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ABSTRACT

In this study, leachate collection and processing system in Ampar Tenang Closed Landfill (ATCL) and its impact on both
groundwater and surface water was evaluated. Samples from three locations in leachate processing system (Collection,
aeration and stabilization ponds), groundwater and surface water were collected and tested for twenty-one parameters
covering nine heavy metals (Fe**, Zn**, Cu?*, Cr**, Cd’*, Pb*, As**, Co** and Mn**) and twelve physiochemical parameters
(Mg**, Ca**, Na*, chemical oxygen demand (COD), biochemical oxygen demand (BOD), total dissolved solids (TDS),
total suspended solids (TSS), electrical conductivity (EC), pH, ammoniacal nitrogen (NH [ N) and dissolved oxygen (DO).
Correlation analysis for landfill leachate ponds, groundwater and surface water showed different patterns of relationships
between all possible combinations of two parameters. Similarity and dissimilarity were studied through cluster analysis,
three clusters were found to entirely separate the collection pond (cluster 1) while the two ponds were clustered with
groundwater samples (cluster 2) and the third cluster is for the surface water. This study shows the benefit of statistical
analysis such as correlation analysis and cluster analysis for evaluation and interpretation of landfill data to understand
the behavior of the selected parameters and to have a clear picture about the pattern of the relationship for effective
landfill management.
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ABSTRAK

Dalam kajian ini, sistem pengumpulan dan pemprosesan air larut resap di Tapak Pelupusan Tertutup Ampar Tenang
(ATCL) dan kesannya terhadap air bawah tanah dan air permukaan telah dinilai. Sampel daripada tiga lokasi dalam
sistem pemprosesan air larut resap (kolam pengumpulan, pengudaraan dan penstabilan), air bawah tanah dan air
permukaan diperoleh dan diuji untuk dua puluh satu parameter iaitu sembilan jenis logam berat (Fe**, Zn**, Cu**,
Cr*t, Cd?*, Pb*, As**, Co** dan Mn**) dan dua belas parameter fizikokimia (Mg**, Ca**, Na*, permintaan oksigen kimia
(cop), permintaan oksigen biokimia (BOD), jumlah pepejal terlarut (TDS), jumlah pepejal terampai (TSS), konduktiviti
elektrik (EC), pH, ammonia nitrogen (NH;N) dan oksigen terlarut (D0)). Analisis korelasi untuk kolam air larut resap,
air bawah tanah dan air permukaan menunjukkan corak hubungan yang berbeza antara semua kemungkinan gabungan
dua parameter. Persamaan dan ketidaksetaraan dikaji melalui analisis kelompok dan tiga kelompok didapati memisahkan
kolam pungutan sepenuhnya (kelompok 1) manakala dua kolam berkumpul dengan sampel air bawah tanah (kelompok
2) dan kelompokketiga adalah untuk air permukaan. Analisis statistik seperti analisis korelasi dan analisis kelompok
untuk penilaian dan pentafsiran data tapak pelupusan sampah dapat membantu dalam memahami ciri-ciri parameter
terpilih dan untuk mendapatkan gambaran yang jelas mengenai corak perhubungan bagi pengurusan tapak pelupusan
sampah yang berkesan.

Kata kunci: Air larut resap; analisis kelompok, logam berat; matriks korelasi; statistik diskriptif; tapak pelupusan sampah

INTRODUCTION preferable and considered as a common method used

In the last few years, there has been a growing interest
in finding an effective treatment process to reduce the
generated pollutants of leachate which cause risks to
environment and human health. Population growth and
behavioral patterns associated with modern lifestyle have
led to an increase of waste generation (Abdulhasan et al.
2019; Abdul Aziz et al. 2020, 2019; Ismail & Hanafiah
2019a, 2019b). Therefore, more effective methods have
been proposed for solid waste disposal. Landfilling is

to dispose solid wastes due to its low cost and do not
involve complex process (Ngoc et al. 2009). Simple
technique, environmental, social and economic features
make landfilling widely accepted around the world.
The Malaysian Federal Government has been utilized
landfilling as one of the main disposal methods for the
municipal solid wastes as it proposed in its plan of sanitary
landfilling constitutes by the year 2020. However, leachate
is generated when water percolates through landfill
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that contains large amounts of organic and non-organic
pollutants (Banch et al. 2019; Biswas et al. 2010; Kebria
etal.2018).Itis estimated that the total volume of leachate
generated from landfills in Malaysia is about 3 million liter/
day, and the quantity of leachate is often more in some
countries due to heavy rainfall as Malaysia (Agamuthu
et al. 2011). Leachate produced from the interaction of
wastes and rainfall also contains trace amounts of chemical
pollutants, heavy metals, dissolved and colloidal solids
and various pathogens that can potentially contaminate
groundwater and surface water (Ashraf et al. 2019;
Razarinah et al. 2015; Tzoupanos & Zouboulis 2009).
Several factors affecting the characteristics of leachate such
as collection system of solid waste, the age of the landfill
which that reflect on the stabilization of the waste, the type
and composition of the discarded waste, the ability of solid
waste component to be dissolved, site and hydrological
factors, solid waste compaction, as well as landfill design
and operations (Jeeva & Umar 2012; Salem et al. 2008;
Weng et al. 2011).

Even though being economical and ease operation,
leachate also remains the most critical issues for landfill
operators and environmental pollution, where polluted
the abundant environment even penetrates to groundwater
(Emenike et al. 2016; Madera-Parra & Rios 2017). Soluble
organic and inorganic compounds are formed as a result of
biological and chemical process in the landfill (Banar et
al. 2006). Large volumes of leachate are produced during
biological treatments which contain various hazardous and
harmful substances that can have potential adverse effect
on the surrounding environment (Roy 2018). According
to previous toxicity study, 133 different toxic chemicals
have been reported in 56 conventional municipal waste
landfills compared to 72 toxic chemicals in the industrial
waste landfills (Foo & Hameed 2009). Toxic chemicals can
adversely affect plant growth, contaminate the drinking
water and impair the ecosystem as it penetrates the soils,
groundwater and surface water. Moreover, leachate
treatment is one of the most difficult issues to handle, as
it could be released from the start of landfill operations
until potentially many decades after closure (Fatta et al.
1999). In Malaysia, solid waste generation is expected
to reach 30,000 ton/day in 2020 with an average of 0.8
kg/capita/day (Bong et al. 2017; Desa 2011). The annual
production of solid waste in Malaysia reported at the rate
between 3% and 4% (Manaf et al. 2009). This increasing
trend could be the result of the rapid economic growth,
changing life style and rural-urban migration. About 70%
of this waste was collected and about 95% of collected
wastes are disposed in landfills (Agamuthu et al. 2009).
There are more than 256 landfill sites in Malaysia with
one of the landfill sites located in Dengkil, Selangor is
Ampar Tenang Closed Landfill (ATCL) site. ATCL is a closed
landfill and the leachate collection system contains three
stages for leachate processing prior to final discharge to
the river namely; collection, aeration and stabilization
ponds. Therefore, this study aimed to evaluate the
efficiency of leachate processing system and determine

the effect to the groundwater and surface water quality. In
this study, physiochemical parameters and heavy metals
were analyzed for leachate from each processing stages
(collection, aeration and stabilization), groundwater
and surface water. The parameters considered in this
study include pH, electrical conductivity (EC), dissolved
oxygen (DO), total dissolved solid (TDS), total suspended
solid (TSS), chemical oxygen demand (COD), biochemical
oxygen demand (BOD), ammoniacal nitrogen (NH,-N),
magnesium (Mg?*), calcium (Ca?*), sodium (Na*), iron
(Fe?), zinc (Zn*), copper (Cu?*), chromium (Cr*),
cadmium (Cd*"), led (Pb?**), arsenic (As*"), cobalt (Co?**)
and manganese (Mn*"). Statistical methods have been
widely used from various scientific fields for analyzing
a huge data to interpret the results and draw conclusions
(Alkarkhi et al. 2009; Yusri et al. 2016). In this study,
descriptive statistics for the concentration of 21 parameters
in each stage of the landfill leachate processing system
(collection, aeration and stabilization), groundwater and
surface water were presented. Correlation matrix between
all possible combinations of two parameters included in
the study was calculated and examined for each stage of
the landfill leachate processing system, groundwater and
surface water. Cluster analysis between the three leachate
collection ponds and the five locations of groundwater and
surface water were investigated.

MATERIALS AND METHODS

SAMPLING AND SITE CHARACTERISTICS

Leachate samples were collected from Ampar Tenang
Closed Landfill (ATCL) site, located in the Sepang district,
approximately 4 km to the southeast of Dengkil town in
Selangor, Malaysia at latitude N 02° 48.925 and longitude
E 101°4.933,40 km southeast of Kuala Lumpur (Mohamed
etal.2009). The landfill site is bounded mainly by oil palm
plantations and housing projects were developed adjacent
to the landfill site. The southern area of the site is located
approximately 300 meters from Sungai Labu, a tributary
of Sungai Langat, Selangor. The average precipitation
in Dengkil is approximately 2,450 mm/year. Annual
temperatures consistently range from 24°C to 32°C with a
mean temperature of 27°C (Bahaa-eldin et al. 2003). ATCL
is located on Langat Basin alluvial aquifer (MHLG 2011).
Layers from silt and sands represent the shallow confined
aquifer but the ground surface is more clayey (Agamuthu
2001) with thickness 5-12 meters (Esmail 2005). There
is another layer of clay under the aquifer with thickness
8-15 meters that makes the aquifer consist of lenses on its
bottom (Bahaa-eldin et al. 2010).

ATCL has a total area of 10 acres that has been
operating for 15 years since 1994. During operation,
ATCL received approximately 100 tons of solid waste per
day. A total of 500,000 tons of solid waste was disposed
of at a site (Taha et al. 2011). The site is fully closed in
2010 following the opening of the new sanitary landfill



in August 2014 (Rashid et al. 2018). ATCL was a mere
open dump is being upgraded with the installation of gas
piping system, leachate collection and treatment pond,
fencing, monitoring wells and other amenities to a Class
IV standard. Leachate generated from ATCL is collected
through pipe and flows into detention (collection) pond
followed by aeration and stabilization ponds. The aeration
pond is aerated via diffused air with a high-pressure pump,
equalizer (stabilized) and infiltration pond which leachate
infiltrate from it to the landfill. Finally, leachate infiltrates
down the landfill then discharged to Sungai Labu causing
environmental risk.

Leachate samples were collected from collection,
aeration and stabilized ponds in ATCL leachate collection
system. Leachate samples were collected three times during
the period between August 2017 and January 2018 from
collection, aeration and stabilized ponds in ATCL leachate
collection system. Leachate was manually collected and
placed in 500 mL polyethene containers. Samples were
collected from point in each of the pond at depths 0.3 meter.
Samples for heavy metals were preserved separately by
adding 1 mL concentrated nitric acid. The samples were
immediately transported to the laboratory and cooled at
4°C to reduce the biological and chemical reaction. ATCL
contains five exploration holes drilled for subsurface
mapping with 30 m depth to monitor groundwater quality.
There are six boreholes at this site. Three boreholes were
installed at the up slope, while three boreholes were built
at down slope of the site. Out of the six monitoring wells
installed, only two remain functional. Groundwater was
sampled from the remaining 2 boreholes, one in up slope
(Groundwater well 1) and the other one in down slope
(Groundwater well 2). Three samples were collected from
every well that were transferred in 500 mL polyethene
bottles and preserved in the laboratory at 4°C. Surface
water samples were collected from Sungai Labu about
300 meters away from ATCL that run across the study area.
Samples were collected from the three selected points as
follow: upstream point (LR1), leachate discharge point
(LR2) and downstream point (LR3). Three samples were
collected from each point. All collected samples were
stored, transferred and characterized in accordance with
standard method by APHA (2005).

ANALYTICAL STUDY

The measured parameters comprise temperature, pH and
DO tested by YSI EcoSense meter, pH100A meter, and
YSI 5000 bench top meter. EC and TDS were determined
by using portable EcoSense EC300A, cob and NH-N
were determined using a spectrophotometer, HACH
Model (DR/2010). All tests were analyzed according to
the standard method (APHA 2005). Heavy metals and
physiochemical parameters include the following elements:
Mg?*, Ca?*, Na*, Fe*,Zn*", Cu*", Cr**,Cd**, Pb*, As*, Co**
and Mn** were analyzed by using Inductively Coupled
Plasma Mass Spectrometry (ICP-MS) model Perkin Elmer
ELAN 9000 1CP-MS. Twenty mL of samples was filtered
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using the 0.45 um membrane filter, while vacuum was
applied through the membrane filtration set. Then 15 mL
of filtered water sample was transferred into the centrifuge
tube. Each centrifuge tube was analyzed using Optima
8300 ICP-OES Spectrometer.

STATISTICAL ANALYSIS

The data for water quality and heavy metals concentrations
obtained from the landfill leachate, surface water and
groundwater were analyzed using descriptive statistics.
The relationship between different parameters was studied
by computing Pearson correlation coefficient between all
possible pairs of parameters (Alkarkhi et al. 2008). The
similarity between the three sampling sites was determined
using cluster analysis (CA) which can summarize the results
in a pictorial form or a dendrogram as done by Yusup and
Alkarkhi (2011). The analyses were performed using the
statistical software R.

RESULTS AND DISCUSSION

DESCRIPTIVE STATISTICS

Descriptive statistics including the mean and standard
deviation for the concentration of heavy metals and
physiochemical parameters in each stage of the landfill
leachate treatment system, groundwater and surface water
are given in Table 1. It can be observed that the position of
the highest and the lowest average of selected parameters
varies among landfill stages, surface water and groundwater
which considered as an indication of the changing in the
properties or the behavior of selected parameters that
influenced by the treatment of the landfill leachate at
different stages (collection, aeration and stabilization
ponds). On the other hand, the higher standard deviation
for some parameters in some sampling locations represents
the high flocculation in the parameters concentration during
the monitoring time. As shown in Table 1, the highest value
for the 21 parameters was observed at the collection pond,
and the lowest value was observed at the river sampling
points LR1, LR2 and LR3.

Although the average level of leachate parameters
is reduced by aeration and stabilization processes,
however, the concentration of most 21 parameters are still
higher than the acceptable discharge limit for industrial
wastewater according to Regulations 2009, Malaysian
Environmental Quality Act 1974 (Act 127). Different
behavior was observed for other parameters as shown in
Table 1; the average values for the most parameters in
the collection pond are generally reduced in aeration and
stabilization ponds. Aeration process can reduce the level
of COD, BOD and ammonia in the leachate (Huang et al.
20006). Additional reduction of organic and ammonia level
was reported in stabilization pond. During stabilization of
leachate, anaerobic treatment is carried out by anaerobic
microorganism which can degrade organics to carbon
dioxide and methane. This result is in line with the results
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obtained by Kamaruddin et al. (2013). The study monitored
the effect of leachate stabilization on organic and ammonia
removal and reported 76% and 52% removal for COD
and ammonia, respectively, during leachate stabilization.
However, the level of some other parameters like pH,
DO, TDS, TSS and some other trace elements and heavy
metals are observed to be increased in the aeration and
stabilization ponds (Table 1). The relationship between
pH and dissolved oxygen was discussed by Cohen and
Kirchmann (2004). The study concluded that the pH value
can be increased by increasing the dissolved oxygen. As
shown in Table 1, the average value of pH was increased
from 7.88 in the collection pond to 9.15 in aeration pond
and then slightly reduced to 8.9 in stabilization pond.

Samples from groundwater wells were analyzed to
monitor and evaluate the effect of leachate collection and
treatment system on groundwater. It was found that the
average values of the parameters are in the same level of
leachate parameters in stabilization pond implying that
the groundwater is affected by the leachate contamination.
Moreover, the level of parameters in GW2 (landfill down
slope well) is slightly higher than in GW1 (landfill upslope
well) which may due to the effect of groundwater and
percolated leachate flow direction. The same results
were obtained by Alslaibi et al. (2018) that assessed the
effect of landfill leachate parameters on subsurface and
groundwater. Although the leachate ponds are lined, due to
heavy rain and overflow of leachate ponds, large quantity of
leachate can contaminate the soil surrounding the landfill.
Sungai Labu is a final discharge point of flooded leachate.
Samples from the river were collected and characterized to
determine the level of contamination of samples collected
from Sungai Labu. As shown in Table 1, the highest level
for the parameter in the river can be observed in LR2 which
located adjacent to the landfill leachate discharge area.
Maiti et al. (2016) characterized the parameters for landfill
leachate and evaluate its impact to the groundwater and
surface water in Dhapa, Kolkata, India.

CORRELATION ANALYSIS

Correlation matrix between all possible combinations of
two parameters included in the study was calculated and
examined for each stage of the landfill leachate treatment
system, surface water and groundwater sites (Tables 2 and
3). The results of correlation showed different patterns
in each stage of the leachate system, surface water and
groundwater stations indicating that the behavior of the
selected parameters exhibited different relationships in
presents of other parameters. This could be due to various
factors or sources that affect each pond or station which is
reflected in the behavior of some or all parameters that give
the pattern of the correlation between different parameters.
The correlation matrix for the collection pond of the
landfill leachate showed that most of the parameters are
significantly correlated positively or negatively with each
other at p-value <0.05 or 0.001 such as pH, EC, TDS, TSS,
DO and other parameters. Furthermore, arsenic (As) did not
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correlate with other parameters, while COD is positively
correlated with the only BOD,. BOD, was positively
correlated with Ca and coOD. Significant correlation refers
to the sharing of the origin source between the correlated
parameters.

The correlation matrix for aerated pond (pond 2)
exhibited another pattern of correlation, for example, there
was no significant correlation in collection pond between
pH, cop, NH.-N and As, while exhibited a significant
correlation with the aerated pond. This behavior can be
found for other relationships between different parameters.
During the aeration process, COD and NH,-N can be
oxidized, dissolved oxygen and pH were increased by
aeration, and the solubility of the heavy metals is reduced
at high pH. The relationship between the solubility of
heavy metals and pH was investigated by Rothe et al.
(1988). The study evaluated the effect of pH variation on
the solubility of Zn**, Cd**, Cu**, Pb* and Cr* in sewage
sludge. The study concluded that the metal solubility will
be increased at pH lower than 7 and reduced at pH between
7—-10, while the solubility of heavy metals in wastewater is
increased at low pH value and reduced when pH increased
higher than 7. As shown in Table 2, the strong significant
correlation (**) between pH and most of heavy metals
in collection, aeration and stabilization leachate ponds,
while the pH ranged between 7.88 and 9.14. The patterns
of the correlation in groundwater and surface water can
be examined in the same way (Table 3).

CLUSTER ANALYSIS

Similarity and dissimilarity between the three ponds of
the landfill leachate and the five locations of groundwater
and surface water were investigated using cluster analysis.
Cluster analysis was carried out for heavy metals and
physiochemical parameters. The steps and the results of
cluster analysis are presented in Figure 1 (dendrogram).
It can be seen from Figure 1 that the three leachate ponds
and the other five sampling locations for the groundwater
and surface water are grouped into three dissimilar clusters.
The first cluster is represented by pond 1 (collection pond)
of the landfill leachate and the second cluster consists
of two ponds (aeration and stabilization ponds) and the
other stations for groundwater, whereas the third cluster
consists of three locations in the surface water. It was found
that the behavior of the parameters is entirely different
between inlet pond and other ponds or stations, while the
dissimilarity between the locations in the surface water
(cluster 3 and cluster 2) is small compared to collection
pond. The difference between the collection pond and
other aeration and stabilization ponds is due to the effect
of aeration and stabilization processes on the average level
of the parameters. The cluster for groundwater analysis
(middle well and entrance well) shows that the groundwater
in the middle well (inside landfill area) is affected by
leachate parameters higher than that in entrance well
(outside landfill area), and the groundwater in both wells
are affected by the leachate parameters from aeration and
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FIGURE 1. Cluster analysis for landfill leachate collection system,
groundwater wells and surface water

stabilization ponds. Although the level of parameters in
surface water are lower in the cluster 3 than that in cluster
2, the level of parameters is still higher than the standard
limits as presented in Table 1.

CONCLUSION

In conclusion, it can be said that statistical methods
including descriptive, correlation and cluster analyses
have provided satisfactory and clear picture of the overall
fate of physiochemical and heavy metals in the three ponds
of the landfill and understand the effect on the groundwater
and surface water. Correlation analysis showed different
pattern of relationships between the parameters and related
to factors affecting each pond or site. Cluster analysis
illustrated reliable classification of the physiochemical
and heavy metals in the landfill (cluster 1), groundwater
(cluster 2) and surface water (cluster 3). Although the
aeration and stabilization systems reported significant
reduction in the level of leachate parameters at the
collection pond, the level of parameters at aeration and
stabilization ponds is still higher than the standard limits
and can influence groundwater and surface water quality
in the area.
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