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Purpose Statement

The purpose of this lecture to review and discuss 
leachate management strategies as applied in different 
counteries and to present the main leachate treatemnt 
technologies. Special attention was given to the 
comparision between on-site leachate treatment 
versus the off-site treatment option (co-treatment with 
municipal wastewater)
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1. Overview – Leachate Management Options



١-أ

٢-أ



حیشرلا لئاس ةجلاعم مظن ریوطت يف ةیملاعلا ةربخلا صخلم

Source: Lippi et al, State of art landfill leachate treatment: literature review and critical evaluation, 2018
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حیشرلا لئاس ةجلاعم مظن ریوطت يف ةیملاعلا ةربخلا صخلم

Source: Lippi et al, State of art landfill leachate treatment: literature review and critical evaluation, 2018
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2. Overview – On-Site Leachate Treatment 
Technologies



Activated carbon

Ozone, H₂O ₂, UV

Coagulation flocculation tank

ةیئایمیك /ةیئایزیفلا قرطلاب حیشرلا لئاس ةجلاعم قرط
Physicochemical  treatment methods



Source: IPPC S5.03, UK, Guidance for the treatment of landfill leachate, 2007
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Source: IPPC S5.03, UK, Guidance for the treatment of landfill leachate, 2007

قرطلاب حیشرلا لئاس ةجلاعم قرط
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Physicochemical  treatment 
methods



Surface-aerator

Activated sludge

Membrane bioreactor

Trickling filter

حیشرلا لئاسلةیجولیبلا ةجلاعملا قرط
Biological treatment methods



 ةیشغلأا مادختساب حیشرلا لئاس ةجلاعم قرط
Membrane treatment methods

Reverse osmosis
Nanofiltration



Typical process flow diagram for a 
two-stage RO plant

Typical configuration of two 2-stage 
RO plant with leachate
tanks, direct permeate discharge and 
concentrate reinfiltration
(350 mÑ/d, Niemark landfill, Luebeck
Germany,
commissioned 1999).

Source: IPPC S5.03, UK, Guidance for the treatment of landfill leachate, 2007



تادحو نم ةیلاتتم لحارم يلع طقف دمتعت حیشرلا لئاس ةجلاعم ةطحمل جذومن
ةیشغلأاب لصفلا

Source: Calabro et al, The landfill reinjection of concentrated leachate: findings from a monitoring 
study at an Italian site, Journal of hazardous materials, 181 (2010)
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The production of a high quality effluent (permeate) is a significant advantage of the RO process. In particular the 
removal of non-degradable components of leachate such as chloride, or residual COD and heavy metals. However, 
all these contaminants are present within the concentrate, which can be 10%-25% of the leachate volume. In the 
majority of cases concentrate is returned to the landfill, in other instances the concentrate is disposed of off site. In 
addition, all chemicals required for effective operation of an RO plant are contained in the concentrate. This 
amounts to about 0.3% of each cubic meter of leachate treated. Chemicals including citric acid, membrane cleaner 
and anti-scaling detergents. Modern designed membrane modules do not require treatment with biocides.

Disposal of concentrate is a key factor to be addressed. To date, concentrates have widely been recirculated back 
into landfilled wastes. The sustainability of this practice would have to be assessed on a site by site basis. Some data
indicates that the return of concentrate to the landfill coincides with an increase in concentration in the leachate of 
COD and NH4-N as well as an increase in conductivity. However, other data (Loeblich 2005 and Blumenthal 2005) 
shows that on some European sites there is no significant increase in diluted contaminants in landfill leachate 
following the commencement of concentrate return.

Source: IPPC S5.03, UK, Guidance for the treatment of landfill leachate, 2007

حیشرلا لئاس ةجلاعم تاطحم نم جتانلا زكرملا بیسلا نم صلختلا :ةماھ ةلأسم
Concentraةیشغلأا ایجولونكت قبطت يتلا
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 حیشرلا لئاس ةجلاعمل ةیرارحلا قرطلا
Thermal methods



Treatment 
sequences

Sequencing batch 
reactor (SBR) –

biological activated 
carbon (BAC) filter and 
denitrification process

Microfiltration/reverse 
osmosis

Two-stage suspended 
growth reactors

MBR-UV/ozone-reverse 
osmosis

Ammonia stripping, 
MBR and ozonation

Biological treatment and 
reverse osmosis

1
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حیشرلا لئاسل ةیلسلستلا ةجلاعملا قرط
Sequential treatment methods



Sequencing batch reactor (SBR) - biological 
activated carbon (BAC) filter

Source: Asian Institute of Technology (2004). State of the Art Review Landfill Leachate Treatment, 
Thailand

ü Treatment process with pre-treatment using an anaerobic reactor (equalization take place ) followed 
by coagulation-flocculation (heavy metal precipitation occurs) and subsequently by SBR-BAC filter 
and denitrification process could be successful in treating young and middle aged leachate. 

ü The SBR would enrich the microbial population with desired metabolic capabilities, stability and 
settling characteristics in which both the biodegradable and refractory organics could be removed.

ü The biological activated carbon would help in creating a biofilm to metabolize refractory organics 
and initiate nitrification of the residual ammonia. The nitrate nitrogen would be removed in the 
denitrification tank.

SBR-BAC and denitrification 
process for young to 
medium age landfill
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Two-stage suspended growth reactors

Source: Asian Institute of Technology (2004). State of the Art Review Landfill Leachate Treatment, 
Thailand

ü With an increase in the landfill age, the facility could be upgraded by the addition of granular 
activated carbon columns.

SBR-BAC and denitrification process for old landfill
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Biological treatment and reverse osmosis

Source: Asian Institute of Technology (2004). State of the Art Review Landfill Leachate Treatment, 
Thailand

ü A treatment sequence that is capable of removing mineralized material should include 
anaerobic digestion (stabilizes the waste), suspended growth biological waste treatment 
(degrades the biological matter), partial softening, filtration and reverse osmosis. 

ü The effluent is polished in a gravity filter and dematerialized in RO unit, thus achieving an 
effluent devoid of dissolved salts and low in organics. 

Leachate treatment with biological treatment and reverse osmosis 
for young to medium age landfill

Return sludge

ClarifierAerobic 
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Two-stage suspended growth reactors

Source: Asian Institute of Technology (2004). State of the Art Review Landfill Leachate Treatment, 
Thailand

ü With increase in age, the biological treatment could be replaced by coagulation-
precipitation process followed by re-carbonation, filtration and RO.

Leachate treatment with biological treatment and reverse 
osmosis for old landfill
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Microfiltration/reverse osmosis

Source: Asian Institute of Technology (2004). State of the Art Review Landfill Leachate Treatment, 
Thailand

ü The combination of microfiltration and reverse osmosis could also lead to a well-developed 
treatment sequence. 

ü The first step of precipitation and microfiltration provides a simple pre-treatment (removal of toxic 
metals and suspended solids) for the RO unit and thus produces a high quality effluent free of solids 
and dissolved organics. 

ü However, similar to other membrane processes, the system is susceptible to fouling, antifouling 
strategies needs to be evaluated.

ü The process is suitable for leachates of all ages. 

MF and RO process for leachate treatment

Chemical 
treatment
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(Recirculation)

EffluentM
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Flow 
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MBR-UV/ozone-reverse osmosis

Source: Asian Institute of Technology (2004). State of the Art Review Landfill Leachate Treatment, 
Thailand

The basic technologies selected in the study were:
ü Membrane bioreactor for biological treatment by aerobic oxidation and nitrification;
ü UV/ozone for increasing biodegradability and for partial removal of organic residuals, as 

well as breaking down and partially oxidizing low degradable molecules; and
ü Reverse osmosis treatment for the elimination of dissolved solids and reducing of organic 

load.

MBR-UV/ozone-RO process for leachate treatment

MBR UV/ozone Reverse 
osmosis

Influent Effluent
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Ammonia stripping, MBR and ozonation

Source: Asian Institute of Technology (2004). State of the Art Review Landfill Leachate Treatment, 
Thailand

ü Ammonia removal by air stripping can reduce ammonia concentration from 2,000 - 200 
mg/L. 

ü Ammonia stripping as pre-treatment also has an advantage of reducing refractory 
compounds, thereby reducing the COD by precipitation when the pH is adjusted.

ü If pre-treatment of ammonia stripping fails, shock loading will occur caused by ammonia 
in the biological system, making it difficult for the floc to settle down.

ü Adoption of membrane system to replace the clarifier in the activated sludge process 
since membranes can retain total solids until the sludge recovers from the shock loading 
of ammonia.

Ammonia stripping, MBR and ozonation process for leachate treatment

MBR Ozonation
Influent Effluent

Ammonia 
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3. Comparison among On-Site Leachate 
Treatment Options



 ةجلاعملا قرط بویعو ایازم
ةیئایمیك/ةیئایزیفلا

Physicochemical treatment 
methods

Source: Lippi et al, State of art landfill 
leachate treatment: literature review and 

critical evaluation, 2018



ةیجولیبلا ةجلاعملا قرط بویعو ایازم
Biological treatment methods

Source: Lippi et al, State of art landfill 
leachate treatment: literature review and 

critical evaluation, 2018



 ةجلاعملا قرط بویعو ایازم
ةیشغلأا مادختساب

Membrane treatment 
methods

Source: Lippi et al, State of art landfill 
leachate treatment: literature review and 

critical evaluation, 2018

Atte
ntio

n



 ةجلاعملا قرط بویعو ایازم
يحصلا فرصلا تاطحم يف طلخلاب

Co-treatment 
methods

Source: Lippi et al, State of art 
landfill leachate treatment: 
literature review and critical 

evaluation, 2018



)١( ةیملاعلا ةربخلا قفو حیشرلا لئاس ةجلاعم لئادب نیب ةنراقم



)٢( ةیملاعلا ةربخلا قفو حیشرلا لئاس ةجلاعم لئادب نیب ةنراقم



)٣( ةیملاعلا ةربخلا قفو حیشرلا لئاس ةجلاعم لئادب نیب ةنراقم



Source: IPPC S5.03, UK, Guidance for the treatment of 
landfill leachate, 2007

 لئاس ةرادإ تایلمع يف ةعقوتملا تاثاعبنلاا
حیشرلا

ةیساسلأا تاثاعبنلاا ةیعون حضوی لودجلا
:ةیلاتلا لحارملا يف  اھدلوت دصمو
حیشرلا لئاس لابقتسا•
حیشرلا لئاس لقن•
air stripping ةیئایزیفلا ةجلاعملا•
solid removal ةیئایزیفلا ةجلاعملا•
 chemical treatmentةیئایمیكلا ةجلاعملا•
biological aerobic treatmentةیجولیبلا ةجلاعملا•
biological anaerobic treatmentةیجولیبلا ةجلاعملا•
engineered wetland ةیعیبطلا ةجلاعملا•
 removal of ةجلاعملا نم ةجتانلا ةبلصلا تافلخملا لقن•

solid residues from vessels

ادج ماھ



4. On-Site versus Off-Site Leachate Treatment



 لئاس ةجلاعمل ةطحم ءاشنإ تابلطتم
 يحصلا نفدملا عقوم يف حیشرلا

 لئاس ةجلاعمل ةطحم ءاشنإ تابلطتم
 فرص ةطحم برقأ يلا لقنلاب حیشرلا

 يحص
ةیزاغلا تاثاعبنلاا نم نكمم يوتسم يندأ•
aerosols نم نكمم يوتسم يندأ•
ءاضوضلا نم نكمم يوتسم يندأ•
foot print ضرلأا ةحاسم نم نكمم يوتسم يندأ•
 zero ةنایصلاو لیغشتلا ةءافك نم نكمم يوتسم يلعأ•

down-time
عقوملاب ةعارزلا ةیعونل حلصت ةجلاعملا هایملا•
 تامادختسا يقاب عم قسانتی ةطحملل يجراخلا رظنملا•

عقوملاب يضارلأا

 ةیئیبلا تاطارتشلاا دودح يف ةیزاغلا تاثاعبنلاا يوتسم•
 تاطارتشلاا دودح يفaerosols نم تاثاعبنلاا يوتسم•

ةیئیبلا
ةیئیبلا تاطارتشلاا دودح يف ءاضوضلا يوتسم•
 عقوم يف ضرلأا رفوتب ةدودحم ةبولطملا ضرلأا ةحاسم•

ةطحملا
 ةنایصلاو لیغشتلل ةیلاع ةءافك•
 فرصلا ةطحم لخدم يلع فرصلل حلصت ةجلاعملا هایملا•

يحصلا
 لماوعك ةنایصلاو لیغشتلا ةفلكتو ةیرامثتسلاا ةفلكتلا لخدت•

لئادبلا نیب ةلضافم

 ماظنةیسرتو حرطو میمصت يف ناملأا رییاعم يلعأ ةاعارم متی
يجراخلا ةجلاعملا عقوم يلا حیشرلا لئاس لقن

٢-أ١-أ
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London 2011 Olympic Park sewage pumping 
station ! 

!! ةمھلم ةروص



 لئاس ةجلاعمل ةطحم ءاشنإ تابلطتم
يحصلا نفدملا عقوم يف حیشرلا

 لئاس ةجلاعمل ةطحم ءاشنإ تابلطتم
 فرص ةطحم برقأ يلا لقنلاب حیشرلا

 يحص
ةیزاغلا تاثاعبنلاا نم نكمم يوتسم يندأ•
aerosols نم نكمم يوتسم يندأ•
ءاضوضلا نم نكمم يوتسم يندأ•
foot print ضرلأا ةحاسم نم نكمم يوتسم يندأ•
 zero ةنایصلاو لیغشتلا ةءافك نم نكمم يوتسم يلعأ•

down-time
عقوملاب ةعارزلا ةیعونل حلصت ةجلاعملا هایملا•
 تامادختسا يقاب عم قسانتی ةطحملل يجراخلا رظنملا•

عقوملاب يضارلأا

 ةیئیبلا تاطارتشلاا دودح يف ةیزاغلا تاثاعبنلاا يوتسم•
 تاطارتشلاا دودح يفaerosols نم تاثاعبنلاا يوتسم•

ةیئیبلا
ةیئیبلا تاطارتشلاا دودح يف ءاضوضلا يوتسم•
 عقوم يف ضرلأا رفوتب ةدودحم ةبولطملا ضرلأا ةحاسم•

ةطحملا
 ةنایصلاو لیغشتلل ةیلاع ةءافك•
 فرصلا ةطحم لخدم يلع فرصلل حلصت ةجلاعملا هایملا•

يحصلا
 لماوعك ةنایصلاو لیغشتلا ةفلكتو ةیرامثتسلاا ةفلكتلا لخدت•

لئادبلا نیب ةلضافم

ریخبتلا كرب مظن ةیشغلأاب لصفلا تادحو لمشتو ةیلسلستلا ةجلاعملا ماظن
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لئادبلا نیب ةلضافم

DB or DBB ماظنب دقاعتلا DBO ماظنب دقاعتلا
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ةجلاعملا ةطحمو حیشرلا عیمجت ةكبش ةنایص لمشیو دحاو دقع ةجلاعملا ةطحم دقع )٢( ،حیشرلا لئاس لقن دقع )١( :نیدقع
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5. Leachate Accumulated Inside the Cells



Leachate accumulated inside the cells

• In a typical design and operation of modern landfills, a Leachate 
Collection and Recovery System is in place. The system will operate 
effectively to keep the leachate level inside the cell at 30 above the 
upper surface of the base liner.

• Bioractor landfills are exception because it is designed to recirculate 
leachate back to landfill cells



Leachate Extraction and Level Control System 
(LELCS)
The leachate extraction and level-control system should: 
1. Include a collection sump and leachate riser(s) to facilitate extraction of leachate from 

the cell. The riser should be stable under the load of the surrounding waste mass and 
should be able to withstand stresses due to settling of the surrounding waste. The 
pipes should comply with the requirements of applicable standards for the pipe 
material, for example Precast concrete pipes (pressure and non-pressure) . 

2. Be installed in all cells, be able to control leachate levels within each cell, and be able 
to convey collected leachate out of the cell to surface storage or other infrastructure 

3. Be able to keep the leachate level no greater than 300 mm above the upper surface of 
the base liner, or below some other level that is justified by the design, site conditions 
and leachate management measures (Note: The flow of leachate through the liner is 
greater when leachate is allowed to accumulate within the cell. Higher leachate levels 
can also interfere with landfill gas controls.)

4. Be able to continue to function effectively until the landfill is considered stable



ةیملاعلا ةربخلا– يحصلا نفدملا ایلاخ لخاد مكارتملا حیشرلا لئاس بحس قرط
Pneumatic pumps :بحسلاتابملط عون



 ایلاخ لخاد مكارتملا حیشرلا لئاس بحس قرط
ةیملاعلا ةربخلا– يحصلا نفدملا
Pneumatic pumps :بحسلاتابملط عون

مادختساب بحسلا رئب يف عاطق
Pneumatic pumps



6. Monitoring Requirements



Model 
leachate 
monitoring 
program 
(Australian 
EPA)



Model 
groundwater 
monitoring 
program 
(Australian 
EPA)



ةلصلا تاذعجارملانمةنیع .٧



UK2007

عجارم



عجارم


