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ABSTRACT

Agricultura soilscontaminated with chemica ssuch as pesticidesand fertilizers are affecting chemical
quality of groundwater in many Midwestern states. A study conducted by the Wisconsin Department of
Agriculturerandomly investigated 27 agriculture application businesses and found that 93% had pesticide-
contaminated soils. At least hdf of the 27 siteshad pesticidesin thegroundwater. Persistent pesticidesposea
threat to thewell-being of the environment and to human health. Much consideration and research needsto go
into the decison-making processfor an effectiveremediation of aparticular Ste. Thispaper providesinforma
tion which has been accumul ated about remedia technologiesfor source materialsand soilsand water media
(surfacewater and groundwater) at industria/commercid stesthat may have gpplicability to agricultural prob-
lems, and explainsaremedid aternativesevauation process. Prior to the gpplication of aparticular remediation
technology to asite, thekey first step isto develop remedial aternativesthat represent arange of feasible
actionsat thesite. Thealternativesnormally rangefrom No Action, whereno additional actionistakento
reducethe volume, mobility, or toxicity of chemical constituents present at the site, to full treatment. The
dternatives arethen screened in asubsequent planning step. The screening criteriaincludeimplementability of
thedternative, effectiveness of theaternative, and total cost. In situ bioremediation, monitored naturd attenu-
ation, phytoremediation, land farming, and bioventing are promising remediation technol ogiesfor agricultura
contamination. Soilsshould contain low moisture content and high permesbility for the gpplication of bioventing
and in situ bioremediation technologies. Phytoremediation requiresalarge surfaceareaof land andislimited
to steswith lower chemica congtituent concentrationsin shalow soils. Land farming asorequiresalargeland
areafor trestment and isrelatively smpleto design. Application of any of the above remediation technologies
to agricultural contamination createsminimal disturbanceto site operations, can be used to addressinacces-
sible areas, may not require costly off-gastreatment, and easily combined with other technologies such as
ingalation of vertica barriers, groundwater extraction, air oarging etc. Also, gpplication of insitubioremediation
and monitored natural attenuation to the contaminates water mediaremediates chemical constituentsthat are
absorbed onto or trapped within geological materias, produces no waste products that need to be disposed,
and requires continued monitoring and maintenance. Vertical barriersare generally used to retard or restrict
theflow of contaminated groundwater or to restrict the flow of clean groundwater into animpacted area.
When avertica barrier isplaced upgradient of theagricultural contamination, it actslikean umbrella, keeping
the groundwater from flowing through thearea. Whenthe barrier isplaced downgradient of the agricultura
contamination, it actslikeadam, retarding or restricting the groundwater flow. When the barrier isplaced
around the entire circumference of theimpacted zone, it actsto isolate the chemical constituentsfrom both
upgradient and downgradient influences. Therefore, salection and application of aremediation technology or
combination of remedi ation technol ogiesto agricultural contamination will depend ontheavailability of theste-
specificinformation.
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INTRODUCTION

Agriculturemay befacing remediation challengesthat are smilar to those addressed by Superfundin
thelast two decades. USEPA officiadsmention ethanol plantsand confinement operations, and non-point
sourcerunoff asenvironmenta challengescreating water quaity problems. A Wisconsin Department of
Agriculture study of 27 agriculture businessesfound that 93% had pesticide-contaminated soils. At least
half of the 27 siteshad pesticidesin the groundwater. Much consideration and research needsto gointothe
decision-making processfor an effective remediation of aparticular Site. The objective of thispaper isto
shareinformation that has been accumulated in aRemedial Alternatives Manual (Black & Veatch, 1999);
discuss some of the most common remedia technologiesfor source materids, soils, and water that may
have applicability to agricultura problems; and briefly describetheremedia aternativeseval uation process.
REMEDIAL ALTERNATIVES

Most common remedia technologiesfor source materids, soils, and water, fal under thefollowing
four categories.

Contanment

Remova

Trestment

Disposa
Containment

If chemicalsof interest are present at the Site at concentrations exceeding the state or federal
regulatory standardsfor exposure pathways such asingestion, inhalation, and soil component of groundwa-
ter migration, then containment such as engineered barriers can be used to diminate the potential for inges-
tion, inhaation, and migration to groundwater; thereby, diminating these exposure pathways. Vertica
engineered barriersare generally used to retard or restrict the flow of impacted groundwater, or to restrict
theflow of clean groundwater into animpacted area. Barrierseliminate the potentid for impacted ground-
water to migrateto drinking water wells. Thefollowing aretwo of the popular vertical engineered barriers
for contaminated agricultura Stes:

1. Surry WAl
2. Sheetpilewdl
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Slurry Wall

A durry wal isconstructed bel ow grade using the durry construction method. A bentonite-water
mixtureformsdurry whichismaintained in an excavation. Thedurry formsafilter cakeonthesdewallsof
theexcavation. Thehydraulic pressureof thedurry on thefilter cake membrane and the sidewall soilsholds
the excavation open. Theexcavation continuesdirectly through thedurry fluid. After theexcavationisdug
to the depth needed to achievethe desired results, abackfill materia isplaced into the opentrench. The
backfill isdesigned to displace the durry and to achieve the desired improvementsin permeability reduction.
Surry walscan dso beingaled by drilling overlgpping columnsand by jet grouting.

Thefollowing conditionsshould bemet toinstall adurry wall:

1. Siteshouldberdatively flat, sincethedurry that holdsthe excavation openisafluid. Theopen

excavation zone must have an el evation difference of lessthan about threefeet.
Aquitard must bewithin 100 feet of the surface over the entire affected area.
Surry wall materia must be compatiblewith chemicaspresent at the Site.

Sitemust be secure.

o 0 w0 D

Sitemust have adequate working area.

Surry wall isvery effective and religblein containing wastes, however, long-term monitoring is
needed. Surry wall may degrade over timeand may have potentia |ong-term damage from freeze-thaw
cycles, temperature fluctuations, flood damage, seismic damage, root and rodent penetration, and
photodegradation.

Sheetpile Wall

A sheetpilewall isconstructed below grade by driving interlocking sheetsthrough the overlying soils
totheaquitard. Figure 1 presentsatypical installation of asheetpilewall. Sheetsare generally fabricated
from heavy gauge steel sheet stock. Shape and gauge of the sheet determine the strength of the constructed
wall. Thesheetsinterlock at theendsto provide continuity of thewall.

The conditionsrequired toinstall adurry wall aso apply to the sheetpilewall instdlation. Likethedurry

wall, sheetpilewal isalso very effective and reliablein containing wasteswith no known limitations.
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Removal by Excavation or Extraction

Remova of materialsat the siteincludes excavation of contaminated soils and extraction of
contaminated groundwater.
Excavation

Excavation isthe process of removing soilsfrom the surface and subsurface of the contaminated
Stes. After excavation, theremoved materialsare subject to additiona treatment or disposal, which will be
discussed under the Treatment and Disposal categories.

Excavation can be used where or whenin situ or in-place treatment technol ogies areineffective or
inappropriatefor the volume or concentration of chemicalspresent at Figure 1 SheetpileWall Ingtallation
the contaminated Site. Figures 2 and 3 present excavation of contaminated soil/source material and lime
dudge, respectively.

Thefollowing factorsaffect implementation of excavation:

1. Generdly, materidsto be excavated must beabovethewater table. Controlled groundwater extrac-
tion may be used to lower thewater tabletemporarily, if needed, to allow for deeper excavation.

2. Materiasto be excavated must have adequate handling properties. In situ stabilization blending
maly be appropriateto improve handling properties.

3. Excavation practices must be conducted in amanner to protect workersfrom potential exposureto

Stechemicals.

4. Excavationsmust be constructed, sheeted, or shored to protect workersfrom potential cave-insor

Sdewadl failures.
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5. Siteodorsand air emissions must be controlled and monitored. Site dust-control measures must be

implemented as appropriate.

6. Sitedrainagemust be controlled to limit runoninto the excavation areaand to limit runoff of im-
pacted liquidsfrom the excavation areato surrounding areas. Dikes, ditches, and retention basins
should beimplemented as appropriate.

7. Erosion-control plansand measures must beimplemented for large, open excavation aress.

Extraction

Extraction wellsare used to remove groundwater for one of two purposes:

1. Tomodify thenatura groundwater gradientsto affect hydraulic containment of chemicaspresent at
theste.

2. Totreat the extracted groundwater to reduce thetoxicity or concentration of chemicals present at
theste.

Extraction wells can also be used to remove the heaviest concentrations of LNAPL (floaters) and
DNAPL (ankers). Extractionwelsaretypicaly placed verticaly into theaquifer, and groundwater isdravn to
thewell from an areaaround it. Figure4 presentsextraction well-drilling. Thesizeof theareaaffectedis
related to the hydraulic conductivity (permeability) of theaguifer, thethickness of the aguifer, thepumping rate,
and the pumping duration. Extractionwellsarenormally placed to providefull coverage of at least theleading
edge of the contaminant plume.

Requirementsfor the use of wellsfor the extraction of groundwater for subsequent treatment or
disposd areasfollows:

1. Sitemust haveaquifer conductivity that allowsfor the chemicasto be effectively removed.

2. Chemicaspresent at the site must be sufficiently mobileto alow for extraction.
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3. Sitemust have adequate surface areato alow for setting up thewell installation equipment.

4. Sitemust be secureto protect well head equipment.
5. Aquifer must be confined at the bottom or otherwise suitablelocaleto control migration of chemicals.
Extractionisnot suitableto chemicaswith high resdua saturation, high sorption capabilities, and
homogenous aguiferswith hydraulic conductivity lessthan 10° crm/s.
Collector Trench
A collector trenchisused tointercept and collect groundwater. Collector trenchesaretypicaly
placed vertically into the aquifer at apoint where groundwater will naturaly flow toit. A systemof pipesor
other collection devicesare provided insdethetrench to alow for collection and removad of theliquids, and
subsequent treatment and disposal. Requirementsfor use of collector trenchesfor the extraction of ground-
water areasfollows:
1. Sitemust haveaquifer conductivity that allowsfor the chemicasto be effectively removed.
2. Sitemust have an adequate natural groundwater gradient so that groundwater flowsto and into the
trench withaminimum of pumping.
3. Chemicaspresent at the site must be sufficiently mobileto alow for extraction.
A oollector trenchisvery effectivefor the collection and removal of relatively shalow groundwater.
TREATMENT
Contaminated materials (solidsand liquids) at agriculture sitesarerequired to betreated eitherin
Situ or exsitu. Toimplement ex situ treatment options, the materials must be removed as described above
under theremoval category. Thefollowing are someof the popular treatment optionsfor contaminated

materidsat theagriculturd Stes:

2002 Proceedings—Waste Resear ch Technology



In Stu Stabilization/Solidification

In StuBioremediation
Bioventing

Air Sparging
ORC/HRC Injection
Treatment Wells
Chemicd/Biologicd
Phytoremediation

© © N o 0 M W DN B

Monitored Natural Attenuation
The abovetreatment options arefurther discussed bel ow.
In Situ Stabilization/Solidification

Stabilization/solidification isaprocessthat treats contaminated soilsto reduce the toxicity or mobility
of chemicaspresent at thesite. Theprocess consistsof injecting and mixing stabilizing reagentswith surface
soilsthrough the use of augersor tillers. Stabilizing reagentstypically used are Portland cement, lime, and
proprietary chemicalssuch asslicasand polymers. Thetype of reagent used, aswell astheratio of reagent
to soil, variesdepending on thetype of chemicals present at the Site, and characteristics of soil and water
content. Reagents can beintroduced into theimpacted areain either apowder or liquid form. Thereagents
are smultaneoudly injected and mixed into the soil. Thesoil istypically mixed by augersof twotothree
metersin diameter. The soil ismixed in overlapping circlesto ensure complete mixing.
Requirementsfor use of thisprocessoption areasfollows:

1. Noboulders8inchesand larger tointerferewith the operation of the augers.
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2. Nonhomogeneous soil or large quantities of debris could require different reagents.

3. Sdlected andytical testsarerequired on the soil samples.
Theprocessisvery effectivefor inorganicsand less effective againgt pesticidesand semivolatile
compounds. The processrequirestreatability tests.
In Situ Bioremediation
Bioremediationisageneral term used for the destruction of organic congtituentsin impacted soil and
groundwater by biologica mechanisms. It works on the basis of bacteriain the soil or water which breaks
down thelong, hydrocarbon molecular chains. Either bacteriaare introduced into the subsurface environ-
ment, or theindigenous bacteriaare provided with nutrientsand oxygen to increase their population, or
both. Thisprocess optioninvolvesthe addition or injection of microorganisms(e.g., fungi, bacteria, and
other microbes) or nutrients(e.g., oxygen, nitrates) to the subsurface environment to accel erate the natural
biodegradation process. During the processthe microorganismsest and digest the organi c substancesfor
nutrientsand energy. White-rot fungi may beuseful for degrading chemica condtituentssuch aschlordane,
lindane, and DDT.
Requirementsfor use of thisprocessoption areasfollows:
1. Soil permesbility must bereatively high with low moisture content to allow the nutrientsto reach
indigenous microorganisms.
2. Chemicalspresent at the site must be biodegradable.
3. Treatability study for selection of materials must be conducted.
4. Introduceonly hot water or gasto accel erate the remediation process, as higher temperatures

support degradation.
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Thisprocess cannot degrade inorgani c constituents such as metals; however, it can be used to

immobilizethese congtituents. Therefore, thisprocessisonly applicable to remediate soilsand groundwater
impacted with VVOCs, SV OCs, and pesticides, and should be subjected to eva uation including bench and
field treatability testing.
Bioventing
Bioventing stimulatesthe naturaly occurring soil microorganismsto degrade chemicals present inthe

soil by providing oxygen. Therate of natural degradationisgeneraly limited by thelack of oxygenand
other e ectron acceptors, rather than by thelack of nutrients. In conventiona bioventing systems, oxygenis
delivered by an electric blower through subsurface wellsto the vadose zone. The processuses|ow airflow
ratesto provide only enough oxygento sustain microbia activity. Passvebioventing sysemsusenatura air
exchangeto deliver oxygen to the subsurfaceviabioventingwells. A one-way vaveisingalled onavent
wdll, which dlowsair to enter thewell when the pressureinsdethewell islower than atmaospheric pressure.
When atmospheric pressure drops bel ow the subsurface pressure, the valve closes, trapping theair inthe
well and increasing oxygen to soilssurrounding thewell.

Requirementsfor use of thisprocessoption areasfollows:

1. Subsurface soil should contain low moisture content and high permeability.

2. Chemical congtituents must be biodegradable and environmenta conditionsmust promote

biodegradation.

3. Monitoring of vapor at the soil surfaceisrequired.

4. Ingdlation of injection wellsisrequired.

5. Anayticd testing isneeded to show moisture content and permesbility results.
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Air Sparging

Air sparging isaninsitu processand involvesinjecting air directly into groundwater through air-

injectionwells. The processremediatesgroundwater by voltilizing organic chemicasand enhancing
biodegradation. Air isbubbled through the groundwaterin situ and it removes chemica constituentsfrom
thewater through volatilization. Theair containingtheVVOCsisgenerdly collected using soil vapor extrac-
tion (SVE) for further trestment or management. Figure5 presentsan SVE systemingtalled at an industria/
commercid ste. Airisusualy introduced into the groundwater through anetwork of injectionwells. The
injected air bubbles out from thewell and up to the surface. The higher the air pressure and volume of
delivery, thelarger theradiusof influencewill befor eechwell. Asthechemica constituentsmoveup into
thesoil, an SVE systemisusually used to removevapors. The addition of oxygen toimpacted groundwater
and soils a so enhances biodegradation of chemical congtituentsin and abovethewater table, asit actsasa
nutrient for bacteria
Requirementsfor use of thisprocessoption areasfollows:
1. Chemicd condtituents must be sufficiently volatileto be removablefrom groundwater.
2. Sitemust have appropriate permeabilitiesin the sparged zone and in the overlying vadose zone.
Processwill be effectiveif in situ permeabilitiesrangefrom 1 x 10%to 1 x 10 crm/sec.

3. Vacuum extraction of contaminated vapors, gases, and moistureisnecessary.

4. Pilot testing must be doneto estimate the radius of influencethat can be produced at the site.
Oxygen Release Compound (ORC) Injection

ORC isapatented formulation of magnesium peroxidethat dowly releases oxygen asan electron

acceptor upon hydration for about six monthsto oneyear. ORC can enhanceremediation of any agrobicaly
degradable chemical congtituents, suchasBTEX, MTBE, and vinyl chloride, by providing along-lasting
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oxygen supply. These chemica constituents degrade aerobically much faster than anaerobically. ORC can
beinjected into the subsurface using direct-push equipment or inserted into monitoring wellsin pre-pack-
aged exchangeable“filter socks’ to enhance aerobically degradable compoundssuchasBTEX, MTBE,
andvinyl chloride.
Requirementsfor use of thisprocessoption areasfollows:
1. Ingdlaionof injectionwells.
2. Useof direct-push equipment to deliver ORC to the subsurface environment.
Hydrogen Release Compound (HRC) Injection
HRC isapolylactate (lactic acid) ester used to remediate anaerobically degradable chlorinated
hydrocarbons such as perchloroethylene (PCE) and trichloroethylene (TCE). HRC isinjected into the
subsurface environment using direct-push technologies. Wheninjected into the subsurface environment,
lactic acid, which isan effective e ectron donor, isrel eased continuoudy into groundwater. Microbes
metabolizethelactic acid, release hydrogen, and useit for bioremediation. HRC' s patented time-rel ease
feature providesasteady hydrogen sourcefor aminimum of six monthsto oneyear. Becausethismateria
can beinjected directly into the subsurface environment, it can be used to ddliver nutrients passively and
enhance active biodegradation of chemica condtituents.
Requirementsfor use of thisprocessoption areasfollows:
1. Ingdlaionof injectionwells.
2. Useof direct-push technology to ddiver HRC to the subsurface environment.
Treatment Walls
Thisprocess, aso called passive barriersor trenches, involves backfilling thein-ground trench with
reactive mediato provide passive treatment of impacted groundwater passing through thetrench. The
treatment wall isexcavated at astrategic location to intercept the chemical plume and backfilled with
microorganism-enhanced filter media, zeolite, activated carbon, peat, bentonite, limestone, or zero-vaence
iron, based on specific chemical congtituents. Thetreatment processes, which occur within the trestment
wadll, aretypically chemical or biologica degradation, sorption, or precipitation. Thisprocessisapplicable

to awiderange of organic and inorganic chemical congtituents.
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Requirementsfor use of thisprocessoption areasfollows:
1. Replacement or rejuvenation of thereactive media, if thetreatment wall losesitsreactive capacity or
if themediaisdissolved inthewater.
2. Periodicremova of precipitatesfromthereactivemedia
Chemical/Biological

Thisprocessinvolvestwo phases—biological treatment followed by achemical treatment.

Thebiologicd treatment cons sts of adjusting soil pH, injecting liquid nutrients, and supplying oxygen
by air sparging into theimpacted area. Thetreatment fluidswill beinjected through theinjection wells, while
smultaneoudy withdrawing fluid from therecovery wells. Following the pH adjustment to gpproximately 8
and the addition of nutrients, air sparging will be started. During thistreatment phase, soil sampleswill be
collected on adaily and weekly basisto assess bacterial growth and activity.

Thechemica treatment conssts of injecting hydrogen peroxide and chelated ironinto theinjection
wells. During thistreatment phase, the soil pH and hydrogen peroxide concentration in the effluent water will
be closaly monitored. Testswill beperformed on soil to confirmtheremova of leachablechemical congtituents
adequately. Following thechemicdl treatment, if needed, another biologica treatment will becarried out asa
polishing step to diminateany remaining or re-charged leachable chemical congtituentsfromthe soil.

Requirementsfor use of thisprocessoption areasfollows:
1. Treatability teststo determinetheremova efficiency.
2. Stecharacterigtics.
3. Injectivity test to determine water-injection capacity in thetarget area.
4. Tracer test to determinetherate of groundwater movement.
5. Sugtest to determinetheinitial conductivity of theimpacted area.
6. Ingdlation of trestment wellsand surfacefacilities.
Theprocessiseffectivefor readily degradable organic compounds.
Phytoremediation
Thisisabioremediation processthat usesvarioustypesof plantsto remove, transfer, stabilize, and/

or destroy chemical constituents present in soil and groundwater.
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Thefollowing aredifferent typesof phytoremediation mechanisms.

1. Rhizospherebiodegradation
In thisprocess, the plant rel eases natural substancesthrough itsrootsthat supply nutrientsto micro-
organismsinthe soil. The microorganismsenhancebiological degradation.

2. Phytogtabilization
Inthisprocess, chemica compounds produced by the plant immobilize chemical congtituents, rather
than degrade them.

3. Phyto-accumulation
Inthisprocess, plant roots sorb the chemical constituents, along with other nutrientsand water. The
chemical constituent massisnot destroyed but endsup in the plant shootsand leaves. Thismethod
isused primarily for wastes containing metals.

1. Rhizdfiltration
Thisprocessissimilar to phyto-accumulation, but the plantsused for cleanup areraised in green-
houseswiththeir rootsinwater. Astherootsbecome saturated with chemical congtituents, they are
harvested and disposed of .

2. Phyto-voldilization
Inthisprocess, plantstake up water containing organic chemical constituentsand releasethe
congtituentsinto theair through their leaves.

3. Phytodegradation
Inthis process, plantsactually metabolize and destroy chemical constituentswithin plant tissues.

4. Hydraulic control
Inthisprocess, treesindirectly remediate by controlling groundwater movement. Treesact as
natural pumpswhen their roots reach down towardsthe water table and establish adenseroot mass
that takesup large quantitiesof water. Poplar trees, for example, extract 30 gallonsof water per
day, and cottonwoods can absorb up to 350 gallons per day.

Thetreatment zoneis determined by the plant root depth. Inmost cases, itislimited to shallow soils,

streams, and groundwater.
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Requirementsfor use of thisprocessoption areasfollows:
1. Low concentrationsof chemical congtituents.
2. Nopolychlorinated bipheyls (PCBS).
3. Largesurfacearea.
4. Anayticd teds.
5. Prdiminary sudieshelpful for enhanced degradation of pesticides, such asatrazineand afew others.
Monitored Natural Attenuation (MNA)

Thisprocessisideal for containment and reduction of the massand concentration of organic chemi-
cal congtituentsin the environment. MNA isremediation of contaminated mediawithout active treatment.
MNA generdly describes monitoring arange of physical and biological processeswhich reduce the concen-
tration, toxicity, or mobility of chemical constituents. These processestake place whether or not other
active cleanup measuresarein place. MNA can be classified as destructive and non-destructive processes.
Destructive processesinclude biodegradation and hydrolysis. Non-destructive processesinclude sorption,
dispersion, dilution, and volatilization.

L ong-term monitoring isnecessary to demongtrate that chemical constituent concentrationscontinueto
decreaseat arate sufficient to ensurethat they will not becomeahedth threet or violateregul atory criteria

Requirementsfor use of thisprocessoption areasfollows:

1. Stecharacterization.
2. Biodegradable, chemica constituents soil and environmental conditions promote degradation.
3. Assessmentsof potential risks.
1. Inditutiond controls.
2. Intensvemonitoring program.
Landfarming/Biopiles
Landfarming isahbioremediation processin which impacted soil will betreated inaseriesof multiple
liftsplaced inaclay-lined biopad. The processinvolvessetting up thefollowingfacilitieson site:
1. Impacted soil staging area.
2. Impacted soil biological trestment areaor biopad.
3. Groundwater and runoff water storage pond.
4. Water trestment facility.
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Thebiopad facility of desired areawill be constructed using aseriesof liftsof clay, compacted after
each lift to provide required permeability. Thebiopad will be designed for multiplelift useto hold large
volumes of soil per lift. During the construction of the biopad, impacted soil will be excavated and placed
onthebiopad. Bench-scde studiesindicatethat use of aspecific aerobic bacteriaamendment, long with
soil nitrification, accel erates biodegradation.

The periphery of the biopad will be bermed to contain and prevent runoff of surfacewater. Im-
pacted water can betreated on site and discharged to astorm drain or transported off siteto aliquid
recycling facility for treetment and disposal.

Thermal Desorption

This processinvolvesexcavating and heating soil containing VOCsuntil the chemical constituent
concentrationsin it are below regulatory standards and meet land disposal treatment standards. The
resultant material may then be suitablefor land disposal. The processiscompleted in severa steps. Fird,
the excavated soil is screened to accept material of appropriate size. Thesoil isthen carried by aconveyor
belt whereit isweighed, recording thetonnage, and transported into athermal desorber. Thethermal
desorption unitsare small thermal processorswhich heat soil to low temperatures, typical range between
700 and 1300°F, desorbing organic chemical constituentsfrom the soil matrix. Production ratescanvary
from 15 to 120 tons per hour, depending on size of theimpacted soil load and type of thermal processor.
After thermal treatment of soil, high-pressure|jets spray water on the soil to cool and rehydrateit before
being stockpiled. Upon completion of |aboratory testing to confirm removal of al chemical congtituentsto
below land disposal standards, the soil can be disposed off siteat alandfill or backfilled on site.

Requirementsfor use of thisprocessoption areasfollows:

1. Nomoisture content greater than 14 to 15% by weight.
2. Nodebrisgreater than 2inchesinsize.
3. Nohazardousmaterial.
I ncineration
Thisprocessinvolves excavating, stabilizing, and transporting impacted soil to anincinerator for
thermal destruction of chemica constituents such as pesticides and other organic compounds present inthe

soil. Inthe process, thesoil isburned intheincinerator intwo stages. Initial incinerationtakesplaceina
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rotary kiln at aminimum temperature of 1600°F. Gaseous products, volatilized by the primary combustion
chamber, enter the secondary combustion chamber wherethey arere-incinerated at temperaturesup to
2400°F. Gasesleaving the secondary combustion chamber will be cooled to about 200°F and are cleansed
by air pollution control systems. Ash, dag, and other solid residues discharged from theincineration cham-
bersdrop into ash remova systemsfor cooling. All residues, including ash and those residues discharged
fromdry air pollution control systems, arelaboratory tested to verify that they meet land disposal standards
prior to theland disposal.
Requirementsfor use of thisprocessoption areasfollows:
1. Soil must passpaint filter test and be non-tacky (nofreeliquids).
2. Nodebriscanbegreater than 2 inchesinsize.
Requirementsfor use of thisprocessoption areasfollows:
1. Soil must be homogeneous.
2. Chemical condtituentsand bacterialevelsin the soil must be monitored.
3. Moaisture content inthe soil must be maintained.
DISPOSAL
Landfill
Impacted soilsexcavated from the site can be disposed at |andfills provided the soil must beanayzed
for RCRA characterigticsto determineif it ishazardous or nonhazardous. Soil exhibiting acharacteristic of
hazardouswaste or contai ning hazardous chemical constituentsfrom listed hazardous wastes at the point of
generation are subjected to land disposal restrictions (LDRs). EPA established land disposdl treatment
standardsfor characteristic hazardous soil based on thereductionsin chemical constituent concentrations
that can be achieved using “ Best Demondtrated Available Technology (BDAT) .” In the case of hazardous
soil, theland disposal treatment standards require treating the chemical constituent that caused the soil to be
hazardous, aswell asdl underlying hazardous constituentsthat are present in the soil, to theland disposal
treatment standards. If laboratory testing of the site soil determinesthe soil isnonhazardous, the soil can be

disposed inthelandfill.

2002 Proceedings—Waste Resear ch Technology



Landfill disposal requirementsare asfollows:
1. Soil must be nonhazardousat the point of generation.
2. Soil must passpaint filter test (no freeliquidsalowed).
3. Anaytica testing of soil for landfill required parametersis necessary.
Pretreatment to POTW Discharge
Thisprocessinvolves pretreatment of the effluent prior to discharging to the publicly-owned treat-
ment works (POTW).
Pretreatment—~Pesti cide treatment studies show thefollowing:
1. Organophosphate pesticides—Ma athion and Parathion can be degraded using aerobic bioreactors.
2. Organochloride pesticides—Chlordane, DDT, and Toxaphene appear to require cycling of aerobic
anaerobic processes. Aerobic process mineralizesthe compound.
A permitisrequired to dischargewater tothe POTW fecility for further treatment.
Surface Water Discharge
Thisprocessinvolvesdischarging treated water from on siteto surface water bodies. Surface water
dischargesnormally require that an NPDES discharge permit be obtained. Treated water must meet
discharge requirementsfor the aquatic water standards.
Recycling Facility
Thisprocessinvolvestransporting liquids encountered during excavation, dewatering, groundwater
extraction, and decontamination activitiesat the Steto an off-steliquid recycling facility, or industrial waste
treatment facilities, for trestment and disposal. At therecyclingfacility, the untreated liquid iseither recycled
or treated and disposed, depending upon the characteristics of the chemical constituents. Thismethod of
treatment and disposal isided for smal quantitiesof untreated liquids.
CONCLUSIONS
Agricultura soilscontaminated with chemicals such aspesticides and fertilizersare affecting chemi-
cal quality of groundwater. Persistent pesticides pose athreat to the well-being of the environment and to
human health. Therefore, much consideration and research needsto gointo the decision-making process
for an effective remediation of aparticular agricultural Ste, based on the contamination. Innovativetech-

nologiesare being documented by EPA programs such asthe SITE (Superfund Innovative Technology
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Evauation) and Federd Remediation Technologies Roundtable. Information regarding someof the popular
remedia technologies appropriatefor agricultura contamination isprovided in thispaper.
Thefollowing areto be considered prior to selecting aparticular remedid technology:
1. Review siteconditionsand known datafor each media(soil and groundwatey).
2. Determine sizeand volumesof key mediaquantitiesto be managed.
3. Identify technologiesthat are potentially applicableto the strength and other characteristics of
chemical condtituentsfoundin each Stemedia
4. Screen out technologiesthat are not suitablefor the strengths, volumes, or other characteristics of
chemical condtituents.
5. Review case study documentation and perform treatability studies.
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www.epareachit.org—EPA stededicated to innovative remediation and characterization technologies.
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