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ABSTRACT: Municipal solid waste (MSW) leachate is a hazardous liquid produced from
decomposition of solid waste with high amount of organic matter and ammonia-nitrogen
with obnoxious smell. This study aimed to investigate the behavior of MSW leachate when
subjected to hydrothermal treatment using an autoclave set up at below water critical
points (temperatures of 100 °C, 150 °C, and 200 °C at 0.1 MPa, 0.4 MPa and 1.6 MPa,
respectively) with 15 min and 60 min holding time. Physicochemical characterization of
the setup at 200 °C and 1.6 MPa at 60 min holding time indicates a feasible parameter
when materials that caused the dark color and obnoxious smell were almost completely
removed. Over 99% of chemical oxygen demand and ammonia nitrogen was eliminated
when treated with hydrothermal treatment and yielded a condensed liquid product that
complied with permissible limits set by the National Water Quality Standard Malaysia and
the World Health Organization for wastewater discharges for irrigation purposes.
Chromatographic analysis indicated that most of the organic compounds present in the raw
leachate was removed. This processing is believed to be an environmentally friendly
method that can treat MSW leachate rapidly, and it has the potential to be used as an
effective alternative to existing leachate treatment technologies.

ABSTRAK Larut lesap daripada sisa pepejal perbandaran merupakan cecair merbahaya
yang berlaku semasa penguraian sisa pepejal dengan jumlah bahan organik dan ammonia-
nitrogen yang tinggi dengan bau menjengkelkan. Kajian ini bertujuan bagi mengkaji sifat
larut lesap ini apabila melalui rawatan hidroterma menggunakan autoklaf yang ditetapkan
di bawah titik kritikal air (suhu 100 °C, 150 °C, dan 200 °C pada 0.1 MPa, 0.4 MPa dan
1.6 MPa masing-masing) dengan tempoh masa 15 minit dan 60 minit. Sifat fizikal kimia
yang dirawat pada suhu 200 °C, 1.6 MPa selama 60 minit menunjukkan satu parameter
yang boleh dilaksanakan apabila warna gelap dan bau yang menjengkelkan hampir
dikurangkan sepenuhnya. Lebih 99% ammonia nitrogen disingkirkan apabila dirawat
dengan rawatan hidrotherma dan menghasilkan air bersih yang mematuhi had yang
dibenarkan oleh Piawaian Kualiti Air Kebangsaan Malaysia (NWQSM) dan Pertubuhan
Kesihatan Sedunia (WHO) bagi pelupusan air sisa pepejal bagi tujuan pengairan. Analisis
kromatografi menunjukkan bahawa sebahagian besar sebatian organik yang terdapat
dalam larut resap telah disingkirkan. Pemprosesan ini diyakini merupakan kaedah mesra
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alam yang dapat merawat dengan cepat, dan berpotensi digunakan sebagai alternatif
efektif untuk teknologi rawatan larut lesap sedia ada.

KEYWORDS: municipal solid waste,; leachate; hydrothermal; organic compound

1. INTRODUCTION

The recent economic, demographic, and technological development of society have led
to an increase in the production of municipal solid waste (MSW), which consequently
causes a waste disposal problem. Landfills are the most widely used method to dispose
MSW since it is simple, feasible and cost effective; it minimizes carbon dioxide (CO») and
controls methane (CH4) and leachate emissions [1] especially in sanitary landfills. However,
the conventional landfilling method has a lot of negative impacts on the environment. Open
MSW dumpsites nowadays have become looming hotspots for water, air, and land pollution
[2]. As waste generation increased, more waste would be dumped into landfill that would
simultaneously lead to an increase in landfill leachate generation. Unfortunately, waste is
still being wantonly discarded in open dumps all over the world, while the substantial
resources spent in remediation suggest that landfill leachate is a significant source of
groundwater pollution [3]. In Malaysia, Act 672, gazetted in 2007, is the law that deals with
solid waste and public cleansing management. The plans and strategies formulated in line
with Act 672 were projected to bring about huge transformation in MSW management in
the country. However, the authorities face a huge challenge in the implementation of the
National Policy regarding MSW management [4]. The strategies to reduce waste to be sent
to landfill do not seem to produce the expected results. Landfill is still the main MSW
disposal approach [5] and solid waste sent to landfill is increasing every year [6].

Landfill leachate generally contains organic matter (biodegradable, but also refractory
to be biodegraded), ammonia-nitrogen (NH3-N), heavy metals, and chlorinated organic
compounds and inorganic salts [7]. The main concern about those compounds in
environmental matrices is that they are hazardous and of difficult decomposition by soil and
aquatic microorganisms [8]. Inhabitants who live near the dumps are particularly at risk of
consuming contaminated water. Domestic water use for drinking, bathing, or washing in
nearby areas may lead to exposure to volatile organic compounds (VOCs) [9], mercury [10],
polychlorinated biphenyl (PCBs) [11], or polyaromatic hydrocarbon (PAHs) [12]. A
laboratory analysis by Griffith et al. [13] identified 593 sites in the US where contaminated
groundwater was used for drinking purposes. In the state of New Jersey for example,
leachate from the site of Lipari Landfill has migrated into nearby streams and lakes adjacent
to a residential area and contaminated most of the water pathways causing an increase in the
proportion of low-birth-weight babies (2.5 kg) and lowering the birth weight for the
population living closest (within 1 km radius) to the landfill. Studies on leachate
demonstrate that it contains compounds such as PAHs, alkenes, ketones, esters, alcohols
[14], phthalates, phenols and nitrogen compounds [15], carboxylic acids, amines, amides,
aldehydes and carbohydrates [16]. These pollutants have accumulative, threatening, and
detrimental effects on the survival of aquatic life forms, ecology, and food chains leading to
enormous problems in public health including carcinogenic effects, acute toxicity, and
genotoxicity [12,17-19].

Solid waste landfills are often reported to have serious and recurring leachate
contamination issues, and the pollution is caused by the design of the landfill and existing
leachate treatment system that are not able to fully accommodate the increasing volume of
solid waste received [20]. Biological processing is usually carried out to remove the
contaminants, especially the organic contents and total Kjeldahl nitrogen (TKN) in the form
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of ammonium — from leachate, to meet the compliance limits before being discharged into
the environment [21]. Conventional biological treatment process usually consists of two
stages: denitrification and nitrification. However, the conventional pathway involves higher
operational cost due to the requirement of high amounts of oxygen during the nitrification
when pure oxygen is used to supplement the air system and carbon during the denitrification
process [22]. The most common approach to leachate treatment involves biological and
physical or chemical leachate treatment in combinations. Leachate contains recalcitrant to
biological process substance that cannot be treated using either one of the processes alone.
All the contaminants make the treatment of leachate complex and expensive [23].

Advanced oxidation process (AOP) has gained importance over the past few years due
to its potential to biologically destruct resistant organic molecules and micro pollutants,
enhancing the quality of discharge waters from secondary treatment units [24]. Of all the
AOPs, the hydrothermal oxidation process (sub- and super-critical) has received particular
attention for its complete conversion without producing any harmful intermediates [25].
AOP is also referred to as hydrothermal treatment process. Hydrothermal treatment below
the critical points of water has been widely employed for the solubilization, extraction, and
liquefaction of target materials [26]. Subcritical water has hydrolytic and pyrolytic reaction
characteristics, which result from a decrease in the dielectric constant and increase in the
ion product of water at temperatures and pressures below and near 374 °C and 22.1 MPa
[27- 28] . Most researchers have focused on solubilization and extraction to recover valuable
organic compounds such as glucose and organic acids [27,29-31]. Some researchers have
dealt with hydrothermal treatment as pretreatment prior to fermentation, gasification,
composting, and other processes [26,32-35]. Many have focused on treatment using
supercritical water, which is the process that occurs in water above its critical points [36-
41]. Only a few researchers focus on treating MSW leachate by employing hydrothermal
treatment below the critical points water. Kirmizakis et al. [42] employs hydrothermal
treatment below the critical points water to treat landfill leachate at temperatures in the range
of 100 °C to 374 °C but requires chemicals as a catalyst for the treatment. In this work,
hydrothermal treatment below critical points condition was performed to treat MSW
leachate samples from the area of Ampang district, Selangor, Malaysia. Physicochemical
characteristics of the leachate samples such as color, odor, pH, chemical oxygen demand
(COD), ammonia-nitrogen (NH3-N) and the organic compound composition of the leachate
were mainly investigated. The experimental results were then compared with the standard
discharge limit by the National Water Quality Standard Malaysia (NWQSM) and the World
Health Organization (WHO) at the permissible limits for contaminants present in
wastewater discharges for irrigation purposes.

2. MATERIALS AND METHOD
2.1 Material

Fresh MSW leachate was collected from several garbage trucks for municipalities in
the area of Ampang district, Selangor owned by KDEB Waste Management Sdn Bhd
(KDEBWM) for the sampling. Each garbage truck had a temporary leachate storage tank
below it, which allowed excess liquids in the MSW to infiltrate and accumulate in the tank.
MSW leachate sample went directly from the tank into container. Collected MSW leachate
was filtered using a 1.5 mm mesh to remove solid particles and was stored at 4 °C.
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2.2 Hydrothermal Treatment Processing Setup

Fig. 1 shows the laboratory-scale experimental apparatus for the hydrothermal
treatment. The reactor was loaded up to % volume of the reactor. Raw MSW leachate (50
mL) and 130 mL distilled water were put in a batch type autoclave reactor and sealed.
Saturated steam and pressure were set at 100-200 °C and 0.1-1.6 MPa depending on working
temperature. The reactor was held for 15 min or 60 min after reaching all the setup
conditions. The reactor was quenched with cooling water at room temperature in the
condenser to terminate further reactions from occurring after the intended holding time. The
clean liquid was collected as the product of the hydrothermal treatment and the inorganic
particles that had settled at the bottom of the reactor were discharged.
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Fig. 1: Laboratory-scale experimental apparatus for the hydrothermal treatment.

2.3 Physicochemical Analysis

The parameters for characterization were chosen according to the leachate pollution
index (LPI) that provides an overall pollution potential of a landfill site in identifying
whether the MSW leachates are hazardous or not. Physicochemical parameters were
analyzed for color, odor, pH, chemical oxygen demand (COD), and ammonia-nitrogen
(NH3-N) composition. Color and odor were observed according to the physical appearance
of the sample and indicated using sensorial technique by smelling the samples respectively.
pH was analyzed using a pH meter, COD was determined by the colorimetric method, and
NH3-N was measured by the salicylate method (385 HACH DR/3900 Spectrophotometer)
using the APHA standard methods [43]. The removal percentage of COD and NH3-N was
computed based on following equation:

Percentage of removal (%) = ((Xi — Xf)/Xi) * 100%

where percentage removal represents percentage of COD and NH3-N removed from raw
MSW leachate, Xi refers to average initial raw reading of COD and NH3-N before treatment,
and Xf is the average final reading of COD and NH3-N after treatment.

208



IITUM Engineering Journal, Vol. 23, No. 2, 2022 Purwanto et al.
https://doi.org/10.31436/iiumej.v23i2.2196

2.3.1 pH Sampling

The pH values were measured immediately after the samples were taken from the
garbage truck. Three representative samples from each garbage truck were put into glass
closed containers. The fresh sample was stirred, and pH meter electrode was placed in the
leachate sample and measurement recorded when the readings stabilized. The electrode was
rinsed several times with distilled water and blotted dry before placing into the sample. The
same steps were followed for pH measurements of treated leachate.

2.3.2 Chemical Oxygen Demand (COD)

A high range COD digestion reagent vial was used for the sample concentration up to
15000 mg/L range like MSW leachate. The leachate sample was made homogenous by
gently swirling and inverting the container several times for 30 sec, before 0.2 mL leachate
was pipetted into the COD digestion reagent vial. The vial was capped tightly, rinsed with
deionized water, and wiped clean with paper towel. The vial was inverted gently several
times to make sure the content was mixed and was placed into the 150 °C preheated DRB
200 reactor for two hours. A blank sample was prepared with 0.2 mL deionized water
instead of the leachate. After 20 minutes, the DRB 200 reactor was turned off. Both sample
and blank vials were gently inverted before allowing them to cool down to room
temperature. Measurements were made with a spectrophotometer set at 620 nm wavelength.

2.3.3 Ammonia Nitrogen (NH3-N)

The blank sample was prepared by filling the sample cell with 10 mL deionized water,
followed by the leachate sample preparation by filling the cell with 10 mL leachate sample.
Both were filled with ammonia salicylate reagent powder pillow (Hach Malaysia Sdn Bhd),
and the cells were inverted to dissolve the reagent well. After three minutes of reaction time,
both cells were filled with ammonia cyanurate powder pillow. The cap was closed, and cells
were shaken to mix well. After 15 min, the green color formed in the presence of NH3-N
was measured at 655 nm.

2.4 Organic Compound Composition

The organic compound composition was determined based on the standard APHA
method [43]. Samples were prepared according to Turki et al. [44] with slight modifications.
Sample (0.01 g) was brought to 1 mL volume with ethanol and filtered (0.2 pm nylon
membrane) prior to gas chromatography — mass spectrometry (GC-MS) analysis using a
HP-5MS fused silica capillary column (30 m x 250 pm 1.d. and 0.5 pum film thickness;
Agilent Technologies). The GC oven temperature was programmed as follows: 80 °C held
for 2 min and raised at 10 °C/min to 250 °C (held for 10 min). Helium was the gas carrier,
and the flow rate was set at 1.07 mL/min. The sample injection (1.0 uL) was set on a splitless
mode at 250 °C with solvent delay of 4 min. Detection was conducted by a mass selective
detector with electron impact ionization at 70 eV, in selected ion monitoring mode. MS
transfer line temperature was at 250 °C, and the MS was operated in full scan in electron
ionization mode with an electron multiplier voltage of 1588 V. The mass scanning was set
to be of a range of m/z 40 to 500. The semi-quantification and the removal of persistent
compounds in each stage of the process were performed by comparing the corrected areas
of specific peaks to the peak area.
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3. RESULTS AND DISCUSSION

3.1 Physicochemical Characteristics

MSW raw leachate was a dark-cloudy colored liquid (brown and black), very acidic,
offensive, and sometimes had a very pervasive smell. The pH of the samples collected from
several garbage trucks owned by KDEBWM during the transportation of the MSW to the
landfill were between 3.00-3.54 (average of 3.27). The COD ranges between 47000-55000
mg/L in raw leachate samples (average of 51000 mg/mL) and the NH3-N varied between
29504042 mg/L in the raw leachate samples (average of 3496 mg/L). The pH of the
samples when subjected to hydrothermal treatment as a function of temperature is shown in
Fig. 2. The pH of hydrothermal treatment from 15 min to 60 min holding time was
maintained within acceptable range limit.
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Fig. 2: Effect of temperature on pH change after hydrothermal.

Table 1: The physicochemical characteristics of MSW leachate from Ampang district, Selangor

No. Parameter Raw Hydrothermal treated NWQOSM NWQM
leachate 100 °C, 0.1 150 °C, 0.4 200 °C, 1.6 standard* standard*

MPa, 15 min MPa, 30 min MPa, 60 min

ﬁ - 3

1 Color Dark brown, Very light Light yellow, Almost - -
cloudy yellow, clear clear transparent,
clear
2 Odor Obnoxious Less obnoxious Less obnoxious No odor - -
3 pH 3.00-3.54 4.00-4.03 5.00-5.20 5.00-5.05 5.0-8.0 6.5-8.5
4 COD 47000-55000 7800-8800 230-248 48-52 100 250
(mg/L)
5 NH:;N 2950-4042 2301-2809 12.8-15.9 0.20-0.21 2.7 -
(mg/L)

*Discharge standard at Class IV for irrigation.

The result shows that with the increasing pH value, COD and NH3-N showed decline,
and organic compounds in the treated leachate became significantly simpler than raw MSW
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leachate, as can be seen in Table 1. Raw leachate is a potentially hazardous material to
lifeforms because biochemically it exhibited low pH, high COD, and high NH3-N. Among
the three set up parameters, temperature of 100-200 °C, pressure of 0.1-1.6 MPa and holding
time of 15 min or 60 min, the conditions of 100 °C, 1.6 MPa and 15 min holding time yielded
condensed treated leachate that is characterized by very light yellow and clear liquids with
some obnoxious smell. Only 30% of NH3-N and 84% of COD was eliminated when treated
with hydrothermal treatment that required further treatment to reach permissible limits. The
conditions of 200 °C, 1.6 MPa with 60 min holding time provided the highest hydrothermal
treatment performance on the raw MSW. Under these conditions, the final condensed liquid,
which is clear and without any obnoxious smell (Table 1), complies with the National Water
Quality Standard Malaysia (NWQSM) and the World Health Organization (WHO)
standards at the permissible limits for contaminants presents in wastewater discharges for
irrigation purposes. Percentage removal of COD and NH3-N under minimum and maximum
condition of hydrothermal treatment is shown in Table 2, calculated based on equation in
section 2.3. Treatment at 100° C, 0.1 MPa with 15 min holding time causes 84% of COD
and only 30% of NH3-N to be degraded and removed. Treatment at higher temperature and
longer holding time of 200 °C, 1.6 MPa with 60 min results in removal of over 99% of COD
and NH3-N. The results indicate that the hydrothermal treatment has significant impact on
the reducing of organic substances in the leachate to meet the standard content in the
wastewater discharging for irrigation purposes.

Table 2: Percentage removal of COD and NH3-N

No. Parameter Percentage removal
100 °C, 0.1 MPa, 200 °C, 1.6 MPa,
15 min 60 min
1 COD (mg/L) 84% 99%
2 NHi.N (mg/L) 30% 99%

3.2 Organic Compound Composition

A large number of organic compounds were identified in GC-MS based on a query
mass spectrum with reference mass spectrum in the library of PAHs and PCBs. There were
no detectable PCBs in MSW raw and treated leachate samples. Table 3 shows the list of
PAHs found in the tested raw MSW samples. PAHs distribution data for the raw MSW
leachate showed major contribution of low molecular weight PAHs (2-3 rings) molecular
structures such as 2-fluorobiphenyl, 4-terphenyl-d4, naphthalene-d8, phenanthrene-d10, etc.
Besides, there was also minor presence of higher molecular weight PAHs (4-6 rings)
structures such as chrysene-d10, perylene-d12, chrysene, 3-methylchloanthrene,
benzo(b)fluoranthene, benzo(k)fluoranthene, and benzo(a)pyrene. Compounds that have
more rings are much more stable and may hardly experience losses due to weathering
processes such as solubilization, evaporation/ volatilization and natural biodegradation.

The presence of benzo(a)pyrene consisting of five fused benzene rings for example,
even at the smallest composition, in the distribution data of the leachate is enough to be of
concern and requires effective efforts to eliminate it. Immediate steps should be taken to
limits its spread to the environment. This is because this compound is highly hazardous and
is listed as a Group 1 carcinogen by the International Agency for Research on Cancer, IARC
[45]. Benzo(a)pyrene is hazardous to human health because it will attack the nervous
system, immune system, and reproductive system, react and bind to DNA, and result in
mutations and eventually cancer in the body [46-48].
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The compounds of concern in MSW leachate are those that are potentially hazardous,
belonging to xenobiotic organic compounds including PAHs and halogenated organics like
the PCBs. PAH organic pollutants are the most long-lived families of toxic chemicals. PAHs
are strongly hydrophobic and lipophilic as well as have the propensity to accumulate in the
tissue of any living thing [49] that can undergo long range transport and move into otherwise
pristine environments. PCBs are toxic persistent organic pollutants that are harmful to
humans and the environment due to their lipophilic characteristic and not easily degraded
in the environment. Both PAHs and PCBs are therefore the focus of the MSW leachate
analysis. The elimination of PAHs and PCBs in treated leachate is important to avoid
undesirable adverse effects on human health.

Table 3: List of PAHs found in raw MSW leachate

No RT (min) Compound % PAHs % PCBs
detected detected
1 7.16 2-Fluorobiphenyl 12.66867 nd
2 10.89 4-Terphenyl-d4 11.98621 nd
3 6.09 Naphthalene-d8 8.62133 nd
4 9.31 Phenanthrene-d10 7.87956 nd
5 8.66 Chrysene-d10 7.49305 nd
6 4.5 Phenol-d5 7.41990 nd
7 6.34 Phenanthrene-d10 6.91754 nd
8 11.94 Chrysene-d12 6.78624 nd
9 5.39 Nitrobenzene-d4 6.53955 nd
10 3.6 2-Fluorophenol 6.37875 nd
11 7.83 Acenaphthene-d10 4.64253 nd
12 4.85 1,2-Dichlorobenzene-d4 3.66190 nd
13 13.28 Perylene-d12 3.65857 nd
14 8.61 2,4,6-Tribromophenol 2.47231 nd
15 4.85 1,4-Dichlorobenzene-d4 2.47227 nd
16 9.89 Benzyl butyl phthalate 0.33581 nd
17 5.24 3&4-Methylphenol 0.03793 nd
18 8.84 Di-n-butyl phthalate 0.00669 nd
19 11.97 Bis(2-ethylhexyl) phthalate 0.00368 nd
20 11.97 Di-n-octyl phthalate 0.00368 nd
21 12.52 7,12-Dimethyl benz(a)anthracene 0.00340 nd
22 7.86 Diethyl phthalate 0.00201 nd
23 11.97 Chrysene 0.00181 nd
24 7.69 Acenaphthylene 0.00175 nd
25 12.4 3-Methylchloanthrene 0.00114 nd
26 6.08 4-Chlorophenol 0.00073 nd
27 6.11 Naphthalene 0.00064 nd
28 11.92 Benz(a)anthracene 0.00059 nd
29 12.93 Benzo(b)fluoranthene 0.00057 nd
30 4.65 2-Chlorophenol 0.00054 nd
31 12.96 Benzo(k) fluoranthene 0.00041 nd
32 13.22 Benzo(a)pyrene 0.00023 nd

RT (retention time); nd (not detected)

The chromatograms of raw MSW leachate and two hydrothermally treated leachates at
200 °C are shown in Fig. 2. The behavior of the chemical changes on the organic loads in
the leachate during hydrothermal treatment can be seen clearly in the changes of
chromatogram peaks. Most compounds, especially PAHs, existed in raw leachate, went
missing when held at 200 °C, 1.6 MPa with 15 min of holding time. But some new
compounds that are hazardous to environment like benzene, nitroso-, 2-pyrrolidinone, sec-
butyl nitrite, and cetene appeared. This means exposing raw leachate with hydrothermal
treatment at 15 min of holding time has removed PAHs and the reaction may cause the
derivatives of new compounds from PAHs of smaller molecular weight and change their
molecular structure. For example, benzene, nitroso- is a single-ring benzene structure that
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derives from the existence of benzene. Improper setup parameters in hydrothermal process
may result in some hazardous compounds appearing. However, in this case, the compounds
that appeared were selectively less reactive and not stable due to their lower molecular

weight.
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Fig. 2: The chromatograms of raw MSW leachate (bottom) and hydrothermally-treated leachate
at 200 °C held for 15 min (middle) and 60 min (top), respectively.

As the treatment holding time increased, the intensity and/or peak abundance became
smaller. As indicated earlier, the conditions of 200 °C, 1.6 MPa with 60 min holding time
showed the highest performance for the hydrothermal treatment of raw MSW leachate.
Under these conditions, there was no detectable presence of PAHs but there were new
compounds with significant peak intensity corresponding to alpha-amyrin, lupeol, and
eicosane. All these compounds come from the lipid family and do not have any record of
being hazardous compounds by the Globally Harmonized System of Classification and
Labelling of Chemicals (GHS) report. Lipids formed from the process are believed to be the
natural oils that come out from the hydrothermal processing of MSW leachate in a hot and
pressurized environment. Hydrothermal liquefaction of organic content in the leachate may
happen along the treatment in the thermochemical conversion of the organics into liquid
fuels. Temperature and pressure that is set in a closed reactor causes a thermal
depolymerization process converting the wet organics, and other macromolecules, into a
crude-like oil result.

The hydrothermal conversion of leachate into clean water involves the process of
vaporization, condensation, and collection of condensate product (clean water). Leachate is
a mixture of liquids containing organic and inorganic components. The hot and pressurized
conditions vaporize the leachate and cause compounds in the mixture to break-up into
smaller fragments, some of which are dissolved in water. The organic matter that makes
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leachate hazardous are converted into simpler dissolved compounds during the process and
the gaseous species was collected as clean water following condensation. Inorganic
components were collected as residues of the process.

4. CONCLUSION

Characteristics and behavior of raw municipal solid waste leachate sampled from the
Ampang district, Selangor, Malaysia were experimentally investigated under hydrothermal
treatment at various temperatures. The fresh raw leachate was dark brown and black color
cloudy liquid that was potentially hazardous with average pH, COD and NH3-N of 3.27,
51000 mg/L, and 3496 mg/L. The decrease in the area of intensity in the GC-MS
chromatograms reflects the removal of compounds from the raw leachate and their greatly
reduced quantity after the hydrothermal treatment. Treatment at 15 min holding time is
insufficient to cause the compounds in the leachate to be degraded and removed which is
inferred from peak areas comparison in the chromatograms for treated and raw leachate.
Treatment at longer holding time of 60 min and higher temperature appear to cause more
compounds to be removed. Most compounds were removed from the leachate sample that
was hydrothermally treated at 200 °C, 1.6 MPa and 60 min, thus giving favorable
parameters: 99% of COD and NH3-N were removed over raw leachate and complied with
the National Water Quality Standard Malaysia and the World Health Organization standards
for permissible limits for contaminants present in wastewater discharges for irrigation use.
The results indicated that proper parameter setup on hydrothermal treatment cause an
effective conversion of poisonous aromatic and complex organic compounds in the leachate
into clean water so that burden to the environment can be reduced. It would provide a
potential solution to leachate problems and reduce water pollution if the proposed process
was implemented to process leachate on an industrial scale.
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