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ABSTRACT

There is condderable interest today in the so-caled “biocdl” approach toward municipd solid
waste (MSW) landfilling in which leachate is introduced back into the landfill. This approach
reduces the cost of leachate management and is said to reduce/diminate the potential for long
term landfill gas production and groundwater pollution. However, a critical review of the typical
approach being used today in biocdl landfilling in Subtitte D landfills shows that the biocel
approach will fdl far short of appropriate landfilling of MSW that will prevent long-term gas
production problems and groundwater pollution. Today's minimum Subtitte D landfills can
cause groundwater pollution a the time of landfill congtruction due to the inherent rates of
leekage of leachate associated condtituents through the liner sysem. Further, over time the
flexibde membrane line's (FMLs) ability to collect leachate will decrease as the FML
deteriorates. The groundwater monitoring systems dlowed by regulatory agencies a minimum
Subtitte D landfills have a low probability of detecting leachate polluted groundwaters before
gonificant offdte groundwater pollution occurs. Leachate recirculation in a minimum Subtitle D
landfill incresses the hydraulic loading of the landfill which can lead to increased groundwater
pollution.

One of the principa problems with reintroduction of leachate into today’s MSW landfills as a
means of decreasing the time for landfill “dtabilization” is that a large part of today’s MSW is
disposed of in plagic bags that are not shredded at the time of burid. These plastic bags “hide’
the waste from the moidure which would alow increased landfill gas formation rates and
leachate generation during the time that the landfill liner system can possbly be an effective
barrier to groundwater pollution. While the addition of moisture to shredded municipa waste
can greatly reduce the time of landfill gas production, unshredded solid waste will produce
landfill gas and leachate over very long periods of time related to the rate of decompostion of

the pladtic bags.

This paper discusses the problems with current approaches for leachate recycde (biocel
landfilling) and recommends how such landfilling should be practiced to achieve increased rates
of landfill stabilizetion while protecting nearby groundwater resources from leachate pollution.
Biocdl landfilling should be practiced usng shredded MSW in a double composite lined landfill
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in which the lower composite liner is a leak detection system for the upper composite liner.
After landfill gas production has essentially stopped, then clean water should be added to the
landfill to wash/leach the solid waste resdues to remove potentid pollutants. This washing
should be done without leachate recycle. Adoption of this “fermentation leaching” wet cdl
approach will lead to a rgpid dabilization of the fermentable waste components in the landfill
and remove those condituents from the landfilled waste that can lead to groundwater pollution.
While initidly more expensve than today’s typicd biocdl landfilling, in the long term the cost
will be cheaper than the cost of municpa solid waste management in minmum Subtitle D
landfills since the long term “Superfund” cost associated with groundwater pollution will be
eiminated.

INTRODUCTION

The US Environmental Protection Agency's Resource Conservation and Recovery Act (RCRA)
Subtitte D requirements for municipd solid waste (MSW) landfilling basicaly prescribe the
placement of MSW in a “dry tomb” landfill.> In concept, it is intended that such systems keep
the buried wastes dry; as long as the wastes are kept dry, they will not ferment and produce
landfill gas, or generate leachate. However, the buried wastes remain a threat to groundwater
quadlity for aslong asthey arein the “dry tomb.”

Lee and Jones-Lee*** discussed the problems with the “dry tomb” landfilling approach that
preclude its ensuring protection of groundwater quality for as long as the wastes represent a
threst. They noted among other problems that liners of the type currently used lesk from the
time a landfill is placed in service and deteriorate over time; the leachate collection and removal
sysems depend on the integrity of the liner sysem and are subject to biologicd fouling;
groundwater monitoring programs typicaly used are inadequate to detect incipient liner leskage
or indpient groundwater pollution by landfill leachate; inadequate attention is given to
aufficently funding the post-closure care of landfill covers that will be required in perpetuity.
At best, “dry tomb” landfills postpone groundwater pollution and pass the costs for corrective
action, proper waste handling, and lost groundwater resources on to future generations.®

There is growing consensus that the “dry tomb” storage of MSW should be abandoned in favor
of in situ treetment of MSW so as to remove a the outset, components that could otherwise
eventudly lesk from the landfill to pollute groundwater. The “fermentation/leaching wet cdl”
(FIL wet cdl) shows considerable promise for achieving such treatment in a cod-effective
manner.  In that system, moisture is introduced into the buried wastes to enhance the
stabilization of fementadble organics (those that undergo anaerobic bacteriological
transformation to methane and carbon dioxide), and to leach the leachable chemicals from the
wastes that could otherwise escape the landfill to adversdy dffect the beneficid uses of
groundwater. A potential source of moisture for the fermentation is leachate generated in the
landfill.  While recycling leschate through the wastes can ad in waste “dabilization,” there is
consderable midnformation being advanced today about the role of leachate recycle in
“treetment” of MSW to reduce the potentid for the leachate to pollute groundwater. Presented



below is a discusson of potentia benefits of leachate recycle with particular reference to its
potentid use in protecting groundweter from pollution by landfill leachate.

LEACHATE RECYCLE IN MSW MANAGEMENT

Lee, et al.,"® Pohland and Harper,® Otieno'® and Renhat and Townsend'! discuss that leachate
recycle has been used for many years as a means of “disposing” of MSW landfill leachate and to
enhance “ddbilization” of fermentable organics in MSW. The rate of methane generation is
controlled by the amount of moidure present in the waste. In the dasscd sanitary landfill
where no attempt is made to redtrict entrance of moisture, landfill gas formation typicaly takes
place for 30 to 50 years. As additiond moisture is added to the waste, the rate of methane
formation increases. It has been wedl-documented in the literature that by adding moisture
through leachate recycle the period during which methane is generated under ideal conditions in
asanitary landfill can be reduced to 5 to 10 years.

Christensen and Kjeldsen'? reported on a study of the impact of the moisture content of MSW on
gas production rate. They reported that gas production essentially ceased when the percent
moigture in the waste is less than about 20%. The rate of gas production increased with moisture
content up to the maximum moisture content evaluated, about 60%. It is possble, athough not
investigated by them, that higher rates of gas production could have occurred with higher
moisture content.

In cooperation with the Sonoma County (CA) Department of Public Works, EMCON?®
conducted one of the most comprehensve and definitive studies of the impact of leachate
recycle on the chemica characteristics of MSW landfill leachate. A st of landfill test cels
(messuring 18x18x2.4m (60x60x8ft)-deep) was developed; each cell was filled with about 477
mtons (525 tons), about 909 nm? (1000 yd®), of MSW. Each cel received leachate that had been
produced within the cdl, or clean water, or no supplementd moisture, or one of various other
treetments. The chemical characteristics of the leachate were determined periodicaly over a 4-
year period. It was found that during the test period, the test cell that received recycled leachate
produced methare at the greatest rate; by the end of the test, the rate of methane formation had
been sgnificantly reduced.

The test cdl that received only clean water, with no recirculated leachate, also produced methane
a a rapid rate, but the rate was intidly somewhat dower than that of the cdl tha received
recycled leachate. Methane formation from dSabilization of the fermentable organics in the
waste in that test cdl was dso dmost completed during the 4-year period. By contrad, the test
cdl that received no moisure other than atmospheric precipitation that penetrated the clay cover
(which was not designed to be a “low-permegbility” cover of the type being developed today for
“dry tomb” landfills), produced very little methane by the end of the 4-year test period.

As migt be expected, the groundwater pollution potential of the leachate produced in each of
the test cdls at the end of the 4-year test period was different. The leachate from the test cell



that had received only precipitation that naturdly penetrated the cover had characteristics amilar
to those of classcal MSW sanitary landfill leachate; it contained a wide variety of chemical
contaminants in concentrations that would represent a significant threat to beneficia uses of
groundwater. At the end of the 4-year test period, the leachate from the test cell that had
received recycled leachate also dill contained a wide variety of chemicas at concentrations that
would represent a significant potentid to pollute groundwater. The leachate from the test cell
that had received clean water during the test period had somewhat less potentid to pollute
groundwater than that from the cdl that had recelved recycled leachate. It was evident that the
cean-water washing (leaching) of the wastes effected the lowering of concentrations of
condituents that represented a sgnificant potentiad for groundwater pollution. That was not
accomplished in the test cdll that received recycled leachate.

The Sonoma County studies further demonstrated that recyding of leachate in an MSW landfill
does dgnificantly enhance the rate of landfill gas production and dabilization of the fermentable
components of the MSW. The dabilized MSW residues developed after leachate recycle,
however, were Hill a significant threat to groundwater quality. These authors (Lee and Jones
Lee) conclude from the Sonoma County studies, as well as the information in the literature, that
leachate recycle as it has been practiced will not produce MSW resdues that are no longer a
Sgnificant threst to groundweter qudlity.

While it is evident from the literature that leachate recycle can dgnificantly hasten the rate of
dabilizetion of fermentable components of MSW, there are ggnificant amounts of materia in
normal MSW that are not converted to methane and carbon dioxide under anaerobic conditions
(i.e, are not fermentable). It is adso clear that some of the fermentation residues, as well as non-
fermentable materials in typicd MSW contain readily leachable components, because of those
components, leachate developed has a sgnificant potentia to pollute groundwater hydraulicaly
connected to the landfill area. Therefore, leachate recycle per se does not address the primary
concern about the landfilling of municipd solid wastes, namdy groundwater pollution by
leachate-derived condtituents. This was demonstrated in the Sonoma County study discussed
above.

Some landfill owners/operators practice leachate recycle as a means of reducing the costs of
leachate treatment. By recycling the leachate back into the landfill, the amount of leachate thet
must be treated by other means can be lessened. This is especidly effective when the leachate is
sprayed over the surface of the landfill and given dgnificant opportunity to undergo evaporation
and evgpotranspiration.  However, that gpproach does not remove many of the contaminants in
MSW landfill leachate; re-introduction of the leachate into the landfill replaces the chemica
contaminants in the landfill or at its surface where they remain subject to leaching and transport
to the surface waters and groundwaters of the region. The spraying of leachate on the surface of
the landfill or for dust control on roads can lead to surface water pollution through stormwater
runoff from the landfill Ste.

Another dgnificant factor that must be considered today in assessng the utility and effectiveness
of MSW leachate recycle is the fact that much of the garbage received by MSW landfills is in



plagic bags. Such bags sgnificantly obstruct the contact between the recycled leachate and the
fermentable components of the solid waste. This would detract from the appearance of
accelerated fermentation noted with leachate recycle.  The results of the laboratory studies by
various investigators, as well as the Sonoma County <udies, would be expected to be
ggnificantly different if ggnificant amounts of the waste were contained in plastic bags that
inhibited contact between the recycled leachate and the waste.

UNRELIABLE DISCUSSION OF THE POTENTIAL PROBLEMS WITH
MSW LEACHATE RECYCLE

Over the years there are many papers, reports and a book that discuss/promote MSW |eachate
recycle. With few exceptions the authors of these papers, eic., fail to discuss the potential
problems with leachate recycle. These problems have been discussed in the solid waste
management literature (see Lee, et al.,”® Lee and Jones,™* Lee and Jones-Lee*™>61718) over the
past 15 years. States have reviewed these issues and concluded that these problems are
aufficient to prevent leachate recycle. Yet these issues are not discussed by many of those who
wish to promote MSW leachate recycle. A notable exception is Magnuson.®  The landfill
owners, regulatory agencies and the public are entitted to a more balanced discusson of the
advantages and disadvantages/potential  problems of MSW leachate in minmum Subtitte D
landfills sited where increased groundwater pollution can occur than is occurring today (see Lee
and Jones-Lee®).

FERMENTATION/LEACHING WET-CELL APPROACH

Lee and Jones™ and Lee and Jones-Lee® described an in situ fermentation/leaching wet-cell
treetment approach by which it should be possble to treet MSW to produce a residue that
represents litle long-term threat to groundwater qudity. The concept is to dabilize the
fermentable components of MSW employing leachate recycle, and then to activey leach the
resdues to remove and treat those components that would otherwise eventudly lesk from the
landfill and pollute groundwater. Wastes would be shredded prior to placement to reduce
impediments to contact of the liqud with the waste components. A double-composite-lined
landfill with appropriate liner leak detection sysems would be used; a reverse groundwater
gradient liner system (hydraulic trap) may be employed where indicated to provide additional
protection againgt groundwater pollution.

It is expected that leachate would be recycled through the landfill for a period of 3 to 5 years;
that should provide sufficient time for the fermentation of those components that are subject to
anaerobic fermentation to methane and carbon dioxide. At the end of the leachae recycle
period, clean water would be added to leach the waste; leaching should be practiced until the
leachate produced no longer represents a Sgnificant threaet to groundwater quality. Depending
on the design of the landfill cdls and the hydraulic loading, it is estimated that a leaching period
of 15 to 20 years should be sufficient to produce MSW residues that are no longer a sgnificant
threat to groundwater quality. If during the course of the leaching period, leachate were to pass



through the upper-composite liner, it would be necessary to stop the leaching process, exhume
the wagtes, and treat them to produce non-polluting residues.

The famentationleaching wet-cdl approach for in situ treetment will initidly be more
expensve than the conventiond “dry tomb” landfilling owing to the additiond costs of tresting
the leachate produced in the clean-water washing of the gabage. The magnitude of the
increased cost is dte specific and depends on the methods used for leachate management.
However, in the long term, the F/L wet-cdl approach would be less expensive since it has the
potential to diminate the need for, and high cost of, providing landfill cover maintenance ad
infinitum, and since it would dgnificantly reduce the potentid for having to spend funds to try to
clean up leachate-contaminated groundwaters near the landfill, and replace logt groundwater
resources.

It is important to diginguish the “fermentatiorVleaching wet-cell” approach discussed by Lee and
Jones-Lee® and briefly described above, from what some refer to as a “wet cdl” landfill that only
incorporates leachate recycle. As noted above, thorough leaching of the wastes with clean water
is essentid to reducing the pollution potentia of MSW landfill leachete.

PERMITTING OF LEACHATE RECYCLE

In the review conducted by Lee, et al.,” it was found that a number of states, such as New Jersey,
prohibited leachate recycle because of the increased potentiad for groundwater pollution
associated with the increased hydraulic loading on the landfill. As discussed by Lee, et al.,” the
more rapid onset of groundwater pollution is a real, potentialy significant problem that needs to
be properly addressed if leachate recycle is to be practiced. It is clear that leachate recycle
should not be practiced in an unlined landfill or a landfill that does not have a highly reliable
liner ek detection system.

Lee and Jones-Lee?** discussed problems inherent in trying to use conventiona groundwater
monitoring systems, with vertica monitoring wells spaced hundreds to a thousand or so feet
apart, for the detection of indpiet liner leskage or indpient groundwater pollution from a lined
MSW landfill. Based on the manner in which lined landfills lesk from point sources in the
liners, and the manner in which leachate moves in groundwater systems in “finger” plumes, such
conventiond monitoring systems have a low probability of detecting incipient groundwater
pollution by landfill leachate at the point of compliance before widespread groundwater
pollution has occurred.

Because of the inherent unrdiability of single-composite liner systems that depend on the
monitoring of groundwater to detect liner-leekage of landfill leachate, the authors strongly
recommend agang the practice of leachate recycle in a single-compogtelined landfill of the
type prescribed as the US EPA Subtitle D minimum prescriptive standards.

Leachate recycle should only be dlowed at those landfills sSted where groundwater pollution by
leachate is considered to be of no consequence, or that incorporate a double-composite liner



sysem in which the lower-composte liner is part of a lesk detection sysem designed to
determine when the upper-composite liner fals to prevent leachate transport through it.  Further,
as described by Lee and Jones-Lee?* aufficiert funds must be available in a dedicated trust fund
derived from waste disposa fees to exhume the wastes and treat them to produce non-polluting
resdues that may be safdy buried in a landfill, when the upper-composite liner fals to prevent
leachate transport through it.

As a stop-gap approach, a landfill owner/operator may try to prevent further passage of leachate
through the upper-composite liner once it is detected in the liner lesk detection system, by
immediatdly ceasing leachate recycle and trying to prevent entrance of moidure into the landfill
through the cover. While cogting more than the amount of money typicdly provided for landfill
cover maintenance during the post-closure care period, it may be possible to isolate MSW from
moidure that can generate leachate for those landfills dted above the water table by using
appropriate leak detection sysems in the cover and aggressve maintenance ad infinitum as
discussed by Lee and Jones-Lee* It is clear that any leachate recycle project must plan for the
ineviteable falure of the liner sysem to manage leachate and have the funds avalable in a
dedicated trust fund to address the failure when it occurs.

It is in the best interest of protecting groundwater resources for future generations to alow
properly conducted leachate recycle as part of fermentation/leaching trestment of wastes. As
part of revisons of solid waste management regulations, provisons should be included for
leachete recycle in double-composite-lined landfills in which the lower composte liner is part of
a liner leskage monitoring system, and where adequate funds have been set asde in a dedicated
trust fund to properly address dl plausble worst case scenarios for liner falure, ad infinitum,
induding waste exhumation and trestment. Leachate recycle should not be dlowed in sngle-
composite-lined landfills.  Further, leachate recycle should be recognized as only providing stop-
gap rdief from leachate treatment codts, it will not diminate or even sgnificantly reduce the
potentid for groundwater pollution by solid waste components. Regulations prohibiting the in
situ treetment of MSW should be amended to alow fermentation/leaching wet-cell treatment in
properly designed and constructed double-composite-lined landfills of the type recommended in
this discussion.

At this time the US EPA is reviewing the need to revise Subtitle D regulations so thet it is easer
for landfill owners to recycde MSW leachate. If these regulations do not address the numerous
problems associated with MSW leachate recycle, then these regulations should not be adopted.
Smply dischaging MSW leachate into a mnimum Subtite D landfill could incresse
groundwater pollution.

CONCLUSION

As it has been practiced, leachate recycde does not produce MSW resdues that are not
gonificat threats to groundwater pollution Leachate recycle should not be practiced in a
single-compodte-lined landfill that relies on groundwater monitoring to detect the falure of the
compodite liner to prevent significant transport of leachate through it. Leachate recycle can and



should be practiced in appropriately designed and constructed double-composite-lined landfills
in which the lower-composite liner serves as a lesk detection system for the upper-composite

liner.

Leachate recycle must be followed by clean-water leaching (washing) of the fermented

s0lid waste residues in order to remove those components of MSW that represent threats to
groundwater qudity by their presence in leachate.
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- Overview of Leachate Recycle
Benefits & Potential Problems
* Recommended Approach for “Wet-Cell” Fermentation/ Leaching of MSW

“Dry Tomb” Landfilling
Early 1980's US EPA & Environmental Groups Developed “Dry Tomb” Landfilling Approach
Try to Isolate Wastes from Water
No Leachate — No Groundwater Pollution
Protective in Concept —Fatally Flawed in Practice with Level of Support Available
» Dry Wastes Are a Threat Forever
» Cannot Keep Wastes Dry Forever with Current Approaches Using Plastic Sheeting, Clay Liners & Cover
» Could Be Made More Workable with Adequate Reliable Funding and Design
US EPA & State Regulatory Agencies Unwilling to Address Well-Known Problems with “Dry Tomb” Landfills

Minimum Subtitle D “Dry Tomb”

Landfilling Fundamentally Flawed

At Most Locations, Today's Landfilling Approaches Only Postpone Inevitable Groundwater Pollution- Create
Tomorrow’s “Superfund” Sites

Today’s Municipal Solid Waste Stream Contains Variety of Hazardous and Otherwise Deleterious
Chemicals

Today’s Landfills Will Be Threat to Groundwater Quality Forever
Plastic-Sheeting and Compacted Clay Liners and Covers Will Eventually Fail to Prevent Leachate-Pollution
of Groundwater

Groundwater Monitoring Systems Relied upon to Detect Groundwater Pollution by Liner Failure, Highly
Unreliable
Will Lead to Pollution of Adjacent-Property Groundwater

30-yr Post-Closure Maintenance Myths
Significant Deficiencies in Subtitle D Regulations
» Only 30 yrs of Post-Closure Funding Is Required
No Requirement for Landfill Owner to Provide Funding to Pay for Groundwater Monitoring, Landfill Cover
Maintenance or Remediation of Eventual Groundwater Pollution
* Do Not Adequately Consider That MSW in a “Dry Tomb” Sanitary Landfill Will Be a Threat to Public Health,
Groundwater Resources, and Environment for as Long as the Landfill Exists Because of
Characteristics of Municipal Solid Waste
Processes That Take Place in “Dry Tomb” Landfills

Facts
Inorganics (Metals, Salts) and Many Organics Will Be a Threat, Effectively, Forever

Minimum 30-yr Post-Closure Maintenance and Monitoring Period Should Be Abandoned in Favor of an Expanded,
Perpetually Funded Program for Monitoring, Maintenance and Eventual Groundwater Remediation



pesolD [lpue

A1q a1sep) doaoy
1 1aA00) JO aunjie4 W]

2INS0IN-1S0d

Buiyoea] @
uononNpoid
Ser)

pa|eisu} Joanon)
AlllIqeautied-mo

liypue . quol Aiqg,, e Buiyoeasn
2 UONONpPOoad SeD 10 uianed



(0861 ‘seay 19y ‘6861 ‘USSPIaly pue USSUDISUYD WOIY)
JUSIUOD 2iN]1SIOW JO Uolioun4 se ajey uoljelaust) ser)

(%) @anisioy

03 03 ag oz 0

- DOOL

Aepsaisem By w
UOI]BIBUSL) SBL)



Leachate Recycle
“Wet-Cell” Bioreactor

Purpose:

» Leachate Disposal — Reduce Cost of Leachate Management

» Accelerate Waste “Stabilization”

Landfill Gas Production

Settling of Wastes

In Theory, Potentially Reduce Duration of Gas Production from Wastes — from 30-40 yrs to 5-10 yrs
Remove/Reduce Some Constituents from Leachate

AN NANAN

Problems with Minimum Subtitle D
Conventional Leachate Recycle

Single Composite-Lined Landfill
Liner Leakage Could Be Greater with Leachate Recycle
Greater Groundwater Pollution
Greater Hydraulic Head on Liner

Buried Plastic Bags, etc. & Daily Cover Could Inhibit Contact of Recycled Leachate with All Wastes
Plastic-Bagged Wastes Will Stabilize Slowly
Bags Must Decay
Expose Waste — Fermented & Leached

Full Disclosure on Leachate Recycle

If Appropriately Conducted, Leachate Recycle Can Be Important Tool in Reducing Potential Pollution of
Environment by Landfills

Review of “Bioreactor” Literature Shows That, with Few Exceptions, Potential Problems with Leachate
Recycle Are Not Discussed by Bioreactor Proponents

Issues Should Be Discussed:

» Potential for Increased Groundwater Pollution

* Will Not Produce a “Non-Polluting” Landfill

» Plastic-Bagged Garbage Will Extend Time Needed for “Stabilization”

Landfill Processes

Fermentation:

Conversion of Fermentable Waste Components into Landfill Gas
Some Organics Converted to Methane and CO,
Some Organics Not Fermentable

Leaching:

Solubilization of Some Organic and Inorganic Waste Components
Soluble Waste Components Become Part of Leachate

Leaching Can Occur Long After Landfill Gas Is No Longer Produced

Roman Empire Landfill Still Producing Leachate

Belevi & Baccini, Lead in Leachate from Swiss Landfills Predicted to be Above Drinking Water Standard for
over 2000 yrs



How Should Bioreactor Landfilling Be Conducted?

- Wet-Cell Fermentation/Leaching

Lee and Jones-Lee (1993)
* Double Composite Lined Landfill

Use Lower Composite Liner as Leak Detection System for Upper Composite Liner
» Shred Wastes - Avoid Typical Daily Cover

Use Shredded Green Waste as Daily Cover
* Add Leachate through Header System to Get Even Liquid Loading
* When Gas Production Essentially Over,

Discontinue Leachate Recycle

Begin Washing of Waste with “Clean” Water to Leach Soluble Waste Components
* Do Not Recycle Leachate Further; Treat as Industrial Wastewater

In 10-15 yrs Should Achieve Landfill Waste Residue That Will Not Produce Gas or Pollute Groundwater

Initially More Expensive ! Cheaper and More Protective in Long Run

Conclusions

« “Dry Tomb” Landfilling in Minimum Subtitle D Landfills Fundamentally Flawed
Will Lead to Groundwater Pollution at Most Sites
* Must “Treat” Wastes to Reduce Length of Time Wastes Are a Threat — Generate Gas and Pollute
Groundwater
» Discharge of Leachate into Landfill — Leachate Recycle Not Reliable/Adequate Treatment
» Engineer a Landfill Treatment System in a Protective Landfill on Pre-Processed Wastes

For Further Information, Consult www.gfredlee.com.



