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– Landfills that take over 10,000 tonnes per year?

– How many of you have leachate collection systems ?

– How does your facility manage leachate?
• Disposal to a lagoon
• Disposal to a WWTP
• Disposal to deepwell
• Onsite treatment
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What is leachate?

– Formed when water percolates through a substance and 
acquires soluble materials from that substance
• Ex. Water through coffee grounds

– Waste composition affects composition of leachate

– Dark brown/black, strong odour
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Composition of Waste in Canada

Other (animal waste, textiles, tires and wood) 18%

Metal 4%

Glass 3%

Plastic 9%

Paper 20%

Organic Material 40%
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4 main contaminant groups

• Such as alcohols, acids, aldehydes, short chain sugars, and more stable 
organics

Dissolved organic matterDissolved organic matter

• Such as cations and ions including calcium, magnesium, manganese, sodium, 
potassium, chloride, sulphate, iron, ammonia, and carbonates

Inorganic macrocomponentsInorganic macrocomponents

• dissolved metals including some highly toxic ones such as lead and mercury

MetalsMetals

• Such as aromatic hydrocarbons, phenols, halogenated organics including PCBs 
& dioxins, pesticides, solvents, and plasticizers

Organic compoundsOrganic compounds
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4 parameters for characterization

• which indicates the level of acidity of the liquid 

pHpH

• ability to conduct electricity

specific conductancespecific conductance

• an indicator of the total amount of organic matter in the leachate 

chemical oxygen demand (COD)chemical oxygen demand (COD)

• a measure of the amount of biodegradable organic matter in leachate

biochemical oxygen demand (BOD)biochemical oxygen demand (BOD)
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7 Parameter Units Municipal Solid Waste Industrial Waste

Range Range

pH - 1.9 – 13.0 5.8 – 12.6
Electrical conductivity uS/cm2 3 – 92,900 275 – 65,700
Total dissolved solids (TDS) mg/L 1 – 520,000 136 – 52,200
Total suspended solids (TSS) mg/L 3 – 21,940 01 – 4,400
BOD mg/L 2 – 561,000 b.d.l. (2)a – 14,400
COD mg/L 10 – 83,000 b.d.l. (2) – 25,500
Total alkalinity (CaCO3) mg/L 1 – 30,900 61 – 4,078
Sulfate ( ) mg/L 1 – 64,703 1 – 2,130
Chloride (   ) mg/L 11.9 – 30,200 5 – 32,000
Phosphate ( ) mg/L 0.01 – 885 b.d.l. (0.01)
Ammonia (    ) mg/L 0.1 – 1,900 0.1 – 417
Nitrate + nitrite ( +       ) mg/L 0.01 – 165 b.d.l. (0.05) – 91
Total Kjeldahl nitrogen (TKN) mg/L b.d.l. (0.2) – 12,000 0.2 – 476
Sodium ( ) mg/L b.d.l. (1) – 13,000 13 – 17,200
Cadmium (Cd) mg/L b.d.l. (0.0002) – 255 b.d.l. (0.0002) – 0.058
Calcium (Ca) mg/L b.d.l. (0.5) – 3,810 30 – 8.820
Iron (Fe) mg/L 0.005 - 7260 0.02 – 207
Lead (Pb) mg/L b.d.l. (0.0001) – 0.674 b.d.l. (0.0001) – 0.166
Magnesium (Mg) mg/L b.d.l. (0.1) – 7,170 4 – 6,500
Manganese (Mn) mg/L b.d.l. (0.001) - 252 b.d.l. (0.001) - 64
Nickel (Ni) mg/L b.d.l. (0.0002) – 46.8 0.001 – 8.3
Acetone mg/L b.d.l. (0.06) – 2,000 n.d.b
Benzene mg/L b.d.l. (0.001) - 10 b.d.l. (0.001) - 39

2
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Unit Min Max Min Max Min Max Min Max
pH 1.9 13 7.2 12.6 7.59 7.92 7.12 8.92
BOD5 mg/l 2 561000 61 20900 4 52
COD mg/l 10 83000 140 35000 310 370 376 743
Alkalinity as CaCO3 mg/l 1 30900 910 11000 730 1400
1) West Edmonton leachate 2009

2) Regina ‐ leachate tank 2016

3) East Prince Feb 2017

Edmonton 
Leachate (1)Parameter MSW Leachate

Regina 
Leachate 

(2)

East Prince 
(NS) 

Leachate 
(3)
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Leachate Life Cycle
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Leachate Life Cycle
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Leachate production over time

– Most landfills have a higher leachate production during 
active operation than post-closure.

– Production rates can be very high during initial operation of 
a new cell.
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Landfill Operation: Leachate Monitoring

– Monitoring must be carried out through the entire life of the 
landfill to the end of the post-closure period.

– The leachate monitoring plan should include:
o leachate levels and quality in the landfill, leachate ponds, and leak detection 

system; 
o leachate removal and treatment/disposal records;
o surface and groundwater monitoring; and,
o record keeping.

Monitoring helps Operators understand how the collection system is 
working, if liners are leaking, and the state of decomposition of waste
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LCS Clogging

– Most common cause of LCS failure is pipe clogging

– Caused by buildup of material in:
• Pipes (pipe walls or perforations)
• Drainage layer (void spaces) for tire shred, geocomposite, drainage 

rock – all will clog
• Geotextile filter layer (sedimentation)

– Results:
• Increased head… non-compliance
• Increase chances of leakage / seepage
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LCS Clogging

– Where do the solids come from?
• Particulate matter from waste and soil 

that leachate flows through
• Biological material → particles or biofilm 

formation
• Precipitation of dissolved chemicals

– Precipitation is strongly affected by 
pH!

– Most common precipitate in landfills 
is calcium carbonate
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Treatment Choice

Treatment 
Choice

On‐site 
Treatment

Complete 
Treatment

Discharge into 
surface waters

Partial 
Treatment

Transport  for 
Further Off‐

site Treatment

Transport for 
Off‐site 

Treatment
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Leachate Treatment

– Treatment and disposal options:
• Pretreatment → Municipal sanitary wastewater system
• Transport/disposal to municipal wastewater treatment plant/lagoon
• Deep well disposal 
• Treatment and discharge to the environment
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Municipal Wastewater Treatment

– Leachate can be a high strength wastewater and may 
affect performance of WWTP
• High organic loads
• Methanogenic leachate will have high ammonia
• Toxins 

– The treatment plant must have:
• Capacity to treat leachate volume
• Ability to treat the sludge from the leachate
• Ability to treat the contaminants/characteristics of the leachate

– Municipal bylaws may require surcharge for disposal or 
pretreatment
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Municipal Wastewater Treatment

Unit Min Max Weak Medium Strong
pH 1.9 13
BOD5 mg/l 2 561000 110 220 400
TOC mg/l 80 160 290
COD mg/l 10 83000 250 500 1000
Total Nitrogen as N mg/l 20 40 85
Total Phosphate as P mg/l 4 8 15
Alkalinity as CaCO3 mg/l 1 30900 50 100 200
Iron mg/l 0.005 7260

Parameter Municipal WastewaterMunicipal Leachate
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Organic Diversion Thoughts

Who in the Prairies has an active landfill and organics 
diversion program that can show impact on landfill leachate

Where in Canada are there operations with organics 
diversion where leachate data can show the impact of 
diversion?

Isn’t a C&D landfill representative of what leachate 
could be with organics diversion? If so, which C&D 
landfill(s) in the Prairies have leachate collection?
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Premise - Removal of Organics

– Improves leachate quality which should:
• Reduce leachate treatment and/or disposal costs
• Reduce risk of significant groundwater contamination

– Will reduce methane generation

– Additional research in Nova Scotia ‘Study to Determine 
Effect of Waste Diversion on Nova Scotia Landfill 
Standards’
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PEI – East Prince WMF Study 2000

– East Prince Waste Management facility

– Operating since 1994

– Source separated (recyclables and compostables) 65% 
diversion

– Reduced leachate strength up to 90% for some 
parameters 

– Compared ‘young’ leachate to typical leachate quality 
range
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PEI – East Prince WMF Study 2000

Parameter Units

East 
Prince 

Avg. Conc.

Mixed 
Waste 

(Jones-Lee 
et al)

BOD MG/L 873 10,500
COD MG/L 1,793 15,000
Total Solid MG/L 171 16,000
Ammonia MG/L 79 300
Alkalinity MG/L 639 3,600
pH 6.8 6.3
Calcium MG/L 147 1,000
MagnesiumMG/L 29.5 700
Sodium MG/L 246 700
Chloride MG/L 347 980
Sulphate MG/L 75 380
Chromium MG/L ND 0.9
Cadmium MG/L 0.005 0.05
Copper MG/L ND 0.5
Lead MG/L ND 0.5
Nickel MG/L ND 1.2
Iron (ext) MG/L 13 430
Zinc MG/L 0.1 21
Nitrate MG/L 0.2 4
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PEI – East Prince WMF Leachate Plant Study 2004
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PEI – East Prince WMF Leachate Plant Study 2004
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Sackville Leachate Treatment Facility 2011
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C&D Leachate USEPA 1995
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US Study of Leachate from C&D Sites 1996
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Conclusions

– There may not be a facility in which to compare leachate 
strength with consideration to organics removal (aka 
apples to apples comparison)
• Leachate variable over time
• Landfill cells not ‘separate’ as waste can be filled over older cells

– Removal of organics ‘appears’ to reduce leachate strength 
from typical leachate parameters as compared to C&D 
landfill sites and Nova Scotia leachate quality reports
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