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ABSTRACT

Proper leachate treatment is necessary to avoid adverse environmental
impact. An artificial pond receiving leachate influx from the Aba-
Eku dumpsite, lbadan, South-Western Nigeria, was characterized
to provide baseline information for appropriate treatment. Pond
leachate and comparative groundwater control were sampled monthly
between January 2003 and September 2004. The pH, TSS, total solids,
conductivity and COD were analyzed using American Public Health
methods. Calcium, magnesium and selected metals were determined
using Inductively Coupled Plasma; selected anions and ammonia
were determined using lon Chromatography. T-test and correlation
coefficients were used for data analysis. Results: pH: 8,21, TSS:1
44,94mg/l, total solids:1377,67mg/l, conductivity:2466,00us/cm and
COD:57,63mg/| were significantly elevated (p<0,05) above control; pH:
-7,79; TSS: 42,96mg/I, total solids:119,52mg/l, conductivity:153,09us/
cm and COD: 9,80mg/I. Calcium and magnesium in leachate differed
significantly from control. Metals in leachate and control showed no
significant differences except for iron (5,27; 0,82mg/l); manganese (2,31;
0,04mg/l) and cadmium; (0,157; 0,03mg/l). Lead, copper, zinc, chromium
and nickel were not significantly different from control. Chloride (597,98;
5,24mg/l), nitrate (12,3; 2,35mg/l) and sulphate - 118,86; 3,09mg/I) in
leachate and control however differed significantly, phosphate was not
detected. Ammonium correlated negatively with nitrate(-0,608) and
sulphate(-0,676) p<0,05. Attenuation processes reduced contaminant
levels. Similarities in metal content may be due to increased leachate
pH which consequently reduced metal solubility. Suspended solids and
chloride were parameters of concern. Nitrates and sulphates increased in
the wet season probably due to ammonium oxidation reactions. There is
minimal need for treatment. However, polishing of leachate effluent via
physico-chemical methods may be considered.

KEY WORDS
Landfill, contaminants, leachate characterization, natural attenuation,
treatment.

RESUMEN

El tratamiento de lixiviados debe ser adecuado para disminuir el
impacto ambiental. En la localidad de Aba-Eku, Ibadan al suroeste de
Nigeria, se encuentra una laguna de lixiviados donde se efectia un
tratamiento correcto. Durante enero del 2003 y setiembre del 2004 se
tomaron muestras comparativas mensuales a la laguna y a las aguas
subterraneas de: pH, TSS, solidos totales, conductividad y DQO. Se
analizaron con métodos del Departamento de Salud Publica de los
Estados Unidos. El calcio y el magnesio se determinaron por medio del
plasma de acoplamiento inductivo, aniones seleccionados y el amoniaco
por cromatografia idnica. Los coeficientes de prueba Ty la correlacion se
utilizaron para el analisis de datos. Los resultados fueron los siguientes:
pH: 8,21, SST: 144,94mg/|, sélidos totales: 1377,67mg/|, conductividad:
2466,00 us/cm y COD: 57,63mg/| fueron significativamente elevados
(p<0,05) por encima del testigo, pH:-7,79; TSS: 42,96mg/|, sélidos totales:
119,52mg/I, conductividad: 153,09us/cm y COD: 9,80mg/I. El calcio y
magnesio en lixiviados difieren significativamente del testigo. Metales
en el lixiviado y el testigo no mostraron diferencias significativas con
excepcién del hierro (5,27; 0,82mg/l), manganeso (2,31; 0,04mg/l) y el
cadmio; (0157, 0,03mg/I). Plomo, cobre, zinc, cromo y niquel no fueron
significativamente diferentes del testigo. Cloruro (597,98; 5,24mg/l),
nitrato (12,3; 2,35mg/l) y el sulfato - 118,86; 3,09mg/l) en el lixiviado y el
testigo, sin embargo diferian significativamente y no se detect6 fosfato.
El amonio se correlacion6 negativamente con el nitrato (-0,608) y sulfato
(-0,676) p <0,05.

PALABRAS CLAVE
Laguna de lixiviados, contaminantes, caracterizacion de lixiviados.
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INTRODUCTION

Land disposal or landfilling is one of the major disposal
methods in the solid waste management system (Ziyang
et al. 2009). Landfills release a wide range of chemical
compounds in the entire life cycle due to the waste degra-
dation. Leachate is described as the water based solution
of the compounds from solid wastes dumped in a landfill.
Organic and inorganic constituents are taken up by the
leachate through various physical, hydrolytic and fermen-
tative processes. Thus it contains a high concentration of
organic matter and inorganic ions, including heavy metals
(Tchobanoglous et al. 1993). The release of indeterminate
volumes of leachate can introduce risks to public health
and the surrounding environment, particularly for the or-
ganisms in surface water receptors into which the leach-
ates discharge (Christensen et al. 2001). Proper mitigation
of such risks is recognized as one of the most critical issues
for the landfill operator (Bilgili et al. 2008).

Leachates are usually treated before their discharge into
the environment by a variety of physico-chemical and bio-
logical treatment methods such as chemical coagulation-
precipitation, activated carbon adsorption as well as an-
aerobic and aerobic biological degradation (Durmusoglu
& Yilmaz 2006). Some other methods include recirculation
options and natural systems using constructed wetlands,
gravel filtration, and waste stabilization ponds amongst
others (Aluko et al. 2003, Kurniawan et al. 2006). The leach-
ate quality plays a key role in the selection of a suitable
means of treatment. According to Koerner & Soong (2000),
an understanding of the characteristics of landfill leach-
ates is necessary for its proper treatment. Furthermore,
El-Fadel et al. (2002) highlighted the characterization of
leachate quality as a critical factor in the establishment of
an effective management strategy or treatment process.
This is essential as leachate quality varies from site to site
as well as seasonally (Durmusoglu & Yilmaz 2006). These
differences may be due to the variability in waste compo-
sition, climate and operations of the landfill from site to
site, amongst other factors (El-Fadel et al. 2002).

The Aba-eku site (Fig. 1) is an uncontrolled landfill
which has been in use since 1994. It is located at km 13
along Akanran - ljebu Igbo road in Ona-Ara Local Gov-
ernment Area and is a major repository for municipal
solid wastes in Ibadan. In 1996, attempts were made by
the state government to improve and upgrade the site
to sanitary landfill status. This led to its subsequent clo-
sure and later reopening in 1999, after a collection system
was incorporated to drain the leachates (via a system of
pipes and drainage channels) into a central pond down-
gradient of the dumpsite. Leachate treatment at the site
is however uncertain. The pond receives leachate influx

which is then discharged directly via an outlet into the
Omi stream. The discharge of untreated or poorly treated
leachate has implications for the organisms present in the
receiving stream and highlights the need for adequate
leachate treatment. Literature search showed that leach-
ates draining into the pond at this site have not been pre-
viously studied. Previous studies (Aluko et al. 2003; Bakare
& Wale-Adeyemo 2004) have focused only on raw leach-
ate obtained directly from drains on the active fill area
where domestic wastes are dumped. Hence this study
characterized the leachates of the pond to complement
the existing studies. This is to provide adequate baseline
information necessary for appropriate leachate treatment.

METHODOLOGY
Study site

The study was carried out for 21 months (January 2003
-September 2004) on the leachate pond draining the Aba-
Eku / Akanran refuse landfill site. The pond is situated
within the same perimeter fence of the landfill/dumpsite,
but at a distance of 250m down gradient of the active
fill area, where domestic and industrial solid wastes are
dumped. This distance was determined with the aid of a
Geographical Positioning System (GPS) 76 garnier model.
Geographically, the active fill area is located at the point
(07°19'27,4" N and 003°59'14,3" E) at 160m in elevation,
while the study site (i.e. the leachate collection pond) is
located at the point (07°19'31,2” N and 003°5922,7" E)
at 149m in elevation. Leachates from the pond are dis-
charged via an outlet into the nearby Omi stream which
flows past the Aba-Eku settlement.

Average annual rainfall over the study area is 1390mm;
average maximum temperature is 32,1°C; average mini-
mum temperature is 23,0°C; while average relative hu-
midity is 79,8% (Nigerian Meteorological Agency Climatic
Records). Two plants dominate the vegetation in the vi-
cinity of the study area. These are Chromoleana odorata
(L. King & Robinson) commonly called Siam weed and
Pennisetum purpureum.

Study system (Sampling, preservation
and analytical methods for leachates)

Leachates were collected in two 1,5 litre plastic contain-
ers from the leachate pond shown in Fig. 1 monthly from
January 2003 to September 2004. They were collected in
pre-washed polyethylene bottles and taken to the labo-
ratory. They were stored at approximately 4°C until when
analyzed. Analytical parameters determined were:

46 Research Journal of the Costa Rican Distance Education University (ISSN: 1659-4266) Vol. 4(1), June, 2012



e pH using a pH meter model PHS-3B; Electrical Con-
ductivity (EC) using a WTW conductivity meter LF 95
model; Total Suspended Solids (TSS); and Dissolved or-
ganic matter expressed as Chemical Oxygen Demand
(COD) were determined using the method stipulated
by APHA (1998).

Metals and exchangeable cations determined include:
Cadmium (Cd), Chromium (Cr), Lead (Pb), Nickel (Ni),
Copper (Cu), Zinc (Zn), Iron (Fe) and Manganese (Mn),
Calcium (Ca) and Magnesium (Mg). They were pre-
served as follows: 100ml of sample was acidified with
1ml concentrated nitric acid (HNO;) for preservation
prior to digestion and subsequent analysis. They were
then analyzed after nitric — perchloric acid digestion
(APHA 1998), using an Inductively Coupled Plasma Op-
tical Emission Spectrophotometer - ICP-OES Perkin El-
mer Optima 3000.

The following anions and ammonium - NH,* were deter-

mined using an lon Chromatograph IC 1010 model with
a detection limit of 0,005mg/I (nitrite and phosphate).

They include: Sulphates (SO,%), Chloride (CI), Nitrates
(NO3) Nitrite (NO,) and Phosphates — (PO,*).

e Chemical Oxygen Demand (COD) was used as a mea-
sure of the organics present in the leachate sample. All
analytical procedures were carried out at the Shenyang
Institute of Applied Ecology, Shenyang, China.

Water samples used as control were obtained from a
well located at a distance of not less than 500m away from
the landfill and analyzed for similar parameters to facili-
tate comparison.

Statistical analysis

Analysis of the data obtained was carried out using the
statistical package SPSS 13,0 and Microsoft Excel 2007.
Correlation coefficients (for the inter-relationships be-
tween the parameters) and t-test (to determine statisti-
cally significant differences between the leachate and the
control water sample) were the statistical parameters de-
termined using the packages.

FIG. 1. The leachate pond - arrows show the inlet and outlet channels; inset, below left, is the leachate surface covered by floating
macrophytes while inset, below right, is the outlet channel.
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RESULTS
Leachate composition

The results of the physico-chemical parameters of
leachate and control water sample are presented in
Table 1. The general parameters: pH, TDS, TSS, TS, EC and
COD showed significantly elevated parameters (T-test,
p<0,05) in the leachate compared to the control (Table 1).
Both exchangeable cations determined showed significant

differences (T-test, p < 0,05) between the leachate and
control with the higher concentrations being observed in
the leachate. Of all the eight metals, only iron, manganese
and cadmium were significantly higher (T-test, p < 0,05)
in the leachate than the control (Table 1). All the anions
determined as well as ammonium showed significantly
elevated (T-test, p < 0,05) levels in the leachate compared
to the control (Table 1). Phosphate and nitrite were below
detection limits in both samples.

TABLE 1
Physico-chemical parameters of the leachate and control

Leachate Control T-test
Min Max Mean +=SD Min Max Mean +=SD S(I)?OE
pH 8,0 8,3 8,2 0,1 74 8,1 7,8 0,2 Sig.
TSS 1 460 145 118 0,0 246 43 68 Sig.
TS 433 2091 1378 397 53 342 120 75 Sig.
EC 864 3760 2466 673 107 194 153 29 Sig.
CcoD 29 84 58 15 4 19 10 4 Sig.
Ca 30 182 86 42 4 50 14 10 Sig.
Mg 18 175 84 41 2 7 3 1 Sig.
Fe 0,3 37,9 53 8,9 0,2 2,7 0,8 0,6 Sig.
Mn 0,6 53 2,3 1,6 0,00 0,16 0,04 0,04 Sig.
Cu 0,000 0,103 0,014 0,028 0,00 0,35 0,02 0,01 N.S
Zn 0,000 0,300 0,129 0,094 0,00 0,41 0,11 0,11 N.S
Pb 0,008 0,087 0,035 0,019 0,01 0,15 0,05 0,03 N.S
Cd 0,000 0,431 0,157 0,128 0,01 0,22 0,03 0,05 Sig.
Ni 0,000 0,100 0,021 0,022 0,00 0,04 0,01 0,01 N.S
Cr 0,000 0,035 0,013 0,009 0,00 0,05 0,01 0,02 N.S
cr 149 1006 598 210 2 8 5 2 Sig.
NO5 0,0 95,1 12,4 24,8 0,1 51 2,4 1,6 Sig.
NH,* 0,1 7,0 3,6 1,6 0,01 0,33 0,12 0,10 Sig.
S0,% 10 252 119 78 2 6 3 1 Sig.
PO,> ND — — — ND — — — —

All parameters are in mg/l except for pH (no unit) and EC which was in ps/cm; Sig. = Significant at p < 0.05; N.S = Not significant
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Seasonal variation in the leachate

Exchangeable cations Summary of the seasonal data
for the leachate is shown in Table 2, while Table 3 high-
lights more specific trends. Due to the low levels of heavy
metals observed, seasonal comparisons for these param-
eters were omitted. No specific trend was observed in the
exchangeable cations across the seasons sampled (Tables
2 and 3).

Anions and other general parameters

Results for the dry season of 2003 for these parameters
are not presented. The anions (nitrates and sulphates)
showed a distinct trend of higher levels in the wet sea-
son, compared to the only dry season observed. Ammo-
nia showed an opposing trend, being higher in the dry
season. Chloride also showed elevated levels in the dry

season (Tables 2 and 3), pH levels were within close range
although slightly higher mean values were obtained in
the wet seasons. TSS showed no particular trend across
the seasons (Table 3). The results of the organic matter
expressed as COD showed that the dry season witnessed
higher organic matter levels, compared to the wet sea-
sons (Tables 2 and 3).

Correlation coefficient matrix for the leachate parameters

The results of the correlation coefficient matrix for the
leachate are presented in Table 4. Significant correla-
tions 0,6 and above were considered and highlighted in
bold. pH correlated negatively with lead (Pb) at -0,630,
p<0,05, while ammonia correlated negatively with nitrate
at -0,608, p<0,05 and also with sulphate at -0,676 (Pear-
sons, p<0,01). Iron correlated positively with suspended
solids at 0,798 (Pearsons, p<0,01), while it also correlated

TABLE 2
Summary of the seasonal data for the leachate
Physico-chemical parameters Range (dry) Mean +SD (dry) Range (wet) Mean % SD (wet)
pH (no unit) 8,1-8,2 8,2+0,06 7,99-8,3 8,2+0,1
CoD 53-84 7013 29-65 51+13
EC (ps/cm) 2281-3760 2945 + 624 864-3150 2268 + 655
Ca 38-115 72+ 28 30-119 95+ 50
Mg 56-169 91+ 41 18-119 68 + 29
Fe 0,5-13,8 51+£54 0,3-37,9 62+11,0
Mn 0,6-4,4 27%x1,5 0,6-5,3 2,3+1,7
cr 608-1006 781+176 149-793 529+ 194
NO5 0,0-25,6 6,8+12,6 0,0-951 15,6 £29,5
S0,% 10-75 32+29 59-252 147 + 66
NH,* 3,4-7,0 50+138 0,1-5,1 30£1,4
Units in mg/| except otherwise stated.
TABLE 3
Seasonal variation in the physico-chemical parameters
pH coD TSS NH,* S0, NO; Ca Mg Fe Mn
DRY 2003 AV. — — — — — — 59,86 99,59 4,370 1,488
DRY 2004 AV. 8,16 68,33 137,40 5,41 813,89 18,04 0,46 83,82 83,09 5,893 3,853
WET 2003 AV. 8,19 49,92 93,06 2,51 411,93 144,05 19,66 59,32 52,02 0,935 1,117
WET 2004 AV. 8,22 52,46 210,31 3,56 646,66 150,30 11,43 13847 86,23 12,538 3,784

Units in mg/| except for pH.
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positively with manganese at 0,622, p<0,01. There were
significant correlations between chloride and electrical
conductivity (Pearsons, 0,966, p<0,01); total solids also
correlated with electrical conductivity at 0,961 (Pearsons,
p<0,01 Table 4).

COD also correlated with conductivity at 0,654 (p<0,01).
Manganese also correlated positively with chloride (0,698,
p<0,01); Mn & total solids (0,654, p<0,01); Mn and conduc-
tivity (0,633), which was significant at p<0,05. Total sus-
pended solids and total solids also correlated positively at
0,620 and this was significant at p<0,05 Table 4.

DISCUSSION
Leachate composition

The entire surface of the pond was covered with float-
ing macrophytes which masked the color of the leachate.
However, physical appearance of the leachate showed
that it was light brown with no obvious perceptible odor.
Chloride is often used as a conservative tracer of landfill
leachate (Breukelen & Griffoen, 2004). The range of chlo-
ride levels in the pond, when compared to the control; and
with typical ranges for chloride in leachates of a tropical
country and an Ibadan dumpsite is suggestive of leachate
influx into the pond. Run-off from high rainfall at the site

may however be a likely contributory factor to the low lev-
els of contaminants observed in leachate from the pond.

The mean sulphate-chloride ratio of the leachate which
was computed from the results obtained was 0,2. General-
ly, the sulphate chloride ratio of leachate falls with increas-
ing age of a landfill; while pH levels tend to increase re-
flecting the prevalence of anaerobic conditions (Lo 1996,
Reinhart & Grosh 1998). The site was about 4-5 years old
at the time of the study (from the date of reopening). Con-
sidering the relatively low sulphate-chloride ratio and the
increased pH of the leachate, coupled with the fact that
organic compounds tend to decrease more rapidly than
inorganics in a landfill (Reinhart & Grosh 1998, Kylefors
2002); implies that some degree of stabilization may have
occurred in the leachate and this further suggests that it is
likely to be in the methanogenic phase of waste degrada-
tion (Lo 1996, Christensen et al. 2001).

Similarities in metal content between the leachate and
control may imply that the metals are held by sorption
or precipitation, both natural attenuation mechanisms in
the soil or sediments (Scow & Hicks 2005). On the other
hand, the increased pH of the leachate may also have
reduced the solubility of the metals in the leachate, as
metal solubility shows an inverse relationship with pH
(Navas & Machin 2002, Rieuwerts et al. 2006). This im-
plies that increases in pH may lead to metal precipitation

TABLE 4
Correlation coefficient for the leachate parameters
Fe Mn Pb cob cr NO; NH,* SO0,” EC pH TSS TS
Fe 1
Mn 0,622%* 1
Pb -0,051 0,001 1
Ni -0,155 -0,239  -0,162
Cr -0,210 -0,145 0,284
CcOoD -0,333 0,113 0,021 1
cr 0,323 0,698** 0,411 0,570 1
NO; -0,139 -0,144 0,164 0,120 -0,090 1
NH,* 0,414 0,505 0,426 -0,145 0,463 -0,61* 1
SO, -0,255 -0,222 -0,347 0,066 -0,303 0430 -0,676%* 1
EC 0,250 0,633* 0,385 0,654** 0,966** 0,071 0,302 -0,082 1
pH 0,188 -0,083 -0,63* 0,297 0,097 0,123 -0,409 0,288 0,176 1
TSS 0,798** 0,399 0,114 -0,226 0,416 0,219 0,213 -0,197 0,379 0,334 1
TS 0,450 0,654** 0,359 0,487  0,943** 0,127 0,319 -0,126  0,961** 0,251 0,620* 1

*p=0,05; **p=0,0]
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out of solution (Olade 1987). This may be particularly pro-
nounced in the case of lead as pH showed a significant
negative correlation with lead.

Twelve of the twenty parameters determined were
within the range (although slightly exceeding the lower
limit) of various parameters in landfill leachate as suggest-
ed by Christensen et al. (2001). Chromium, total solids,
electrical conductivity (EC), COD, nitrate, and ammonium
were however all below the ranges specified by the au-
thors. All the parameters except for nitrate and sulphate
were also well below the values stated in Mangimbulude
et al. (2009) for leachates from a tropical country - Nige-
ria. This further confirms the action of various attenuation
processes on the leachate (Table 5).

Furthermore, with the exception of pH, nitrate and sul-
phate, all the values obtained were much lower than those
obtained by Aluko et al. (2003) — in their studies on the char-
acterization of leachates from a municipal landfill in Ibadan,
Nigeria (Table 5). However, leachates used in their study
was obtained from leachate drains on the dump / landfill
site, whereas those of this study were obtained from the
leachate lagoon 250m down-gradient of the landfill active
fill area, suggesting further that attenuation processes may
have acted on the leachate thereby reducing the contami-
nant mass and mobility. The low COD levels may suggest
significant microbial degradation action on leachate or-
ganic matter (Christensen et al. 2001). It may also be linked
to the low levels of easily degradable wastes such as food
wastes — 6,5%; while slowly degrading organic wastes like
paper constituted a higher proportion of the organic waste
fraction at 18% at Aba-Eku dumpsite (Oni 2010). The influ-
ence of easily degraded material on leachate quality is well
known (Reinhart & Grosh 1998, Kylefors 2002).

Natural attenuation is a reduction in contaminant mass
without human intervention (Scow & Hicks 2005). Consid-
ering the distance (250m) between the dump site and the
pond from which the leachates were obtained, the effects
of the reduction in contaminant mass and mobility can
be inferred from the results obtained. Natural attenuation
processes are relatively easy to identify. Loss of contami-
nant mass is an evidence of natural attenuation. Natural
attenuation is important as it reduces contaminant levels
before they have a harmful effect on streams, springs or
water supplies. However, natural attenuation reactions
need to be quantified before contamination sites can be
left to reduce naturally (Williams 1999).

The parameters in the leachate were also within the Ni-
gerian Federal Ministry of Environment (FMEnv) standards
(for treated waste waters discharging into natural water-
bodies) with the exception of total suspended solids which
exceeded the standards of 30mg/l (FEPA 1991) (Table 5).

Cuadernos de Investigacion UNED (ISSN: 1659-4266) Vol. 4(1), Junio, 2012

In addition, parameters such as chloride exceeded the stan-
dards in some seasons although overall mean values were
within range. Chloride exceeded the standards of 600mg/I
throughout the dry season; and mean values for one wet
season also exceeded the regulatory limits. Furthermore,
the mean value for chloride is approximately at the FMEnv
limit. The correlation between iron and manganese may
not be unconnected with co-precipitation and formation
of insoluble precipitates (Olade 1987). It may also be indica-
tive of similar natural or anthropogenic origin for both met-
als. Furthermore, the formation of such precipitates as hy-
droxides or sulphides may perhaps explain the correlation
between iron and suspended solids (Karsten et al. 2004).

Seasonal variations in the leachate

Some of the observed parameters showed reduced lev-
els in the wet seasons compared to the dry. As stated by
Linde et al. (1995) in the article by Fan et al. (2006), the wa-
ter which percolates through a landfill is mainly precipita-
tion, but sometimes also ground water and surface water
leak into the landfill. Generally, about 15-50% of the pre-
cipitation becomes leachate, but the ratio varies greatly
from landfill to landfill. However, according to Trankler et
al. (2005), more than 60% of precipitation forms leachate.
Recharge by rainfall causes mixing and dilution of con-
taminants, which is one of the natural attenuation mecha-
nisms (Yong-Lee et al. 2001). Consequently, this results in
the reduction of several parameters in the wet season and
higher amounts in the dry. Dilution is the major attenua-
tion mechanism for chloride (Christensen et al. 2001); and
this parameter showed a pattern of reduced amounts in
the wet seasons.

The increase in nitrates and sulphates in the wet sea-
sons can be highly related with newly recharged water
from rainfall (Yong-Lee et al. 2001). Increase in nitrates
and sulphates may also result from oxidation reactions
of ammonium and sulphides (Manahan 2001). Increased
turbulence in the wet season may increase oxygenation,
thereby promoting these oxidation reactions. This may be
likely as ammonium shows the reverse trend of reduced
levels in the wet season. Furthermore, its significant nega-
tive correlation with nitrate as well as with sulphate sug-
gests that oxidation reactions of the ammonium may
have contributed to the increased levels of nitrates and
sulphates in the wet season. The inverse relationship
shown between ammonium and nitrates may also be sug-
gestive of the action of nitrate reducing bacteria, which
acts on the nitrates reducing it to ammonia (Jorstad et al.
2004). Furthermore, the relatively low sulphate-chloride
ratio suggests a possible fall in this ratio, which may in
turn suggest the prevalence of anaerobic conditions.
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TABLE 5
Comparison of Aba-Eku leachate with landfill leachate composition ranges

Parameter Lag:r:" Le.a.chaate Landfill Lgthabte Landfill Lgthacte Leacﬁ:?e-ELI:;oon FMEnv, Ni.ge.riae
position Composition Composition (Mean + SD)? Effluent Limits
pH 4,5-9 8,03-8,28 8,17 821+0,11 6-9
TSS — — 176,92 144,94 £ 117,99 30
TS 2000-60 000 — 4270 1377,67 +396,85 —
EC(ps/cm) 2500-35 000 4800-5600 — 2466,00 + 673,02 —
CcoD 140-152 000 2802-3066 — 57,63 +15,11 —
Ca 10-7200 — — 86,40 + 41,81 200
Mg 30-15 000 — — 83,85 + 41,09 200
NH,* 50-2200 622-1316 — 3,55+ 1,64 —
Fe 3-5500 122,4-180,4 148,55 5,27 +8,87 20
Mn 0,03-1400 — 22,63 2,31+1,60 5
Cu 0,005-10 — — 0,014 +0,028 <1
Zn 0,03-1000 — — 0,129 + 0,094 <1
Pb 0,001-5 — 1,49 0,035+0,019 <1
cd 0,0001-0,4 — 0,330 0,157 +£0,128 <1
Ni 0,015-13 — — 0,021 + 0,022 <1
Cr 0,02-1,5 — — 0,013 +£ 0,009 <1
cl 150-4500 1271-1606 1450,08 597,98 £ 209,73 600
NO; 14-2500 0,47-0,58 0,58 12,37 £ 24,79 20
S0,% 8-7750 65,33-111,2 84,86 118,86 + 77,65 500
Po,* 0,1-23 — — ND 5

a= (Christensen et al, 2001);

b= Mangimbulude et al., (2009)
= Aluko et al,, (2003)

d= Present study

e= Effluent limits for the disposal of treated wastewaters into natural water bodies

Under these conditions, sulphates will be reduced to
sulphides. Although sulphide was not determined, the
inverse correlation shown by sulphates, nitrates and am-
monia may suggest the prevalence of anaerobic condi-
tions under which nitrates are reduced to ammonia; and
sulphates to sulphides (Lo 1996). Sulphide precipitates
heavy metals which may in turn explain the low levels of
heavy metals observed in the leachate. The increased pH
of the leachate also corroborates this assertion.

Suspended solids and chloride were the only param-
eters exceeding regulatory limits in the leachate, suggest-
ing minimal need for treatment. However, the leachate
effluent may require further polishing before discharge.

Durmusoglu & Yilmaz (2006) stated that physico-chemi-
cal methods are suitable for leachate effluent polishing.
Physico-chemical methods may therefore be considered
for polishing of the leachate effluent of the site. Mainte-
nance costs however need to be taken into consideration.

Conclusion

Leachate characterization studies of leachate from the
Akanran / Aba-Eku landfill showed a reduction in the lev-
els of most contaminants to well below the regulatory
standards. However, suspended solids and chloride levels
in the leachate are still a cause for concern. The low levels
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of most contaminants suggest minor need for leachate
treatment (Table 5). However, physico-chemical processes
may be considered for further polishing of the leachate
effluent. Maintenance costs may however need to be con-
sidered before this can be implemented.

ACKNOWLEDGEMENTS

AAO acknowledges The Academy of Sciences for the
Developing World (TWAS) for provision of a fellowship
towards the conclusion of the project. Yao Deming and
Xu Huaxia of the Pollution Ecology group, Institute for Ap-
plied Ecology, Shenyang is acknowledged for assistance
with leachate analysis.

REFERENCES

Aluko, 0.0., M.K.C. Sridhar & P.A. Oluwande. 2003. Characteriza-
tion of leachates from a municipal solid waste landfill site
in Ibadan, Nigeria. Journal of Environmental Health Re-
search 2:32-37.

American Public Health Association 1998. Standard methods for
the examination of water and wastewater 20th ed. Amer-
ican Public Health Association.Washington D.C., USA.

Bakare, A.A & A.R. Wale-Adeyemo, 2004. The mutagenic and cy-
totoxic effects of leachates from domestic solid wastes
and Aba-Eku landfill, Nigeria on Allium cepa. Nature, En-
vironment and Pollution Technology 3: 455-462.

Bilgili, M., D.A. Sinan, E. Akkaya & B. Ozkaya. 2008. COD frac-
tions of leachate  from aerobic and anaerobic pilot
scale landfill reactors. Journal of Hazardous Materials
58:157-63.

Breukelen, B.M & J. Griffioen, 2004. Biogeochemical processes at
the fringe of a  landfill leachate pollution plume: po-
tential for dissolved organic carbon, Fe(ll), Mn(ll), NH4
and CH4 oxidation. Journal of Contaminant Hydrology
73:181-205.

Christensen, T.H., P. Kjeldsen, P.L. Bjerg, D.L. Jensen, J.B. Chris-
tensen, A. Baun, H. Albrechtsen & G. Herom. 2001. Bio-
geochemistry of landfill leachate plumes. Applied Geo-
chemistry 16: 659-718.

Durmusoglu, E. & C. Yilmaz. 2006. Evaluation and temporal varia-
tion of raw and pre-treated leachate quality from an
active solid waste landfill. Water Air and Soil Pollution
171:351-382.

El-Fadel, M., E. Bou-Zeid, W. Chahine & B. Alayli. 2002. Temporal
variation of leachate quality from pre-sorted and baled
municipal solid waste with high organic and moisture
content. Waste Management 22:269-282.

Fan, H., H. Shu, H. Yang & W. Chen. 2006. Characteristics of landfill
leachates in central Taiwan. Science of the Total Environ-
ment 361: 25-37.

Cuadernos de Investigacion UNED (ISSN: 1659-4266) Vol. 4(1), Junio, 2012

FEPA 1991. National environmental protection (effluent limita-
tions) regulations S.1.8. Federal Environmental Protection
Agency. Lagos, Nigeria.

Jorstad, L.B., J., Jankowski, & R.I. Acworth. 2004. Analysis of the
distribution of inorganic constituents in a landfill leach-
ate - contaminated aquifer, Astrolabe Park, Sydney, Aus-
tralia. Environmental Geology 46: 263-272.

Karsten, JK., A. Mage & E. Gjengedal. 2004. Estimation of the
mass-balance of selected metals in four sanitary landfills
in Western Norway, with emphasis on the heavy metal
content of the deposited waste and the leachate. Water
Research 38: 2851-2858.

Koerner, R.M &T.Y. Soong. 2000. Leachate in landfills: the stability
issues. Geotextiles and Geomembranes 18: 293-309.

Kurniawan, T.A.,, W.H. Lo & G.Y.S. Chan, 2006. Physico-chemical
treatments for the removal of recalcitrant contaminants
from landfill leachate. Journal of. Hazardous Materials
129:80-100.

Kylefors, K. 2002. Predictions of leaching from municipal solid
waste and measures to improve leachate management at
landfills. PhD. Thesis. Department of Environmental Engi-
neering, Division of Waste Science and Technology, Lulea
University of Technology. Lulea, Norrbotten, Sweden.

Linde, K., A. Jonsson & R. Wimmerstedt. 1995. Treatment of three
types of landfill leachate with reverse osmosis. Desalina-
tion 101: 21-30.

Lo, I.M.C. 1996. Characterization and treatment of leachates
from domestic landfills. Environment International 22:
433-442,

Manahan, S.E. 2001. Fundamentals of environmental chemistry.
CRC. Missouri, USA.

Mangimbulude, J.C., B.M. van Breukelen, A.S. Krave, N.M. van
Straalen & W.F.M. Roling 2009. Seasonal dynamics in
leachate hydrochemistry and natural attenuation in sur-
face run-off water from a tropical landfill. Waste Manage-
ment 29: 829-838.

Navas, A. & J. Machin. 2002. Spatial distribution of heavy met-
als and arsenic in soils of Aragon (Northeast Spain): con-
trolling factors and environmental implications. Applied
Geochemistry 17:961-973.

Olade, M.A. 1987. Dispersion of cadmium, lead and zinc in soils
and sediments of a humid tropical ecosystem in Nige-
ria, p.303-313, In T.C. Hutchinson & K.M. Meema (eds).
Lead, mercury, cadmium and arsenic in the environment.
Scientific Committee on Problems of the Environment,
Nueva York, USA.

Oni, A.A. 2010.  Physico-chemical parameters and toxicity of
solid waste and leachates on selected animals at Aba-
Eku landfill site, Ibadan, Nigeria. Ph.D Thesis. Department
of Zoology, University of Ibadan, Ibadan, Nigeria.

Reinhart, D.R. & C.J. Grosh, 1998. Analysis of Florida MSW landfill
leachate quality. Florida Center for Solid and Hazardous
Waste Management, Gainsville, Florida, USA.

53



Rieuwerts, J.S., M.R. Ashmore, M.E. Farago and [.Thornton. 2006.
The influence of soil characteristics on the extractability
of cadmium, lead and zinc in upland and moorland soils.
Science of the Total Environment 366: 864-875.

Scow, K.M. & K.A. Hicks. 2005. Natural attenuation and enhanced
bioremediation of organic contaminants in groundwater.
Current Opinions in Biotechnology 16: 246-253.

Tchobanoglous, G., H. Theisen & S.A. Vigil. 1993. Integrated solid
waste management: Engineering principles and man-
agement issues. Mc-Graw Hill, New York, USA.

Trankler, J., C. Visvanathan, P. Kuruparan, & O. Tubtimthai. 2005.
Influence of seasonal variations on landfill leachate char-
acteristics — results from lysimeter studies. Waste Man-
agement 25:1013-1020.

Williams, G.M. 1999. Natural attenuation of leachate - letting
nature take its course Transactions of the institution of
mining and metallurgy section B - Applied Earth Science
108: B33-B37.

Yong-Lee, J., J. Cheon, K. Lee, S. Lee & M. Lee, 2001. Factors affect-
ing the distribution of hydrocarbon contaminants and
hydro-geochemical parameters in a shallow sand aquifer.
Journal of Contaminant Hydrology 50:139-158.

Ziyang, L., Z. Youcai, Y.Tao, S. Yu, C. Huili, Z. Nanwen & H. Ren-
hua. 2009. Natural attenuation and characterization of
contaminants composition in landfill leachate under dif-
ferent disposing ages. Science of the Total Environment
407:3385-3391.

54 Research Journal of the Costa Rican Distance Education University (ISSN: 1659-4266) Vol. 4(1), June, 2012



