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ABSTRACT

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 engincering proper-
ties within and around the site, From the Casagrande Plasticity Chare, the soil could be classified as clay
or silt having intermediare to high plasticity; unsatarated zone thickness was 10-20m and permeability
was low (1.96x107 to 41 85107 m/s). Appropriate microvrganisms, such as bacteria, viruses and fungi
which are required for natural attenuation, were naturally present. Nuerienes such as calcium, copper,
magnesium, manganese, potassium, sodium and zine, as well as elecoren donor (organic carbon) and
¢lectron accepror (oxygen, nitrate, sulphate and iron), were also present in various amounts for effective
natural artenuarion. All the parameters analysed in water samples came within Environmental Protec-
tion Agency standurds, except Fe, Na, Cl, NO,, Al, Ba, Ni, roral bacteria and roral fungi. Pherol and ro-
tal viral count were not detected in the two boreholes studied, but they showed values as high as 10,000
MPN/100mI and 230 CFU/100ml, respectively, in leachate. The concentration of contaminants in the
soil was very high and inverscly proportional to depri.

RESUMEN

Un basurere activo en Lagos, al suroccidente de Nigeria, fue monitoreado para medir la eficiencia de
atenuacién natural en contaminantes por la determinacion del suelo, lus caracteristicas biogeoquimicas
de les aguas subterrdneas y las propiedades de ingenieria adentro y afuera del verredero de desechus,
Segiin la escala de plasticidad de Casagrande, el suelo se podria clasifcar como arcilloso o cienvso, con
plasticidad de intermedia a alt; 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). Tstdn presentes los microorganismos apropiados para la atenuacion
naiwrd comao las bacterias, virus y honges. Nutrientes como el calciv, el cobre, magnesiv, manganeso,
potasiv, sodio y zinc, al igual que dunantes de electrones {carbén orginico) y receprores de electrones
{oxigeno, nitrato, sulfatoy hierro) se cncuencran presentes en diferentes cantidades para una efectiva ate-
nuacion nacural, Los pacdmerros analizadus en las muestras de agua estdn denero de los estindares de b
Agencia de Proteccion Ambienral, excepto Fe, Na, Cl, NO3, Al Ba, Ni, ¢l total de las bacterias y ¢ total
de honges. El fenoly ¢l total viral no fucron detectados en los dos hoyos estudiades, pero estos mostraron
valores de 10,000 MPN/10Om! y 230 CFU/100mI en los lixiviados. La coneentracion de contaminantes
en la tierra es muy ala ¢ inversamente proporcional a la profundidad.

natural
contaminunt, eleciron donot
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Introduction

i
Leachate production as a by-product of organic and inorganic de-
compesition in fandhlls poses a serivus threat if it becomes released to
the environment (Kimmel and Braids, 1974; Baedecker and Back, 1979;
Ameth e al, 1989; Jankowski, 1997). ‘The waste dispusal sites and lan-
dhlls in the study area were neither properly designed nor conseruceed.
After sumy years, o dumpsire undergoes biologicully-, chemically-, geolo-

gically- and hydro-geologically-mediated changes, resulting in weathering;
consequently, it becomes a source for any aquilerous units close ro them
becoming polluted (Alvindag and Yigit, 2005; Adeniyi ez ol 2008; Arien-
20, 2005: Whang and Zhuo, 2005 Awofolu er af, 2005). Many scudies of
urban activiy-derived heavy metal contamination have been undertaken
for suils, plants. stream waters and stream sediments (Zvinowanda ef al,
2009; Kim-et al, 1998, Abimbola and Odukoya, 2006; Odukoya and
Abimbala, 2010),
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If a landfill is to be regarded as sustainable, there must be no residual
risk of pollution for che environment 30 w 50 years after disposal has
ceased. Contamination of groundwater by landfill leacharte is particularly
difficult to clean up and is often associated with high costs and insoluble
technical problems. Similar sicuations, related to the anthropological im-
pact associated with rapid development in induserial and urban regions,
have heen reported in wther parts of the world (Zhang e al, 1999; Thuy
et afl., 2000; Ansari ef l, 2000; Kim e gl 1998; Wilcke o al, 1998 in
Mortpn-Bermea et al., 2002),

This has led o research into in-sitn bioremediation involving nau-
rally-vecurring microorganisms which can degrade harmful groundwarer
contaminants; such approach is known as natural attenuation. The Envi-
ronmental Procection Agency (EPA) has defined natural artenuation as, “a
variety of physical. chemical, or biolugical processes thar, under favorable
conditions, act without human intervention to reduce the mass, taxiciry,
mobility, volume, or concentration of conraminants in soil or ground-
water,” A variery of other terms have also been used o desceribe nacural
atenuation, including natural restoration, intrinsic remediation, intrin-
sic bioremediation, passive bioremediatien, spontancous bioremediarion
and bivatrenuation {(National Research Council, 1993; Wiedemeler et af,
1996). Natural attenuation focuses on the destruction rather than wansfer
of contaminants (Nmigmnl Research Council, 1993); however, the use of
natural actenuation {i.e. chlorinated solvenus) w remediate is o growing
area (Renner, 1998). Nacural attepuadion is potentially applicable for some
inurganic compounds, including mewls and nen-merals. The natural at-
tenuation technique can also be applied ro pesticides, but less effectively
(Federal Remediation Technologies Roundtable, 1997). These natural pro-
cesses include biodegradation, dispersion, dilution, sorption, volatilisation,
radioactive decay, and chemical or bivlogical stabilisation, eransformativn
or destrucrion of contaminants [EPA, 19971,

Certain site parameters and characteristics are significant regarding
natural attenuation; these would include groundwarer How, geological
conditivns, the nature and extent of contamination, microbial population,
presence of carbonate minerals, nutrient supply, clectron denors and ac-
ceptors.

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

Methodology
]

Tour surface soil samples were collected ar depehs ranging from
0-20ch using o staindess-steel hand avger within the dumpsite tw derer-
mine enpgincering properties, in accordance with British Standards (Anun,
1990} which included moisture content, grain size distribution, porosi-
ty, permeability, plasticity and Atterberg limits, Another eight subsurfa-
ce samples (0.5g) were G‘U]]L‘.Ctl:d vertically at 2 m intervals (2-10 m} for
reochemical and microbiclogical analysis within the dumpsite (Fig 4).
Subsurface samples were stored in sample bags and larer air-dried in che la-
boratory at room temperature for two weeks. The aiready air-dried samples
were disaggregated in a porcelain morral and later sieved through s 2.0mm
polyethylene sieve 1o obtain a <60pm clay lraction for geachemical analy-
sis. The analysis twok place ar Actlabs, Ontariv, Canada, using an Aqua
regia digestion and Inductively-Coupled Plasma Mass Spectrophotometer
{(ICPMS) method for trace and major elements analysis in svil.

The groundwater and leachate samples collecred within the dumpsi-
te were also analysed for microbial pepulation, nutrient supply, electron
dunors and acceptors, as well as other physical-chenical properries. Warer
samples of about 125 m! were collected for muldi-clement analysis and
acidified on site with 3 ml analytical grade FING | to bring the warter acid
solurion 1o pH-2. Trace elements and cations in water were analysed by
using Indugtively-Coupled Plasma-Oprical Emission Spectrometry (ICP-

OES) while un-acidified water samples were analysed for anion concen-
trations using DIONEX DX-120 ion chromatography techniques. Warer
samples were also analysed for microorganisms such as virus, fangl, bacee-
rin and coliferms.

Results and Discussion
Engincering propertics / geological condition

The geological barricr in the study area was studied to see whether
it mgt the following conditions; (1) low permeabilivy, (2) low {effective)
porosity, {3 large thickness and (4) high natural retention capavity fur
hazardous substances.

The Casagrande Plasticity Chare (Table 1) showed that the soils could
be classibed as clay or silts having intermediate to high plasticity or com-
pressibility (MI-MH) while a few samples were classibed 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 ro the removal of pollution
by acting as an effective medium through cation exchange. Unsaturated
zone thickness was 10-20 m. Permeabiliry tests showed low permenbility,
ranging from 1.96x10-5 1o 41.8x10-5 m/s (Table 1). The soil could thus
have provided long-term protection for the groundwater by nawural atre-
nuation as a result of unsaturated zone thickness, high clay content and
low permenbility.

A summary of some of the soil properties is shawn in Table Z. Mois-
ture content ranged from 3.68% 1o 33.3% (Table 1), These values were
slightly low as maximum oxygen uptake by mivro-organisins in refuse
usually occurs ar 40%6-50% moisture content (USEPA, 1998}, Moisture
is important fur micro-organism and nutrient distribution; it also Aushes
away degradation products, apart feom being the major factar in leachate
fermation.

‘Water analysis results

Major and trace clements as well as microorganisms such as Ca®, Fe?',
Mg®, K, Nav, CH NGO, SO 2, HCO,, AL Ba, Cu, Ni, sr Cd, Cr, Pb,
total bacteria, faecal coliform, rotal fungi, ol viral and phenol were as-
certained in water w monitor natural acenuation effectiveness. The warer
samples included two borcholes, ten shallow welis and leachate samples.
Both leachate and maonitor boreholes were located within the dumpsite
while the other water samples were taken very close w the dumpsite. A
sumiary of the results, as well as EPA drinking-waser standards (USEPA,
2009}, are presented in Tables 2 and 3.

pH ranged from 4.80-7.58, higher values being found in the leachate
compared o the groundwarter. High pH reduces metals” solubility in e
chute and increases cation serption in soil {clav), hence inhibiting these
metals’ migradivn. This was probably why most conaminants had a higher
concentratien in leachate which became reduced significantdy in barehuole
samples. TS ranged beoween 26-453 mg/l in groundwarer, which was
within the recommended standard, bur leachate had values as high as 3580
mg/l, thus being higher than the recommended value, Trace elemenis like
Cd, Cr and Pb were unly detecied in leachate with the following values
1100, 2,200 and 6,200 ug/l, respectively, and were far above the recom-
mended values. Cu, Znand Srwere within the standards for groundwater
bue 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 standasd in water sam-
ples, except Fe, Na, Cland NO, (values as high as 0.47, 243, 406 and
250.3 my/l, respectively) (Table2). ‘There was a general trend to becume
decreased in metils along the groundwarer How paths, excepr for sume ca-
tions (Fig 2). Decreased concentration of merals and some anfons as well as

rh
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l

a stable or retreating plume along the groundwater Row confirmed natural
fmum ation, like bim‘h_g,r'idwriun, sorption and dilution,
I Microbiological analysis was carried out for the leachate and two bo-
{rdm]c samples within the dumpsite, showing rotal bacterial count o be
180, 550 and 23000 CFU/ml for the two borcholes and leachare samples,
respectively. Neither faecal coliforms nor viruses were detecred in the two
boreholes while their value in leachage was as high as 10,000 CFU/100m!
and 230 MEN/ml, respectively. Towal fungi had 21, 56 and 1,500 CFLY
“ml for the rwo borehole samples and leachate, respectively. Phenal was not
detected in the boreholes but was recorded at 0.08 in leachate.

However, these micro-organisims are required in certain quantities for
narural artenuation but may alse be hazardous for human healeh at certain
concentrations. Coliform count was above the recommended standards For
the two boreholes. The absence of faccal colifurms and fungi in the two bo-

' reholes and rheir high concentration in the leachate could have been cefa-
b ted to biodegradution preventing their migsation ta the water tble (Tuble
3). All the paramerers analysed had their highest conceneration in leachare
and were' above USEPA 2009 recommended standards for drinking warcr.

Soil analysis results

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

Conclusion

The dumpsite at Qlusosun in Lagos, south-western Nigeria was moni-
tored 1 determine natural attenuation eMciency in reducing contaminants
regarding soil and groundwater within and around the site. Most parame-
ters needed [or natural atenuation 1o wke plice such as water (moisture
coneent), microbial population (bacteria, fungi, coliforms), nutrients (ai-
trogen, phosphorus, odher cations), electren donors (toral urganic carbun)
and aceeptors {oxygen, nitrare, iron) were present in boch the soil and
water within and around the dumpsite.

The Casagrande Plasticity Chart showed that the seil could be classified
as clay or silt having intermediate to high plisticity or compressibiliny (M-
MH) while a few could be classified as sand having intermediate w high
cumpressibility. Clay is a geological barrier in the study area and it met the
following conditions; low permeability, low (effective) porosity, large duick-
ness and high nacural retendon capacity for hazardous substainces,

A high pH value in leachate reduced metals’ solubiliy and increased

gt e Y R B b e

Soil samples taken at regular depth intervals within the dumpsite were  thelr sorption in the soil thus inhibiting the migration of these metals from
submirted to geochemical ‘analysis. Major and tace elements as well as leachate to the water table. Major elements and trace elements were within
other biological paramerers like phenol and microorganisms were analysed — USEPA 2009 standards in the water samples, except for Fe, Na, CL NO L
in the suil samples to determine whether natural acenuation was occurring Al Ba and Ni, The absence of phenol and toal viral conntin the boreho-
in the study area {Table 4). The results showed chat the paramerers were  les and their presence in leachate could also have been related o nararal
inversely propordonal to depth, which also confirmed natural astemuation attenuation. Leachace also showed highest concentrations for all the para-

| (Figs 5 & 6). A greater percentage of these contaminants could have been merers, having values above USEPA 2009 standards.

*rtenuated before reaching the water table (secund aquifer) and this was The soil analysis showed thae all the parameters were inversely pro- ;
also confirmed by the burehole samples where most contaminants came  portional to depth which also conhrmed that natural arenuation was ve- f
within the recommended standards. curring,

Toral bacterial count ranged berween 14.9 and 32.5 CFU/ml10°, fac- g
el coliform ranged between 27.4 and 63.3 CFU/100mI10° while rowl  Acknowledgements
fungi values ranged from 10.2 w 5.34 MPN/ml10? (Table 4). All the va-
lues showed that the soil samples were highly polluted but became reduced “The author wishes to thank Mr. Ola Oresanya, the Managing Dirce-
as depth increased (Figs 38¢5), thereby confirming natural atrenuvation. tor, Lagos State Waste Management Authority, Lagos, Nigeria, for single-
Heavy merals like As, Cd, Ph, Mo and La were only present insoil but - handedly sponsuring this research and for his support and encourigement. ]
Table 11 Summary of soil engineering and index propertics
‘ Depth {m) | Watural moisturcT Atterberg limits Grain size distribution (%) Permeability (K) R.\lmg :
i content {%) (%) coefficient X 10°°
: F IL L Pl Clay Sile Sand Gravel J
—— |
L1 01 907 i 18.6Y 28.13 5282 0.28 18.6 Low
1-2 9.07 22.23 34.71 42.92 0.14 8.46 Low |
B 2-3 5.68 33.27 | 20.99 12.28 50.03 22.05 | 22.93 0.G0 2.0) Low l
— [t . = W
[ 3k | o0 1365 | 2398 | 5973 2.65 41.8 Low |
v e e —
| LZ‘I; 04 1799 1 30,39 | 15.08 15.31 56,57 20,70 22,74 .00 261 Low J
L J -2 17.07 | 3059 | 19.43 10.76 54.56 22.14 Y2273 0.61 335 Low |
ol of My e IS S B | |
L3 01 | 3333 | 4429 | 23.36 | 2093 2657 3340 |4 30.G8 9.36 9.09 Low | 1
i
i-2 23.58 | 46.70 | 25.49 2121 32.66 26.60 31.59 6.75 5.61 Low T
| -2 el
(L4 0-1 11.71 3716 | 2298 14.18 44.11 52,59 23.24 0.00 W 7.84 Low 4{
1-2 20.01 33.65 | 2079 L 12.86 60.72 0.17 J 46 Low 4
“LL liquidl limit “PL plasticity limi *PT plastlelty Index i
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Table 2: Summuary of physical-chemical analysis resule of warer samples

Table 4: Summary of soil samples’ chemical and microanalysis parzmerers

Parameter | Range N=12 Mean | USEPA (2009) | Leachate

P pH 4.86-7.58 5.21 £.5-8.5 7.58

'——TDS 26-453 184.80 1000 3,580
-

oAl 0.1-0.6 029 | 87 0.8
[ o | wawe [om | ew | o

Cu 428 16.93 1000 1,300
TN | Baeoo | 1220 | 20 | 100
% Zn 30-1100 449,60 5000 2065 |

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 §.9-243 47.48 260 25475

i Mg 0.6-63.1 4.40 s0 | 2256

L P 0.04-3.64 1.20 4,44
| i 2.4-10.3 5.44 1#’:.44
cl 11.8-406 54,08 230 - 657.24
NO, 0.02-250.3 70.11 10 450,23
“Heo, | s | owe | | a2

750? 281-187 3;SJ T 56.98

Cood w0 | 3 o oo
cr ND so | 2000 |

Pb ND 10 6,200

Major elements =Mg/1 Trace elements —gfl

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

Parameters B:;:;:;: ‘ I:L) :;] ‘t(l:I(: !;::t_ Wi | B
’ . : * 1 (2004) | (2005)
dumpsitey|  dumpsite sample
Microbiological analysis
T. bacterial )
280 2
(CFU/100ml) 80 550 3,000 0 Q

Faccal col. .

(CFU/100ml) ND ND 10,000 0 4]
T. fungi "

(MON/mal) 21 56 1500 | 0 0
T viral NI ND 230 0 0
Phenol ND | ND (.08

NI not detecend
)

mi1 0

S/N|" Parameter L1 L2 L3 L4 L5 16
]
Major elements
—
01 Ca 4.36 3.52 2.14 1.58 1.61 1.96 J
02 te 28.14 1 27.97 | 22.63 18.78 | 23.04 | 24.75
03 Mg 482 | 395 | 2.73 275 234 ] 1.99
04 K G.15 | 346 | 492 2,78 3.01 2.58
051 Na 5.74 4.1 5.18 3.15 289 | 311
06 I 1995 { 20.32 | 67.38 20 32.98 1 18.47
07 Sulphare GO0 525 600 240 480 | 500
Trace
clements
08 Cu 70 55 42 30 26 16
0y As 16 14 11 3 4 &)
|
rIU Cd 1.4 0.12 ] 0.43 0.21 0.12 1 010
11 b 379 223 126 1062 88 50
12 ©F 223341 196 75 [85.10 |103.47|154.86
13 7n 887.76(758.94|836.78(1,087.11]945.84|402.54
|
14 Mo 4 3 2 3 2 |
15 Ni 32 30 20 28 21 14
16 S s3 | 42 | 33 | 24 J 20 | 8
Ga 25 25 24 23 T 19 16
M 1439 | 620 513 4306 384 128
Nitrogen .
|7 4 1833 (1648 ] 2034 | 2512 | 18.34 | 10.34
(organic}
18 TOC 6.096 [10.230|10.494| 14.432 |11.316]12.588
19 Phenol 223 196 73 185.10 1103.47)154.86
Microanalysis
Total bacreria
20 | couwnt CFLY/ 32.5 1 24.8 189 20,1 18.7 14.9
ml ¢
|
F,” Faecad coliforms 633 | 567 | 625 50.2 s9.4 | 274
=t ICEUMoomliTor] B 2 Bes : i e
Total fungi
22 [ counr MPN/ 102 | 7.44 | 6.81 9.05 8.35 | 5.34

el
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