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Abstract
The burning issue of Solid waste management has become more prevalent in municipals of
emerging nations as a combined effort of population growth, economic expansion, and rising
living standards. In Nepal, 48.6% of municipalities choose to pile rubbish in landfills, while
the remaining municipalities choose to burn their waste or pile it up along rivers. Leachate, a
hazardous pollutant that harms soil, ground and surface water, human health, hygiene, and
aquatic life, is a liquid produced from the bottom of solid waste disposal facilities.Leachate is
treated via three processes: physical, chemical, and biological in landfills. The goal of the
current paper is to review the leachate treatment options currently on the market. Instead of
adopting a single treatment procedure, with physical and chemical process in combination of
biological treatment has shown the effective performance. The onsite leachate solution is
given an appropriate low cost option via land treatment of the landfill leachate. Cover soil can
be thought of as a primary component of landfill operating strategy for separating trash from
the environment and employed as a medium for the reduction of organic loads and specific
toxic metals in leachate. This paper will be helpful in examining the many alternatives for
treating landfill leachate.
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1. Introduction
Rapid Urbanization and technological advancement
have increased population product consumption, which
has multiplied the amount of wastes dumped annually
in the landfills[1]. Solid Waste segregation is still not
at a typical practise in underdeveloped nations, land-
filling is an inescapable option[2]. Landfills collect
around 95% of the waste generated worldwide[3] and
the rest are recycled, reused, or reduced. The waste in
the landfills goes through several biological and physio-
chemical changes producing leachate that is highly con-
taminated [4]. Uncontrolled disposal of solid waste and
the leachate that results from it can lead to pollution, var-
ious environmental dangers and health problems. The
leachate generated has a greater capability of polluting
groundwater, surface water, and soil making its treat-
ment a challenge[5]. The dissolved organic matter in the
leachate can alter the transport, stability, behaviour, and
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bioavailability of heavy metals as well as the coagula-
tion and flocculation process. It can also affect microbial
performance through interactions with orgranic pollu-
tants and cause fouling by disrupting the membrane[6].
Leachate treatment, which may involve physical, chem-
ical, or biological treatment, is well explained in this ar-
ticle. Recent research has revealed that treating landfill
leachate performs better when biological and physio-
chemical treatment are combined.Leachate from land-
fills will also be treated on-site using land-based meth-
ods, which will help reduce costs. Better technology is
required for the proper management and treatment of
landfill leachate as well as for the successful treatment
of landfill leachate.

2. Characteristics of landfill
Leachate

Leachate from landfills contains a wide range of heavy
metals, total dissolved solids, pathogens, nutrients,
as well as organic and inorganic compounds, among
other contaminants, all of which are very dangerous.
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Table 1: Characteristics of landfill leachate

Parameter Early Medium-term Old

Landfill useful life (years) < 5 5 − 10 > 10

pH 6.5 − 7.5(7.0) 7.0 − 8.0(7.5) 7.5 − 8.5(8)

COD (mg/L) 10 − 30(15) 3 − 10(5) < 3(2)

BOD/COD 0.5 − 0.7(0.6) 0.3 − 0.5(0.4) < 0.3(0.2)

NH+
4 -N (mg/L) 500 − 1000(700) 800 − 2000(1000) 1000 − 3000(2000)

COD/NH+
4 -N 5 − 10(6) 3 − 4(3) < 3(1.5)

Leachate’s composition varies according to the types of
waste produced, the lifespan of landfills, their architec-
ture, the climate, ecology, and management techniques.
The characteristic of landfill leachate with various pa-
rameters is presented in Table 1 at different time[7].
The leachate’s early stage, which lasts for less than five
years, is acidic, has a low Ammonical nitrogen concen-
tration and a high COD concentration as well as a high
BOD/COD ratio. In the mature (medium-term) leachate,
the pH values are slightly high than in the early phase
within the range of 7-8 in the development of 5 to 10
years of period. In this phase, the COD, BOD/COD ra-
tio, and COD/ NH4+-N ratio of the leachate are less than
in the previous stage, and NH4+-N in the 800-2000 mg/L
range. The growth of leachate after 10 years showed
the COD (g/L) and COD/ NH4+-N ratio values are be-
low 3, and BOD/COD ratio with less than 0.3. These
types of leachate are considered as old (methanogenic)
and the pH is relatively high. Therefore, knowledge of
leachate’s characteristics is essential for both excellent
treatment and little impact on the landfills[7].

3. Treatment methods of landfill
Leachate

Leachate from landfills must be treated according to
its specific properties. Different treatments are offered
based on the leachate’s composition. Physical, chemical
and biological treatment are included in this review
paper.
3.1. Biological treatment
Microorganisms that are crucial to the biodegradation
of organic waste assist in eliminating the contami-
nants from landfill leachate during the biological treat-
ment process. The biological procedure also eliminates
leachate with a significant amount of BOD[8]. Treating
the landfill leachate through a biological process can

be done by following different processes like aerobic,
anaerobic, nitrification/denitrification, the ANAMMOX
process.
3.1.1 Aerobic treatment process
The organic compounds contained in the leachate are
broken down by microorganisms in the aerobic system
when oxygen is present. An activated sludge method, a
rotating biological contactor, a sequence batch reactor
(SBR), and Anoxic/oxic (A/O) can all be used to reme-
diate landfill leachate.
Activated sludge is one of the commonly used practices
for the treatment of wastewater. The organic matter is
converted into CO2, H2O, and minerals by microorgan-
isms through aerobic media[9]. Sequence batch reac-
tor (SBR) is widely used for leachate treatment in acti-
vated sludge systems. This reactor has operational flexi-
bility, and control possibilities and provides excellent
processes[10]. It works on fill and draw principles and
has equalization, treatment, and sedimentation in the
same reactor[11]. High nitrogen loading rates shows the
ammonium removal, whereas only low nitrogen loading
rates resulted in satisfactory ammonium removal.[12]
The study presented that only 12% of COD was removed,
but 100% of NH4+-N was reduced using a sequencing
batch reactor in aerobic-activated sludge[13]. Another
study showed the high-efficiency treatment using com-
bined SBR and RO system [14]. The SBR treated BOD,
Fe, Cl- and TOC 64%, 29%, 0.2%, and -5.3% respec-
tively for young leachate. ) The operational flexibility,
high biomass retention, and resistance to shock load
SBR is widely applicable in landfill leachate and wastew-
ater treatment[15].
Another method for treating leachate Membrane Biore-
actor (MBR). MBR has the benefit to eliminate sus-
pended solids and organic pollutants. The results with
MBR showed better performance with 95% removal of
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BOD, TN, and NH3 and improvement in SBR efficiency
[16]. MBR employed at SRT for 144 days and obtained
removal rates of 98% for BOD, 96% for ammonium,
likewise for COD 75% was obtained. A study by was
conducted on solid waste leachate which was operated
on two-stage MBR with sludge recirculation achieved
>97-99% organic carbon and >94% nitrogen removal.
The reduction of biochemical methane of leachate dur-
ing MBR treatment was observed with a 73.5% deduc-
tion of CH4 emission[18].
When treating landfill leachate, the A/O process has
the potential to remove strong nitrogen while reduc-
ing the rate of COD. In order to remove contaminants
from landfill leachate, the study compbined a two stage
anoxic/oxic process with membrane bioreactor (MBR)
[19]. The value of R under 150% achieved better results
for the removal of chemical oxygen demand (COD) at
85.6%, ammonium (NH4+-N ) at 99.3%, and total ni-
trogen (TN) at 80.7%. With a removal capability of
788 g/d for COD and 11.74 g/d for TN, the second
stage A/O process had the maximum capacity. The
possibility of reducing N20 emissions and treating or-
ganic matter contained in landfill leachate was postu-
lated using a two-stage A/O process[20]. The inte-
grated anoxic/aerobic process with sludge circulation
demonstrated that lower molecular weight acid, build-
ing blocks, and lower molecular weight neutrals were
eliminated from the system as a result of denitrification
in an anoxic unit. With an influent COD/N ratio it was
treated up to 84% and for the incoming nitrogen load
overall 2.8 ± 0.5% of N2O emission was purified. Rotat-
ing biological contactor (RBC) is a biological treatment
frequently used for the nitrification and denitrification
and biodegradation of organic matter[21]. The biolog-
ical system for treating landfill leachate consists of an
anoxic RBC with four aeration tanks and gradient aer-
ation [22]. The system eliminated COD, and RBC is
where the majority of the denitrification process took
place, resulting in primary nitrification.
3.1.2 Anaerobic treatment process
Anaerobic treatment when there is no oxygen converts
organic matter into biogas which mostly consists of
CO2 and CH4 as well as biological sludge in lesser
content[23]. It is a more cost-effective process and
leachate treatment requires low maintenance. This treat-
ment method is considered an eco-friendly method as
biodegradation of organic matter carried out by microor-
ganisms reduces waste as well as the energy consump-
tion in removing pollutants is less. The method is sensi-
tive to temperature, pH, nitrogen loading, carbon source,
DO, and other elements. With the change in these pa-
rameters, huge differences can be observed therefore,
optimal conditions should be maintained. Organic and

inorganic contaminants, as well as heavy metals like
arsenic, mercury, nickel and copper, are all present in
landfill leachate. Another drawback is that is takes a
long time to provide an effective result and might not
be appropriate for inorganic pollution or leachate that
contains a lot of toxic metals. The anaerobic treat-
ment performs better than the aerobic treatment for
landfill leachate in the biological treatment process due
to the high COD concentration and high COD/BOD
ratio[23].The activated sludge process may require an
extended granular sludge blanket (EGSB) and an up-
flow anaerobic sludge blanket (UASB) for the cleansing
of landfill leachate in an anaerobic system[4]. The study
for fresh leachate the treatment was effective in which
the USAB reactor removed 67% of soluble COD in fresh
leachate [24]. Likewise, about 35% of soluble COD was
eradicated from old leachate with decreasing efficiency.
The study demonstrated fresh leachate purification at
OLR 12.5 kg, and a COD of up to 82.4% was out of the
system with reactor UASB. Presented the UASB reac-
tor combined with carbon removal moving bed biofilm
reactor (MBBR) and, ANITA Mox technique. The find-
ings revealed that 93% of COD was removed and 70% of
all inorganic nitrogen. An EGSB reactor can effectively
handle NH3-N concentrations below 1500 mg/L as well
as those with a high ammonia nitrogen concentration
[25]. Significant biomass is accumulated inside the
bioreactors of several anaerobic processes like EGSB,
USAB, ABR, or AFBR [26].
3.1.3 Nitrification/Denitrification process
It is financially feasible to remove NH3-N from landfill
leachate using nitrification. Ammonium is produced
during the hydrolysis of organic nitrogen in wastew-
ater to amino acids[27]. There are two phases in the
nitrification process. Ammonium-oxidizing bacteria
first convert the ammonia to nitrite. In the following
phase, nitrifiers or nitrite-oxidizing bacteria convert the
nitrite to nitrate.The process of turning ammonium into
nitrate is known as nitrification. With the aid of mi-
croorganisms known as heterotrophs, nitrate is then
transformed into N2 during denitrification under anoxic
circumstances.
3.1.4 Anaerobic Ammonium oxidation (Anam-

mox)
The treatment of nitrogen-rich wastewater by Anaero-
bic Ammonia Oxidation (Anammox), which is entirely
based on the autotrophic technique. In this procedure,
nitrite serves as an electon acceptor as the ammonium is
oxidized to dinitrogen gas in anaerobic conditions. Only
a portion of the ammonium needs to be converted to ni-
trite when the Anammox process is used in conjunction
with an earlier nitrification phase. The remaining ammo-
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nium is then mixed with the nitrite to create dinitrogen
gas. The bacteria such as Candidatus jettenia, Candida-
tus anammoxoglobus, Candidatus brocadia, Candidatus
scalindua, Candidatus anammoximicrobium, and Candi-
datus kuenenia contributes to the anammox process[28].
According to the study, nitrogen was successfully and
effectively extracted from old landfill leachate at a full
scale landfill site using a combination of nitrification
and denitrification with annammox in a sequence bed
batch reactor[29]. Denitrogenation was carried out in
the study using a partial-nitrification Anammox biofilm
reactor (PNABR) in pre-anoxic, aerobic, and anoxic
conditions[30]. This approach increased the nitrogen
removal rate (NRR) and nitrogen removal efficiency
(NRE) by 396.6 gN/(m3.d) and 96.1%, respectively.
Study of simultaneous ananmox, denitrification, and
partial nitrification by [31] treated 98.7% of nitrogen at
a loading rate of 0.23 kg-3d-1.
3.1.5 Constructed wetlands
Constructed wetlands are the natural process that filters
and purifies the polluted water. It consists of substrate,
sand, dirt or gravel, and plants to improve the water qual-
ity. The created wetlands are used to remediate landfill
leachate can be environment-friendly and provide more
sustainability [32]. The cost requirement for constructed
wetlands is typically less, with low energy requirements.
The zeliac and zeolite in a constructed wetland system to
eradicate pollutants in landfill leachate [33]. The study
removed phenol using an adsorption and biodegradation
process [34]. Additionally, the vegetation in the wetland
improved the usage of carbon sources by the bacteria
breakdown BPA and 4-t-BP.
The study done by [18], claims that DEP, DBP, 2,6-
DTBP, and BHT were eliminated as a result of biodegra-
dation. Adsorption and development of iron organic
that degraded in long term removed DEHP. According
to the study by [35] oxygen and carbon can be modi-
fied in a variety of ways to carry out nitrogen removal
processes including the nitrification-denitrification pro-
cess, partial nitrification-denitrification process, and the
anammox process. Another research demonstrated that
based on parameters of the system, quantity, nature of
organics, and toxicity content determine the degradation
of contaminants [36].
3.2. Physical and chemical treatment
Physio-chemical is an important treatment carried out
to treat and purify landfill leachate along with biolog-
ical treatment. Coagulation, flocculation, adsorption,
ion exchange, chemical precipitation, the AOP process,
air stripping, and membrane filtration (reverse osmo-
sis, ultrafiltration, and nanofiltration) are some of the
physio-chemical approaches.

3.2.1 Coagulation and flocculation
One of the several physicochemical techniques typi-
cally used in the pre-treatment of old and stabilized
landfill leachates before either a biological or another
physicochemical procedure is coagulation-flocculation.
This method has been used to successfully remove non-
biodegradable organic compounds, suspended solids,
colloidal particles, turbidity, colour, and heavy metals,
depending on the cotntaminant and coagulant/flocculant
type.
Turbidity was removed at a rate of 91.3% with a chitosan
dosage of 0.6g/mL and a pH of 6, and at a rate of 85.2%
with a pine bark dosage of 4g/mL and a pH of 7. The
two complementary methods, coagulation-flocculation,
and bio-sorption were assessed for their efficacy as low-
cost, natural leachate treatment methods. According
to the study, the ability of this sequence can remove
lead, nickel, cadmium, zinc, and COD at rates of 43.24,
98.17, 67.45, 91.03, and 88.02%, respectively[37].
The study on use of ferric chloride for the removal of
contaminants from landfill leachate [38] shows that the
coagulation method reduced the color, and turbidity by
80%, and 90% respectively. The COD, and BOD5 by
50% and 99% respectively when 12 g Fe3+/L was ap-
plied as the optimum dose.
According to the study, operating factors (such as coagu-
lant dosage and pH) had an impact on how well poly alu-
minium chloride (PAC) treated landfill leachate.
3.2.2 Air stripping
In the air stripping technique, leachate or wastewater
is exposed to air, as a result, an unwanted volatile sub-
stance present in the liquid is removed by gas and re-
leased into the atmosphere. Its processes take place in
packed towers typically kept in counter current. Accord-
ing to the study, the air stripping procedure successfully
removed 98% of ammonia nitrogen on average, running
for 4 to 9 days and requiring 9 to 21 m3 of air for each
g of NH3-N removed. However, the system only had a
36% maximum removal effectiveness, indicating limited
potential for COD removal [32]. The leachate stands out
fro having a high proportion of organic material and a
low proportion of biodegradable material. A lot of salts
and ammonia are also present. Over 80% of the ammo-
nia was removed during the air stripping pre-treatment,
which enhanced the biodegradability and C/N ratio[39].
After 100 days of treatment, 97% of the COD was elim-
inated in an open horizontal flow reactor using the am-
monia nitrogen stripping technique. They found that the
efficiency of ammonia removal was directly connected
with the applied surface laod and that the amount of or-
ganic matter in the effluent. The main advantage of this
process is the ineffectiveness of organic matter degrada-
tion and the release of NH3 into the atmosphere, even
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though NH3 can be an environmental hazard [40].
The methods of air stripping, followed by a series of CF
and adsorption, were used to treat landfill leachate. Ini-
tial air stripping treatment was successful in removing
upto 49.3% of COD, 74.1% of BOD5, 96.3% of NH3-
N, and 84% of Hg during an ideal retention period of
36 hours. Following air stripping, the coagulation and
flocculation response for COD was 55.3%, for BOD5it was 83.9%, for colour it was 91.8%, for Hg removal
with COD it was 42.2% and for Hg removal after ad-
sorption it was 56.1 and 89.2%, respectively. The study
demonstrated air stripping’s great performance as pre-
treatment method for ammonia removal from landfill
leachate [41].
3.2.3 Adsorption
Adsorption is a different method for treating leachate.
Activated carbon is one of the most prevalent adsorbents.
Typically, carbonaceous or biomass materials like peat,
wood bagasse, lignite, coal, coconut shells, and nutshells
are used to make it. Benefits of this method include its
ease of use, sensitivity to hazardous substances, capac-
ity to remove a variety of pollutants, and simplicity of
design[42].
Granular activated carbon (2.0g) is immersed in KMnO4solution (30mg/L) for six hours to create the modified
activated carbon MAC [42]. MAC can remove 86% of
Zinc and 99% of ammonia after 120 minutes of contact.
This absorbent can remove zinc and ammonia with a
0.16mg/g Langmuir adsorption capacity. A study on the
treatment of landfill leachate using both traditional and
magnetic adsorbents done showed that the magnetic ad-
sorbent is considerably more expensive that traditional
adsorbents [43].
Additionally, the investigation revealed that the synthe-
sis method had a greater environmental impact that the
traditional adsorbents. A membrane method (MF, UF,
fine-UF) along with powdered activated carbon (PAC)
in adsorption to effectively remove organic compounds
from stablised landfill leachate. When each membrane
was paried with PAC, the treatment was more effective.
The three membranes, PAC+MF and PAC+fine-UF
stood out the most [44].
The procedure involved the use of powdered activated
carobon (PAC) to adsorb colour, ammonical nitrogen
(NH3-N), and chemical oxygen demand (COD)[45]. For
COD, colour, and NH3-N, the effluent average efficiency
was 66%, 87.63% and 25.89%, respectively. Following
the regeneration of activated carbon, the removal effi-
ciencies for COD, colour, and NH3-N were determined
to 85.74%, 92.65% and 59.53% respectively. Accord-
ing the the findings, the treatment of landfill leachate
utilizing powdered activated carbon (PAC) through ad-
sorption demonstrated the procedure’ viability. Another

study by [46] proved that adsorption by the Fenton pro-
cess in removing contaminants is highly efficient. The
study conducted with activated carbon both in granu-
lar and powdered form showed that granular activated
carbon is better at treating COD and powdered acti-
vated carbon showed efficient results in removing color
present in the leachate. The removal efficiency of COD
and colour was obtained to be better than 99% using the
Fenton-adsorption process, which could also remove
20.68 kg COD/kg carbon with an adsorption column
created for this process
3.2.4 Ion exchange process
According to [47], examines the supercritical water ox-
idation (ScWO) process’s intensification through ion
exchange with zeolite. Inside a glass column, the zeolite
(clinoptilolite) was employed in its original form. 90%
of the ammoniacal nitrogen (NH3-N), 100% of the ni-
trite (N02-N), 98% of the nitrate (N02-N), 81% of TOC,
and 74% of COD were removed from the leachate by the
combination of ScWO (600 C) and zeolite. This shows
that this system is a promising alternative for leachate
treatment. The final NH3-N and COD measurements,
however, were just marginally above the thresholds (20
and 200 mg L1, respectively). Using electrochemical ox-
idation (EO) and electrodialysis (ED), ionic substances
like phosphate and ammonium are removed. The con-
centrated ionic chemicals in the core compartment lower
energy usage. The treatment was carried out in a batch
recirculation with a constant current supply of 0.25A for
12 hours, resulting in the maximum chemical oxygen
demand (COD) elimination efficiency of 86.2% (0.88
g W-1h-1). Ammonium, total phosphate, and chloride
were removed while keeping the same conditions at 85%
(0.44 g W-1h-1), 89% (0.08 g W-1h-1), and 83% (0.69 g
W-1h-1), respectively.[48]
Scaling prevention by reducing the alkalinity of the
landfill leachate nanofiltration concentration (LLNC).
Ion exchange pre-treatment revealed that a moderately
acidic cation-exchange resin outperformed a strongly
acidic cation-exchange resin [49]. Compared to the raw
LLNC up to 92.9%, the solid residue declined at alka-
linity 0 mg/l. The study done by [50] examined the re-
covery of ammonium using cutting-edge ion exchanger
loop stripping (ILS). The amount of liquid NH4+ that
was adsorbing to the clinoptilolite ranged from 13% to
61%. The new ion exchanger loop stripping (ILS) is
workable for the recovery of NH4+, according to the
study.
3.2.5 Advanced Oxidation Process (AOP)
The leachate is more susceptible to further biologi-
cal treatment, adsorption, or ion-exchange operations
when AOP pre-treatment is applied [51]. The O3/H2O2,
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photo-Fenton, UV/H2O2, and O3/UV are the frequently
used AOP techniques for the pre-treatment of leachate.
H2O2/COD ratio 1.42, current 2.2735 A, pH 2.9, and
reaction time 30.3 min are the ideal conditions for
advanced oxidation processes to remove COD, while
S2O9/COD ratio 1.72, current 1.26 A, pH 5.0, and re-
action time 34.8 min are the ideal parameters for EP
procedures [52].
The study’s results showed that the Electro-Fenton (EF)
and Electro-Persulfate (EP) procedures, respectively,
provided 60.8% COD and 90.7% colour removal effi-
ciency.
A study used the peroxone (ozone/hydrogen peroxide)
technique (O3/H2O2), an O3-based advanced oxidation
process (AOP), to remove Diethyl phthalate (DEP) from
synthetic leachate in a model that resembles solid-waste
leachate from an open dump. It was reported that 99.9%
of DEP was eliminated during 120 minutes of ozonation
at 20 mg/L conducted in a semi-batch O3 system with
4971 mg/L O3 dosage transferred with 40 mg/L ofH2O2.
[53]
While utilising less energy (3.10 KWhr/m3), the hybrid
photo-electro-Fenton process provided superior colour
and COD removal efficiency of around 100% and 97%,
respectively, than the photo and electro-Fenton methods
alone [54]. Similar to this, a study using the Photo-
Fenton method revealed that the procedure produced
the best removal efficiency for COD and total PAHs,
84.43% and 92.54%, respectively, under an acidic pH
of 6.5 [55] .
The COD and NH3-N from the MSW leachate are
treated using advanced oxidation processes (AOP) like
ozonation, the peroxone process, and photolytic ozona-
tion. For photolytic ozonation, optimal circumstances
included pH 7, contact time of 60 minutes, and ozone
dosages of 5 g/h. COD and NH3-N received 72% and
80% of the treatment, respectively, and the ozonation
process decreased their concentrations by 45% and 50%,
respectively. The peroxone procedure with a concentra-
tion of H2O2 achieved the highest abatement, yielding
61% of COD and 59.7% of NH3-N. The Response Sur-
face Methodology (RSM)’s Central Composite Design
(CCD) produced results by photolytic oxidation that
were superior to those of the peroxone and ozonation
processes [56].
3.2.6 Chemical precipitation
Chemical precipitation, bottom ash pretreatment, and
bioremediation with microalgae are used to remediate
landfill leachate by eliminating colour and turbidity.
Chemical oxygen demand (COD) and colour had re-
moval efficiencies of 74.3% and 98.5%, respectively, un-
der the ideal pretreatment condition. In order to replace
aggregate in mortar and cementitious formulations, the

process-generated sludge was employed. Utilising this
strategy has the advantages of low-cost cleanup and in-
creased system sustainability. The elimination of COD,
N, and P from the leachate inoculated with six distinct
species of microalgae ranged from 18 to 62%, 63 to
71%, and 15 to 100%, respectively [57]. After remov-
ing sulphur compounds from high-strength industrial
leachate using chemical precipitation and H2O2-driven
catalytic oxidation, the leachate was suitable for the use
of biological treatment [58].
In the study of [59], The solid trash at a landfill site was
covered with the chemical precipitation sludge (CPS)
produced by the chemical precipitation treatment of san-
itary landfill leachate. According to the study, the CPS
in landfills has no adverse effects and can be temporar-
ily used as an environmentally benign sludge disposal
option. Lower hydraulic conductivity was the result of
increased leachate output, soil fine particle content, and
CPS concentration. The pH parameter was most signifi-
cantly changed by the values 7.03, 7.12, and 11.46 for
0, 5, and 10% CPS, respectively. The system achieved
5% biodegradability with no additional evidence of the
leaching process.
In a study, six distinct pollutants from the polycyclic
aromatic hydrocarbons (PAHs) family were removed
from landfill leachate utilising chemical precipitation
(CP), Fenton oxidation (FO), and ozone oxidation (OO).
These pollutants included acenaphthylene, acenaph-
thene, fluorene, phenanthrene, and fluoranthene. With
the exception of pyrene, the CP method had removal
efficiency for PAHs that ranged from 6% to 40%. Mi-
cropollutants were removed with an efficiency of 70%
using FO, however only around 55% of fluorene was
successfully treated. Overall, the removal efficiency of
PAHs from landfill leachate treated with CP, FO, and
OO was between 80% and 100%.[60]
3.2.7 Membrane filtration
Membrane filtration is a widely used and advanced tech-
nology that separates particles from the liquid or gas
phase in treating leachate and wastewater. For elimi-
nating and decreasing various contaminants, including
organic and inorganic debris, bacteria, and trace met-
als, membrane filtration is considered a very effective
method[61]. Reverse Osmosis (RO), Nanofiltration, mi-
crofiltration, dynamic membranes (DMs), and ultrafil-
tration are the primary membrane techniques used in
landfill leachate treatment[62]. Membranes have min-
imal overall energy consumption, are straightforward,
and have great efficiency [63]. The membrane fouling,
generation of waste from the membrane, damage of
the membrane due to clogging, and the high cost of
the membrane are the challenges faced while using the
membrane.
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Nano filtration
According to a study by [64], the synthetic leachate from
the Blondo landfill may be extracted using nanofiltration
membranes, where COD, TSS, and TDS were decreased
by 96%, 100%, and 62%, respectively. The projected
capital expenditures for a full-scale NF are MUS$ 0.772
[65]. A promising technique for eliminating contam-
inants, such as organic and inorganic particles, from
landfill leachate that results from solid waste is nanofil-
tration (NF). Prior to biological treatment, the system
addresses the BOD, COD, TDS, TSS, pH, hardness, and
nutrients deficient in the methanogenic phase. Phys-
iochemical treatment improves landfill leachate treat-
ment in the beginning of the process, even though NF
cleansed 60–70% of COD.
The combination treatment of coagulation-flocculation
with lime and nanofiltration was utilised in the treatment
procedure, according to the study by [66], and it demon-
strated effective treatment for NH3-N. The percentages
of eliminated chemical oxygen demand (COD), humic
substance (HS), and total organic carbon (TOC) were
98%, 80%, and 94%, respectively.

Ultra filtration
The possibility of including UF as an additional en-
hanced stage in the biological treatment procedure.
They showed that TSS, nitrate and phosphate, Al, and
Zn were all removed by UF at rates of 100%, 98%,
95%, 100%, and 82%, respectively. However, the ul-
trafiltration porosity limits the membrane’s ability to
pass through large amounts of dissolved and suspended
compounds. The use of electrospun polyacrylic acid
(PAA)/polyallylamine hydrochloride (PAH)-laminated
ultrafiltration (UF) membranes (PAA/PAH-UF) to
remove heavy metals from landfill leachate. The
PAA/PAH-UF modified membrane exhibits a greater
38-85% removal efficiency. Metal removal rates were
increased by complexing Suwannee River Natural Or-
ganic Matter (SRNOM) functional groups with abun-
dant functional groups from PAA/PAH fibre mats.
The removal rate of the metal ions rose by 30% in the
presence of SRNOM compared to higher concentrations,
which were only up to 20% at higher concentrations (50
and 100 mg/l), especially for Cu, Cd, and Pb [67] .
According to the study by, [68] assessed the efficacy of
three ultrafiltration ceramic membranes with varied pore
sizes (0.02, 0.05, and 0.01 m) in eliminating contami-
nants from leachate as a pretreatment. Transmembrane
pressure (TMP) increases the retention of suspended
solids (SS) and chemical oxygen demand (COD), and
for circulation velocities of 0.5 m/s, the greatest val-
ues for COD were 85%, 77%, and 72%. Similar results

were found for SS, which were 70.4%, 62%, and 55%,
respectively. Despite treatment and an improvement
over the conventional pretreatment, the pollutant con-
tent was remained high, according to the study. The
pollution in the waste site has increased the number
of microplastics produced.In a leachate treatment sys-
tem including pretreatment, biotreatment, and advanced
treatment, the study of [69] on the features and removal
effectiveness of microplastics (MP) is discussed. Af-
ter treatment, the MP that collected in the slugde may
have an adverse effect on the environment. According
to the results, MPs smaller than 1 mm in size could
be removed by ultrafiltration treatment with a removal
efficiency of 58.33%. Advanced methods like reverse
osmosis and nanofiltration, however, did not produce
sufficient outcomes.

Reverse osmosis
According to the study by [70] , the landfill leachate
reverse osmosis concentrate (LLROC) underwent inte-
grated treatment, which successfully raised biodegrad-
ability to BOD5/COD = 0.4 and removed 86% Al, 77%
Zn, 84% Mn, 99% Mg, and 98% Si as well as 99.9% of
colour, 90% COD, 90% sulphate, and 90% of nitrogen.
The study by [71]used a disc tube reverse osmosis
(DTRO) treatment device to handle mature landfill
leachate. Due to the DTRO, the effluent’s electrical con-
ductivity was reduced to 0.15–0.22 ms/cm, increased
water recovery by >83%, and brought the level of car-
bonaceous and nitrogenous impurities to a standard
level before it was discharged to streams, it was ad-
vantageous to the treatment system. Similar to saturated
compounds, most of the macromolecular dissolved or-
ganic compounds were eliminated by the procedure;
nonetheless, they might be harmful to the environment.
Using RO to treat leachate resulted in the removal of
98% of COD, 99% of total nitrogen, 99% of suspended
particles, 94% of oil or grease, and 94% of colour and
heavy metals, according to a study by [72].The system’s
newly integrated sand filter, which also contributes to
extending the life of the RO, determines the quantity of
leachate present. According to the report, obstacles to
the RO treatment system include high energy consump-
tion, a brief lifetime, and membrane maintenance.
Reverse osmosis (RO) was utilised in the study by [73]
to treat landfill leachate. RO was previously used in
saltwater desalination plants. The used RO ran for
27 months while using less electricity. This came to
the conclusion that recycling and regeneration of mem-
branes is an alternative to disposal in landfills.
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Land treatment of Leachates from
landfills
According to the study by [74], landfill liner systems
are becoming more important for geo-environmental
protection and also serve as a geochemical barrier to
stop the movement of dangerous chemicals like heavy
metals in waste leachate. The liner systems of landfill
sites have tended to improve as a result of ongoing im-
provements in landfill technology. The investigation of
the different pollutants’ attenuation in leachate in liner
systems is currently receiving more focus. The superior
physical, chemical, and structural qualities of lateritic
soil-bentonite mixes have drawn researchers’ attention
as a material for liner construction in tropical climates.
Because of their low permeability and sorption proper-
ties, as well as their ease of installation, the soil beneath
landfills can be used as a protective barrier to stop the
migration of contaminants, according to a study by [75].
The recognised natural attenuation ability of soil against
chemical species in solution is mostly determined by its
texture; those with a higher fine content are more reac-
tive, while the clay fraction’s clay-like particles draw
circulating ions and facilitate their adsorption.
The study by [76] demonstrates how to effectively treat
landfill leachate, which is thought to have better sorption
characteristics of pollutants, using iron- and aluminum-
rich laterite soil type as the filter media. In order to
enhance the biological properties of laterite, biofiltering
was activated by using compost as an enrichment media.
The added compost can stimulate microbial activities,
improving the filter performance. For the treatment
of contaminated water, laterite has been utilised as an
efficient filter medium. The removal of BOD, COD,
phosphate, and nitrate from leachate is very successful
when numerous processes, including ion exchange, sur-
face adsorption, chemical precipitation, and biological
processes, are used. It was noted that over the first 20
days, the removal efficiency of BOD, COD, phosphate,
and nitrate fluctuated. Further biodegradation has im-
proved the efficiency’ stability. The microenvironment
of the filter media may have changed as a result of the
microbial population, which needed some time to adjust
to the new environment. The removals for BOD (>90%),
COD (>85%), and phosphate (>90%) increased when
the filters (A, B, C, and D) stabilised. The progressive
rise in nitrate removal (from 75 to 95%) may be the
result of denitrification caused by the extra carbon that
was added to the filter media. Fe removal efficiency
was reported to be high (90–100%), whereas Mn, Cu,
Ni, Cd, Zn, and Pb removal efficiency trends covered a
wide range, demonstrating several metal sorption mech-
anisms.

3.3. Combination of physical, chemical, and
biological treatment

According to studies, combining biological treatment
with physical and chemical processes performed more
well than employing just one treatment method alone.
Reverse osmosis in conjunction with a revolving bi-
ological contactor effectively eliminated 99% of the
chemical oxygen demand (COD), biological oxygen
demand (BOD), and N-NH4+. Similar to reverse osmo-
sis, activated sludge reverse osmosis treated 99-99.5%
of COD and 99-99.8% of N-NH4+. Treatment of the
whole suspended solid using membrane bioreactor or
reverse osmosis with activated sludge both produced
better results. A combination biological process and
photo-Fenton process is used to achieve the high con-
centrations of the organic load effluent [77].
The COD and BOD, which were purified up to 98% met
the standard before releasing into recipient water bod-
ies. According to the research by [78] , a substitute for
treating landfill leachate is a membrane bioreactor com-
bined with Saccharomyces cerevisiae (MBRy), nanofil-
tration (NF), and Fenton. A different approach was also
implemented that applies the MBRy-NF-Fenton pro-
cess of treatment to the permeate from the MBRy and
NF processes (MBRy-Fenton-NF). 85.5% of COD was
eliminated using the Fenton procedure. Results from
the NF treatment of MBRy permeate were superior to
those from other treatments. The MBRy-Fenton’s final
COD concentration was discovered to be lower. For NF
concentrate, the Fenton treatment procedure eliminated
87.24% of COD. The quantity of chemical reagents and
membrane area needed was decreased by this proce-
dure.

4. Conclusion
Before being released into the environment, landfill
leachate must be managed and treated since it can have a
negative influence on both human health and the ecosys-
tem. Leachate comprises highly poisonous organic and
inorganic chemicals. The treatment is done in accor-
dance with its makeup. Physical, chemical, and biolog-
ical treatments are frequently used in treatment; each
has benefits and drawbacks. The removal of colour,
turbidity, suspended particles, colloidal particles, and
heavy metals by the coagulation and flocculation pro-
cess showed great efficiency performance.
The ANAMMOX technique can be used to treat leachate
with a high nitrogen content and extract nitrogen and
ammonia from landfill leachate. Combining biological
and physio-chemical treatments led to a greater reduc-
tion of pollutants for the leachate’s successful removal of
contaminants. To establish the proper treatment for the
leachate, more study on landfill leachate management
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needs to be conducted. The leachate onsite solution is
given a good low cost choice by the land treatment of
the landfill leachate. For the correct construction of the
leachate treatment, more research on landfill leachate
treatment management must be done.
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