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Abstract
Landfilling of municipal waste is a selected economic waste disposal method of the waste management
system in most of the countries in the world. The generated leachate must be appropriately treated before
being discharged into the environment for public health protection and sustainable development. The main
technologies meant for leachate treatment can be classified as follows (i) biological methods, (ii) chemical
and physical methods. This is a review presenting the main processes currently used for the landfill leachates
treatments as well as future design parameters that should be taken into account the climate change. Water
quantities should be saved from landfill leachates waste water treatments supporting sustainability.
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1. INTRODUCTION

Sanitary landfill remains an attractive disposal
route for municipal solid waste, because it is more
economical than alternative solutions. It is accepted
that the landfill biodegradation processes are
complex, including many factors that control the
progression of the waste mass to final stage quality
[4,15,31,33,35,36,37,59]. The landfill gas and
leachate generation is an inevitable result of the
solid waste biodegradation in landfills and their
study is necessary for efficient designs,
environmental management schemes, monitoring,
protecting land uses from air, soil and water
pollution
[1,5,8,9,11,17,20,21,23,24,30,32,38,
54,55,64].
A successful sustainable development requires a
continuous change and harmonization to the life

cycle of our society, bearing in mind its currentfuture necessities; utilizing properly efficient green
chemistry’s applications and associated engineering
technologies [16,17,42,48,50,51,59,63]. A plethoric
flow and use of resources characterize our society in
an unsustainable way. Waste management is the
discipline that is concerned with resources once
society no longer requires them. Therefore, the
problem is transferred to the dilemma on how can
we manage our waste better. Sanitary landfill has
been shown to have lower environmental costs.
Selection of the right landfill and operational
procedure are of the upmost importance if small
urban areas are to be served effectively. Clay soils
enable cost effective engineering to prevent
leachates entering the water table from landfill sites.
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During biomass’s fermentation there are five
phases of waste biodegradation in a landfill
bioreactor. Phase I is the initial adjustment phase. In
Phase I, biological decomposition occurs under
aerobic conditions, because a certain amount of air
is trapped within the landfill. In Phase II, identified
as the transition phase oxygen is depleted and
anaerobic conditions begin to develop. As the
landfill becomes anaerobic, nitrate and sulphate,
which can serve as electron acceptors in biological
conversion reactions, are often reduced to nitrogen
gas and sulfide.
In Phase III, the acid phase, the microbial activity
initiated in Phase II accelerates with the production
of significant amounts of organic acids, increased
concentrations of COD (chemical oxygen demand)
and lesser amounts of hydrogen gas. In Phase IV, the
methane fermentation phase, a second group of
Any uncontrolled dumps have to close so as to
avoid any threats to the public health and to protect
the environment. The use of controlled batch
anaerobic
bioreactors
accelerates
waste
biodegradation in short periods, minimizing any
associated environmental risks, public health’s
hazards due to landfill emissions [11,16,22,23,28].
The use of controlled landfill projects is necessary
for quick site stabilization of landfill gas and
leachate emissions, during waste biodegradation.
Landfill leachate is a dark coloured liquid, having
a smell. Landfill leachate presents a high organic
and inorganic load. It is an aqueous solution in
which four groups of pollutant are present: dissolved
organic matter (volatile fatty acid and more
refractory organic matter such as humic substances),
macro inorganic compounds (Ca2+, Mg2+, Na+,
K+, NH4 +, Fe2+, Mn2+, HCO 3 ), heavy metals
(Cd2+, Cr3+, Cu2+, Pb2+, Ni2+, Zn2+), and
xenobiotic organic compounds originating from
chemical and domestic residue present at low
concentrations (aromatic hydrocarbons, phenols,
pesticides, etc.) [13], and microorganisms that
indicate, predominantly total and thermotolerant
coliform [45].
Table 1.1. Landfill leachate characteristics in
time. Parameter 0-5 yr, 5-10 yr, 10-20 yr
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microorganisms, which convert the acetic acid and
hydrogen gas formed by the acid formers in the acid
phase to CH4 and CO2, becomes predominant. In
phase IV leachates have neutral pH. Phase V, is the
maturation phase.
The last phase of biodegradation occurs after the
readily available biodegradable organic material has
been converted to CH4 and CO2 in Phase IV. In this
phase COD, BOD (biochemical oxygen demand)
and TOC (total organic carbon) concentrations have
been reduced. Also, the rate of landfill gas
generation diminishes significantly in Phase V,
because most of the available nutrients have been
removed with the leachate during the previous
phases [3,12,23,26,27,28,50].

Source: [30]
2.

EXPERIMENTAL SETUPS AND REVIEW
OF
LANDFILL
LEACHATE
TREATMENTS

Nowadays, complicated socio-economic,
environmental systems begin to cause problems
when their environmental effects become an
environmental public health risk.
Environmental management is the discipline that
is concerned with resources once society requires
them. It is necessary to manage environmental
resources in a sustainable way by minimizing the
environmental impacts related to the operation of
environmental systems. In an effort to meet growing
environmental awareness, most companies include
investments in their plans that are related to the
production of eco-designs and the sustainable
development, protection of the environment.
Thus, improved monitoring and proper quality
management of environmental systems are
necessary. Several useful applications of numerical
analysis should be applied for the proper
management
of
environmental
systems;
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manufacturing; public health protection; and
sustainable economic development of resources
[31,33,34,36,50].
Young acidogenic landfill leachate is commonly
characterized by high biochemical oxygen demand
(BOD) (4000–13,000 mg/L) and chemical oxygen
demand
(COD)
(30,000–60,000
mg/L)
concentrations, moderately high strength of
ammonium nitrogen (500–2000 mg/L), high ratio of
BOD/COD ranging from 0.4 to 0.7 and a pH value
as low as 4 [44,68] with biodegradable volatile fatty
acids (VFAs) appear to be its major constituents [3].
Table 1 represents classification of landfill leachate
according to the composition changes in time.
Moreover, the rate of leachates biodegradation
and landfill gas generation is influenced by several
parameters [37,59] including waste characteristics,
moisture content, temperature, pH, the availability
of nutrients and microbes, and the presence of
inhibitors such as oxygen, metals and sulphates. The
production will not ensue if any of the values of
these is within a range of threshold values. The
influence of these variables, the enhancement of gas
yield, and stabilization leachate biodegradation
processes in landfills have been the focus of
numerous studies [13,17,23,29,37,38,44,55,59,77].
It was found [37,59] that gas production in sanitary
landfills increases with increased moisture content
up to saturation.
2.1. Biological treatment

Due to its simplicity, reliability, and high costeffectiveness,
biological
treatment
(suspended/attached growth) is commonly used for
the removal of the bulk of leachate containing high
concentrations of BOD.
Biodegradation
is
carried
out
by
microorganisms, which can degrade organic
compounds to carbon dioxide and sludge under
aerobic conditions and to biogas.
Biogas is a mixture comprising chiefly CH4
and CO2 under anaerobic conditions and waste pretreatment with pulverized waste and inert material
that is presented by collected field data, like Mid
Auchencarroch
sequential
batch
bioreactor
experimental landfill site protecting public health

Leachate biodegradation trends can be combined
with landfill gas emissions so as to evaluate
monitoring schemes and reclamation shemes for
public health protection to nearby receptors from
landfill boundaries.

and associated risks to environmental resources
receptors from long term chemical hazardous toxic
concentrations [23,25,49,59].
Biological processes have been shown to be
very effective in removing nitrogenous and organic
matter from immature leachates when the BOD /

Fig. 2.1. Various stages of landfill gas production.
Source: [59]
COD ratio has a high value (>0.5). With time, the
major presence of refractory compounds (mainly
fulvic and humic acids) tends to limit process’s
effectiveness [21,62]. Waste biodegradation and
leachate treatment are a complex system [59,78].
Figure 1 presents the various stages of landfill gas
production as an index for waste biodegradation.
Wang et al. [65] applied a two stage up-flow
sludge blanket (UASB) and sequencing batch
reactor (SBR) system to treat municipal landfill
leachate and took high efficiency in the removal of
nitrogen. The results demonstrated that COD
removal is highly effective by anaerobic
biodegradation. The effluent NHþ 4 –N removal
efficiency was maintained around 99%. Total
nitrogen (TN) removal efficiency could reach 85%
with the effluent TN lower than 15 mg/L. Sun et al.
[57] investigated treatment of real leachate from
municipal landfill with high ammonia nitrogen
content by using lab-scale anoxic/anaerobic UASBA/O process. On the basis of achieving simultaneous
COD and nitrogen removal, how to achieve and
stabilize partial nitrification in the A/O reactor was
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studied. Denitrification and methanogenesis were
conducted in UASB reactor, and the average
removal rate of organics and NOx–N was 5.3 and
1.1 kg/(m3 d), respectively. Partial nitrification was
achieved (nitrite accumulation ratio was above 50%)
after 54 days of operation, and after 70 days, nitrite
accumulation ratio in A/O reactor reached above
90% at ambient temperature of 12–30.6 C.
Trabelsi et al. [60] studied anoxic digestion
based on the endogenous biomass activities in batch
reactor (V = 150 L) for the treatment of landfill
leachate of Jebel Chekir landfill (Tunisia). With a
retention time of 90 days, the anoxic digestion
reactor has shown reductions in BOD5, COD, TOC,
NH4–N and TKN respectively by 91%, 46%, 65%,
45% and 63%. Later, the effluent was further treated
in down flow cascade in three aerated submerged
biological reactors, with 7 days of total retention
time. Yahmed et al. [76] carried out Jebel Chekir
landfill leachate (Tunisia) treatment using an aerobic
pilot unit with three immersed and fixed biofilms
reactors. A preliminary analysis indicates a high
biodegradable fraction in the leachate (BOD5/COD
= 0.4), which implies that biological treatment
process can be applied. Performance results obtained
during this study indicate a significant organic
matter reduction; between 60% and 90% of TOC
reduction was obtained. However, a consortium
containing a mixture of the bacterial isolates
inoculated in the raw leachate, reaches TOC yield of
about 84%.
Sun et al. [56] investigated the nitrite
accumulation in the denitrification process with
sequencing batch reactor (SBR) treating pre-treated
landfill leachate in anoxic/anaerobic up-flow
anaerobic sludge bed (UASB). Nitrite accumulates
obviously at different initial nitrate concentrations
(64.9, 54.8, 49.3 and 29.5 mg / L) and low
temperatures, and the two break points on the
oxidation–reduction potential (ORP) profile indicate
the completion of nitrate and nitrite reduction.
Usually, the nitrate reduction rate is used as the sole
parameter to characterize the denitrification rate, and
nitrite is not even measured. For accuracy, the total
oxidized nitrogen (nitrate + nitrite) is used as a
measure, though details characterizing the process
may be overlooked. Additionally, batch tests are
conducted to investigate the effects of C/N ratios
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and types of carbon sources on the nitrite
accumulation during the denitrification. It is
observed that carbon source is sufficient for the
reduction of nitrate to nitrite, but for further
reduction of nitrite to nitrogen gas, is deficient when
C/N is below the theoretical critical level of 3.75
based on the stoichiometry of denitrification. Five
carbon sources used in this work, except for glucose,
may cause the nitrite accumulation. From
experimental results and the cited literature, it is
concluded that Alcaligene species may be contained
in the SBR activated sludge system.
Sun et al. [57] investigated treatment of real
leachate from municipal landfill with high ammonia
nitrogen content by using lab-scale anoxic/anaerobic
UASB-A/O process. On the basis of achieving
simultaneous COD and nitrogen removal, how to
achieve and stabilize partial nitrification in the A/O
reactor
was
studied.
Denitrification
and
methanogenesis were conducted in UASB reactor,
and the average removal rate of organics and NOx–
N was 5.3 and 1.1 kg/(m3 d), respectively. Partial
nitrification was achieved (nitrite accumulation ratio
was above 50%) after 54 days of operation, and after
70 days, nitrite accumulation ratio in A/O reactor
reached above 90% at ambient temperature of 12–
30.6 degrees Celsius.
Yabroudi et al. [75] studied the landfill leachate
biological treatment by nitritation/in an activated
sludge sequencing batch reactor. The removal
efficiencies of N–NO2-at the end of the anoxic
phase (1 h) ranged between 8% and 31% indicating
low availability of easily biodegradable organic
matter in the leachate. No imbalance was observed
over the nitritation process at the end of the aerobic
phase (48 h) of treatment cycles and the specific
rates ranged from 0.043 to 0.154 kg. N-NH3/kg.SSV
day, demonstrating the applicability of the simplified
nitritation/denitritation in the treatment of effluents
with low C/N. Zhu et al. [80] introduced a system
which combined ASBR with pulsed SBR (PSBR) to
enhance COD and nitrogen removal from the real
landfill leachate. The results obtained from the joint
operation period (157 days) show that the COD
removal rate of ASBR was 83–88% under the
specific loading rate of 0.43–0.62 gCOD gVSS /
day. PSBR’s operation can be divided into four
phases according to the different influent NHþ 4 –N
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which increased to 800– 1000 mg L1 finally, and
total nitrogen (TN) removal rate of more than 90%
with the effluent TN of less than 40 mg L1 was
obtained. Consequently, the system achieved COD
and TN removal rate of 89.61–96.73% and 97.03–
98.87%, respectively.
Xu et al. [73] developed a Tabiological
treatment with the integration of partial nitrification,
anaerobic ammonium oxidation (Anammox) and
heterotrophic denitrification in a SBR with
periodical air supply to treat landfill leachate. An
operating temperature of 30 ± 1 C and a dissolved
oxygen concentration within 1.0–1.5 mg/L were
maintained in the SBR.
In general, biological are not costlier treatments,
than chemical, electrochemical, and physical
treatments. Hence, the case of sequential batch
landfill bioreactors can be applied for developing
countries. Waste pretreatment and co-disposal of
inert material with pulverized waste showed that are
sustainable [23,24,26,27,28].
The Mid Auchencarroch (MACH) experimental
landfill is a UK Environment Agency (EA) and
industry funded research facility [23,67,68]. It has
been capped since 1995. The experimental variables
are waste pretreatment, leachate recirculation and
co-disposal with inert material. The project consists
of four cells each of nominal plan dimensions 28m x
30m and 5m deep, giving a nominal volume of 4200
m3 [23,24,25,67]. The experimental landfill Mid
Auchencarroch (MACH) is a field scale facility,
constructed in order to assess a number of
techniques that promote sustainable landfill.
In cells 1 and 3 there is pretreatment by wet
pulverisation and in cells 2 and 4 the disposed waste
is untreated. In cells 1,2 and 3 there is recirculation
of leachate and in cell 1 there is addition of inert
material around 20% by volume [23,24,25,67]. The
disposed waste synthesis for the untreated and
pulverised waste input is respectively: Paper-Card:
27%&34%; Plastic film 6%&7%; Dense plastic
5%&8%; Textiles 3%&3%; Misc.combust. 3%&3%;
Misc. non-combust.0.5%&2%; Glass 5.5%&7%;
Putrescibles 38%&24%; Ferrous metal 6.5%&8%;
Non-ferrous metal 1.5%&2%; Fines 4%,2%
[23,24,25,67].
This project attempts to develop and assess
techniques to enhance the degradation, and pollutant

removal processes for Municipal Solid Waste
(MSW) landfill. The wet-flushing bioreactor landfill
model is seen as the method of achieving the goal of
sustainability. The MACH landfill gas data, which
were used for the present study, cover
simultaneously the 22-month period [23,24,25,67].
Methanogenesis biodegradation stage exists in
landfill waste material mass due to the methanogens
bacteria, which are the most obligate anaerobic
biological organisms known; they are inhibided or
killed by trace amounts of oxygen. The methanogens
could be divided in two types: Acetophilic and
hydrogenophilic. Methanogens can only utilise a
number of substrates, which are respectively; acetate
and, hydrogen + carbon dioxide. These bacteria
work in harmony with the acetogenic bacteria,
maintaining a suitable environment in which the
acetogens may continue to produce substrate for
them. The products of methanogens are carbon
dioxide and methane [23,25,59]. The two reactions
can be shown below:
Acetate dismutation by Acetophilic
Methanogens
CH3 – COO – + H2O  CH4 + HCO3 –
and the reduction of carbon dioxide by
hydrogen & by Hydrogenophilic Methanogens
4 H2 + CO2  CH4 + 2 H2O
The methanogeneseis stage has been achieved
succesfully in short time at both MACH cells
avoiding any assosiative long term chemical risks.
Higher cumulative methane production rate exists in
cell 2 than in the rest cells due to its different waste
input and its waste materials conditions in
comparison to the rest cells (ie different
biodegradable waste fractions and leachate
recirculation in landfill mass).
Moreover, according to the experimental results
and the measured field data the landfill gas
production has been found between 7 and 9 m 3/hr
for both MACH’s cells in less than two-year period
since the site was capped. The latter field data in
comparison with the methane and carbon dioxide
emissions (vol%) satisfactory trends in short time as
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well as for the leachate emissions verify the quick
MACH site stabilization, avoiding any long term
environmental impacts and associated risks to the
environment
and
to
the
public
health
[23,24,25,26,27,28].
MACH’s experimental bioreactor design
principles could be applied to any relative big scale
bioreactors or to any proper shallow sequential batch
bioreactor biotechnologies. It could be applied as an
economic solution for sanitary landfill and solid
waste treatment in developing countries. Particular
landfill topographic constraints should be taken into
account carefully in order to collect properly big
quantities of produced biogas to renewable energy
resources’ production units.
In the case study of Mid Auchencarroch
experimental batch landfill bioreactor showed that
landfill stabilization achieved in short time based on
the chemical concentrations of butyric acid, acetic
Acid, COD, and TOC, pH. The next figures verify
that well designed landfill batch bioreactors can be
used as an economic solution for solid waste mass
treatment especially for developing countries.

Fig. 2.2. Iso-butyric acid concentrations in time
for landfill leachates for MACH cell 1.
Source: [27]

Fig. 2.3. Iso-butyric acid concentrations in time
for landfill leachates for MACH cell 2.
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Source: [27]

Fig. 2.4. Iso-butyric acid concentrations in time
for landfill leachates for MACH cell 3.
Source: [27]

Fig. 2.5. Iso-butyric acid concentrations in time
for landfill leachates for MACH cell 4.
Source: [27]

Fig. 2.6. Acetic acid and COD concentrations in
time for landfill leachates for MACH cell 1.
Source: [27]
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Fig. 2.7. Acetic acid and COD concentrations in
time for landfill leachates for MACH cell 2.
Source: [27]

Fig. 2.11. pH and TOC concentrations in time for
landfill leachates for MACH cell 3.
Source: [26]
Fig. 2.8. Acetic acid and COD concentrations in
time for landfill leachates for MACH cell 3.
Source: [27]

Fig. 2.12. pH and TOC concentrations in time for
landfill leachates for MACH cell 3.
Source: [26]

Fig. 2.9. Acetic acid and COD concentrations in
time for landfill leachates for MACH cell 4.
Source: [27]

Fig. 2.13. pH and TOC concentrations in time for
landfill leachates for MACH cell 4.
Source: [26]

Fig. 2.10. pH and TOC concentrations in time for
landfill leachates for MACH cell 1.
Source: [26]

The above results from the experimental batch
landfill bioreactor for Mid Auchencarroch site show
that sequential landfill waste mass bioreactors can
be used properly for the treatment of chemical
hazards and the protection of public health. It can be
used as economic solution for leachates treatment
combined with waste water treatment techniques for
young age leachate concentrations. Treated landfill
leachate produced quantities could be used in
irrigation designs for annual agricultural cultivations
like olive oil, wine production etc.
Landfill gas produced quantities could be
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exploited also for electricity production supporting
agricultural activities as well as the necessities of
sanitary facilities for units in live stocks or other
associated anthropogenic activities in electricity
consumption for food production; green chemistry’s
measurements; air conditioning; indoors quality;
monitoring schemes for environmental resources
and associated construction designs; innovative
development of sustainable design projects;
shipment of goods; minimisation of green house
emissions - environmental costs; new jobs for
unemployed people; sustainability and public health
protection.
2.2 Physical and Chemical methods

Microfiltration (MF) remains interesting each
time that an effective method is required to eliminate
colloids and the suspended matter like, where the
lab control system includes 1; control system, 2;
influent pump, 3; effluent pump, 4; pH controller, 5;
stirrer, 6; probes (pH, DO, T), 7; jacketed SBR, 8;
air compressor, 9; thermostatic pump, 10;
thermostatic tank, 11; heater. Piatkiewicz et al.
(2001), in a polish study, reported the use of MF as
prefiltration stage. No significant retention rate
(COD reduction between 25% and 35%) was
achieved.
Syzdek and Ahlert [54] suggested that
Ultrafiltration (UF) might prove to be effective as a
pre-treatment process for reverse osmosis (RO). UF
is effective to eliminate the particles, and the
macromolecules but it is strongly dependant on the
type of material constituting the membrane. UF can
be used to remove the larger molecular weight
components of leachate that tend to foul reverse
osmosis membranes.
Chen and Yang [14] investigated the best running
condition and the effluent quality of membrane
system for the treatment of SBR leachate drainage
by submerged ultrafiltration membrane process in
pilot equipment. In the condition of EFM cleaning
of hydrochaloric acid and the best running existing,
the operation of membrane system was stable. The
trans-membrane pressure (TMP) was less than 0.025
MPa. Membrane system for COD and NH3–N
removal was effective. And SDI was less than 1. All
of that made the pollution of the next process
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reduced.
Moreover, Vogel et al. [61] carried out benchscale filtration experiments to study the fouling
behaviour during the NF of a synthetic landfill
leachate. The results indicate that calcium in
combination with organic matter could play a major
role in governing the fouling process.
Furthermore, Reverse Osmosis (RO) seems to be
one of the most efficient and promising methods
among the new processes for landfill leachate
treatment. In the past, several studies performed
both at lab and industrial scale, have already
demonstrated RO performances on the separation of
pollutants from landfill leachate. Values of the
rejection coefficient referred to COD parameter and
heavy metal concentrations higher than 98% and
99%, respectively, were reported.
Moreover, the leachate ultraviolet (UV)
quenching substances (UVQS) must be reduced or
removed to a level that UV disinfection is not
strongly affected. UVQS consist of three major
humic acids, fractions, hydrophilics, and fulvic acids
each of which has distinct behaviors and
characteristics during treatment. In general,
chemical, electrochemical, and physical treatments
are more effective than biological treatments, but
also costlier. Integration of multiple treatment
methods to target the removal of different fractions
of UVQS can aid in optimizing treatment. The
importance of UVQS effects on wastewater
treatment should be better recognized [18,20,45,70]..
Chemical treatment of leachate UVQS can be
conducted by chemical oxidation (e.g., Fenton,
Ozone,
Percarbonate)
and/or
coagulationflocculation. On average, chemical treatments have
demonstrated the UV absorbance decrease of 46%
and UVQS removal of 51% in term of TOC.
Chemical treatments such as Fenton's oxidation are
very effective and could achieve an average removal
of 84.5% UV absorbance and 67.4% UVQS (in term
of TOC) from leachate [18,20,45,70]. While
treatments such as Ozone can achieve a 65% UV
absorbance decrease, only 5.6-30% of UVQS
removal in term of TOC was achieved, mainly
because of its selective reaction with hydrophobic
compounds, which subsequently transform to
hydrophilic smaller molecular weight fraction after
ozone treatment [20,66,69]. For example, 100%
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decrease of HA, 16.2% decrease of FA, and 78%
increase of HPI fraction was observed after ozone
treatment [66]. Likewise, as demonstrated in Fig. 5,
the UV absorbance of the HPI fraction after ozone
treatment did not change, possibly because of the
recalcitrance of the HPI to ozone or interconversion
of the hydrophobic fractions to the hydrophilic
fraction. Due to this, the contribution of the HPI to
the total UV absorbance increased from 41% to 93%
after ozone treatment. Also, the polydispersity index
increased from 2.9 to 15.6 after ozonation of
leachate, indicating a broader molecular weight
distribution of leachate organics with ozonation [66].
To improve the performance of ozone treatment,
combination of ozonation with other treatments
(e.g., ozone/UV, ozone/H2O2, ozone/persulfate) has
been investigated and exhibited improved UVQS
removals, for instance, from 8 to 23% with
ozone/UV treatment [53,65,67]. Chemical oxidation
mainly works on the principle of interconversion of
leachate UVQS during treatment. For example,
Fenton removes most of the hydrophobic HA and FA
by converting them into the HPI fraction [20, 74,
79]. The possible pathway of such conversions is via
the nonselective reaction of OH radicals with both
hydrophobic and hydrophilic compounds [10,20]
The total TOC removal after Fenton treatment was
reported to be less than the COD and humic
substances removal, indicating that some of the
organics were converted into intermediates after
Fenton treatment [70,71]. These smaller sized
intermediates with fewer carboxylic groups than
initial humic substances are more susceptible to
oxidation than original molecules and exert less
COD after treatment [66]. A broad range of
intermediates during the degradation of HA and FA
can be utilized as a carbon source for bacteria, as a
result of increased biodegradability of leachates by
Fenton treatment [65]. To improve the performance,
different types of Fenton processes such as solar
photo-Fenton and iron oxide coated GAC assisted
Fenton (FeGAC/H2O2) have been investigated for
removing leachate UVQS and were able to achieve
the removal of 80e85% humic substances [14,52].
Fenton was also coupled with SBR for leachate
treatment, and in this system Fenton removed high
molecular weight aromatic rings and conjugated
moieties, while the SBR removed low molecular

weight fractions, carboxylic acids, and proteins [41].
Fenton treatment, though a strong and effective
chemical oxidation process for UVQS removal, has
issues such as high reagent cost, sludge production,
and foaming during the initial pH adjustment.
Figure 2.14 presents a flow diagram, sanitary
drawing for locations (red bullets) that should be
installed monitoring schemes, HACCP systems at
leachates treatment collection systems. In this way
associated risk assessment, sustainable designs and
reclamation works could take place for public health
protection from environmental chemical accidents,
toxic, hazardous, risks in nearby outdoors spaces
and indoors spaces from landfill boundaries i.e.
community health centers, agricultural facilities etc.

Fig. 2.14. Flow diagram, sanitary drawing
for monitoring schemes of landfill
emissions, HACCP systems.
In this way are protected food, water, air, soil and
associated environmental receptors [1,5,7,8]. In the
case that waste disposal does not follow proper
sanitary landfill design guidelines then risks of bad
odours from leachates and landfill gases can be
produced to the nearby indoors and outdoors spaces
from landfill boundaries. Moreover, uncontrolled
dumps can provoke residues of Polycyclic Aromatic
Hydrocarbons (PAHs) and Persistent Organic
Pollutants (POPs) as toxic, mutagenic, teratogenic
and carcinogenic chemicals that could exist in
ambient air of landfill site where EPA toxicity
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assessment and risk characterization could take
place [7,21].
Leachates should be collected properly and treated
according to the methods that presented above
avoiding hazards and risks for groundwater, water
resources pollution and public health. Monitoring
schemes and Hazardous Control Check Point systems
should be applied at particular locations at leachate
collection systems, (see figure 13, red bullets).
3. CONCLUSIONS

The main factors that influence on leachate
emissions are type of composition of the waste,
waste deposited, site hydrogeology, seasonal
weather variations, age of the landfill, dilution with
rainfall and degree of decomposition within landfill.
Waste matrix degradation occurs by various
biological and chemical processes following four
pathways; initial transition phase, acidogenic phase,
methanogenic phase and a final maturation phase.
Monitoring schemes are necessary during the
biomass degradation at leachate collection systems.
Chemical emissions should be investigated with
Hydrological balance for particular extreme weather
scenarios in order to estimate leachate risks and
flowrates in terms of landfill safety designs in
emergencies for public health protection.
Mass balances for both waste gasification and
anaerobic digestion plus biogas production in
scenarios I and II and estimation of flue gas
flowrates and composition; 4. Data acquisition from
the numerical weather prediction model COSMO
LAMI and simulations by taking into account real
meteorological conditions; 5. Evaluation of
pollutants concentration in air, groundwater, soil,
river, sea, vegetables, fish, milk, meat; 6.
Calculation of Hazard Index and Cancer Risk for
each pollutant and pathway; 7. Health Risk
Assessment [7].
Risk assessment, sanitary drawings and monitoring
frameworks are necessary to be applied properly for
public health protection from hazardous toxic
chemicals from landfill emissions based on particular
landfill
sites’
characteristics
[1,5,7,8,9,59].
Reclamation works and sanitary, construction designs
are necessary to be realised in time for the protection of
water resources supporting sustainable development.
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