high sorption ability. 

Conclusion

The dumpsite at Olusosun in Lagos, south-western Nigeria was moni-
tored to determine natural attenuation efficiency in reducing contaminants 
regarding soil and groundwater within and around the site. Most parame-
ters needed for natural attenuation to take place such as water (moisture 
content), microbial population (bacteria, fungi, coliforms), nutrients (ni-
trogen, phosphorus, other cations), electron donors (total organic carbon) 
and acceptors (oxygen, nitrate, iron) were present in both the soil and 
water within and around the dumpsite.

The Casagrande Plasticity Chart showed that the soil could be classified 
as clay or silt having intermediate to high plasticity or compressibility (MI-
MH) while a few could be classified as sand having intermediate to high 
compressibility. Clay is a geological barrier in the study area and it met the 
following conditions; low permeability, low (effective) porosity, large thick-
ness and high natural retention capacity for hazardous substances. 

A high pH value in leachate reduced metals’ solubility and increased 
their sorption in the soil thus inhibiting the migration of these metals from 
leachate to the water table. Major elements and trace elements were within 
USEPA 2009 standards in the water samples, except for Fe, Na, Cl, NO3, 
Al, Ba and Ni. The absence of phenol and total viral count in the boreho-
les and their presence in leachate could also have been related to natural 
attenuation. Leachate also showed highest concentrations for all the para-
meters, having  values above USEPA 2009 standards.

The soil analysis showed that all the parameters were inversely pro-
portional to depth which also confirmed that natural attenuation was oc-
curring.

Acknowledgements

The author wishes to thank Mr. Ola Oresanya, the Managing Direc-
tor, Lagos State Waste Management Authority, Lagos, Nigeria, for single-
handedly sponsoring this research and for his support and encouragement.

Table 1: Summary of soil engineering and index properties 

*LL liquid limit *PL plasticity limit *PI plasticity index

Depth (m) Natural moisture 
content (%)

Atterberg limits 
(%)

Grain size distribution (%) Permeability (K)
coefficient X 10-5

Rating

LL PL PI Clay Silt Sand Gravel

L1  0-1 9.17  18.69 28.13 52.92 0.28 18.6 Low

1-2 9.07 22.23 34.71 42.92 0.14 8.46 Low

2-3 5.68 33.27 20.99 12.28 56.03 22.05 22.93 0.00 2.61 Low

3-4 10.03 13.65 23.98 59.73 2.65 41.8 Low

L2 0-1 17.99 30.39 15.08 15.31 56.57 20.70 22.74 0.00 2.61 Low

1-2 17.07 30.59 19.83 10.76 54.56 22.11 22.73 0.61 3.35 Low

L3 0-1 33.33 44.29 23.36 20.93 26.57 33.40 30.68 9.36 9.09 Low

1-2 23.58 46.70 25.49 21.21 32.66 26.60 31.59 6.75 5.61 Low

L4 0-1 11.71 37.16 22.98 14.18 44.11 32.55 23.24 0.00 7.84 Low

1-2 20.01 33.65 20.79 12.86 60.72 18.91 20.21 0.17 1.96 Low

Biogeochemical and engineering characteristics of soils and groundwater around a dumpsite



Table 2: Summary of physical-chemical analysis result of water samples Table 4: Summary of soil samples’ chemical and microanalysis parameters 

Table 3: Summary of phenol and microbiological parameters in water samples

ND: not detected

Major elements –Mg/l Trace elements –μg/l

Parameter Range N=12 Mean USEPA (2009) Leachate

pH 4.86-7.58 5.21 6.5-8.5 7.58

TDS 26-453 184.80 1000 3,580

Al 0.1-0.6 0.29 87 0.8

Ba Bdl-100 61.82 1000 520

Cu 4-28 16.93 1000 1,300

Ni Bdl-600 122.0 20 1,000

Zn 30-1100 449.60 5000 2,065

Sr 20-250 48 260

Ca 16-128 24.55 200 407.89

Fe Bdl-0.47 0.13 0.3 0.79

K 0.4-194 19.05 200.28

Na 4.9-243 47.88 200 254.75

Mg 0.6-63.1 9.40 50 225.6

P 0.04-3.64 1.20 4.44

Si 2.4-10.3 5.44 15.4

Cl 11.8-406 54.08 230 657.24

NO3 0.02-250.3 70.11 10 450.23

HCO3 0-78 12.6 132.22

SO4 2.81-187 35.59 400 56.98

Cd ND 3 1,100

Cr ND 50 2,200

Pb ND 10 6,200

Parameters
Borehole 

within 
dumpsite

Borehole  
near the 

dumpsite

Lea-
chate 

sample

WHO 
(2004)

EPA 
(2005)

Microbiological analysis

T. bacterial 
(CFU/100ml) 280 550 23,000 0 0

Faecal col. 
(CFU/100ml) ND ND 10,000 0 0

T. fungi 
(MPN/ml) 21 56 1,500 0 0

T viral ND ND 230 0 0

Phenol ND ND 0.08

S/N Parameter L1 L2 L3 L4 L5 L6

Major elements

01 Ca 4.36 3.52 2.14 1.58 1.61 1.96

02 Fe 28.14 27.97 22.63 18.78 23.04 24.75

03 Mg 4.82 3.95 2.73 2.75 2.34 1.99

04 K 6.15 3.46 4.92 2.78 3.01 2.58

05 Na 5.74 4.11 5.18 3.15 2.89 3.11

06 P 19.55 20.32 67.38 20 32.98 18.47

07 Sulphate 600 525 600 240 480 500

Trace  
elements

08 Cu 70 55 42 30 26 16

09 As 16 14 11 5 4 -2

10 Cd 1.8 0.12 0.43 0.21 0.12 0.10

11 Pb 379 223 126 162 88 50

12 Cr 223.34 196 75 185.10 103.47 154.86

13 Zn 887.76 758.94 836.78 1,087.11 945.84 402.54

14 Mo 4 3 2 3 2 1

15 Ni 32 30 26 28 21 14

16 Sr 53 42 33 24 20 8

La 35 25 24 23 19 16

Mn 1439 620 513 436 384 128

17 Nitrogen  
(organic) 18.33 16.48 20.34 25.12 18.34 10.34

18 TOC 6.096 10.230 10.494 14.432 11.316 12.588

19 Phenol 223 196 75 185.10 103.47 154.86

Microanalysis

20
Total bacteria 
count CFU/

ml105
32.5 24.8 18.9 20.1 18.7 14.9

21 Faecal coliforms 
CFU/100ml103 63.3 56.7 62.5 50.2 59.4 27.4

22
Total fungi 

count MPN/
ml102

10.2 7.44 6.81 9.05 8.35 5.34
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Fig 1: Location map showing dump site and sample points in Ojota
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Fig 4: Sample location map
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Fig 5: Concentration of TOC, faecal coliform/ total fungi  
in soil samples at various depth intervals
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