
 

Landfill Leachate – a case study 

 
 

Leachate management is one of, if not the most significant long-term, recurring cost for 

landfill care. It accounts for up to 20 to 30 percent of the Operation and Maintenance 

expenses in regions with temperate climates. What’s more, leachate management continues 

well into most landfills’ post-closure period and will remain subject to evolving regulatory 

requirements.  

 

Leachate starts as rainfall. 

 

Rain falling on the top of the landfill is the main contributor to the generation of leachate, and 

is by far the largest contributor for modern sanitary landfills which do not accept liquid waste. 

In old unlined and un-engineered landfills, some leachate is produced from groundwater 

entering the waste. Some, 

additional leachate volume is 

produced during waste 

decomposition, and some 

additional surface water will 

sometimes run onto waste from 

its surroundings. 

 

Leachate from a landfill varies 

widely in composition depending 

on the age of the landfill and the 

type of waste that it contains. 

 

In a landfill that receives a mixture of municipal, commercial, and mixed industrial waste, but 

excludes significant amounts of concentrated specific chemical waste, landfill leachate may 

be characterized as a water-based solution of four groups of contaminants: dissolved organic 

matter (alcohols, acids, aldehydes, short chain sugars etc.), inorganic macro components 

(common cations and anions including sulfate, chloride, iron, aluminum, zinc and ammonia), 

heavy metals (Pb, Ni, Cu, Hg), and xenobiotic organic compounds such as 

halogenated organics, (PCBs, dioxins, etc.) 

 

The physical appearance of leachate when it emerges from a typical landfill site is a strongly 

odored black, yellow or orange colored cloudy liquid. The smell is acidic and offensive and 

may be very pervasive because of hydrogen, nitrogen and sulfur rich organic compounds. 

 

Most landfills are designed to minimize the amount of leachate they create during their 

lifetimes and most toxic and difficult materials are now specifically excluded from landfill. 

The concern about environmental damage from waste leachate, largely arises from its high 

organic contaminant concentrations and much higher ammoniacal nitrogen than commonly 

found in any other organic effluent.  When water percolates through the waste, it promotes 

and assists the process of decomposition by bacteria and fungi. These processes in turn 

release by-products of decomposition and rapidly use up any available oxygen creating  



 

 

 

an anoxic environment. In actively decomposing waste the temperature rises and the pH falls 

rapidly and many metal ions which are relatively insoluble at neutral pH can become 

dissolved in the developing leachate.  

 

Despite much stricter statutory controls the leachates from modern sites are currently stronger 

than ever. They also contain a large range of contaminants. In fact, anything soluble in the 

waste disposed will enter the leachate. Within the lists of substances present in leachate are 

very low concentrations of “trace contaminants” which can have quite strongly contaminating 

effects. Nowadays these are most often derived from materials in household and domestic 

retail products which enter the waste stream perfectly legally. These substances in include 

extremely low concentrations of heavy metals (for example from batteries), herbicides and 

pesticides (as used in gardens), etc.  

 

 

Leachate disposal 

 

When designing a leachate treatment plant, a landfill must consider leachate production rates 

and changes in quality of the leachate when sizing the plant. 

 

Leachate quality and quantity varies throughout the life of a landfill site. The design of the 

site and the type of waste deposited determine both. As waste changes with time so does the 

leachate quality. This is particularly evident in non-hazardous landfills that have received 

municipal waste. The initial aerobic condition of deposited waste lasts a few days or weeks 

and is generally not significant in determining leachate quality. However this is followed by 

anaerobic conditions, the early stages (the acidogenic/acetogenic phase) produces leachate 

with high concentrations of soluble degradable organic compounds and an acidic pH. 

Ammonium and metal concentrations increase during this phase. This phase can last several 

months or even years until methanogenic conditions are established.  

 

During this time leachate pH changes to slightly alkaline and of lower concentration (e.g. 

COD may reduce by 95% and the concentration of heavy metals by 50%), however some 

pollutants, like ammoniacal nitrogen, may remain relatively concentrated. In the final stage 

when biodegradation nears completion aerobic conditions may return and the leachate 

produced will eventually cease to pose an environmental hazard.  

 

Available disposal options for treated leachate (effluent) are greatly affected by economic 

considerations. One of the more common and cost-effective leachate management techniques 

is direct discharge to a publicly owned treatment works (POTW).  Off-site leachate disposal 

is only a viable alternative if a landfill operation does not have access to a publicly-owned 

treatment works (POTW) without incurring significant leachate conveyance and pre-

treatment costs.   However, new effluent limits and POTW treatment practices present new 

challenges and in response, leachate treatment is evolving.  In addition to the other cost 

considerations it is important for landfill operators to consider new and impending 

regulations.  For example, The U.S. Environmental Protection agency is implementing a 

Total Maximum Daily Load (TMDL) for the entire Chesapeake Bay Watershed.  This is 

essentially a “pollution diet” to restore clean water to the Chesapeake Bay and its tributaries.  

The TDML calls for the development and allocation of nutrient loads for point and non-point  

source discharges to the Bay.  Waste load allocations have been assigned to large point source 

discharges such as the Scranton Sewer Authority sewer treatment plant in Northeast 

Pennsylvania. The Commonwealth of Pennsylvania, between Acid Mine runoff, agricultural 



 

runoff and sewage overflow, is the largest polluter of the Chesapeake Bay.    The Scranton 

wastewater treatment plant is located in the City of Scranton and discharges into the 

Lackawanna River, which flows into the Chesapeake Bay via the Susquehanna River. 

 

The Scranton Sewer Authority is now required to meet cumulative pollutant loading 

requirements for total nitrogen and total phosphorus in order to be in compliance with the 

Chesapeake Bay Tributary Strategy nutrient requirements.  These requirements are included 

in the plant’s National Pollutant Discharge Elimination System (NPDES) permit. NPDES 

imposes limits on oxygen demanding contaminants, dissolved and suspended solids, metals, 

and compounds toxic to aquatic life. Many states have developed additional watershed-based 

limits. The Scranton Sewer permit conditions for discharges are based on the Chesapeake Bay 

Agreement which, among other environmentally beneficial goals, seeks to reduce the nutrient 

loading to the Bay, thereby enhancing its water quality. The Scranton Sewer Authority is also 

required to abide by factors set both by the Code of Federal Regulations specifically, 40 CFR 

Part 403 that outlines the National Pretreatment Program for non-domestic discharges. 

 

The Chesapeake Bay and industrial pretreatment program will be used to control industrial 

discharges to the Scranton Sewer Authority wastewater facility. With stringent limitations 

placed on their discharges, the Scranton Sewer Authority, which is undergoing a $23 million 

upgrade to meet these requirements, is expected to control the quality of their effluent and by 

default the quality of the wastewater discharged into its system.  While there may not be 

specific limits on the discharge now, there will likely be limits imposed in the future.   

 

What this means for landfills and 

industrial concerns is that 

leachate, containing toxic metals 

and other compounds,  which in 

the past may have previously 

been accepted by the sewage 

treatment plant, can no longer be 

accepted as metals passed 

through routine treatment pose a 

substantial risk to the 

environment. As sewage 

discharges standards are being 

tightened throughout the United 

States, the sewage treatment 

operators are finding that leachates are difficult waste streams to treat. This is because 

leachates contain very high ammoniacal nitrogen concentrations and toxic metals.  

 

It is now a priority to minimize leachate and there is an emphasis on leachate pretreatment, 

which can improve leachate quality so that it can be discharged to POTWs under the new 

standards. 

 

 

Treatment Options 

 

There are a host of conventional processes that can remove troublesome constituents (for 

example, reverse osmosis (RO)), but these can be quite costly, and may be particularly 

difficult to implement in post-closure mode. 

 

 



 

 

 

Take the example of total dissolved solids (TDS), which are typically high in landfill 

leachate, particularly from sites that accept leachable inorganic wastes such as ash. TDS can 

pose difficulties with effluent limitations because dissolved solids pass through the typical 

POTW treatment process. Also, many POTWs are stopping their use of chlorine for effluent 

disinfection and converting to ultraviolet (UV) disinfection. Unfortunately, fulvic acids in 

leachate can interfere with UV transmittance, even though the leachate discharge does not 

appear discolored or cloudy after pre-treatment. 

 

The most common method of handling collected leachate is on-site treatment. When treating 

leachate on site, the leachate is pumped from the sump into the treatment tanks. The leachate 

may then be mixed with chemical reagents to modify the pH and to coagulate and settle solids 

and to reduce the concentration of hazardous matter. Further treatment typically involves a 

modified form of activated sludge to substantially reduce the dissolved organic content. 

Nutrient imbalance can cause difficulties in maintaining an effective biological treatment 

stage. The treated liquor is rarely of sufficient quality to be released to the environment. With 

high conductivity leachate is hard to treat with biological treatment, and with chemical 

treatment. 

 

If the landfill is old and has high conductivity leachate (more than 20000 µs/cm), and it is in 

need of a precise treatment, many landfills will opt to treat leachate using reverse osmosis 

technology.  

 

Reverse Osmosis (RO) aims to extract clean water from the aqueous solution of organic and 

inorganic contaminants that constitute the landfill leachate. The process exploits the natural 

phenomenon of osmosis where by, if two aqueous solutions, with different degree of 

concentration, are separated by a semi-permeable membrane, water from the weakest solution 

will pass through the membrane to dilute the higher concentration solution on the other side. 

The process will continue till solutions on both side of the membrane display the same degree 

of concentration. 

 

With reverse osmosis the process is reversed. Pressure is applied to a water solution, 

(leachate), against a semipermeable membrane forcing the water molecules to pass through 

the membrane, thus forming the clean “permeate”. 

 

As a non-biological process, RO is quite insensitive to changes in leachate strength. Though 

changes in leachate composition will effect the quality of permeate. 

 

RO plants can operate intermittently; indeed RO plants require frequent stoppages to “wash” 

the membranes. Washing of the membranes is done with a solution of membrane detergent 

and permeate produced by the plant. “Wash” cycles are generally managed automatically and 

their frequency is governed by the level of contaminants in the leachate and in particular those 

of Calcium, BOD5, COD etc. 

 

The majority of the solutes or contaminants will be left behind forming the “concentrate”. 

 

 



 

 
 
 Typical process scheme of a 2-stage RO plant 

 

 

 

 

The quantitative cleaning efficiency of reverse osmosis plant can vary. Experiences on 

landfills treating “strong” leachate (e.g. ammoniacal-N >1000 mg/l) show, that a ratio of 75% 

permeate; 25% concentrate yield are typical. 

 

Environmental issues and concerns 

 

Permeate is normally suitably clean to be allowed direct discharge without any further 

treatment.  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, the disposal of concentrate is a key factor to be addressed.  All the chemicals 

required for effective operation of a RO plant are contained in the concentrate. Chemicals 

including citric acid, membrane cleaner and anti-scaling detergents.  This is in addition to 

toxic metals, volatile organics, inorganic compounds, petroleum products and pesticides 

amongst other compounds normally found in untreated leachate. 

  

In the past many landfills returned the RO concentrate back to the landfill.  This practice has 

coincided with an increase in concentration in the leachate of COD and NH4-N  in landfills as 

well as an increase in conductivity. This practice is no longer viable given stricter 

environmental regulations. 

 

This is the situation that exists at 235 acre landfill in northeastern Pennsylvania. 

 

The landfill produces on average 100,000 gallons of leachate daily which is being treated 

using a Reverse Osmosis systems producing 25,000 gallons of “concentrate” leachate on a 

daily basis .  The concentrate is opaque black in color and contains a significant number of 

organics, inorganics, volatile compounds etc.  (See Appendix A for a complete list.) 

 

 

 



 

 

 

Secondary treatment of the concentrate leachate has been ineffective in treating the effluent to 

date. It is too polluted to be disposed of to the local sewer authority and cannot be landfilled 

onsite. To date, the landfill has 

stored the concentrate in three five 

million (5,000,000) gallon above 

ground storage tanks and is now 

trucking 25,000 GPD of the 

concentrate to a hazardous landfill 

on a daily basis 

 

Advanced Oxidation Process for 

leachate treatment can improve 

quality for discharge to POTWs 
 

Keystone Pure Water Tech has 

successfully treated the concentrate 

leachate waste water using its 

Advanced Oxidation Process 

technology. In  September 2014, Keystone performed a validation study on the concentrated 

leach water from the landfill processing 1,200 gallon per day.  The test used a large scale 

pilot unit built for the fracking industry.  While not optimally configured, the study showed 

the process was effective in bringing the leachate to municipal sewer standards.  A summary 

of the results are listed below. 

 

 

Leachate 

Starting 

Point SCMA Limits

Keystone 

results

Parameter mg/l mg/l mg/l

Kjeldahl---N 1673 40 41.6

Nitrate-Nitrite as N <5.0 <0.25

Total Nitrogen

Total Phosphorus 8.5 10 <0.01

Total Aluminum 3.13 4.36

Total Boron 11.3 5.65

Total Copper 0.2 1 0.28

Disolved Iron

Total Iron 36.4 20 <0.025

Total Manganese 2.45 1 <0.025

Total Zinc 0.254 <0.025

Phenol <0.05 0.5 <0.05

a-Terpineol

Benzoic Acid

p-Cresol

pH 7.08 Between 6.0-9.0 7.3

Disolved Oxygen

Temperature

BOD5 3812 300 274

Total Suspended Solids 290 300 141

Fecal Coliform (CFU/100 ml) 4000 <1

Ammonia-Nitrogen 928 25

Oil & Grease 7.8 100 <4.0

Arsenic 0.966 0.3 <0.025

Cadmium <0.025 0.04 <0.025

Chromium (Hexavalent) 0.122 0.05 <0.025

Chromium Total 0.21 1 0.179

Cyanide 0.02 0.3 <0.025

Lead <0.025 0.5 <0.025

Mercury 0.00015 0.005 <0.0001

Nickel 0.536 0.25 <0.025

Silver <0.025 0.2 <0.025

Zinc 0.254 2 <0.025



 

 

Ozonation is well established as a treatment technology for drinking waters, or in swimming 

pools, for which it is used as a disinfectant, to degrade substances of concern, and to enhance 

the performance of other treatment processes. Up to now, any form of ozonation employed 

for the treatment of sewage or industrial wastewaters was seen as an expensive polishing 

option, appropriate only in specific circumstances for leachate treatment, such as complete 

destruction of less biologically-degradable pesticides in final effluents. As a result such 

processes have rarely been applied to treatment of landfill leachates. 

 

Ozone itself (O3) is an allotrope of oxygen, and is a gas at normal temperatures and pressures. 

It is relatively unstable, having a half-life of less than 30 minutes in distilled water at 30°C.  

Because of this instability, ozone must therefore be generated at the point of use. Once 

produced, air containing enhanced concentrations of ozone gas is bubbled through the water to 

be treated in a chamber contacting the contaminated water. Correct ozone dosage to achieve 

required oxidation of specific compounds. Pesticides, aromatics, alkanes and alkenes are 

examples of compounds readily and successfully treatable by ozonation. 

 

Unlike chlorine, the use of ozone for effluent polishing does not result in excessive formation 

of trihalomethanes. However, as well as directly degrading some organic compounds, ozone 

can increase the degradability of organic compounds, resulting in increased levels of BOD in 

effluents. Any increase in BOD can easily be handled, using activated carbon as a step in the 

treatment process following by a final ozone polishing step.  

 

Keystone’s  proprietary AOP technology combines ozonation & electro-oxidation in the 

presence of catalyst freshly produced at the electrodes to break down waste compounds. 

This breaking down of the molecules happens at quasi super critical conditions . 

The process utilizes dissolved elemental oxygen at moderate temperatures up to 60C and 

pressures to 1-2 atm. The extremely high levels of catalytic activity is comparable to those 

required for related methods such as supercritical water oxidation and wet air oxidation. 

 

The AOP process can achieve either total separation/precipitation of dissolved organics  or 

achieve  complete mineralization  even for chlorocarbon, aromatic, phenolic, and dyes, at 

reasonably low reactor operating temperatures and energy demands. 

 

The AOP technology has many wastewater cleaning capabilities such as: 

 Removal of heavy metals 

 Removal of suspended and colloidal solids 

 Breaking oil/water emulsions 

 Removing fats, oils and greases 

 Removing complex organics 

 Destroying bacteria, viruses and cysts 

 Reducing BOD, phosphates and nitrogen levels 

 

 

 

 

 

 

 

 

 



 

 

 

Diagram of Electro-Catalytic Process 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Keystone’s AOP offers distinct process benefits over chemical coagulation including the 

following: 

 

 Clarified water is usually of high quality, which may allow it to be re-cycled and/or 

re-used. 

 It helps meet EPA and council compliance standards, and/or further reduce discharge 

fees. 

 Smaller volumes of sludge are produced, which are more shear resistant and easily 

dewatered. This is in contrast to chemically coagulated sludge, which generally have 

a high bound water content and larger volume. 

 The Sludge produced generally passes the US EPA's guidelines for Toxic 

Characteristic Leaching Protocol (TCLP). This is in contrast to chemically coagulated 

sludges which are generally unstable metal hydroxides that are classified as 

hazardous and must be disposed of in secure land-fills. 

 The operating costs are significantly less than most standard treatment methods. 

 The system requires very little maintenance, supervision or floor space. 

 

 

Conclusion 

 

When considering the sustainability of the return of concentrate to the landfill: 

any predicted change in leachate concentration should be assessed;  it must be shown that the 

landfill is adequately engineered so that the concentrate does not cause pollution (particular 
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attention should be given to the impact on groundwater); it must be shown that the leachate 

treatment system can adequately treat any predicted change in leachate quality resulting from 

the return of the concentrate; and chemicals essential to the effective operation of the plant 

should be selected so as not to compromise the disposal of the concentrate. 

 

The Keystone process has demonstrated not only the effective reduction in concentrations of 

suspended solids, typically from 290 mg/l to < 141 mg/l, but also the associated reductions in 

levels of organic materials in non-degradable COD, bringing concentrate leachate in line with 

discharge standards to a Publicly Owned Treatment Works. 

 

Providing that the process is well-specified, installed and operated, it should give rise to few 

environmental impacts or concerns. The Keystone AOP process uses limited energy, and few 

chemicals, sludge production representing less than about five percent of volumetric 

throughout, which can readily be disposed of either back to landfill, or via occasional road 

tanker to a sewage treatment works. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix A 

 

 

 
 

pH PH Will naturally trend to 7 -8 range.  Acids will become base, bases will become acidic

Bromide

Chloride INORGANICS Depending on other parameters like PH & COD they are partially or totally

Flouride removed  --- nitrates by reduction; sulfates by precipitation; and 

Nitrate as N chlorine by off gas

Nitrate as N

Orthophosphate

Sulfate

Biochemical Oxygen Demand BOD/COD Oxidizes the organics (especially oH oxidizer) and inorganic chemicals

Chemical Oxygen Demand

Nitrogen, Total Kjeldahl NITROGEN

Sulfide AMMONIA Oxidized - Ammonia broken down  in H20, N, O2

Ammonia - Nitrogen SULFIDES

Phosphorus, Total PHOSPHATE

Cyanide CYANIDE

Total Dissolved Solids SOLIDS

Total Suspended Solids SUSENDED

Volatile Suspended Solids DISSOLVED

Oil & Grease HYDROCARBONS All are oxidized to form H20 & CO2 or carboxylates which precipitates & removed in sludge

Antimoony, Total ICP-MS

Arsenic, Total ICP-MS DISSOLVED The elements/heavy metals are oxidized/rendered inert and removed via flocculation

Beryllium, Total ICP-MS ELEMENTS

Cadmium, Total ICP-MS

Chromium, Total ICP - MS HEAVY METALS

Copper, Total ICP- MS

Lead, Total ICP - MS

Mercury, Total

Nickel, Total ICP -MS

Selenium, Total ICP - MS

Silver, Total ICP - MS

Silver Total

Thallium, Total ICP-MS

Zinc, Total

Priority Pollutant Vols

Acrolein

1,2 - Dichlorobenzene VOLATILE ORGANICS

1,3 - Dichlorobenzene

1,4 - Dichlorobenzene CARBON COMPOUNDS

1,1 -Dichloroehtlene FUELS/OILS

Acrylonitrile CARBON COMPOUNDS

Benzene SOLVENTS

Carbon Tetrachloride CLEANERS

Chlorobenzene PAINTS All are oxidize to form H2O & CO2 or carboxylates which preciptate an are removed in sludge

1,1 Dichloroethane INKS

1,1,1 - Trichloroethane DYES

1,2 Dichloroethane PESTICIDES

1,1,2 - Trichloroethane ETC

1,1,2,2 - Tetrachloroethane

Chloroethane

2-Chloroethyl Vinyl Ether

Chloroform

1,2,- Trans-Dichloroethylene

1,2 -Dichloropropane

Ethylbezene

Methylene Chloride

Methyl Chloride

Methyl Bromide

Bromoform

Bromodichloromethane

Dibromochloromethane

Tetrachloroethene

Toluene

Trichloroethene

Vinyl Chloride



 

 

Priority Pollutant S Vols

Aeenaphthene

Benzidine SEMIVOLATILE ORGANICS

1,2,4 Trichlorobenzene

Hexachlorobenzene ACIDS Can remove some bases & acids depending on chemical composition

Hexachloroethane BASES

Bis(2-chloroethoxy)ether NEUTRALS

2-Chloroephthlene

2,4,6 Trichlorophenol

2 Chlorophenol

3,3 Dichlorobenzidine

2,4 Dichlorophenol

2,4 Dimethylphenol

2,4 Dinitrotoluene

2,6 Dinitrotoluene

Flourethene

4-Chlorophenylphenylether

4-Bromophenylphenylether

Bis(2-chloroisopropyl)ether

Bis(2-chloroethoxy)methane

Hexachlorobutadiene

Hexachlorocyclopentadiene

Isophorone

Naphthalene

Nitrobenzene

2-Nitrophenol

4-Nitrophenol

2,4-Dinitrophenol

4,6 Dinitro-o-Cresol

N-Nitrosodimethylamine

N-Nitrosodiphenylamine

N-Nitrosodi-n-propylamine

Pentachlorophenol

Phenol

Bis(2-ethylhexyl)phthalate

Butyl benzyl phthalate

Di-N-Butyl Phthalate

Di-N-octyl Phthalate

Diethyl phthalate

Dimethyl Phthalate

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(h)fluoranthene

Benzo (K)fluorathene

Chrysene

Acenaphthylene

Anthracene

Benzo(g,h,i)perylene

Flourene

Phenathrene

Dibenzo(a,h)anthracene

Indeno(1,2,3 -ed)pyrene

Pyrene

1,2 - Diphenylhydrazine

Priority Pollutant Pesticides

Aldrin

alpha BHC s

beta BHC

gamma BHC(1, indane) ORGANOCHLORINE

delta BHC

4,4 DDT PESTICIDES Oxidized & removed in sludge

4,4 DDE

4,4 DDE PCB

Dieldrin

alpha Endostilfan

beta Endostilfan

endosulfan Sulfate

Endrin

Endrin Aldehyde

Heptachlor

Heptachlor Epoxide

Toxaphene

Chlordane

PCB-1016

PCB-1221

PCB-1232

PCB-1242

PCB-1248

PCB-1254

PCB-1260


