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NOTICE
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infringe privately owned rights and will assume no liability for
any loss, injury, or damage resulting from, or occurring in
connection with, the use of information contained, described, dis-
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ABSTRACT AND KEY WORDS

Municipal sanitary landfills generate leachate that New York State regulations require to be collected

and treated to avoid contaminating surface water and groundwater. One option for treating leachate

is to haul it to a municipal wastewater treatment facility. This option may be expensive, may require

excessive energy for transportation, and may require pretreatment to protect the receiving facility's

processes. An alternative is onnsite treatment and discharge. Personnel from the Town of Fenton, New

York; Hawk Engineering, P.C.; Cornell University; and Ithaca College designed, built, and operated a

pilot constructed wetland for treating leachate at the Town of Fenton's municipal landf'dl. The system,

consisting of two overland flow beds and two subsurface flow beds, has been effective for 18 months in

reducing levels of ammonia (averaging 85% removal by volatilization and denitrification) and total iron

(averaging 95% removal by precipitation and sedimentation), two key constituents of the Fenton

landfill's leachate. The system effects these reductions with zero chemical and energy inputs and

minimal maintenance. A third key constituent of the leachate, manganese, apparently passes through

the beds with minimal removal.

This report documents and discusses the Fenton system's design and performance. Also covered are

two companion laboratory experiments using Fenton landfill leachate: 1) a microcosm experiment which

examined the effects of leachate pretreatment on plant growth and the effects of plants and leachate on

maintenance of soil permeability and removal of chemicals from the leachate; and 2) a floating plant

experiment which examined the toxicity of leachate sampled at different stages of the constructed

wetland treatment process.

Key words: constructed wetland, landfill leachate, leachate treatment, Typha glauca, Lemnaceae,

microcosms
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SUMMARY

Municipal sanitarylandfills generate leachate that New York State regulations require to be collected

and treated to avoid contaminatingsurfacewater and groundwater. One option for treating leachate

is to haul it to a municipal wastewatertreatment facility. This option may be expensive, may require

excessive energy for transportation,and may require pretreatment to protect the re_iving facility's

processes. An alternativeis on-site treatment anddischarge. Personnel fromthe Townof Fenton, New

York; Hawk Engineering, P.C.; Cornell University;and Ithaca College designed, built, and operated a

pilot constructedwetland for treating leachate at the Town of Fenton's mumcipal landfill. The system,

consisting of two overlandflow beds and two subsurfaceflow beds, has been effective for 18 months in i

reducinglevels of ammonia (averaging85%removalby volatilizationand denitrification)and total iron

(averaging 95% removal by precipitation and sedimentation), two key constituents of the Fenton

landfill's leachate. The system effects these reductionswith zero chemical and energy inputs and

minimal maintenance. A third key constituent of the leachate, manganese, apparentlypasses through

the beds with minimal removal.

The New York State Energy Research and Development Authority (the Energy Authority) contracted

with the Town of Fenton, who subcontractedwith Hawk Engineering, P.C., Cornell University, and

Ithaca College to investigate the potential of constructedwetlands to providelandfill leachate treatment

or pretreatment in an energy-efficientand environmentallysound manner. The investigation consisted

of the design, construction, and evaluation of a constructedwetland for treatment of landf'dlleachate

at the Town of Fenton SanitaryLandfillin the Town of Fenton, Broome County. Additional laboratory

studies were completed with the objectiveof developing effective ways to remove any specific leachate

contaminants that were resisting removal in the landfill system.

The specific objectives of the project were:

• To develop an energy-efficientalternativeto conventionallandfdl leachate treatment,

capable of being utilized by landfills in New York State and elsewhere;

• To design and constructa leachate treatmentsystem using constructedwetlands;and

• Through intensive monitoring, to assess the effectiveness of the effluent treatment

system components in removingand degrading leachate contaminants at the Town of

Fenton Landf'dl.
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Use of constructed wetlands for treatment of landfill leachate is a relativelynew idea, and veryfew other

research sites exist. Worldwideresearch has been conducted,however, on use of constructed wetlands

for treatment of a variety of wastewaters, ranging from domestic to industrial. The effectiveness of

treatment has been shown to dependprimarilyon the ratio between the size of the plot and the quantity

of flow. Hydraulic clogging is the most oft-cited problem, resulting in unintentional surface flow,

reduced retention time, and inadequate treatment.

The leachate treatment system design at the Town of Fenton Sanitary Landfdl included two methods

to evaluate the effectiveness of wetlandplants to treat municipallandfill leachate. The two methods

used were the overland flow method and the root-zone method.

The overland flow method is a pretreatment system where the objective is to reduce high levels of

dissolved iron and manganese, organic matter, ammonia-nitrogen, and benzene by oxidation,

precipitation, and volatilization, and to reduce the risk of dogging in subsequent root-zone beds.

The root-zone method of wetland wastewater treatment is based on the percolation of wastewater

through the soil rather than flow over the surface. Leachate contaminants are removed by aerobic

decomposition, filtration, and oxidation in the area of the plant root-zones. The root structure

theoretically maintains or increases soil hydraulic conductivity and supplies oxygen to soil

microorganisms involved in the contaminant oxidation process.

The constructed wetland system for the Town of Fenton Sanitary Landfillwas designed in 1989 and

constructed in 1989 and 1990. The system became operational in October 1989. Additional planting

of the cells continued in 1990 and 1991.

In general, the constructed wetland system consists of two overland flow cells with a total area of 290

m2 and two root zone cells with a total area of 250 m2. The beds were operated in series, with the two

overland flow cells followed by the two root-zone cells. The substrate used in the two overland flow

cells (beds 1 and 2) was a clayey topsoil which prevented subsurface flow and promoted surface flow.

The substrate used in the root-zone cells (beds 2 and 3) was coarse No. 2 gravel (1.3 cm or 0.5 inch

maximum size) to allow subsurface flow. Reed canary grass (Phalaris arundinacea) was planted in the

overland flow beds. Cattails (Typha glauca) were planted in the root-zone beds. Some experimental

studies were done in the laboratory using floating plants as research organisms. A 3,000-gallon double-

wall steel underground storage tank was installed at the end of the system for liquid storage. The
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systembegan operation on January1990 withleachate flowing into manhole 1, bed 1, bed 2, bed 3, and

bed4.

The water in the overland flow beds was on the order of 25 cut (10 inches) deep and it was maintained

without plants for the last 1.5 years.

The major contaminants in the leachate from the Fenton landfill were inorganic nitrogen (almost

entirely in the ammoniacal form), iron (probably mostly in the ferrous or reduced form), and

manganese. Loading rates averaged 135 g of inorganic nitrogen per day in 0.78 m3/day of leachate.

The objective of this project was to devise a treatment system for leachate from the Fenton landfill

under the following conditions:

• There would be no pretreatmentor addition of chemicals.

• There would be no pumpsor mechanicaldevices that would require energy; the flow

through the systemwas to be by gravityand there would be no devices for mechanical

aeration.

• The beds would be planted with local plants and hence the plants would be adapted

to the site; the plantswould not be watered or irrigated.

• There would be no annualharvestingor replanting of vegetation.

• The beds would be relativelyeasyto cons_xuct,and maintenance requirements

would be minimal;there wouldbe no complicateddistributionsystems or flow

regulators.

• No devices or constructedpools thatwould attractvandals, recreational users,

and/or nuisance wildlife would be installed.

• The system would not generate odors or be unattractivevisually.
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The fmdings are summarized as follows:

• Experiments on the effect of leachate on floating plants (Duckweed family) showed

that raw untreated leachate in concentrationsof 100% or 50% either killed plants

within a few days or caused a great reductionin the reproductionrate. This was also

true for leachate that had been aerated over a 1-month period. Plants growing in

leachate taken from beds 2, 3, and 4 reproduced at a low rate but were not killed.

Morphologically,plants from bed 2 tended to be larger but thinner than normal and

possessed longer than normal roots. Conversely,plants in leachate taken from bed 4

were smaller than average,had only short stumpsfor roots, and did not separate from

each other. Experiments growing plants in various concentrations of iron and

manganese indicated that these elements were not responsible for the lower growth

rates seen in plants growing in ieachate. With furtherstudy, these plants could prove

beneficial as pollutant indicators in leachate treatment systems.

• The treatment systemreducedthe inorganicnitrogenconcentration by 60 to 100%;the

best removal was duringthe summerof 1991and the poorest removal was during the

period Januaryto March1991. The reductionin inorganicnitrogen concentration was

the result of loss of inorganic nitrogen, primarily in the overland flow beds, and

dilutionwhen precipitationexceeded evaporationand transpiration losses. The most

likely mechanism of loss of inorganic nitrogen was by volatilization of NH3. The net

of annualprecipitationminusevaporationand transpirationwas about double the input
of leachate.

• The concentration of iron was reduced by the treatment system; the average

concentration of iron before and after treatment was 34 and 0.63 g/m 3, respectively,

in unf'dteredand uncentrifugedsamples. Since the solutions were above pH 7 in all

beds and the oxygen concentrationwas more than 2 ppm in all beds, the iron in the

samples from the end of the treatment systemwas almost certainlyoxidized, and the

iron that was in the samples was either part of precipitated iron compounds or was

sequestered by complexesand microorganisms.

• The manganese concentrationin the treatment system was not reduced except by
dilution,
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s There was very little if any reduction in permeability of the root-zone beds over 18

months, and there was no overland flow in any part of the root-zone beds. In a

greenhouse study in boxes filled with sand and treated with leachate for 18 months,

there were modest reductions in permeabilitybut no clogging.

• The research done here cannot be extrapolated to situations in which organic

contaminants (such as pesticides) are in high concentrations or where readily

decomposable organics (or potential for biological oxygen consumption) are

appreciablyhigher than in the Fentonleachate. Nothing thatwas done here sheds any

light on removal of high concentrationsof metals such as lead, cadmium, nickel, etc.

• The economic benefit associated withthe leachate treatment system using constructed

wetlands at the Town of Fenton Sanitary Landfill includes a cost savings of

approximately$1,200 peryearwhencapitalizedconstruction costs andannualoperation

costs of the on-site system are comparedto off-site hauling and treatment costs. The

energybenefit of on-site treatment by constructedwetlandsat the Fenton site includes

the fuel savings associated with not having to transport the leachate to a treatment

plant and not having to treat the leachate at a treatmet,t plant. The environmental

benefits of on-site treatment include a reduction of contaminant concentrations in the

leachate and avoidance of consumption and combustion of fossil fuels that would

otherwise be necessaryfor transporting and treating leachate at an off-site treatment

plant.

• Based on the informationgathered at the Fenton Sanitary Landfill and additional

published dataand site-specific studies, leachate treatmentsystems using constructed

wetlands can be designed for a variety of landfill sites in various climates.
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_ion 1

INTRODUCTION

BACKGROUND

Municipal sanitarylandfdlsgenerate leachate that New York State regulations require to be collected

and treated to avoid contaminatingsurfacewater and groundwater. One option for treatingleachate

is to haul it to a municipalwastewater treatment facility. This option may be expensive, may require

excessive energy for transportation, and may require pretreatment to protect the receiving facility's

processes. An alternativeis on-site treatment and discharge.

The Town of Fenton SanitaryLandfill located in the Town of Fenton, Broome County, New York,

generates leachate which requires on-site treatment prior to discharge into the adjacent intermittent

stream or off-site treatment at a sewage treatment facility. The leachate is generated as a result of

precipitation percolating through the municipalsolid waste. New York State regulations (6 NYCRR

Part 360) state that leachate from a solid waste management facility must not be allowed to drain or

discharge into surface water except pursuant to a State Pollutant Discharge Elimination System

(SPDES) permit. A SPDES permit imposes effluent dischargestandards.

Since its leachate did not meet effluent quality standards for a SPDES permit, the Town of Fenton

considered three options for leachate disposal.

1. Have the leachate transported to and treated at a municipalwastewater treatment

facility 23 miles from the site.

2. Build a complete on-site sewage treatmentplantwhichwould require power, continual

maintenance, sludge disposal, and monitoring by a qualifiedoperator.

3. Construct a gravity-fed, gravity-dischargewetland treatment system.

Option 3, the use of constructed wetlands foron-site treatmentof the Town of Fenton SanitaryLandfill

leachate was chosen. The intentionwas to reduce the contaminants in the leachate to a level whereby

a SPDES discharge permit could be issued by New York State.
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On-site treatment of leachate would avoidthe energycosts associatedwith transportationand treatment

costs of a sewage treatment plant. A gravity-fed,gravity-dischargesystem would result in low energy

_age and low maintenance costs. In the event SPDES permitdischarge limitswere still exceeded, the

constructedwetland system would provide leachate pretreatmentrequired for disposal at a municipal

wastewater treatment facility.

The Town of Fenton in associationwith HawkEngineering,P.C., Cornel University,and Ithaca College

designed, constructed, operated, and monitored the constructed wetlands for treatment of leachate at

the Town of Fenton SanitaryLandf'dl. The project was developed in response to a New York State

EnergyResearch and Development Authority(EnergyAuthority)programfor InnovativeTechnologies

for Landf'dlLeachate Management. The objectivesof the EnergyAuthority program were to "facilitate

the development of innovative landfdl leachate treatment, pretreatment, recycling, and related

technologies in an energy efficient and environmentallysound manner;to accelerate the decomposition

of landf'dlmunicip',dwaste by the use of various recycletechniques;to increase gas productionrates by

accelerating refuse decomposition; to reduce contaminant concentrations in solids, soils, leachate,

groundwater and gases; and to encourage the use of this technology by landf'dlsin New York State"

(Energy Authority 1986). In addition, the purpose of the program was to "facilitatethe development

of technologies which will remediate landf'dlenvironments which have already been impacted by

addressing energyefficient, economicallyfeasible, and environmentallysound treatment of contaminant

presences in all phases" (Energy Authority 1986).

Fundingfor the research projectwas providedin partby the EnergyAuthority, Town of Fenton, Cornel

University, and Ithaca College. The project was designed by Hawk Engineering, P.C., and constructed

by the Town of Fenton. Research into water chemistry and system operation and management was

provided by Cornel University. Plant growth and adaptation to chemicals were studied by Ithaca

College. All project team members participated in each project phase. Hawk Engineering, P.C.

provided overall project management to coordinate contractors, schedules, technical matters, and

information dissemination.

The constructed wetland system was designed in 1989and constructed in 1989 and 1990. The system

became operational in October 1989. Additional planting of the cells continued in 1990 and 1991.

The leachate treatment system design included two methods to evaluate the effectiveness of wetland

plants to treat municipal landfill leachate. The two methods used were the overland flow method and

the root-zone method.

1-2



The overland flow method is a pretreatment system in which the objective is to reduce high levels of

dissolvediron and manganese, organic matter,ammonia, and benzene by oxidation, precipitation, and

volatilization.

The root-zone method of wetland wastewater treatment is based on the percolation of wastewater

through the soil rather than flow over the surface. Leachate contaminants are removed by aerobic

decomposition, filtration, and oxidation in the area of the plant root zones. The root structure

purportedlymaintainsor increases soil hydraulicconductivityand suppliesoxygento soil microorganisms
!

involvedin the contaminant oxidation process.

In general, the constructedwetlandsystem consists of two overlandflow cells 30.5 meters (m) (100 feet)

long by 9.1 m (30 feet) wide and two root-zone cells 30.5 m (100 feet) long and9.1 m (30 feet) wide.

The cells were operated in series, with the two overlandflow ceils followed by the two root-zone cells.

PROJECT OBJECTIVES

The overall project objective was to design, develop, and evaluate an energy-efficient and

environmentally sound landfill leachate treatment system using constructed wetlands.

Specific objectives were to:

• Develop an energy-efficient alternative to conventional landfill leachate treatment,

capable of being utilized by landfills in New York State and elsewhere.

• Design and construct a leachate treatment system using constructed wetlands.

• Assess the effectiveness of the effluent treatment system components in removing and

degrading leachate contaminants at the Town of Fenton Landfill site through intensive

monitoring.

s Manage loading rates and modes of operation so that recommendations about design

criteria (bed size, plant materials, planting techniques, loading rates, and operation

parameters) could be developed for other landfills.
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• Determine permeability,permeabil:.tychanges,flow rates, andflowpatterns in the root°

zone beds.

• Conduct research with small laboratoryexperimentalunits to develop effective ways

of removing any specific constituents which resisted removal in the land system.

• Conduct a review of state-of-the-art European root-zone treatment methods as they

applyto New York State conditions.

• Collaborate and coordinate with other groups in the United States, such as the

Tennessee Valley Authority,which arealso studyingthe root-zone technique in similar

applications.

• Develop a public information program that would providepress releases, a 1/2 hour

broadcast-quality video, a slide set, presentations to interested groups, articles for

professional journals, tours of the site, and preparation of a handbook on application

of the root-zone treatment to other sites.

CONTRACTORAND SUBCONTRACTORRELATIONSHIPS

The project was administered and executed under the following contractor and subcontractor

relationships and responsibilities:

Town of Fenton - PrimaryContractor

• Project sponsor responsible for contract administration..

• HighwayDepartment responsiblefor the constructionof the Town of Fenton Landfill

Leachate Management System.

• Highway Department responsible for the day-to-day maintenance, operation, and

security of the leachate management system.
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Hawk Engineering, P.C. - Subcontractorto the Town of Fenton

• Projectengineer, responsibleforoverallprojectmanagement;communicationswith the

Energy Authority; preparationof construction plans, specifications, and engineering

report; preparationof submittals to New York State Department of Environmental

Conservation (NYSDEC); constructioncoordination;preparation of record drawings;

coordination of water quality analysis according to NYSDEC's requirements; and

assisting in preparationof progress reports and paymentrequests.

s Responsible for management of field operations in conjunction with the Town of

Fenton.

• Responsible for evaluating the applicabilityof the Town of Fenton Landf'dlLeachate

Treatment System to other future landfdls.

CorneUUniversity - Subcontractorto the Town of Fenton

• Investigatorsresponsible for assistingthe Town in site monitoring, managing loading

rates and operation methods, determining the hydraulics of the root-zone beds,

conducting research on contaminant removal, collecting samples, preparing the

research report, evaluatingthe applicabilityof the technologyto other landfills in New

York State.

s Review of the workof the European Consortiumestablished to work on the root-zone

method, and coordination with other groups in the United States, such as the

Tennessee Valley Authority, and public information programs.

Ithaca College - Subcontractor to Cornell University

• Investigatorsresponsible for collecting wetlandplants, planting them in the root-zone

beds, determining the most effective plants, researching plant growth and optimum

loading rates, collecting samples, and preparing research findings.
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PURPOSE AND SCOPE OF REPORT

The purpose of this report is to detail the activitiesconducted, data gathered, and conclusions drawn

in fulfilling the objectives of the project. Section 2, Site Description and Landfill History, contains a

history and description of the project site. Section 3, Project Description, describes the activities

associated with project design criteria,design, construction,operation, and vegetation planting of the

leachate treatment system. In addition, Section 3 describes the public informationprogram developed

to report project-related information (press releases, site tours, technical papers, slide shows, and

videotapes, etc.) to the public. Section 4, ResearchMethods andResults, details the researchassociated

with leachate treatment system operation, monitoring,management ant v_aluation, and other studies.

Economic, energy, and environmentalbenefits are outlined in Section 5, Benefits of the Constructed

WetlandSystem. Typicalleachatecharacteristicsand design,construction,andoperation and monitoring

recommendations for constructed wetland lcachate treatment systems are included in Section 6,

Applicability of Design to Other Landf'dls. Section 7, Glossary contains definitions of important

technical terms used in the report.

APPLICABILITY OF INFORMATION FROM OTHER EUROPEAN AND UNITED STATES

PROJECTS

Use of constructed wetlands for treatmentof landf'dlleachate is a relativelynew idea, and very few other

research sites exist. At the First InternationalConference on ConstructedWetlands for Wastewater

Treatment in 1988, the only papers addressing treatmentof landfillleachate were those discussingthe

Fenton Landf'dland the Landstrom Landf'dl,Tompkins County, New York (Trautmann et al. 1989,

Staubitz et al. 1989).

At the Tompkins County landfall,four parallel root-zone beds were built for comparison of various

substrates and for analysis of the role of vegetation in leachate treatment (Surface et al. 1991). Three

of the beds were planted with Phragrnitesaustralis, and the fourth was left unplantedas a control. One

bed was f'dledwithcoarse gravel(6 centimeter[cm]diameter), one withpea gravel (1 cm diameter), and

the remaining two with a mixture of sand and gravel. Leachate residence time was approximately15

days. The most effective treatment occurred during the summer in the sand/gravel beds. While

phosphorus and metal removal remained consistent year-round, colder temperatures caused treatment

efficiencies to drop for biochemical oxygen demand (BOD), NH4+, and potassium (K). Hydraulic

conductivities of all substrates except the coarse gravel decreased over the study period and were not

affected by the presence of the 2-year-oldPhragmitesplants.
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At the International Conference on the Use of ConstructedWetlands in WaterPollution Control held

in Cambridge, UK, in September 1990, one paper out of the 70 presented covered use of wetlands for

treatment of landf'dlleachate (Birbeck et al. 1990). The paper was on work conducted in British

Columbia, where six 3- x 15-m test plots were constructedusing sand, crushedgravel, or 20-millimeter

(mm) stone, covered withtopsoil, and planted with Typha lat_foraor Juncus effusus. With a retention

time of two days, the test plots removed an average of 6 g NH4-N/m2/day. Precipitation of iron

hydroxideblocked flow through some of the test plots.

From all the presentations, poster sessions, and papers given at this conference, the following general

conclusions were apparent:

• Wetland systems can be designed to treat almost any wastewater, with the

effectiveness of the treatmentdependent on the ratio between the size of the plot

and the quantityof flow. In some cases, the area requiredmakes wetland systems

infeasible.

• Many systems are effective in reducing BOD to about 20 milligrams per liter

(mg/I), which seems to be the generally accepted standard for wastewater

dischargesin European countries.

• Nitrogen(N) reductionhas been variableand apparentlychangeswithage, harvest

removal, and other unknownfactors. Plants do not provideas much oxygen to

the root zone as some supporters of the root zone method have contended, and

N removal rates consequently have been lower than expected. Nitrificationand

denitrificationoccur primarily at the air-water interfaces rather than within the

root zone.

s Phosphorus (P) removal is a function of substratecomposition, with removal increasing

with decreasing particle size and increasing iron (Fe) content of the substrate.

s Hydraulicconductivityis the major problem in many systems. Clogging results in

surface flow, reduced retentiontime, and inadequatetreatment.

, The role of plants in constructedwetlands is debatable. Justificationfor plants is

based on: a) filtering action of fallen vegetation, which is effective in removing
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particulates from surface flow, b) aesthetic reasons -- plants are attractiveand

perhaps help to control odors, c) vegetationhelps to insulate the soil surface in

winter, d) any oxygenthat plantsadd to the root zone contributesto nitrification,

and e) plant roots ,,nay help to prevent clogging and maintain hydraulic

conductivityof the substrate.

At the International Symposium on ConstructedWetlands for Water Quality Improvement held in

Pensacola, Florida in October 1991,severalpapersdiscussedwetlandtreatmentof landfillleachate. The

proceedings of this conferencehave not yet been published,but the abstractsinclude discussion of sites

inWest Virginia and Florida whereconstructedwetlands are being used for leachate treatment (Sanders

et al. 1991; Elawad 1991; Martin and Miller 1991;Dohms 1991;Miller and Moshiri 1991).

At the Perdido Landi_dlin Escambia County,Florida, leachate is collected and used in compJsting of

solid wastes. The leachate from this composting operation is channeledthrough a series of 14 surface-

flow wetland beds. Discharge from the wetland systemis returnedto the composting operation or to

the initial leachate collection pond ratherthan released to the environment. Species used in the wetland

beds include Typha, Phra_nites, Scirpus, Juncus, and Eichornia.
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Section 2

SITE DESCRIPTIONAND LANDFILLHISTORY

SITE LOCATION

The Town of Fenton SanitaryLandFallis located at the east end of Spencer Road, which is accessible

from BallyhackRoad, in the Town of Fenton, Broome County,as shown in figures 2-1 and 2-2. The

landfill is situated on a 49.32-acre parcel of land owned by the Town of Fenton.

REGULATORYJURISDICTION

The landfill is under the jurisdictionof the NYSDEC, Region 7, BinghamtonSub-office. The landfill

is subject to regulationunder 6 NYCRR Part 360, Solid Waste Management Facilities;6 NYCRR Parts

700-705, Water Ouality Regulations for Surface Waters and Oroundwaters; and New York State

Pollutant Discharge Elimination System (SPDES) Article 17, Titles 7 and 8.

LANDFILL CONSTRUCTION,OPERATION,AND CLOSURE

The landfill site was operated for approximately20 years as an open dump. Engineering plans and an

operation manual were prepared in 1979 (Hawk Engineering, P.C., 1979) to bring the site into

compliance with New York State regulations governingsolid waste management facilities (6 NYCRR

Part 360). An Operation Permit was issued in 1978 and expired in 1982. From 1978 to October 31,
,.

1989, the site operatedas an activesanitarylandfill. On October31, 1989, the site ceased receivingsolid

waste.

Wastes accepted included household waste generated withinthe Town of Fenton. Wastes not accepted

included institutional waste, industrial process waste, volatile and flammable wastes, water and

wastewater treatment plant sludges, septic tank wastes, incinerator fly ash and residues, pesticide

containers, radioactivewastes, explosives, or otherhazardous wastes.

The total waste area of the landfdl is approximately3.72 hectares (9.2 acres). An area of 0.85 hectares

(2.1 acres) was provided witha final cover in the 1970s. An areaof 2.87 hectares (7.1 acres) is covered

with approximately61 cm (24 inches) of soil cover, topsoil, and vegetation.
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Figure2-1. Townof FentonSanitaryLandfill locationmaps.
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In 1978,the Town of Fenton constructed five leachate filter ponds to control the dischargeof leachate.

Between each pond was a stone-fdledberm coveredby a geotextile which allowed leachate to flow from

one pond to another but removed particulates. The geotextile filters were cleaned periodically to

prevent dogging. In addition, ponds 2 through 5 were planted with cattails. The ponds were tested

monthlyfor pH, chlorides, specific conductha'ty,ammonia,nitrites, nitrates, and total iron. A reduction

in contaminants was achieved between pond I and pond 4 as indicated in Table 2-1.

Table 2-1. 1988 water quality in leaclmte ponds.

(mean annual values in mg/I except pH, in standard units [SU])

Effluent
Parameter Pond I PQn_!4 Standards

Chlorides 264 232 250

Specific Conductivity 2063 1820 -

Ammonia (NH3) 55.8 32.90 -

Nitrites (NO2) 0.044 0.039 -

Nitrates (NO3) 2.06 1.65 -

pH 7.07 7.35 6.5-8.5

Total Iron (Fe) 8.66 7.75 0.03

The landfill continues to generate leachateas a result of precipitation percolating throughthe cover and

solid waste. The operation of the ponds has been discontinued. The leachate is now directed into a

set of four wetland treatment cells for contaminant removal, and then dischargedinto an intermittent

stream,an unnamed tributaryof Tributary2C of Page Brook,which dischargesinto the Chenango River.

Pretreatmentwater quality is monitored quarterly. Post-treatmentwater qualityis monitored monthly.

SITE TOPOGRAPHYAND SOILS

Before placement of any solid waste in the landfill, the site sloped downhillfrom the southeast to the

northwest. The site now contains a mound of solid waste approximately9 m (30 feet) high. The

northwest area of the site, outside the limits of solid waste, is relatively fiat and includes a wet area

where cattails and other wetland plants grow.

In general, the soils on the site are classified in the Volusia Mardin Association, which are deep,

somewhat poorly drained to well drained,gently sloping to very steep soils that have an impervious

subsoil on uplands. Specifically, the soil is classified as Volusia Channery Silt loam, 3 to 8% slopes
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(VoB), as shown in F'_,ure2-3. The Volusia series consists of deep, strongly acid, somewhat poorly

drained loamy soils that formed in veryfrom, dense glacial tiN. The till is acidic or very low in lime.

The soils are characterizedby seasonal wetness andshallownessto the dense, slowly permeable fragipan

(USDASCS 1971).

On-site soils were used for daily cover materials in the operation of the landfall.

SITE CLIMATE, TEMPERATURE,PRECIPITATION,AND STORMWATERDRAINAGE

Broome County has a humid climate characteristicof continental northeast United States. Summers

are pleasantly warm while winters are cold with periods of stormyweather.

Temperatures in the summergenerally range from the 10°C to 31°C (50°F to 88°F). Temperatures over

32°C (90°F) occur an average of two to four days per year. Humidity varies between 60 and 90%.

Winter temperatures normallyrange from-10°Cto 5°C(13°F to 42°F). Temperaturesbelow -17°C((}°F)

can be expected approximatelysix to ten days per year.

The annual precipitation in Broome County ranges from 71 cm (28 inches) to 114 cm (45 inches).

Monthly precipitation graduallyincreases from an average of nearly 6.4 cm (2.5 inches) during the

winter to 9.4 cm (3.7 inches) during the summer. Winter brings approximately178 cm (70 inches) of

snow, which results in 17.8 cm (7 inches) of water on the average.

At the landfill, stormwater drainage is directed around areas of solid waste by drainage swales and is

ultimately discharged into an unnamed tributaryof Tributary2C of Page Brook (6 NYCRR Part931,

1983) as shown in Figure 2-4. In 1991, New York State revised the classificationsof waterwaysin the

Susquehanna Basin (6 NYCRR Part 931, 1991). The descriptionof tributary2C of Page Brook was

changed as follows:

Description _ 1_1

Waters Index Number: SR-44-11-2C SR-44-11-2C

Character of District: Woodland, open fields Woodland,open fields

Condition of Waters: Natural Natural

Present Use: Drainage Drainage

Best Usage: Drainage Fishing

Class: D (Drainage) C

2-5



Source:UnitedStatesDepartmentof AgricultureSoilConservationService,197l, Soilsurveyof Broome
County, New York, Washington, D.C.: Superintendent of Documents.

Figure 2 - 3. Soils map.
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SITE HYDROGEOIA3GY

Empire Soils Investigations, Inc. completed a Hydrogeologic Investigationof the site in October 1989.

This report (Empire Soils Investigations, 1989) states:

• The geology at the site consists of a thin layer (up to 11.85 feet) of

undisturbedandreworkedglacial till overlyingweathered, laminated, medium-

hard shale of the Devonian age, SonyeanFormation.

• Groundwater is found in the unconsolidateddeposits and bedrock at the site.

The groundwater units in the unconsolidated deposits and bedrock are

hydraulically connected and appear to form a water table aquifer. The

direction of groundwater flow is to the northwest,with a hydraulicgradient

across the site from well W-1 to well W-4D of 0.03 fi/ft.

• The unconsolidated deposits and bedrock at the site are not classified as an

aquifer. The area in whichthe landf'dlis located providesrecharge to aquifers

in the valleys of Page Brook and the Chenango and Susquehanna rivers.

• The hydraulicconductivityof the unconsolidateddeposits is between 2 X 10.4

and 4 X 10.4 cm/sec. The hydraulicconductivityof the bedrock is between

1 X 10.5 and 3 X 10"2 cm/sec. Assuming the upper bedrock strata behaves

as an aquifer of homogeneous porous media, the average linear velocity of

groundwaterflow is between 0.008 and 25 ft/day.

• Based on water quality analyses on samples collected from the monitoring

wells, it appears that landf'dlleachate has affected groundwater quality.

Concentrations of water quality parameters and dissolved metals were

generally elevated in downgradient monitoring wells in comparison to

background levels in the upgradient well. Vinyl chloride and/or

dichlorofluoromethanewere identified in the samples from one well.
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• Surface water at the landfill has also been affected by leachate from the

landfill. Based on surface watersamplescollected by HawkEngineering, P.C.,

downstream samples exhibited elevated concentrations of water quality

parameters in comparison to the upstreamsample.
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Seetlou 3

PROJECT D_CIUlq'IION

DESIGN CRITERIA

Wetlands as defined by the U.S. Environmental Protection Agency (USEPA) and Army Corps of

Engineers are: "thoseareas that are inundated or saturatedby sudace or groundwater at a frequency

and duration sufficient to support, and that under normalcircumstances do support, a prevalence of

vegetation typically adapted for life in saturated soil conditions. Wetlands generally include swamps,

marshes, bogs, and similar areas" (40 CFR 230.3 and 33 CFR 328.3).

Constructedwetlands can range from the "creationof a marsh in a natural setting where one did not

permanently exist before to intensive constructioninvolvingearthmoving, grading,impermeablebarriers

or erection of containers such as tanksor trenches. The vegetation that is introduced or emerges from

these constructed systems will generally be similar to that found in the natural wetlands" (USEPA

1988).

Various factors were considered in formulatinga design to meet the objective of providing an energy-

efficient and environmentallysound constructed wetland treatment system for landfill leachate. These

factors include site selection, process design, and physicaldesign features.

Site selection factors which affect design include:

• Site selection procedures,

• Site hydrogeology,and

• Leachate quantities and flow rates.

Process design factors which are used as a basis to determine the physical design features include:

• Leachate characteristics,

• Leachate loading rates,
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• Pretreatment requirements,

• Vegetation,

• Substrate, and

• Effluent standards.

i

Physicaldesign features include:

• System configuration,

• Liner system,

• Inlet/outlet structures,and

• Distributionsystem.

LEACHATETREATMENTSYSTEM DESIGN

The leachate treatment system design included two methods to evaluate the effectiveness of wetland

plantsto treat municipallandfdlleachate. The two methods are the overland flow method and the root-

zone method.

The overland flow method is a pretreatment system where the objective is to reduce high levels of

dissolved iron and manganese, organic matter, ammonia-nitrogen, and benzene by oxidation,

precipitation,and volatilization.

The root-zone method of wetland wastewater treatment is based on the percolation of wastewater

through the soil rather than flow over the surface. Leachate contaminants are removed by aerobic

decomposition, filtration,and oxidationin the areaof the plant rootzones. The root structurehas been

purportedto maintain or increase soil hydraulicconductivityand supplyoxygen to soil microorganisms

involved in the contaminant oxidationprocess.
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The leachate treatment system at the Town of Fenton SanitaryLandfdlis located on the low area of

the site adjacent to existing leachate fdter ponds which are no longer used. Leachate from a perimeter

ieachate collection system is channeledinto a set of four beds each approximately30.5 m (100 feet) long

by 9.1 m (30 feet) wide. Beds 1 and 2 are each fined with two 0.9-ram (36-rail) chlorosulfanated

polyethyene (CSPE) geosynthetic membranes and a clay substrate, as shown in Appendix A,

Construction Plans, to prevent leachate migration into groundwater. Beds 3 and 4 are each fined with

three 0.9-ram (36 rail) CSPE membranes.

The beds are interconnected with a series of pipes to allow variability in directing leachate to specific

beds. Beds 3 and 4 outlet into manholes which are connected to an 11.356-m3 (3,000-gallon) holding

tank. The holding tank outlets into Pond 5. In the event discharge into Pond 5 is prohibited by

parametersexceeding the limits specified in the SPDES permit, the holdingtankwould be pumpedand

the treated effluent recirculated into the systemor hauled to a wastewater treatment facility.

Beds 1 and 2 employ the overlandflow method for pretreatmentof the leachate. Reed canarygrass

(Phalaris arundinacea) is planted in a substrateof topsoil and clay in beds 1 and 2.

Effluent from beds I and2 is directed into bed 3 and then bed 4. Beds 3 and 4 employ the root-zone

method of treatment and are plantedwith cattails (Typha glauca) in a substrate of coarse gravel.

Stgeset.ion

Siting considerations for a constructed wetland are largely dependent on the source of leachate to be

treated. The site should generally be located close to the source of leachate, that is, at the landfill, to

minimize transportation or pumping costs. Although a given site may not be optimum for wetland

construction,engineering design, construction,and operational controls can make a poor site suitable.

Site characteristics that affect design, construction, and operation include ease of access, land area

available,soils, topography,geology, hydrology,and leachate quantities.

The site chosen for the constructed wetlands leachate treatment system research project was at the

Town of Fenton Sanitary Landfdl located in the Town of Fenton, Broome County. To eliminate

transportationcosts or pumping costs, the constructedwetland system was located downgradient of the

leachate outflow. Access to the site was providedby an existing landfill perimeter road. After clearing

and grading, sufficient land area was available(approximatelyone acre) to construct and operate the
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treatmentsystem. Since the areawas generallyat an elevationlower than the rest of the landfill

site, a minimum of earthworkwas requiredto establishsite grades for a gravity flow system.

A hydrologic investigation completed for the landfdl site in October 1989 indicated site geology

consisting of a thin layer (up to 350 cm [11.5 feet]) of undisturbedand reworkedglacial till overlying

weathered, laminated, medium hard shale. Groundwaterwas found in the unconsofidateddeposits and

bedrock. The groundwaterunits in the unconsolidateddepositsand bedrock are hydraulicallyconnected

and form a water tablewithgroundwaterflowingnorthwest,towardsthe site selected for the constructed

wetland treatment system. The area is not classified as an aquifer. Based on analyses of groundwater

samples from six monitoring wells, it appeared that landf'dlleachate affected groundwater quality.

Concentrationsof water qualityparameters were generallyhigherin downgradientmonitoringwells than

in upgradientwells. Surfacewaterhad also been affected by leachate, based on elevated concentrations

of certain substances in downstream samples compared to upstream samples (Empire Soils

Investigations, Inc., 1989).

Since the landf'dlwas not constructed with a liner system,the total amount of leachate contributingto

groundwater contaminationcannotbe collectedfor treatment. However,a leachate cutofftrench located

around a part of the landfill perimeter collects a portion of the leachate, which can then be treated

before discharge to Tributary2C of Page Brook.

The estimated amount of leachate flowing from the perimeter collection trenches was approximately

3,785 1(1,000 gallons) per day. Flows are generally higher in falland springand lower in the summer.

During extended dry periods, the flow stops altogether.

Process Deshm Factors

Process design factorswhich were used as a basis to determine projectphysicaldesign features include

leachatecharacteristics,effluentstandards, leachateloadingrates,pretreatmentrequirements,vegetation,

substrate, and operating water depths.

.LeaclmteCharadeHstics. The characterof the existingleachatehas been monitoredmonthly since 1983

for a limited number of parameters which included chlorides (CI), specific conductivity, ammonia

nitrogen (NH3), nitrites (NO2), nitrates (NO3) , pH, and Fe. Additional testing of leachate parameters

was completed in 1986, 1989, and1990as shownin Appendix B, LeachateQualityAnalyses. Additional
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leachate characteristics are tabulated in Appendix C, Field Sampling Results, along with analyses of

water within the operating treatmentsystem.

Emuent _tandards. The level of leachate treatmentrequired prior to discharge was to be identified

in a SPDES permit. Since the SPDES permit was not availablepriorto design of the system, guidance

values published by the NYSDEC (1987) were used to set treatmentgoals and concentrationlimits. A

draft SPDES permit was issued by the NYSDEC in January 1992. The effluent limitations and

monitoring requirements in the draft permit are summarizedin Table 3-1.

Leachate Leadlma Rate. The leachate loading rate is the volume of leachate applied per day divided

by the surface area of the wetland treatment system, expressed in liters per square meter day (l/m2-d).

The total hydraulicloading rate also includes precipitationand evapotranspirationfactors in addition

to the leachate loading rate. The hydraulicloading rate was not estimated in the preliminarydesign.

Since the perimeter cutoff trench collects only a portion of the leachate, the leachate outflow rate was

used in determlninS the wetland treatment system leachate loading rate. Using a preliminary design

flow of 3,7851 (1,000 gallons) of leachate per day and a total area of 290 m2 for the two overland flow

beds gives a leachate loading rate of 13l/mZ-d. At 3,7851 per day, the loading rate in the two root-zone

beds with a total surface area of 250 m2 is 15l/m 2. At a leachate flow of 1000 l/day (250 gal/day), the

loading rate is 3.4 l/m2-d and 4 l/m2-d, respectively,for the overland flow beds and the root-zone beds.

Pretreatment and Treatment Requirements. Initially,leachate from the distributionbox was directed

into a small holding pond where it was allowed to aerate and settle before entering the wetland

treatment system. In order to bypassthe holdingponds, a pipe was installedfrom the distributionbox

to mh I to allow leachate to flow directlyto the wetland treatment system.

. _ Reed canary grass (Phalaris amndinacea) was proposed for the overland flow beds since

it will thrive in water depths less than 10 cm (4 inches). Cattails (73jphasp.) were proposed for the

root-zone beds because of their extensiveroot systemsand abilityto surviveand thrive in water depths

ranging from 15 to 25 cm (6 to 10 inches). The root-zone method of leachate treatment is based on

the percolation of leachate through the substrateand around the plant root systems.
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Table 3-1. Fenton L_ndfii| Draft SPDES Permit Effluent Limitations and Monitoring Requirements

,r Discharge Limitations ......... Minimum Monitoring Requirements,,

Effluent Daily Daily Measurement Sample
Parameter Averale Maximum Units Freenencv Ttme
Flow Monitor Monitor gpd _Mon'thly " Instantaneous ......
ptl (Range) 6 - 9 SU Monthly Grab
Oil & Grease Na 15 mg/! Monthly Grab
CBOD5 Na Monitor mg/! Monthly 24- hrcomp,
Nitrogen, TKN (asH) , Na Monitor mg_ Monthly 24-hr romp.
Nitro_n, Ammon_ (as N) . Na. Monitor mf/l Monthly 24-hr comp,
UOD Na 15 mldl Monthly 24-hr romp.
Solids, DL___lved Na Monitor m__! Monthly 24-hr comp.
Solids, Suspended Na 10 m_/l Monthly 24-hr comp.
Barium Na I,.0 mz/l _Monthly 24- hrcomp.
!ran Na 0.3 mg/l Monthly 24-hr comp.
Manganese Na 2.0 mg/I . Monthly 24-hr romp,
Silver Na 0.004 mg/l Monthly 24- _ comp.
_PhenolsI Total ........ Na 0.005 mj/! Monthly 24-hr romp.
Be_ene Na 0.006 mg/i Monthly Grab,
Bis (2 Ethvlhexvi) Phthalate Na 3.0 mf./l Monthly 24-hr comp.

Note: UOD ffi 1.5 x CBOD5 + 4.5 x TKN

Ac!_ionLevel Parameters:
Aluminum 0.25 mf/i Quarterly Grab
_ron 2.0 mR/! Quarter_ Grab
Nickel 0.13 mg/! ] Quarterly Grab

Reference: New York State Department of Environmental Conservation. 1992. Draft
State Pollutant Discharge Elimination System (SPDES) Discharge Permit,
Town of Fenton SanitaryLandfill.NYSDEC. Syracuse,New York.



A fairlyimperviousday was chosen to be the substrate for the overlandflow beds since it

would allow the leachate to flow over its surfaceand minimize subsurfaceflow. A coarse gravel (No.

2 gravel, 3.8-cm [0.5 inch] size) was chosen for the root-zone beds to allow leachate to flow freely

around the root systems and minimize dogging.

PhYsicalDeshm Features

Physical features addressed duringthe design phase of the project included system configuration, liner

system, inlet/outlet structures,and distributionsystem.

Sntem CoafimwatiQn, A system consisting of a series of long-narrowbeds in a generally serpentine

layout was chosen as the cothetgurationmost suitableto meet the objectivesof the projectas shown later

in Figure 4-1 and Appendix A, ConstructionPlans.

Liner S_tem. The liner system designconsisted of two geomembrane layers separated by a sand leak

detection layer. An additional geomembrane layer was added to the liner system for beds 3 and 4 to

assure hydraulic separation from beds 1 and 2.

Inlet/Outlet Strueturee aad Distribution S_tem. The inlet structureconsisted of a 6-inch PVC pipe

embedded in a coarse stone (#2) drain area to facilitatedistributioninto bed 1. Pipingbetween beds

consisted of 6-inch PVC pipe perforated withinthe drain area for each bed. A concrete sump box is

located at each end of each bed (except at the inlet structure to bed 1) for monitoringand sampling

purposes.

LEACHATETREATMENTSYSTEM CONSTRUCTION

The Town of Fenton began rough-grading the site in November 1988. Fine-gradingwas completed in

April 1989, and construction proceeded in accordance with construction plans and specifications

prepared by Hawk Engineering, P.C. (Hawk Engineering 1989aand 1989b).

The sand subbase layer, underdrain, perimeter berms, and leachate piping were installed in May 1989.

The 15-cm (6-inch) gate valves designed to control leachate flow were eliminated from the project due

to potential harm from freezing in winter. Caps at the ends of the leachate piping systems were

installed to control flow.
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The Town contracted with Palco Linings,Inc. (Palm) to furnishmaterials and supervise installation of

a 36-mil. CSPE liner. Three liner systemswere furnishedby Palco and installedby the Town under the

supervision of a Palco technical representative. The liners were inspected for uniformity,damage, and

imperfections. All CSPE linerfield seams were inspected visuallyand non-destructivelytested by means

of an air lance test. Potential leaks were patchedwith CSPE liner material and retested with the air

lance.

The Town constructed exteriorand interiorberms for the beds at a height to provide61 cm (2 feet) of

freeboardbetween highwater level and top of berm. A third CSPE liner was installed in bed 3 and bed

4 for additional protection under the root-zone system. PVC drain pipes were installed between the

third liner and the primaryliner. The linersystems were completed in August 1989.

A day/topsoil substratewas installedin bed I and bed 2. IthacaCollege began planting bed I and bed

2 with reed canary grass in June 1989 and began planting bed 3 and bed 4 with cattails in September

1989.

In October 1989, the Town installed the 3,000-gallondouble-wallsteel underground storage tank and

completed the manholes and leachate pipingsystem. The system began operation on October 4, 1989,

with leachate flowing into manhole 1 (mhl), bed 1, bed 2, bed 3, and bed 4 to providemoisture for the

plant root systems. The purpose of mhl was to provide a chamber for regulating and monitoring

incoming flow. The outflow pipe from bed 4 was pluggeduntil the holding tank installation at the end

of the system was completed.

On January 24, 1990, leachate was routed to the 11.356-m3 (3,000-gaUon)holding tank. In November

1990, bed 1 and bed 2 were widened to provideadditionaloverland flow treatment area. The Town

completed access road gradingand placed topsoil and seed on the projectarea to provide a vegetative

cover. CorneUUniversity placedwooden baffles in bed I and bed 2 to provideadditional retentiontime

for the overland flow treatment area. Constructionwas substantiallycomplete in December 1990. A

Construction Documentation Report was completed by Hawk Engineering, P.C. (Hawk Engineering

1991).
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_G OF THE ROOT.ZONE BEDS

OveHnd Flow Beds

1989. The overland flow beds were completed in early summer 1989 and planting was begun in late

June. Reed canarygrass was planted in both beds at a density of approximately25 shoots/m 2. The

planting unit was made up of a small duster of shoots (1-5) with attached roots and rhizomes. All

shoots were trimmed to a length of approximatelyI m before planting to reduce transpirationand water

stress.

The majorityof the area of both beds was planted completelyby July 20 and the bed levelled to reduce

small mounds and depressions caused by the planting activities. This helped to prevent channeling of

leachate flow through the beds. A few additionalplantings were made during August because some

plants had not grown. Additional leveling of the beds was performed.

The canary grass grew very well and by September 15 both overland flow beds were well vegetated.

Below-ground root growth and rhizome growth wasexcellent, insuringthe health and continued growth

of the plants the following summer.

The canary grass plants stayedgreen and healthy untilmid-November, two to three weeks longer than
1

plants in natural marshes, and they began growth two to three weeks earlier in spring. This was

probably owing to the warm temperatures of the leachate, which averages about 5°C - 8°C even in

January.

1990. The plants grew very well in the spring of 1990, and in fact, grew so dense the project team

decided to harvest bed 1 to compare chemical transformationsin non-vegetated and vegetated beds.

Harvesting was done in early July and in such a way that the tips of new shoots emerging were still

above the water surface. The new shoots began growth after the harvest but within a month almost all

had died; only a few scattered shoots were still alive and growing. The reason for the mortality of the

shoots is unknown,but mayhave occurredbecause rainfallcaused the water level to rise too high, killing

the plants.

Canary grass in bed 2 grew well throughout the 1990 season. In autumn 1990, both beds 1 and 2 were

flooded with leachate to a depth greater than before. This helped withretention time in the system but

caused heavy mortality of canarygrass over the winter.
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1991, By spring 1991,only a few dumps of canarygrasswere left in beds I and 2. A few other plants,

mostly cattails, had entered the beds, but most of the surface area of both beds was unvegetated.

By midsummer, these other plants had begun growth, so that by autumn a mix of open water and

dumps of aquatic plants characterized the two beds. Plants invading the beds included cattails, burr

reed, and sedge. In addition,some reed canarygrass hadsurvived.Thus, by autumn1991, the overland

flow beds were characterized by large areas of open water,alternating with areas of plants of different

species. It appeared that the cattails were most vigorousand they maybe the species to take over these

first two beds.

Roet.ZoM Beds

Construction of the root-zone beds was fmished after that of the overland flow beds; thus,

planting was delayed and did not begin until September. Plants were dug at the Cornell University

ponds research site and shoots with attached roots and rhizomes were planted in both beds 1 and 2

duringSeptember and October.

1990. There was considerable mortalityof cattails overwinter, and so additionalplantings were made

duringMay and several other times throughoutthe rest of the year. Bed 3 became well-vegetated by

the end of the year, but bed 4 still showed few plantsdue to heavymortality. This bed was somewhat

higher than the others, causing the water table to be somewhat low for cattail growth.

Additional plantings were again made duringsummer 1991, so that by autumn the beds were

quite well-vegetated. Bed 3 was the best established, and density of the shoots and growth of the root

and rhizome systems approached that found in mature cattail stands. This bed had a mature cattail

stand in 1992. In the summer, four large clumps approximatelyI x 3 m in size were planted in bed 4

and they did well. About 200 additional small dumps were also planted at that time.

SIImmar_,

In late autumn 1992, the overland flow beds had a mixture of open water areas alternating with a

mixture of plants includingreed canarygrass, cattails,burrreed, and sedge. Some or all of these plants

would continue to grow in the future, reducingthe amountof open water. The cattails, burr reed, and

sedge grow less densely than canary grass, however, and so much of the water surface would still be

exposed to air for oxygenation.
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The root-zone beds were vegetated with cattails. Bed 3 was wel_-developed and close to a mature

system, while bed 4 would probably not be a mature system for a few years.

SYSTEM OPERATIONAND MANAGEMENT

By design, a minimum operation and maintenance regime was imposed on the system. Some ambient

conditions more extreme than would be encounteredduringnormal periods were also simulated.

• There was no pretreatmentof leachate or addition of chemicals.

• There were no pumps or mechanicaldevicesthat requiredpower; the flow through

the system was by gravityand there were no devices for artificialaeration.

• The influent flow volume was varied in order to determine how various loading

rates and a fluctuatingregime influenced the degree of treatment.

• During periods of low flow, the plants were not watered, even duringthe very dry

summer of 1991.

• Beds 3 and 4 were planted with cattailsfrom the adjacentwetlands; there was no

attempt to grow exotic species in the gravel beds.

A few modifications were made during the course of the project.

During the winter of 1990-91, straw was used to insulate distribution boxes and other critical

components. Neither the beds nor the landfdloutflowfroze during this mild winter. Although the beds

were not operational duringthe winter of 1989-90,they did not freeze until the landfill froze.

The reed canarygrass in the overland flow beds was harvested once in the early summer of 1990. It

did not regrow and the overland flow beds were not replanted. A few emergent species had invaded

by the fall of 1991.

No serious operational problems were encountered. There were minor problems with flow regulation,

which was accomplished using a 16-m (52-ft) section of garden hose connected to a short section of
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laboratorytubing fitted with screw-typepinchdamp. Sometimes the garden hose dogged (but not at

the pinch clamp).

PUBLIC INFORMATION

A public informationprogramwas implementedto reportthe objectives, feasibility, andprogress made

in establishing a constructedwetlandsystem for treatmentof landfill leachate and provide guidance in

designing, constructing, and operating other systems.

Dissemination of information about the potential of constructedwetlands for treatment of landfill

leachatehas been facilitatedby a public informationvideo and a 35-mm slide set. The video addresses

the concept of leachate treatment usingconstructedwetlands and includes the research at Landstrom

Landfall,Tompkins County, as well as at the Fenton site. The slide set is annotated and includes

photographs of the site constructionand operation and visual displaysresearch results.
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Section4

RESEARCH METHODS AND RESULTS

This section describesworkby CornellUniversityandIthacaCollege personnel in operating,monitoring,

and evaluatingthe constructedwetland systemto treat the Town of Fenton's sanitarylandfill leachate.

The section also summarizes two parallel laboratory experimentsthat used leachate from the same

landfill:a soil microcosm experimentand a floatingplant cultureexperiment. Each of these subprojects

is described separately and the results are integrated in a summary section.

The project tasks at the landfdl site were to:

• Establish the management policies and physically manage the day-to-day

operation of the system at the landf'dl.

• Examine the characteristicsof the wetland plants planted in the system and

ilwading from adjacent areas.

• Monitor the composition of the landf'dlieachate as it moved through the

system.

• Assess the effectiveness of the various components of the treatment system.

• Monitor peripheral streams.

Section 4.1 highlights key findings from the field and related laboratory work, drawing from more-

detailed coverage in the rest of Section 4. Section 4.2 _,,amines how the wetland plants developed.

Section 4.3 describes howthe operationalresultswere monitoredand infers the chemical, biological,and

physicalprocesses that account for the system's performance. Section 4.4 describes the soil microcosm

experiment. The purpose of this subprojectwas similar to that of the field work: to assess the influence

of aquatic macrophytesand landfdlleachate on artificial wetland system permeability maintenance and

inorganic pollutant removal. Section 4.5 describes the plant culture experiment. This experiment's

purpose was to determine the effect of landfill leachate on certainfloating aquatic plants. Section 4.6

appliesthe field and laboratoryexperiencessuggestswaysthe treatmentof the leachate from the Fenton

landfallmight be improved, and discusses how the data collected here can be useful in designing

treatment systems for other landfills.
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Figure 4-1 is a planview of the leachate treatmentsystem. It locates the four leachate treatment bed#,

indicates the path of water flow through and between the beds, and identifies the project's sampling

points. Since this system is completely open to the atmosphere,precipitationadds water to the leachate

as it flows through the wetland, dilutingthe leachate, and evaporationremoves water from the system,

concentrating the leachate. Thus, the constructedwetland system is 'treating"a changing mixture of

precipitation and landfill leachate. The following terms are used in Section 4:

• (IndflH) leaclmte -- water that passes through the landfdl, is collected by the

landfill's leachate collection system, and is delivered to mh 1; the term also refers to

that portion of the water withinthe treatmentsystem which originatedfrom mh 1, as

opposed to precipitation.

• (treatment system) Influent-- water thatenters the constructedwetland system's bed

1; influent consists of essentially 100% landf'dlleachate; it is measured at mh 1.

• (treatment system) effluent -- water that flows out of the wetland system's bed 4,

subsequentlypassing through mh 4 and finallyto the holding tank.

Since most discussion in this section covers the waterresident within (usuallyalso flowing through) the

four wetlandbeds, whenthere is no specific reference to leachate, influent,or effluent, the reader should

assume that the resident water is being discussed. Startingout as 100% leachate at the upgradientend

of bed 1, this resident water consists of a fluctuatingmixtureof water coming fromthe landfill andfrom

precipitation.

KEY BIOLOGICAL,CHEMICAL,AND PHYSICALFINDINGS FROM THE FIELD

Plant Develonment_

The first two of the four beds were plantedwithPhalatis arundinacea (reed canarygrass). Plants grew

very well and the beds were well-vegetatedby summer 1990. Bed 1 was harvested completely in July

1990;it failed to regenerate probablyowing to high water conditions. Bed 2 was subsequently affected

negatively by high water. The first two beds at project'send were a mixtureof open water, some reed

canary grass, cattails, sedge and burrreed (see Section 3.5).
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Beds3 and4 werephmtedcontinuously_ 1989-1991.Beth3 and4 becamewell.veptated,mature

catt_ marshcommunitiesin 1993.

Reed canary Fau has low percenteq_ of air space in _ and rhizome and none in the roots, while

cattails have 87% aer©nchymain leaves and S7% in roots. It a_ that most of the wetland plants

studied had extensive aer©nchymatissue. Further, plants that grow in deeper water have more

aerenchymathan the same species growingin shallow water (see Section 4.2).

Phragmites communia reproduces ext_ly by under_'ound rhizomes but it may also produce

aboveground stolons. These may grow to a length of 10 m and produce new shoots alon8 their lenBth.

Stolon formation and gr_ are seen as a second means of reproduction in this species.

Reed canary grass grows exceptionallywell in landfill leachate, owing probablyto the warm leachate

temperatures and to high nutrient levels, it can be an excellent plant in constructed beds, espe_

those which can be harvested periodicalS. It probablygrows too dense in beds that need oxygen

supplied to the water surface.

In beds 3 and 4, the plant density, length of shoots and biomass haveapproached levels found in natural

marshes. Their chemical contents do not differ greatly from naturalwetlands; the chemical standing

crop is less than that of natural sites. For example,nitrogenvalues are approximately29 grams per m_

(g/m 2) in Fenton. Other sites may have twice that amount in the biomass.

Both raw leachate and leachate filtered through all four beds had an adverse effect on floating plants

in a laboratoryexperiment. Plants were killed by raw leachate; they survivedin filtered leachate, but

were smaller than average and did not separate at maturity (see Section 4.5).

Chemlstrv

This section summarizes some of the most important observations about the landfill Icachate and

changes in composition as it moves through the treatment system. See Section 4.3 for details.

Table 4-1 shows averageconcentrationsof selected constituentsin the landfillleachate where it entered

the treatment system at mh 1. The results indicate that the most important of these substances that

must be reduced in concentration are inorganic nitrogenand iron.
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Table 4-1. :Seasonallyaverased composition of landfill leachate, 1989and June 1990.November 1991.

(All valuta in _ except as noted.)

Period

7/89- S/g0- 1_ 1/91- 4/91- 7/91- 90-91

Samples* 11 17 12 13 12 18 4

Ca 245 205 165 148 235 189 125 184
M8 122 117 95 57 94 101 46 97
K 457 237 150 128 192 216 98 188
Na 458 606 392 237 360 424 198 429

Fe 28.2 28.9 29.8 34.0 65.3 13.1 42.1 312
Mn 4.4 2.0 1.8 1.8 2.7 1.6 1.6 1.9

Zn 0.17 0.23 0.20 0.27 0.30 0.09 0.30 0.21
AI 0.49 0.43 0.30 .... 0.37
CA <0.01 <0.01 40.01 .... <0.01
Cu 0.17 0.01 0.01 <0.01 <0.01 <0.01 0.01 <0.4)1
Ni 0.07 0.03 0.03 <0.01 0.07 0.05 0.03 0.03
Cr <0.01 <0.01 <0.01 .... 40.01
Co <0.01 <0.01 <0.01 .... 40.01
Pb 0.07 0.01 0.03 <0.01 <0.01 0.07 0.01 0.02
As 0.29 40.02 .... 40.02

pH . 7.24 7.17 7.23 7.09 7.26 7.23 720
02 - 1.9 2.1 3.7 2.0 2.9 5.3 2.6
Temp ('C_ . 20.2 10.5 3.2 17.2 18.9 6.7 13.9

02 Consmm.
(m4_d_y)11.5 11.9 6.0 8.1 4.9 8.5 g..q

NH4-N - 219 181 127 163 157 120 169
NO3-N 1.8 0.7 1.2 0.9 3.8 1.3 1.8
KJeldahl N 206 247 192 124 166 183 195

* Maximum numberof analysesdone.

All samples acidified with }ICI.

Values precededby "<"were less thanthe detectionlimit of laboratorymethod. The value given is the

detection limit.

"-"indicatcsno samplingor analysisdone for this parameterduringthe period.
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Figure 4.2 shows the concentrationsof inorganic nitrogenat several positions in the treatment system

averagedwithinthe same six 1990.91 intervalsused in Table 4-1. From left to right, the dusters follow

the flow of water through the system. The important conclusion from Figure 4-2 is that the

concentration of inorganic nitrogen is reduced by about 70 to 100%, depending on season. During

August and Septemberof 1991,the reduction in inorganicnitrogen was almost 100%because there was

very little inflow duringthis period. The highest effluent concentrationsoccurred during January to

March 1991.

Part of the reduction in concentration results from loss from the systemand part is due to dilution by

net precipitation. Figure 4-3 illustrates the ratio of inorganicnitrogen, iron, and calcium to potassium

at the various sampling positions within the treatment system, all ratios expressed relative to their

concentrations in full-strength leachate at mh 1. The potassium should be conserved in its passage

through the systemsince it does not participate in anychemicalreactions in an importantway and since

the loading of potassium is considerablyin excess of plant uptake. Thus any change in the ratio is an

indication of reactionwithinthe treatmentsystem. Both inorganic nitrogenand ironconcentrations are

reduced in each successive bed while the calcium decreases and then increases.

With regard to nitrogen, the systemperformed differentlyduring different parts of the project period.

Combiningthe approachesof Figures4-2 and Figure4-3, Figure4-4 re-expresses seasonal nitrogen data

similar to those in Figure 4-2 using potassium ratios, and influent-relativescaling as in Figure 4.3.

Removing the effects of dilutionreveals a seasonal patternof great+'rinorganic N losses duringwarmer

4-6



parts of the year, an effect consistentwiththe chemicaland biologicalprocesses that appear to account

' for most of this loss, namely ammoniavola"tdizationplus nitrificafion-denitri6cation.Dilution operates

in the opposite seasonal pattern, reducing influent concentrations more during cooler periods, since

there is Ggreater surplus of precipitationover evaporationat such times than in the warmersummer.

Figure 4-3. May 1990 - November 1991 average patterns of element
distribution through the buatnmnt system.

Figure 4-4. SeMond nitrogen _ adjusted for net dilution using
K, ndatlve to InfluenL (Note zero values during Jul-Oct 91 due tonear-
zeroflow.)
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Average leachate flows were relativelystable over the projectpmiod, except that there were verylow

flows experienced during summer 1991, when there was essentially no effluent from the system.

Precipitation and dilution were highest during October 1990_ March 1991(F'qgure4-5).

6000

v

2oo0 • i ....

1000 _ •: .....

0 _ "-4
Jun-Sep90 Oct-Oec90 Jan-ldar91 P4x-Jun91 Jul-Sep91 Oct-Nov91

I,-. o__I
Figure 4-5. Seemnallty of kachate and precipitation inflow. 1200 m. sq.
{13000 ft. _1.) dmi_ area. Some _ulM_n of __e flow.

WeeHy temperature_pH, dissolved oxygen, and oxygenconsumption data complemented the primary

chemical measurements. F'_,ure4-6 swnmarizes these by season. In this f_,ure, a bar.duster shows the

average longitudinal profile of a paramLeterthroughthe system during a season.

The leachate entering bed 1 (at mh 1) was neutral to slightlyacidic. By the time the water flowed

throughbed I it became slightlyto moderatelybasic. This effect was probablydue to the equilibration

of carbon dioxide between the leachate and the atmosphere and the related precipitation of calcite.

Water temperature patterns were most strongly influenced by air temperature. Dissolved oxygen

concentrations were relatively low in the entering leachate at mh 7.,but recovered rapidly in overland

flow bed I and remained high in bed 2, as intended. Oxygenlevels fell off duringtravel through the

latter beds during all seasons. Beds 1 and 2 showed a strong seasonality in oxygen levels, the higher

levels appearing during the colder periods when oxygen is more soluble and chemical and biological

oxygen consumption slow.
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GROWTHAND ADAPTATIONTO CHEMICALS

This section reviews four facets of wetland plantsin the Fenton leachate treatment system and other

wetlands:

• Aerenchyma presence in several species,

s Stolon development in Phragmites,

s Growth,biomass accumulation,and chemical content of reed canary grass, and

s Growth, biomass accumulation, and chemical content of cattails.

Aerenehvma In Plant Tissues

Plants need oxygen for metabolism, and without it aerobic respirationcannot take place. Due to the

low solubility of oxygen in water, wetland and aquatic plants have adapted a means of transporting

oxygento submergedroots, which cannotobtain a sufficientamountof oxygenfrom their surroundings.

Monocotyledons in particularhaveevolvedenlargedspaces in their tissues for the transport and storage

of gases (Arber 1920). Oxygendiffuses from the aerial shoot to the root, supplyingit with a short-term

supply that may have other uses as well. For example, in addition to oxygen for metabolism, some

oxygenmay diffuse outside the root, oxidizethe toxicreduced ions such asferrous iron,manganous ions,

and sulfide present there, and cause them to accumulateand form a plaqueon the surface of the roots

(Crowder and Macfie 1986; Taylor et al. 1984). These deposits may prevent the plant from taking up

too many elements which could become toxic. Lastly,increased root diameter due to the formationof

aerenchymatissue mayincrease the root surfacearea, leading to greater absorptioncapacity(Crawford

1983).

One of the purposes of this study was to examine the anatomy of four species of wetland plants,Phalaris

arundinacea (reed canarygrass), Typha angusttfolia (cattail),Sparganium eutycarpum (burr reed) and

Carex lacustris (sedge) to determine the presence of aerenchymatissues in shoots, roots, and rhizomes.

It was hypothesized that, as water depth increased,the percent volume of aerenchymawould increase.

Methods. The plantswere harvestedfromMichigan Hollow and South Hill sites, both near Ithaca, New

York. The plantsharvested were average,healthyrepresentativesof the site. Freehandcross sections

of the shoot, leaf, root, and rhizome were made. They were treated with a solution of 1%
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phlorogiucinoland 25% hydrochloricacid to stain the tissues. Scale drawingswere made of each of the

sections under 10x magnification. The drawings were transferredto 2-ram ruled graph paper and the

percent area attributed to aerenchymacalculated. Areas of spongy or very fine, netlike cells were

treated as areas of open space.

_. Table 4-2 gives percentages of aerenchymain five species of wetland plants. The species are

arranged in general order from Phalaris, the species characteristic of the driest sites, to Carex in

intermediate _ites, then to Phragmites, S_ium, and _pha, all characteristic of deeper Watersites.

Table 4-2. Percentage of aerenchyms tissue in different organs of five wetland nmcrophytes.

S_k_ Stem Leaf Roo__.._t Rhizome

Phalaris arundinacea 57 21 0 16

Phragmites communis 49 26 62 45

Carex lacustris 43 34 41

Sparganium eurycarpum 90 50 Sp."

Typha angustifolia 87 52 Sp.

* Sp. indicates the tissue was spongy ratherthanhavingdiscreteair spaces.

The two grasses, Phalwis andPhragmites, were similar in their distributionof aerenchymabut did differ

in degree of air space present. Phaiwis, in common with grasses, exhibitsa hollow stem but otherwise

does not have extensive aerenchyma tissue. Rhizomes and leaves have about 20% aerenchyma, and

roots lack it entirely. The other grass, Phragmites,also had a hollowstem but had considerable amounts

of aerenchyma in other tissues, rangingfrom approximately30% in leaves to 60% in the roots.

Figure 4-7 illustrates the type and distributionof aerenchyma in Phalaris. Note that the stem, though

hollow, has cells at the nodes. These are very spongy in appearance and probablydo not inhibit the

movement of air to a large extent. Phragmites (Figure 4-8) is very similar to Phalaris in stem_leaf, and

rhizome appearance. The majordifference is the amount of aerenchymain the roots, Phragmites having

a well-developed system.
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Carexlacustris is intermediatebetweenthe drier-sitePhalatis plants and the otherwet-site species (Table

4-2). The differentparts of the plant do not varywidely, all averagingabout 35-45%aerenchyma. The

illustration (Figure 4-9) shows this distributionclearly;note especially the large amount of aerenchyma

in the rhizome, located just inside the epidermis.

Sparganium and _pha both haveextensiveaerenchymatissue, almost all parts havingover 50% (Table

4-2). The rhizomes are the exception because they have no discrete air channels. Rather, the cortex

is very spongy in appearance. Suchtissue maynot slowdiffusionof gases to any extent. Anatomically,

the two species aresimilarto each other (Figures 4-10,4-11). Both have large, somewhatspongy leaves

with large aerenchyma spaces with spongy areasat the nodes. Roots are also similar to each other, as

are the rhizomes. The spongy tissue of the rhizomes looks similar in both species.

Table 4-3 presents both above- and below-ground information on aerenchyma tissues in Phalads and I
J

Typha when roots and rhizomes were grown in experimental anoxic conditions. All parts of Phalatis

had about 40% aerenchyma, except the stem bases, which had 60%. In _pha, valuesvaried from a low

of 56% in roots and leaf bases to 75% in the leaf tips. Rhizomes were spongy and it was not possible

to determine a value for open air spaces.

Table 4-3. Percentage of aerenehyma tissue in PImlarisarundinacea and Typlm an&usttfolta grown

under experimental anoxic conditions.

Tissue. Phalaris Phm&mLtes

Root 41 56

Rhizome 42 Sp."

Leaves 39 65

Stem Base 60 Sp.

* Sp. refersto spongy tissueratherthantrueaerenchymatissue.

.i_ilWIn_. Phalads shows the least amount of aerenchymaof any of the plants sampled. This species

typicallygrows at the edges of wetlands and in wet meadows where the soils may dry during summer;

extensive aerenchyma is probablynot necessaryfor oxygen to diffuse to the roots. It is probablyvery

significant that the Phalaris grown in anoxic nutrientsolution in the laboratory (Table 4-3) developed

extensive airspaces. This suggests(as Armstrong1967 indicate) the possibilityof considerablevariation

in species depending on soil water conditions.
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Both _ and Phtu_ites had low percentages of airspaces in leaves. Large amounts of air spaces

areprobablynotneededtherebecauseofthehollowstemtypicalofgrasses.Althoughtherewas a

spongy ceUular layer We,sent at the nodes, this was probablynot a significantfactor in dowi_ down

dMhsion throughout the stem and to the below.ground structures.

Sparganium and ?),pha are,timely related, have a similargrowth habit, and are usually found in deep-

water sites. They both have Largeair spaces in leaves and roots and a very spongy cortex in the

rhizomes. Airflow in both of these species should be fast enough for all metabolic needs of the below-

ground orsans.

Carex lacusMs is intermediate in water depth distributionof the species studied here, and the airspace

amount and distributionindicates this, averagingonly about 33% in each tissue studied.

The plantsgrown in solution culturegrew verywell; both types developed extensiveair space systems.

Phalarls developed much more aerenchyma than plants grown in the field. Cattails had somewhat less

air space in experimental plantsin the leaves. Thismight havebeen due to the young age of the leaves

in the experiments compared to plants grown in the wild. In the experiments, neither plant species

showed any evidence of plaque, whichis found on wild plants, on the roots and rhizomes (Bartlett 1961;

Crowder and Macfie 1986;Taylor etal. 1984). It may be that the plants were still growing vigorously

and were using all internal oxygen for respiration. A second factor may be that the roots were young,

had not been exposed to the harsh conditions of soil and thus had no wounds or breaks in the

epidermis. Both factors would probably preventquantities of oxygen from diffusing from the root

systems.

The data presented here indicate that wetlandplants have extensiveaerenchyma tissue, as Armstrong

(1967, 1972), Conway(1937), Ogden (1974), andSand-Jensenet al. (1982) indicated.Further,plants that

grow in shallow wateror moist sites have less than plants thatgrow in deep vmter. Comparison between

field-grown and experimental anoxicgrown plants indicate that plants are able to change percentages

depending on their environment. This could be a fruitfulavenue of further research.

Stolon Formation In _ C_mmumb,

Phragmitescommunis is a large macrophytethat frequentlydominates large areasof wetlands. Because

of its dominance it is one of the most studied of all wetland plants and has been used in a numberof

projects concerning constructedwetlands, particularlyin Europe. It is being used in the Landstrom
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prq]ect, havingbeen planted in three of the four beds; them is one mall clump that has grown

in bed 4 at Fenton.

Ph_/tes u_uallyforms pure stands due to the development of a large and extensive below-ground

rhizome _tem. Not m well knownis thatthis species may also produceverylong aboveground stolons.

In her reviews,Hadam (1972,1973) termed these stolons legerhalme and noted they sometimes reached

le_ of 10 m. Bjork (1967) included a photographof a stolon approximately750 cut long from a

stand in Sweden, but other _ these reports, there are few references in the literature. Both the

Fenton andl.,_dstrom populationsgrew stolons. Stolons also grow in populations along the New York

State Thruwaynear Syracuseand in Irondequoit Bay nearRochester. One of the purposes of this study

was to otto:ryeand measure some stolon characteristics.

.llUUll. At Fenton, measurementswere made duringsummer1991of the length of the primarystolon

and the length of ahootadeveloping along it. At Landstrom,some plants were harvested,brought back

to the laboratoryand air.dried. Measurements of lengths and the weights of various partsof the system

were then determined to arriveat a bioma_ allocation pattern.

_ulta. Stolons often develop from a small, immature clump of shoots, but they grow rapidly,

averagingat Fenton approximately10 cm growth per day. Nodes are produced at approximately20-cm

intervals (probablyless when water is present on the surface), but what is produced is highly variable.

To illustrate this, Table 4-4 gives data on five stolons collected in late August. The five ranged from

600 to 940 cut in length and varied in percentage of biomass allocatedto different parts of the system.

Table 44. __ wet_t, and percent Ideaml sllecslloa imttems in five P_ comsis

systems colbcted at Landstrom Landfill constructed beds on August 29, 1991.

Lensth Weight Percent of Total Welsht

{era) I stolen n Stolon

490 112 24.8 38.4 19.8 10.8 6.0

686 92 40.9 43.9 2.3 4.6 8.1

940 97 51.1 26.8 20.8 0.0 1.2

600 76 59.7 19.2 4.7 10.8 5.4

620 83 42.3 38.6 16.4 0.0 2.5
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A com_ oftwoofthestolon_ _es the_nees in_ pattenLTIw tint

syatem wM 490 camlong and weighed 112g,themost of any sylom for both parameters. It had 25%

of its total weight in the primarystolon, the least of any tTstem,but 17%below-pound. In contrast,

the longest stolon was 940 cm and had 51% of its biomms in the primary a_ It had no rhimmes

developed and only 1.2% of the system was made up of roots, the least of any system.

J[_. Stolon development in P/mgm/tm is not well known but apparentlyis common to moat

stands. The stolons have probablyoften been mistaken for typical upright shoots that have lodged.

They are found usually at the edges of the stand, Wowingout over an essentially unvegetated are&

Phmsm/tes is a donal plantthat usuallyproducesboth long andshort rhizornesbelow-ground,a growth

form typicalof many large wetlandplants(Bernard 1990). Stolon formation,in contrast,appears to be

a life historystrategy enabling the plant to grow into a new area and forage for sites in which to grow.

Thus, every 20 cm, a new plant system may develop if conditions are suitable. If conditiom are not

suitable, then the shoot and the entiresystem not rooted will die in autumn. Observationsin this project

indicate that few of the shoot systems that develop along the primarystolon are stw.cess_ in any one

year.

More data are needed on this aspect of Phragmites growth. Needed in particularis an understanding

of what environmental conditions promote shoot, root, and rhizome growth. When this is known, it

may make planting constructed wetland beds much easier, since stolons will allow an area to be

vegetated much more easily than by traditionalplanting.

Grtm_. Biomms and Chemical Content of _ Cana_ Gnms (/qm/a_ _smKutmma_

Phalaris arundinacea is a large macrophytecommon in wetlandsituationsin the central New York arca.

It grows particularlywell in heavy, saturated soils along the edges of ponds _nd streams and in wet

pastures. This species was planted in beds 1 and2 at Fenton since the soils were high in silt and clay

and it was not originallyintended that the water would be very deep. The purposes of this part of the

project were to determine: 1) life historyand seasonal changes in development of Pha/ads, 2) biomass

patterns, 3) chemical patterns in plant tissues, and 4) the effect of heat on growth.

Methods. A variety of methods was used in this portion of the project. First, control sites were

established at the Cornell Ponds research facility and a few smaller sites were located on the Ithaca

College campus. For life history analysis, individualshoots in permanent plots were tagged with a
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number and measured at two-week intervals. Plants outside the permanent plots were harvested,

brought back to the laboratory,washed carefully,dried and weighed. Both above- and below-ground

tissues were sampled and weighed to determine biomass values.

Some of the plant material was washed more carefully in a mixtureof D. W. and 0.5 N Hcl, dried in

an oven at 70_C,then ground in a WileyMillusing a 40 mesh screen. These ground samples were taken

to Cornell and analyzed for chemicals in the Department of Soils, Crops and Atmospheric Sciences

testing laboratory.

To determine the effect of heat on growth,plants were grown in pots that were placed in a large water

bath which had heaters and water circulators;one set at 25°C, the other at 37_C. The control was a

water bath exposed to normal greenhouse temperatures.

R_ulte. Results of the Phalaris study areconsidered in terms of life history,biomass, plant chemistry,

and heat effects.

Ufe History. Reed canarygrass is a perennial and illustrates a life history common to many

wetland plants. Briefly, the seasonal developments proceed as follows: During winter, most

of the rivingbiomass is present in root and rhizome tissues below-ground (Table 4-5). The new

shoots that will develop in spring are already formed as buds along the rhizome system and

some have grown abovegroundand are green. In three sites sampled, green biomass ranged

between 43 and 81 g/m 2.

Table 4-$. Winter bionmss of reed canary gram at the Cortmll Ponds Research Facility, the

Ithaca College Pond site, and bed 1 at the Fenton constructed wetland. (All values are g/m2. Date

of collection is indicated.)

Cornell Ponds Ithaca College Fenton

3/27/90 11/30/90 3/19/90

Shoots 62A 42.6 80.9

Roots 97.6 149A 126A

Rhizomes 264.0 326.1 205.1

Total 424.0 518.1 412A
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In spring, all formed shoots begin rapidgrowth. Shoots grew approximately2 era/day during

May and at a somewhat lower rate in June. By July 1, most shoots have reached maximum

length and have flowered. During summer, wind or rain may cause the plants to fall over

(lodge). When they do, axiUarybuds along the prostratestemsbecome active and new upright

shoots form. Some of these shoots grow roots and may become sites of new shoot systems

(Table 4-6), especially in sites with low shoot density.

Table 4-6. Length and weight of shoots, number of axillary shoots, and presence or absence of

roots on axillary shoots of Pha/ar/s arundtntwea (reed canary grass) during midsummer 1990.

Plants were collected during July 1990.

High.Density Site Low-Density Site

UDrkht _ Lodged

Shoot Length (cm) 127 123 114

No. Axillary Shoots/Shoot

(avg of 30 plants) 15 93 153

Weight Shoot (g) 0.4 1.5

Roots Present No No Yes

Plants also varyin form dependingon water depth. In sites where the water table is just above

or below the soil surface, axillaryroots do not develop,but whenthe water is deep, adventitious

roots form. They may become quite large and probablyaid in uptake of chemicals from the

water.

Bi0m;n,S. Table 4-5 presents dataon rivingbiomass in winterat three sites, the Cornell ponds,

Ithaca College, and Fenton bed No. 1. Fenton had the lowest total biomass at 412 g/m 2, but

the largest green shoot biomass at 81 g/m 2, about twice the Ithaca College value. Fenton also

had the lowest below-ground total, 331 g/m 2, which was 30 g less than at Cornell and

approximately140 g less than at Ithaca College.

4-22



Tables 4-7 and 4-8 compare density,weight per shoot, and biomass at Cornell Ponds and at

Fenton during1990. At Cornell (Table 4-7), shoot numbersranged from 247/m 2 in springto

a maximum of 287 on September 1, 1990. By October 15, most shoots had died, leaving 210

shoots/m 2. Green shoot weight increased from 0.25 g each to a maximum of 4.7 g on August

1, 1991, then declined to 1.6 g each by October 15. The winter above-groundgreen biomass

of 62 g/m 2 increased to a highof 1,408g/m 2 by July 1, then declined to 337 g on C;,"tober15.

Table 4-7. Density, weight per shoot and above-around and below-ground bk)mam for P/m/ar/s

arundinacea at the Cornell Ponds site. (All weights are dry weights; plants were collected in

1990.)

Dry wt. Aboveground

Date Density /Shoot Green (dry) Roots Rhlzemes Total

Winter 247 0.25 62.4 97.6 264.0 424.0

June 1 346 2.60 899.0 111.2 286.4 1296.6

July 1 320 4.40 1408.0 81.6 398.4 1888.0

August 1 285 4.70 1339.0 95.7 189.3 1624.0

Sept. 1 287 . 2.90 832.0 87.6 239.2 1158.8

Oct. 15 210 1.60 337.0 102.3 296.3 735.6

Below-ground, root weights did not varygreatly, rangingfrom a low of 82 g/m 2 on July 1 (the

same date of the high rhizome biomass of 398 g/m 2) to a high of 111 g/m 2 on June 1. The

lowest rhizome biomass was reached on August 1. The peak biomass at Cornell was 1,888

g/m 2, on July 1.

At Fenton (Table 4.8), the number of shoots did not varygreatly from the situation at Cornell

except in autumn and winter,when the Fent0n numbers were higher; by October 15, Fenton

had over 100 more shoots per m2 than Cornell. Fenton shoots also tended to be larger than

Cornell shoots, reaching a maximum weight of 5.4 g each by July 1. The larger density and

shoot weightat Fenton contributedto largerbiomassaboveground, the maximum of 1,713g/m 2

being approximately300 g/m 2 more than at Cornell. Root weights varied by approximately
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Table4.8.Dimity,weishtpershootandabove-and below-sroundbiommsofP/m/ar/s

arum_//nacmIntheFentonconstructedwetlands.(ValuesofwinterandJune1 -JulyI are

averagesfrombeds1and 2;on July17a completeharvestofbed1 occurred;therestofthe

valuesarefrombed2 only.AU welghtsaredrywelghts;plantswerecollectedIn1990.)

Aboveground

Date Density Wt/shoot Green (dry) Roots Rhizomes Total

 shooWm2)

Winter 270 0.30 80.9 126A 205.1 412A
June 1 304 3.60 1094.0 152.0 204.1 1450.0
July 1 297 5.38 1315.0 205.0 197.0 1717.0
July 17 808.0
August 1 336 5.1 1713.0 186.0 215.0 2114.0
Sept. 1 308 4.21 1293.0 203.0 246.0 1742.0
Oct. 15 317 2.3 729.0 178.0 253.0 1160.0

75 g/m 2 duringthe season, whereas rhizome weights varied by only about 50 g/m 2. In total,

Fenton biomass tended to be higherduring the year, reaching a maximumof 2,114 g/m 2 by

August 1.

The July 17, 1990, biomass value at Fenton (Table 4-8) represents a complete harvest. It is

lower than other estimates because the plants were cut approximately30 cm above the soil

surface, leaving older shoots to bud new shoots from their bases.

Plant Chemistry. Chemical data for above-groundtissues are presented in Table 4-9. They

illustrate three important points. First, some elements, namely nitrogen,aluminum, nickel, and

boron, were all in lower concentrationsin plants in bed 2 than in bed 1, while concentrations

of potassium, iron, and manganese increased. The others, calcium, magnesium, copper, and

zinc remained about the same. Second, six of the elements were higher in plants in bed 2 than

in the controlCornell plants. Thesewere nitrogen,potassium, iron, manganese, aluminum, and

boron. Lastly, the values reported for bed 2 are within the range of most values reported in

the literature. For the main macronutrientslisted in relatedstudies and in literaturereferences
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in general, it appears that Phalaris in Fenton beds contain nutrientelements consistent with

values of plants in naturalwetlandsystems.
i

Table 4-9. Chemical contents of shoots and flowers of reed canary grass (Phalads arundlnacea)

growing in Fenton beds 1 and 2 and in Cornea Ponds. (Values in ngg/kgdry matter, except as

noted; plants collected in July 1990.)

Fenton Bed 1 Fenton Bed 2 Cornell

Element Shoots Flowers Shoots Flowers Shoots

N (%) 2.4 1.7 1.7 2.2 1.1

K (%) 1.9 0.6 2.8 0.7 2.0

Ca (%) 0.05 0.04 0.06 0.04 0.19

Mg (%) 0.06 0.03 0.09 0.12 0.13

Fe 6.7 28.5 19.1 24.5 nd

Cu 2.0 0.9 1.9 0.9 2.7

Zn 8.6 7.1 8.7 27.7 10.5

Mn 65.9 36.1 117.7 113.0 nd

AI 106.0 36.0 18.4 nd nd

Ni 1.0 0.4 0.2 0A 0.3

B 172.0 59.7 117.7 9.1 30.9

Note: "nd"indicatesthe level was below the analyUcaldetectionlimit.

Table 4-10 presents datafor roots and rhizomes forPhalatis in bed 1 at Fenton and at Cornell.

The data indicate that there is no large concentrationof nitrogen, potassium, calcium, or

magnesium in below-groundtissues. Further,all the other constituents, withthe exception of

boron, had greater concentrationsin below-ground tissues than aboveground. This is due first

to the difficulty of cleaning _/:_e tissues of all debris, thus inflating the values. This is

particularlytrue of iron concentrations. Second, it is due to the conservativenature of some

of these elements such as copper and zinc. They do not tend to move internally in the plants

to any large extent, thus the below-ground tissues typicallyhave greater concentrations than

aboveground tissues.
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Table4-10.Chendealcontentsofrootsandrhlzomesofreedcanarygrass(Pba/m_arund/nacea)

vowing In Fenton bed 1 and in Cornell Ponds. (Values In mg/kg except as noted; plants

collectedin 1990.)

FentonBed I CornellPonds

Element Roo_._ Rhlzomes Roots Rhlzomes

N (%) 1.2 1.6 1.0 1.1

K (%) 0.3 0.7 0.6 0.5

Ca (%) 0.2 0.1 0.4 0.1

Mg (%) 0.2 0.1 0.2 0.1

Fe 31,182.0 9,940.0 3,302.0 967.0

Cu 4.8 2.7 11.0 7.0

Zn 35.1 20.0 27.8 27._

Mn 694.7 287.0 31.0 0.4

AI 9,072.0 6,029.0 4,446.0 1,081.0

Ni 6.7 5.6 10.9 2.7

B 67A 36.9 10.5 4.7

Heat Effect. Plants growingin both normalgreenhouse temperatures and at 25°C showed no

vegetative growth response after a 2-week period.The plantsgrowing in 37_Cwater, however,

died after about 10 days of treatment. No green aboveground tissues survived the latter

treatment, but roots and rhizomes were still alive and new shoots grew aboveground

approximatelyone week after the experiments were terminated.

Discussion.Phalatis has a relativelyplastic life history;some aspects of the timing of seasonal events

and growth form differunder differentenvironmentalconditions. Perhapsof most importance,Phalatis

responds to the warmleachate by beginninggrowth approximatelytwo weeks earlier in spring and lives

approximatelytwo weeks longer in autumn. Thus, if activelygrowing plants are helpful in treating

leachate, the season can be extended considerably,and if a plant was located in a more southerly area

it might continue growth all year.
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Water depth is key to the success of Phalarls. The plants grew extremely well when leachate flowed

through the beds freely;once the water level was raised, most of the plants died. The same effect can

be seen in naturalwetlands; deep water areas haveverylow plant densityand most of them lodge during

midsummer.

It appears that the combination of warm water and high nutrient levels in the leachate lead to higher

biomass than is usually found for this species. The large aboveground biomass of over 1,700 g/m 2

compares to the high of 1,408 g/m 2 at Cornell and values in other studies of 1,500 g/m 2 (Kline and

Broersma 1983), 1,451 g/m 2 (Mason and MUtmore1970), 1,151 g/m 2 (Ho 1979) and 1,497 g/m 2

(Linden et al. 1981), all in unpolluted wetlands. Kline and Broersma (1983) stated that Phalaris

achieved a maximum of 3,000 g/m 2 when fertilized with nitrogen. It is probable that biomass could

increase at Fenton since the beds were only one year old and some areas would have increased in

density as the beds matured.

The 808 g/m 2 harvested in bed 1 in July 1990 probablyrepresents an amount that could be harvested

yearly without harm to the population (high water levels immediatelyafter harvesting apparently killed

the Fenton plants) under normal water conditions. Such a harvest, if done yearly, would remove

chemicals from the beds. Approximately20 g N/m 2 would be removed at each harvest, about half of

the yearly uptake of 40 g N/m 2 for the beds as a whole. This latter value was determined by the

following: maximumbiomass 2,114 less minimum biomass 412 - 1702 x 2.4% N = 40.8 g N/m 2. This

figure compares to the total N budget of 38.9 g/m 2 found by Linden et al. (1981).

The tissue nutrientlevels in Fenton beds are notgreatlydifferentfrom those found at the Cornell ponds

or those reportedby Kline and Broersma (1983) or the other authorscited above. Some of these would

be released when plants die-back in autumn, but it does not appear that large quantities would be

flushed from the system at one time.

Few studies have been made of the effect of heat stress on plants. They include those of Adriano et

al. (1984), who found large changes in plant growth under different conditions in a warm water pond;

the growth changes were associated with changes in plant nutrientlevels. Barbara Bedford (personal

communication, 1990) has studiedboth Carex lacusttis and _pha latifolia in a marsh system subjected

to warm water inflow. She found Typha to be relativelyunaffected, whereas most Carex plants died

within a year.
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Reed canary grass could not tolerate 37°C water temperatures over a 10-dayperiod. In systems where

the leachate is verywarmthis plantmight not survivewhen exposedto high airtemperatures also. That

is a subject for further investigation.

BJomaesand Chemistry of Cattail (TvntJaG/m_ in Wetland Beds_--

Cattails (_pha glauca) were plantedin beds 3 and 4 at Fenton. The soil was composed of small stone.

Planting of these beds, especially bed 4, continued throughoutthe whole period of the project. Bed 3

was well-vegetated the last summer of the project;bed 4 required additionaltime to become mature.

Botanists disagree on the exact taxonomicstatus of 7_pha glauca which is common in the central New

York area. Some believe it to be a hybrid between the narrow-leaf and broad-leaf cattails; others

believe it to be a distinct species. In any event, it is readilydistinguishedin the field: it grows far taller

than the other species and may attain a height of 350 can.
i

Methods. Most of the biomass data collection occurredin 1991when bed 3 was well-vegetated. It was

the principalbed sampledduring the project and it was apparentthat plants near the input end of the

bed were larger and darker green in color than plants at the output end.

Samples 50 x 50 cm in size were taken from areas at both ends of the bed and all above- and below,

ground materials were harvested. These were brought back to the laboratory, washed, dried, and

weighed. Some of the material and other cattail material from each of the four beds and from cattails

on the Ithaca College campus and from lrondequoit Bay near Rochester were used for chemical

analysis. These plants were washed carefully in water containing0.5 N Hcl, dried in an oven, then

ground in a WHeyMill using a 40-mesh screen. These samples were analyzed in the laboratory of the

Department of Soils, Crops and Atmospheric Sciences at Cornell University.

Results. Table 4-11 summarizes data on the number of shoots, shoot height, and biomass in both the

input and output ends of bed 3. Density and height of shoots at the input end were both much higher

than at the output end. This translatedinto an abovegroundbiomass almost three times higher at the

inputend: 1,446versus 492 g/m2. The same situationprevailedbelow-ground, roots havingthree times

greater biomass and rhizomes having two times greater biomass at the input end of the bed. Total

biomass was thus over two times greater at the input end: 2,444 versus 950 g/m 2.
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Table 4-11. Number of shoots, average shoot height and weight of above- and below-groand

materials in Typha giauca from the input and output beds of Bed 3 at Fenton on Ausust 24, 1991.

Aboveground Belowground Total

Shoots/m2 Height Weight Roots Rhizomes Weight

Input 30 234 1446 156 841 2444

Output 19 154 492 51 407 950

Table 4-12 presents chemical data for shoots of cattails growingin each of the four beds and from the

Ithaca College site. These data are from plants collected in 1990. There is very little reduction seen

across the four beds in nitrogen, but a greater reduction in potassium, iron, manganese, nickel, and

molybdenum. Iron and manganese in particularare much reduced. This is important since these two

elements are in high concentrations in the leachate. Other elements such as calcium, magnesium,

copper, zinc, aluminum,and boron are more conservativeand tend to stay about the same across the

four beds, or in some cases increase from bed 1 to bed 4. Only five elements, nitrogen, calcium,

aluminum, nickel, and boron are higher in bed 4 than in the control plants.

Table 4-13 presents data for above- and below-ground chemistryof cattails in both input and output

ends of bed 3 and for similartissues in plants collected in lrondequoit Bay. Most of the metals such

as copper, zinc, aluminum and iron are in higher quantities below-ground than aboveground. In

contrast, the important more mobile metabolic elements nitrogen and phosphorus are higher

aboveground than below-ground. Some of the metals are in higher concentrationbelow-ground in the

output end of the bed than the inputend. This is true for copper, zinc, aluminum, and lead.

Most elements are at approximatelythe same level in cattails in Fenton and lrondequoit Bay. The

exceptions that are higher at Fenton are aluminum, iron, boron, and magnesium aboveground and

copper (output end) and manganese below-ground. Fenton plants are very high in sodium but

Irondequoit Bay plants are even higher, owing probablyto excessive use of road salt in the watershed.
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Table 4-12. Chemical contents of sboot_of cattsib (7_pba Z/auca) 8rowin8 In Fenlon beds and

plants 8rowing on the Ithaca Collese campus. (Values in ms/ks except as noted. Plants coUected

in Ausust 1991.)

Fenton IC

Element _1 _ Bed :3 Bed 4 _mpus

Nitrogen (%) 2.8 2.6 2.8 2.6 2.2

Potassium(%) 2.7 3.1 1.7 1.5 3.2

Ca (%) 0.5 0.6 0.8 0.7 0.2

Mg (%) 0.2 0.3 0.2 0.2 0.2

Fe 44.5 19.6 nd nd nd

Cu 2.7 2.5 4.3 4.2 8.9

Zn 15.5 13.7 18.0 16.3 18.5

Mn 1505.0 1638.0 1100.0 417.0 643.0

AI nd 5.2 2.6 4.9 3.7

Ni 2.3 2.1 0.2 1.1 0.5

B 49.9 46.8 43.0 85.9 67.6

Mo 7.9 5.7 1.5 0.8 15.7

Note: "nd" indicates level below analyticaldetectionlimit.

The differences between the input and output ends of bed 3 in biomass (Table 4-11) and chemical

content (Table 4-12) also result in a much different chemicalcrop. For example, at the input end of

bed 3, there are approximately27 g N/m 2abovegroundand 6.6 g below-ground, a total of 33.6 g N/m 2.

In contrast, there are only 5.4 g N/m abovegroundand 4.5 g below-ground, a total of just 9.9 g N/m

at the output end. In total, both input and output ends had lower N values than found at Irondequoit

Bay where the total was 67 g N/m 2 in the mature site (Bernard and Seischab 1991).

Discussion. Plants in bed 3 at Fentonare well-established. Density in the inputend approachednormal

levels of approximately33-40 shoots/m2 (Bernard and Fitz 1979;Bernard and Seischab 1991). Shoot

height was also below average for this species. The output e,nd plants are smaller than the input end

plants.
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Table 4.!3. Averagechemicalamountsin above,andbeloW-Ilroundtissuesof T_&z Zkmcafrom

input andoutput endsof Bed#3 st Yeutonon Aupst 24, 1991. (Alsogivenare comparable

valuesfrom plantssampledIn IrondequoltBay wetlands.Valuesare in m_kg exceptwhere

indicated, lrondequo#Bay data _ Bernardandblschsb [1991].)

Bed 3. Input Bed 3. Output Irondequoit Bay

Parmneter Above Below Above Below Above Below

Cu 4.1 20.6 2.9 44.6 5.3 15.6

Nt 1.8 11.5 1.3 10.5 1.6 9.6

Cr 2.9 3.7 1.7 5.8 IA 6.0

Co nd nd nd nd nd 0.6

Mo 2.2 nd 2.0 nd 0.4 0.6

Zn 13.3 27.0 9.1 57.3 17.5 59.8

Ca (%) 0.62 0.76 0.7 0.7 1.0 1.3

AI 60.8 1299.7 55.5 2330.0 17.3 1875.0

Fe 368.4 19439.0 292.0 10745.0 67.4 18006.0

Pb 1.6 8.6 1.0 14.6 0.6 18.9 i

13 27.7 37.8 14.0 26.0 12.7 132.0

Mn 1417.8 715.5 818.2 921.0 597.6 457.0

K (%) 1.3 1.53 1.3 1.8 1.4 0.4

Mg (%) 0.3 0.51 0.3 0.53 0.2 0.5

Na 1728.5 7367.6 2488.7 8531.0 3601.0 10013.0

P (%) 0.11 0.06 0.05 0.04 0.25 0.2

N (%) 1.85 0.67 1.1 0.99 2.7 0.8

Note: "nd"indicates level below analyticaldetectionlimit.
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The input aboveground biomass of 1,446 g/m a was somewhat higher than Bernard and Fttz (1979)

found, but lower than the 2,360g/m 2 of Bernardand Setschab(1991) in IrondequoitBay or 2,320 K/m2

in Minnesota (Andrews and Pratt 1978).

Below-ground values for this species are scarce, but Andrews and Pratt (i978) reported a range of

below-ground values from 2400 to 3,100 g/m 2 in Minnesota,while Bray (1960), reported an average

value of approximately2,960 g/m 2, also in Minnesota.

Chemical contents of plants across all four beds showed differences. Those aboveground that declined

were potassium, iron, manganese, nickel,and molybdenum;thosethat increasedwere copper, aluminum,

and boron. The others showed Httle change. Copper and molybdenum were higher in the Ithaca

College control plants than at Fenton. This could be due to the location of the Ithaca control plants

near a roadway.

Table 4-13 shows, in general, that Fenton plants did not differgreatly in chemical levels compared to

Irondequoit Bay plants. In addition, almost all were reduced in amount from the input to the output

end of the beds aboveground, although this was not the case below-ground, where _ome of the metals

were higher in the output end. Nitrogen,phosphorusand potassium levels were all lower in Fenton than

levels reported by Bernardand Fitz (1979) in their site near Ithaca.

Finally,nitrogen aboveground at 29 g/m 2was lower than found in other studies quoted above, another

strong indication that, while bed 3 looked well establishedin 1992, it was not yet mature.

SYSTEM MONITORINGAND ASSESSMENT

This section summarizes and evaluatesthe chemistryof the influent, effluent, and resident water from

the constructed wetland system. Particular emphasis is placed on the transformations and fates of

inorganicnitrogen,iron"andmanganese. The interrelationshipsamong pH, calcium,and carbon dioxide

are also reviewed.

Monltorin2

Prelimlna_ _ludles, Preliminarylaboratorystudies were carried out with the objectives of:

, Determining the chemical and physicalcharacteristicsof the landfill leachate,
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• Developing appropriatelaboratoryproceduresfor analysisof the leachate and

water within the treatment system, and

• Developing protocols for management of the samples between the time they

were removed from the site and completion of the analysis.

Before completion of the treatment system, samplesof landfillleachatewere collected and analyzedfor

inorganic constituents and total N. The inorganicparametersincluded pH, inorganic nitrogen (NO3 +

NO2 + ammoniacal N), 0 2, Ca, Mg, Fe, Mn, Zn, Cu, Cd, and selected other substances. After the

samples were brought to the laboratory, the biological oxygen consumption was measured. (More

details on the analytical proceduresare given later.)

The initial studies of the leachate indicated thatthere was considerableferrousironand that the samples

were charged with CO2 in excess of equilibrium with the atmosphere. These observations led to the

expectation that upon exposure to air the iron would be oxidized from Fe +_ to Fe +3 quickly by

atmospheric oxygen and precipitatedas an insoluble iron oxide-hydroxide,and that CO2 would be lost

to the atmosphere with concurrentprecipitationof CaCO3 (probablyas calcite).

These observations raised the following questions:

• How rapidlywould these reactionsoccur7

• How much iron and calciumwould be removed from solution?

• What other elements would be co-precipitated?

• How rapidlywould the precipitatessettle out of the treatment stream?

• How should the samples of leachate and the intermediates be treated after

they were collected in the field and priorto analysis?

Initially',the first two questionswere addressedby attemptingto separatesolid from solution at various

stages of treatment. The laboratorystudies were aimed at accomplishing this without incurring major

changes in composition duringthe processing in the laboratory.
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F"u'st,filtrationwas tried as a means of separatingsolution fr,_msolid, using fresh leachate from the

landfill. Manydifferentf'dterin8media andtechniqueswere tried butin all cases the filters dogsed after

passing only a few ml of solution. Centrifugationwas tried next as a separation technique. However,

the turbulence created by cent_ oxidizedsubstantial amounts of iron. To limit this effect, Oak

Ridge-type tubes were employed. These were fdled completely and then dosed with screw-type tops

during centrifcgin8. The foHo_fin8comparisons were made. Fresh landfill leachate was used to

completely fill an Oak Ridge-type tube and the cap was screwed on so that there were no air bubbles

in the tube. The sample was then centrifuged at about 2,400 times gravity for 30 minutes. The

supernatant was poured off and acidified with concentrated Hcl. An aliquot of the original,

uncentrifugedsample was also acidified withconcentratedHCI andthe two samples were analyzed for •

Ca, Mg, K, Na, Fe, Mn, Zn, Cu, and selected other metals.

The composition of the original,acidified samplescollected duringthe summerof 1989is Hstedin Table

4-14. Figure 4-12 illustratesthat the centrifugingdidnot result in major changes in composition of the

fresh leachate with respect to Ca, Mg, K, Na, Mn, Total KjeldaldN, Cd, Cu, or Ni, but that there was

considerable loss of Fe, Zn, and P withcentrifuging. The original state (that is, while it was still in the

landfill) of these lastthree substances is uncertainbecause the observedchangesmay be a consequence

of oxidation of iron during the necessary laboratory manipulations. The loss of Zn and P may be

through sorption/coprecipitation with the Fe.

The experiences cited in the last two paragraphsled to the conclusion that procedures for separating

particulate from solutionwithoutmajorchanges in the compo_itionwouldbe difficultand not worth the

effort. The final sample-handlingprotocol involvedacidifyingthe samplesas soon as theywere removed

from the beds, then freezing them until analysis. The samples were acidified by adding approximately

1 ml of concentrated HCI per 100 ml. This resulted in a pH near 1. This had the dual result of

dissolving precipitated metals and preventing the metals from sorbing to the sample bottle. This

approach kept all metals in solution but eliminated the possibility of distinguishingFe+2 from Fe +3.

Another preliminaryexperimenttrackedchanges inleachatesamples held and aeratedforseveral weeks.

During summer 1989, approximately 19-1(5-gal) samples of the leachate were collected weekly and

brought to the laboratorywhere they were continuouslyaeratedwith a small stream of air such that the

samples were kept aerobic but were not agitated sufficiently to create major turbulence. Several

"vintages_of smnpleswere maintainedinparallel. The objectivewas to simulate the overland flow beds,

keeping the solution aeratedbut allowing the particulate matter to settle. Subsamples were extracted
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Table 4-14. Concentrations of selected components In landlm leachate, July.October 1989

(n_)

Std. Date muple was conceal

Mere Dev. 07a___33 0711.___7 08/04 08/07 08/17' 0812___1108____1 M _/28 10/02 10f1_._22

Ca 245.4 41.7 214.5 291.1 289.7 208.1 273.5 286.7 268.3 275.9 197.5 204.1 190.3

MB 122.1 19.5 112.9 132.6 133. 72.94 124.6 137.1 129.6 141.7 107.9 115.8 134.8

K 457.4 95.4 370 456 494 259 460 529 500 584 383 424 572

Na 457.6 77.3 423 468 483 268 440 496 484 546 414 456 556

Fe 28.2 15.3 40.22 38.08 33.34 60.29 25.64 21.01 20.2 7.31 32.08 25.41 6.5

Mn 4.4 1.4 5.35 5.87 4.79 6.48 5.09 4.44 4.02 2.93 4.39 3.69 1.26

Zn 0.17 0.07 0.26 0.25 0.21 0.11 0.15 0.17 0.13 0.11 0.26 0.07 0.1

Ai 0.49 0.07 0.5 0.52 0.46 0.59 0.50 0.4 ! 0.51 0.43 0.56 0.37 0.57

CA _0.01 0.00 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Cu 0.17 0.04 0.16 0.16 0.15 0.15 0.16 0.17 0.16 0.16 0.26 0.16 0.23

Ni 0.07 0.01 0.04 0.07 0.07 0.06 0.09 0.06 0.07 0.08 0.05 0.06 0.07

Cr <0.01 0.00 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01

Co <0.01 0.00 <0.01 <0.01 <0.01 0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Pb 0.07 0.04 0.09 0.02 <0.01 0.04 0.09 0.08 0.14 0.03 0.08 0.07 0.11

As 0.29 0.27 0.81 0.07 0.03 0.76 0.10 0.02 0.27 0.27 0.23 0.33 0.26

P 0.81 0.16 0.85 !.02 0.60 0.90 0.92 ' 0.74 0.61 0.62 1.01 0.77

TKN 206.2 33.1 190.8 210.1 219.4 121.1 200. 216.2 239.8 193.9 208.8 247.2

All samples acidified with HCi.

Values preceded by < were less than the detection limit of laboratory method. The value given is the

detection limit.

"_ 1.00 • "

i 0.80

! ' ,0.60

0.40

0.1_

Ca Mg K Na Fe Mn Zn AI Cd Cu Ni P TKN

PmmeW

Figure 4.-12. Effect of rumple c_olng.
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periodically,centrifugedandseparated,acidified,and analyzedfor selected inorganicconstituents. Table

4-15 and F'_,ure4-13 summarize the results. These data represent the ratio of a sample's constituent

concentration at the specified age to the day-zero concentration in the same vintage. The most

remarkable aspect of the data is the rapid loss of Ca, Fe, and Mn from solution and the relatively

constant composition of the solutions afterabout 10days. The total N content decreased graduallyover

the 92-day sampling period, probablyas a result of NH3 volat'dization,since denitrification is unlikely

in these aerobic solutions.

The Mg and K contents were relativelyconstant;the small increase at the longest time periods probably

resulted from evaporation. The conservationof K is used in later data interpretation in the following

way. K does not undergo any important losses by precipitation. Immobilizationby microorganismsand

plants is likely to be small, since the amount of K in solution is relativelyhigh. For these reasons, the

concentrationof Kwill change primarilyin relation to evaporationand dilutionby precipitation. Thus,

the best measures of loss of inorganic N, Mn, and Fe are changes in the ratios of these ions to K, since

they will undergo the same changes in dilution and concentrationas K.

Sampling_Locations. Procedures.and Analysis. FromJune 1, 1990 throughNovember 25, 1991 weekly

samples were taken from the constructed wetland system in order to ,_ppraisethe behavior of the

individual componeTatsof the system with respect to removal of several chemical constituents. In

addition to the constituents listed below, the temperature of the water, the inflow of leachate, the

cumulative effluent volume from the treatment system, and precipitationwere measured.

Figure4-1 earlier in this section showed the locations of the twelve primarysampling points within and

around the constructedwetland system. Samples were takenat the following points in series within the

treatment system:

• mh 1, where the leachatewas transferredfrom the landfdl to the treatment

system;

• the d0wngradientends of beds 1, 2, 3, and 4 (bdl, bd2, bd3, and bd4);

• mh 4, between bed 4 and the holding tank);and

• the fmal holding tank (htk).
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Table 4-15. Effect of prolonged aeration on composition of 11 samples of landfill leachate.

(Samples were centrifuged, then the supernatant was acidified with HCi prior to analysis. Values

shown are ratios to day.zero concentrations.)

Days since start of experiment

0 11 155 30 43 53 $.! 6"/ 70 88 92

Ca 1.00 0.19 0.12 0.08 0.09 0.11 0.09 0.12 0.24 0.10 0.05

Mg 1.00 1.00 0.96 0.96 0.99 1.00 0.98 1.02 1.05 1.18 1.69

K 1.00 0.92 0.84 0.86 0.90 0.91 0.92 0.98 0.85 1.10 1.88

Na 1.00 0.98 0.97 0.70 0.69 0.76 1.02 1.12 1.11 1.27 2.00

Fe 1.00 1.10 0.05 0.30 0.18 0.24 0.14 0.06 0.24 0.22 0.23

Mn 1.00 0.02 nd 0.07 0.02 nd 0.03 nd nd 0.05 0.01

Zn 1.00 nd nd nd nd nd nd nd nd nd nd

AI 1.00 0.53 0.66 0.73 0.38 0.62 0.60 0.52 0.79 0.61 0.82

Cd 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Cu 1.00 1.00 1.00 1.07 0.74 1.00 1.20 1.00 1.07 1.13 1.18

Ni 1.00 1.75 1.20 1.33 1.17 1.17 0.83 1.60 0.75 1.13 2.60

As 1.00 3.09 6.57 3.54 0.73 0.91 2.92 0.12 0.14 0.34 0.45

P 1.00 1.14 0.64 0.75 1.04 1.10 1.17 1.33 2.31 2.05 2.27

TKN 1.00 0.96 0.94 0.22 0.15 0.16 0.15 0.14 0.16 0.15 0.21

"nd" represents result less than detection limit of analytical method.

1.2o

_ K

1.00 ........:..................................!

0.80 ........_.................................... _.................. ' .......................................................................................
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| i:O2O i
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Daysofleachateaeration

Figure 4-13. Results of leachate aeration laboratory experiment.
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Mh I represents the qualityof untreated landfdlleachate, and also the treatment system influent. Bd4

represents treatment system effluent. Mh 4 and htk also represent system effluent, the former being

little different from bd4 effluents, and the latter reflecting compositing over time.

Peripheral sampling sites included:

• $14, located at a point where drainageswale enters the Town propertyand at a higher

elevation than the landf'dl;

• S19, a tributaryabove s18, most of s19's drainage area is land adjacent to the Town

property;

• Gwn, the outflow from the landfdl's subsurfacedrainage system; and

• $18, downstream from s14, s19, and gwn, at the point where this stream leaves the

Town property after receivingdrainage from the Town property.

$18 represents the possible future receivingwater for the constructedwetland effluent.

See Appendix C for individual samplingdata from these peripheral sites.

Besides field measurements described later, three samples at each time and location were collected t_r

laboratory determinations. First, a 250-ml sample was collected in a plastic bottle containing 2 ml of

concentrated HCI. The acid lowered the pH to about 1, dissolved any precipitated metals, and

preventedsorption of metals to the bottle walls. This sample was analyzed for selected metals, Kjeldahl

nitrogen, and total phosphorus. It was frozen until analysis. The second sample consisted of 2-1 of

medium in a plastic bottle, with no preliminarychemical treatment. This sample was analyzed for

oxygen consumption and inorganic nitrogen within 2 days after collection. The third sample, also

untreated, consisted of 150-250 ml in a plasticbottle. This sample was stored frozen for possible future

use.

At the landfill site, pH, watertemperature,and 0 2 content were determinedwith portablemeters. The

temperature and pH measurements were made with a Beckman model 11 portable pH meter with
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temperature probe and automatic temperaturecompensation for the combinationpH electrode. The

0 2 measurements were made with a Yellow SpringsModel 54A 0 2 meter fittedwith a YSI 5700Series

electrode.

Inorganic N and 0 2 consumption were determined in the laboratory. The 0 2 consumption

measurement began on the same day the samples were taken, and inorganic N was determined the

following day.

The NoxygenconsumptionNtest measured the short-termbiologicalcomponent of oxygendemand in the

undiluted samples. A standard 5-dayBOD test dilutes a sample so there is sufficient oxygen present

for five days of aerobic biological activity;the test then measures the change in oxygen content over the

next 120 hours. This project'smethod approximatedfield conditionsduringwhich the leachate is first

exposed to the atmosphere in overland flow beds I and 2, where oxygenwould rarely be limiting even

in fu,q-strengthleachate. Because the pH was usually 7.5 or above, the oxidation of ferrous iron was

expected to be rapid in the presence of molecular 0 2 (Stumm and Lee 1961). To simulate the well-

oxygenated overland flow conditions, untreated samples were vigorouslyaerated for about 30 minutes

in the laboratory, following which the 0 2 content was determined. Then, a bottle fitted for a glass

stopper was fdled completely with the solution and the stopper inserted, taking care to exclude air

bubbles. After 8 to 16 hours the solutions in the bottles were analyzed for 0 2 usingthe 0 2 meter. The

difference in concentrationwas used to calculate0 2consumptionper 24hours. The initialaeration was

sufficient to oxidize any ferrous iron, since the pH was 7 to 9 and hence the oxygen consmnption was

a measure of biological ratherthan chemical0 2consumption. Studies illustratedthat 0 2 consumption

was linear with time for the range of 0 2 concentrationsmaintainedin the solutions.

NO3+ NO2and NH3in the sampleswere measuredwithin24 hourswing steam distillat_on(Keeney and

Nelson 1982). In this procedure, the NH3is determinedby addingan excess of M_O and distillingwith

steam for four minutes. The distillate is collected in a borate buffer and the Nil 3 titrated with HCI.

The NO3 (+ NO2) is determined by addingDevarda's alloy to the residue from the NH3 determination

(thus reducing the nitrateand nitrite to ammonia), then repeatingthe distillation and titration process.

Several spot checks were made for NO2; concentrations were usuallyless than I mg/l.

Table 4-16 summarizes the sampling and analysis procedures for each parameter in the field program.

4-39



' Table 4-16. Summary of sampling and analytical methods used in field program,

Analysis Sample Analysis
Parameter location handlin2 methods

02 field Measure with meter and Yellow Springsmodel 54A meter, YSI
probe in.situ 5700 series electrode

Watertemperature field (As for02) Beckmanmodel 11 meter

pH field (As for02) Beckmanmodel 11 meter

Oxygenconsumption lab Collect 2 1 sample in Custom method: Begin same day as
plastic bottle (no chemical sampled;aeratevigorously for 30 rain to
additives) oxidize ferric iron; measure initial

oxygen content; seal, excluding air
bubbles; unseal and measure oxygen
content8-16 hrlater

NH4. + NH3 lab (Partof samplefor oxygen Agronomic standard method: Begin
consumption; refrigerate within two days after sample collection.
untilanalysis) Steam-distill with excess MgO, collect

distillate into borate buffer, titrateusing
HCI (Keeney and Nelson 1982).

NO3 + NO2 lab (Partof sample for oxygen Agronomic standard method: Add
consumption; refrigerate Dvarda'salloy to solution used to titrate
until analysis) NH3,reducingany NO3and NO2to NH3.

Then redistill and retitrate as above

(Keeney and Nelson 1982).

Total Kjeldahl N lab Add 2 ml conc. HC! to APHA-AWWA-WPCFStandardMethod
(TKN) (organic 250 ml plastic sample 4500-No,s
n i t ro g e n p Iu s bottle;then fill bottlewith
a m m o n i a a n d sample (resulting pH
ammonium) approx. 1). Freeze until

analysis.

Total Ca, Mg, K, lab (Part of sample for IKN APHA-AWWA-WPCFStandardMethod
Mn, Fe, Zn, Na, AI, analysis) 3120: InductivelyCoupled Plasma (ICP)
Ni, Cu, Cd, Co, Cr Spectrometer
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Assessment

Appendix C contains the detailed samplingresultsfromthe field program. Using these dataand results

from several additional laboratoryexperiments, this section examines several chemical, physical, and

microbiologicalprocesses that appearto controlthe leachate-treatmentperformanceof the constructed

wetland system. The key processes examined include:

s Separating dilution and mass loss using potassium

• Interrelated dynamicsof pH, calcium,and carbon dioxide;

• The rate of conversionof ammoniato nitrateby the nitrificationprocess;

• pH and potential ammonia volatilization;

• Relationshipbetween influent nitrogen loading and nitrogen loss;

• Iron and manganese behavior; and

• Maintenance of permeabilityin subsurfaceflow beds 3 and 4.

Use of Potassium to Disting,uish Net Substance LoSSfrom Dilution, In this area's climate, on annual

average, the concentrations of many chemical elements in the influent leachate will drop since there is

an excess of precipitation over evaporation: on the orderof 20 inches in a normal year. To distinguish

dilution from chemical, physical, and biological processes which also reduce concentrations, this project

used potassium as a tracer element whose concentration is relativelyunaffected by processes other than

dilution. A necessary condition for this to be true is that the storage of K in the plants in the system

is not a large fraction of the loading of K. Recall that for the most part there was no removal of plant

biomass from the system, so that storage in the plants was the only avenue of loss (potassium is not lost

by volatilization and all potassium compounds are soluble).

In the following, equations describingthe nitrogen/potassium ratio are developed with the objective of

illustratinghow plant storage may influence the ratio. The same principles apply to other substances

for which this report uses potassium as a dilution indicator.
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First, the nitrogen and potassium balance equations are written as follows:

Nb=0 =F_- Np-N)-Fo"o [_]

Kb = 0 = Fiki-Kp- Foko [2]
Where

Nb, Kt, = N and K balance, respectively;

% ki = concentration of N and K in landfill leachate, respectfully;

F|, Fo = inflow and outflow volume, respectfully;

Np, KI, = net mass immobilizedof N and K by plant, respectively;

NI ffimass nitrogen loss from system;

no, ko ffiN and K concentration in outflow, respectively;

i

These applyover any consistent time interval.

Solving [1] and [2] for no and ko

no=(%- Np-N))/Fo [3]

ko -- (Fiki - Kp)IFo 14]

Dividing [3] by [41:

no/ko= %- Np-N_)/(F_k_- Kp) 151

If Np< <Fin| and Kp< < Fiki, [5] becomes:

no/ko = (Fini " Nl/(F!ki) [61

Dividing [6] by ni/ki and simplifying:

(no/ko)/(ndki) = !. Nl/(Fini) [7]

Note that the right expression is N lost as a fraction of N input and that the ratio (no/ko)/(ni/ki)

decreases and NI increases as expected.
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v.l case Np and KI,are not < < Fini and < <Flkt,respectively,the approximationis made that

Np = (m)(Finl)andKp = (m)(Fikl) [8]

The basis for this approximation is that the N and K contents of the plants are not very different and

that the initial concentrationsof N and K in the landfdl leachate are not very different.

Substitutingthese approximationsinto equation [5] and simplifyingas in [71:

(nolko)l(nillq)= I-Nil(ll-m][Fini]) 191

According to equation [9], plant uptaketends to overestimatenet loss; that is, the ratio (no/ko)/(ni/ki)

decreases as m increases. Again recall that the conditionwe are approximatingis no removal of plant

biomass.

The net result of the above is to show that the ratio (no/ko)/(niki) is a biased estimate of loss when

plant uptake is not small relativeto loadingandratio (no/ko)/(niki) is reduced asplant uptakeincreases.

For ion X and the case where precipitation and uptake are operating,

Xb=0 = F:q-Xp-F:o [10]
where Xb = balance for ion X

F|, Fo - inflow and outflow as above,

Xp -- mass amount of X taken up by plants or precipitated,

xi, xo - concentrations in landfill leachate and effluent, respectively.

Now suppose Xp = (n)(Fixi) _:,d following the operations in the preceding paragraphs:

(Xo/ko)/(xi/ki) = (l-n)/(l-m) Illl

The substance of this equation is that the ratio is increased as m increases and hence plant uptake of

K increases the ratio.
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Now turningattention to the implicationsof the above developments to the ratios used in several places:

In the overland flow beds when there was no emergent vegetation, the storage in the creatures living

i_ the water was expected to be small or at least be in a quasi-steadystate, since the biomass turin over

in ,_ matter of a very few weeks. In the root-zone beds, there was uptake of K during the growing

season by the cattails, but probablya correspondingrelease of K during the fall and winter when the

plant material decomposed. In the formercase, the uptake would overestimate loss of N, while in the

latter case "m"would be negative and hence would underestimatethe actual loss of N. Overall, these

two effects were expected to balance each other duringa year of operation. Thus, while crude, the

ratios were reasonable approximationsto the losses correctedfor dilution.

pH and Carbon Dioxide. Perhapsthe most important factor influencingthe treatment system was the

pH of the water. The pH is a keyvariable in chemical processes that remove inorganic N, Fe, and Mn

from the water. In the next several paragraphs,some of the variables influencingpH will be discussed

and the relevance of pH to chemical changes in the leachate will be evident in subsequent discussion.

The subject is treated in more detail by Stumm and Morgan (1982).

The amount of CO2 dissolved in the water and the solubilityof CaCO3 dominate pH and considerable

other chemistryof the leachate as it moves through the treatment system. The mineral calcite is the

usual form of CaCO3 and the following discussion will assume that the solubility of the CaCO3 is

characterized by the calcite solubility product. The following discussion summarizessome of the data.

First, consider the chemistry of solutions in equilibriumwith pure calcite. In a solution of calcite in

otherwise pure water at a specified temperature,either the total amount of CO2 in solution or the pH

of the solution determines the concentrationof Ca in solution. That is, a measurement of either total

inorganic carbon in solutionor of pH is enough to calculatethe concentrationof all ions (including Ca)

in solution from the well-knownionizationconstants of carbonicacid andthe solubilityproductof calcite

(Hutchinson 1957).

In solutions such as the landfill leachate, the situationis not so simple, but reasonable approximations

are posAble based on the amounts of cations whose charge is balanced by the carbonate ions. For

example, ignoring the effects of ionic activity,the addition of moderate amounts of salts such as NaCI,

KCI, and/or Mg(NO3)2 will have no major effect on the calculated concentration of Ca, H +, and

catty.hate species. However, adding such components as NaOH, KOH, or HNO3 makes calculated

concentrationsbased on calcite and water unrealistic. In this case, when the pH is in the range of 7 to

8.5, some fraction of the cationic charge is balanced by carbonate ions. (In this pH range and at the
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concentrations in the leachate, the OH ion concentrationis not very important.) The effect of such

"excess"of cat.ionsover anionsof strong acids (e.g., CI,SO4, and NO3) is to increase the concentration

of the carbonate ions and hence reduce the solubilityof Ca by the common ion effect.

By invoking the electrical neutralitycondition and calcite solubility, the Ca concentration becomes a

function of two variables; one variable is either pH or concentration of total inorganic carbon in

solution, and the second variableis the concentrationof cations in excess of anions of strong acids. By

inference, the electrical neutralityof the solutions is maintainedby the carbonate ions in the pH range

of 7.5 to 9. This assumes that the solution is dominated by the cations Ca, Mg, K, and Na and the

anions CI, SO4, NO3, HCO3, and CO3. The equation below defines excess cationic charge, (A), to be

A-- (2[(Ca+2) + (Mg+2)] + [K+] + [Na+]- 2[SO4"2]-[CI']- [NO3"])1,000

in which the brackets indicate molarities (units of moles/liter), and the 1,000 convertsfrom molarityto

moles/m 3.

According to this approximation, there is enoughHCO3 and CO3 in solution to establish the electrical

neutrality of the solution.

The foregoing discussion describes conditions in which the solution and the calcite are in equilibrium.

However, the kinetics of dissolution and precipitationare not instantaneous, so that several hours may

elapse between the time composition of the solution is changed and equilibriumwith calcite is reached

(Hutchinson 1957). Usually after several hours the solutions will be nearlyenough in equilibriumwith

calcite for the purpose of establishingbroad generalizationsabout conditions which control pH and Ca

concentration in solution.

The total inorganic carbon (and hence HCO3 and CO3) in solution is ephemeral because the solutions

are not often in equilibrium withatmosphericCO2. While in the landfill, the solutions are isolated from

the atmosphere, allowing CO2 produced by microbial activity to accumulate in the solution. The

concentration of inorganic carbon in the solutions increases to levels far beyond those expected if the

solutions were in equilibrium with the CO2 in the normal atmosphere. Upon exposure to the

atmosphere, the solutions lose this CO2 rapidly,

In traveling through the treatment system, the total inorganic carbon in solution is not often in

equilibrium with atmosphericCO2 because algal photosynthesis/respirationand microbial respiration
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use/produce inorganic carbon faster than the solutions can equilibratewith etmospherie CO2. This is

a major factor in determiningthe pH of the solutions, as will be documented later,

Usually the inorganic carbon in solution is expressed in terms of the concentration expected in

equilibriumwith CO2in a gas phase. Dissolved CO2 thus maybe describedin terms of partialpressure

in a gaseous phase in equilibriumwith the solution. For example, the normal atmosphere is about

0.035% CO2. During the day, in waterbodies where algal photosynthesisis active, the inorganiccarbon

in the water would act as if it were in equilibriumwith a gas phase containingless than 0.035% COs

because the algal photosynthesisuses COs faster than it can be sorbed from the atmosphere. On the

other hand, in flooded soils the inorganic carbon in solution may act as if it were in equilibriumwith

a gas phase containing 10 to 1,000 times more than atmosphericCO2. This high concentration is the

result of CO2 generation by micr0L._alrespiration at a rate faster than it can escape to the atmosphere.

The followingdiscussion illustrateshow the foregoing theoreticalconsiderationsare useful in explaining

some of the changes in the chemistry of the leachate as it moves through the treatment system. This

chemistry can aid in makingreasonable predictionsabout how mcdificatic_s to the treatment system

would likely influence the treatment and how the results may be extrapolatedto other locations.

Figure 4-14 illustratesthe relationshipsamong pH, Ca in solution, partialpressure of CO2, and excess

of cations over anions of strong acids (A). Recall that A is the amountof cation charge that must be

balanced by HCO3"and CO3"2. Figure 4-13 shows thatthe concentrationof Ca in the landfillleachate

fell by a factor of seven after a few days of aeration,representing a drop from 200 mg/I to 30 mg/l.

This is consistent with a change in partialpressure of CO2 from about 0.1 atm to nearlythat expected

in the normal atmosphere containing0.035% CO2. Second, note that an excess of cations over anions

of strong acids tends to decrease the concentrationof Ca in solution. However, this variable does not

lead to a large change in pH if the concentrationof CO2 in the equilibrium gas phase is kept constant.

pH measured in situ differs considerably from that measured in the same water returned to the

laboratory and aeratedwith atmosphericCO2for 24 hours. The measurementsare shown in Table 4-17

and comparedwithcalculationsbased on calciteequilibriumin Figure4-15. First,the datain Table 4-17

show _hatthe pH increases upon equilibrationwith atmosphericCO2. Probablythe increase in pH is

a consequence of decreasinginorganiccarbon. These observationsare furtherillustratedin Figure4-15,

where the pH and Ca are plotted againstA for atmosphericCO2. The results arereasonably consistent

with the expectations so long as A is allowed to vary somewhat.
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Position Fb_ PH Laborato_ PH

mill 7.64 8.74

bdl 8.15 8A5

bd2 7.88 8 30

bd3 7.09 8.62

bd4 7.00 8.42

mh4 8.11 8.60

hlk 8.10 8.48

s18 7.64 8.48

!
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Figure 4-15. Relationshipof oqulllbrlumcalcitosolubilityandpHto
excesscations.

Figure 4-16 illustrates the diurnal variation in pH in the beds. The pH in the overland flow beds

undergoes a large change. During the day the pH increases because the CO z is beAng used by

photosynthesis faster than it can be replenished by transfer across the air-water interface. During the

night, respiration by the algae and microorganisms produces CO z faster than it can escape to the

atmosphere. In the two gravel beds, there is no photosynthesis and the microbial activity causes the

CO 2 to increase above atmospheric levels because of restricted interchange with the atmosphere.

Several chemical reactions m_) influenceA, the excessof cationsover anionsof strongacids.The

followingare someexamples:

a) Nil 3 volatilization and/or ionization of NH4OH:

NH 4+ + HOH -- > NH4OH + H + [13]

NH4OH--> NH 3 + HOH [14]
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Figure 4-16. Calculated diurnal pH variation in different parts of
treatment system.

As the Nit 3 is lost to the atmosphere with nearlyconstant pH in the pH range 8 to 9, NH 4 +

ions are lost and H + ions are produced. Sooner or later this will reduce the pH but the net

effect is to decrease A.

b) Oxidationof Fe +2 and precipitation of Fe(OH)3:

4 Fe +2 + 02 + 10 HOH -- > 4 Fe+3(OH)3 + 8 H+ [15]

c) Nitrification of NI-I4:

NH4+ + 3/2 02-> NO3"+ 2H + [16]

The net effect of b) and c) is to reduce A.
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Several other chemical reactions may materially influence A, but the above illustrate why A may change

during the travel of the leachate through the system.

The effect of calcite on buffering a solution is illustrated in Figure 4-17. In this figure the pH is

calculated for solutions in equilibrium ,withatmospheric CO2. pH is plotted against values of A. In one

case, the solutions are also in equilibrium with calcite and in the other case no calcite is present. In this

latter case the pH is determined by A. The important point to note is that if A is larger than about 1

mole/m 3, the presence or absence of calcite is unimportant, but when A is less than this the effect of

absence of calcite is very important.

...................... ....... ii!'i
8.80 Calcite
8.60 ...................................................................................................i...........................,, _'............................................................

8.40 ........................................................................ !.........., ._,.....................................................
. •

e.2o....................................................................................,,..f......................................................................................0

8.00 ........................................................................_...* ..................._....................................................................................................;

7.80 ........................................................._ .............................................................................................................................................
,, No calcite

7.60 .................................... * _
_ ,

0
7.40 .............. • ....................................................................................................................

7.20 " ............. * ' , * , * .....

0.1 , 1 10

Excess cations (A), moles/cubic meter

Figure 4-17. Calcite buffering of pH change due to excess cations.
(Solution assumed in equilibrium with atmospheric CO2.)

Inoreanic Nitroeen. Several aspects of the behavior of the inorganic and organic N in the leachate were

studied in the laboratory. The experiments were designed to quantify microbiological processes that

convert nitrogen among different forms. The leachate might contain carbon-rich substrates which

aerobic microorganisms could use as energy sources; these might be deficient in N and hence the

organisms would use inorganic N from the solution -- a process of immobilization. On the other hand

it might contain nitrogen-rich compounds that would be rapidly decomposed to yield inorganic N -- a

process of mineralization. Finally, the ammoniacal N in solution will be oxidized to nitrate by the

microorganisms to some extent -- a process of nitrification. Nitrification is a necessary precursor to

denitrification -- the conversion of NO 3 to N2 or other gaseous nitrogen compounds under conditions
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where oxygen is absent. Denitrification can have considerable importance in removing N from the

leachate.

The experimental procedurewas a bit more complex than firstglance might indicate. Since the object

was to follow inorganic N transformationsexclusive of NH3 volatilization, it was necessary to manage

the solutions so that they were well supplied with 02, yet air flow was restricted enough that Nil 3

volatilization was minimal.

Briefly, the experimental procedure was as follows. 200 ml of the test solution was placed in 2,000-ml

Erlenmeyer flasks fitted with rubberstoppers. The flasks were placed on a shaker at a low setting so

they were gently agitated. At weekly intervals,the stoppers were removed and the air replenished in

the flask. Periodically, samples were removed and analyzed for NH 4 and NO 3 using steam-distUlation

procedures.

Since there is some question about whether or not the nitrifyingorganismswould be abundant in the

leachate and whether or not the effluent might be toxic to nitrifiers, an inoculation was performed on

fresh leachate; the source of the inoculant was a sample of leachate that had undergone nitrification in

the laboratory as evidenced by accumulation of NO 3. In addition, selected samples received additions

of NH4 and/or NO 3. Table 4-18 lists the treatments. The leachate labeled "new" refers to a sample

of leachate collected on September 18, 1989. It was stored overnight under anaerobic conditions and

aerated vigorously for I hour before being placed in the different treatments. The sample referred to

as "old"was collected about six weeks earlier. It had been incubated in the laboratory since then with

constant aeration; as evidenced by the NO 3 content it had undergone nitrification and NH4 had either

been lost by volatilization or nitrification,but in any event the inorganic N content was considerably

reduced. Table 4-19 lists the composition of the original samples. The followingparagraphs summarize

the results.

Table 4-20 summarizes the results of linear regressions of total inorganic N on days of incubation.

Although several of the regression coefficients were significantly different from zero at the 5%

probability level, the net of mineralization minus immobilizationwas of little importance since there

were relatively sm_ changes in total inorganic N when expressed as % change per week as shown in

Table 4-20. The regression coefficients in Table 4.20 suggest that there was net immobilization with

the "new"leachate, while there may have been a small amount of mineralizationwith the "old"leachate.
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Table 4-18. Description of nitrification experiment treatments.

Treatment ID New (ml) Old (ml) NH_ added? NQ, added?

New 200 0 no no

New + Old 200 25 no no

New + NO3 200 0 no yes

Old 0 200 no no

Old + NH 4 0 200 yes no

Old + NH4 + NO3 0 200 yes yes

Table 4-19. Initial composition of landfill leachate samples used in nitrification experiment.

Parameter New (m_) Old (mWl)

Ca 275.90 289.70

Mg 141.70 133.00

K 584.00 494.00

Na 546.00 483.00

Fe 7.31 33.34

Mn 2.93 4.79

Zn 0.11 0.21

AI 0.43 0.46

Cd nd nd

Cu 0.16 0.15

Ni 0.08 0.07

Cr nd nd

Co nd nd

Pb 0.03 nd

As 0.27 0.03

P 0.61 0.60

Total N 239.80 219.40

Samples untreated prior to experiment.

"nd" indicates value less than detection limit of analytical method.
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Table 4-20. Linear regressions of inorganic N against days of incubation.

Treatment Regression equation Slope slaniflcant? Charade(%/week)

New N = 192 - 0.96't yes* -4

New + Old N = 193 - 0.56't yes -2

New + NO3 N = 262 - 0.82"t yes -2

Old N = 127 + 0.47"t yes +3

Old + NH4 N = 205 - 0.30*t no -1

Old + NH4 + NO3 N = 264 - 0.06*t no -1

""Yes" indicates that the slope is significantly different from zero ",it5%probability level.

The nitrification was estimated by measuring loss of NH4. The concentration of NH4 is plotted against

time in Figures 4-18 and 4-19. An examination of Figure 4-18 suggests that loss of NH4is approximately

proportional to the concentration of NH4; in Figure 4-19, the same data are plotted except that the

vertical scale is normalized by dividingby the initial ammonium concentration. The results indicate that

the reduction in NH4 concentration occurs at roughly the same rate in all treatments. This analysis

leads to the conclusions that apparently there is no lag period for nitrification and that inoculation with

leachate that had already undergone nitrification did not affect the rate of nitrification.

A regression of total Kjeldahl N against total inorganic N yielded the equation:

Y = -29 + 1.14X, R2 = 0.87, n= 13 d.f.

in which Y = mg/l total N and X -- mg/l inorganic N

This result is consistent with the foregoing observations that there was very little mineralization or

immobilization of N during the long-term incubation studies. Furthermore, this indicates that the

inorganic N in the leachate is the major source of N, and hence reduction of inorganic N in the

treatment system is an excellent indicator of total N removal and treatmentefficiency.

4-53



_X_ Old _ OId+NH4 J- OId+NH4+N
03

Figure4-18. Decreaseof NH4-Ncontentduringincubationin laboratory.
(Decrease in NH4.Nis accompanied by corresponding increase in NO3-
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Figure 4-19. Decreasein NH4-N,scaledfordifferentstarting
concentrations.
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In conclusion, these studies support the following statements:

' • About 85%of the total N was inorganicN, andessentiallyall of the inorganic N in the

landfallleachate was ammoniacalN.

• Nitrification of the ammoniacal N is relatively slow even when solutions that have

undergone nitrification were used as inoculants. This means that nitrification-

denitrification is not likely to be a majoravenue of loss of N.

Ammgni¢ VolCtllizatiQn, The laboratorystudiesof inorganicN behavior indicate that nitrification is a

very slow process. The NO 3 content of the solutions in the overlandflow beds was usually low, with

the exception of September 1990,when NO 3 concentrationswere relativelyhigh (AppendixC, Table C-

2). The weekly data do not revealanother such episode. Low nitrate is consistent with the expectations

based on the laboratory studies. Research on fertilizer N loss from rice paddies indicates that

sometimes NH3 volatilization is the major loss mechanisms, while other studies show that both NH3

volatilization and nitrification-denitrification are important (Fillery et al. 1986; Fillery et al. 1986b;

Simpson et al. 1988). NH3 volatilization was likely an important avenue of loss of inorganic N in the

Fenton treatment system.

Volatilization of NH3 from flooded rice paddies has been the subject of extensive research in rice

growing areas. It is also an important phenomenon in ponds in New York (Bouldin et al. 1974). This

informationwas a major reason for inclusion of the overland flow beds in the original design.

The following equations describe the general nature of the reactions. First, the rate of loss is

proportional to the escaping tendency of the NH3, which is proportional to the difference in partial

pressure of Nil 3 in solution and the atmosphere remote from the water (Hales and Drewes 1982):

where FNH3 is the loss rate of Nil 3 (g N/m2/hour)

Kv = constant

Pw = partial pressure of NH3 in equilibriumwith solution (g/m 3)

Pa = partial pressure of NH3 in atmosphere remote from the air-water interface g N/m 3.

Pw = NH310(1"6937"1477.7/T) [18]

4-55



where NH3 is the concentrationof NH3 in solution (g N/m 3) and

T is absolute temperature (degrees K).

The well-understood ionization of ammoniacal N partitions the total between ammonium ion and

ammonia, as expressed by Freney et al. (1988):

TAN

I,-I3.........................................[7]
1 + 10(0.09018 + 2729.92/T- pH)

where TAN = total ammoniacal N (NH4+ and NI-13)in solution (g N/m 3)

T = absolute temperature(degrees K)

pH = pH of solution

Based on the foregoing equations, pH, ammoniacal N, and temperatureare sufficient to calculate Pw.

However Kv is a complex function of wind speed, temperature profiles in the boundary layer in the

atmosphere immediately above the water, and turbulence in the water (Leuning and Denmead 1984;

Freney et al. 1985).

Despite the uncertainty in Kv,some important conclusionsmay still be drawnabout design factors that

will enhance NH3 volatilization. In the following paragraphs, equations [17] to [19] will be used to

calculate Pwfor some conditions that were observed in the treatment system.

Figure 4-20 illustrates the effect of pH on Pw for 25°C and 100 g TAN/m 3. This illustrates the very

important role of pH in NH3 loss.

Figure 4-16 illustrates the observed diurnal pattern in pH as a consequence of algal photosynthesis.

That data combined with the data in Figure 4-20 yields Figure 4-21. Figure 4-21 shows the diurnal

pattern of Pwfor observed temperature andpH and fixedTAN, plotted separately for the two overland

flow beds and one hypothetical tank planted with cattails. In the overlandflow beds, the value of Pw

undergoes a marked diurnal variation with a brief maximumat mid-afternoon; this is consistent with

observations in rice paddies (Fillery and DeDatta 1986;Filleryet al. 1986a;Fillery et al. 1984; Leuning

andDenmead 1984;Trevitt et al. 1988;Simpsonet al. 1988;DeDatta et al. 1987a;DeDatta et al. 198To).
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Figure 4-20. Partial pressure of ammonia in equilibrium with solution,
as related to pH.
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Figure 4-21. Diurnal pattern of equilibrium partial pressure of ammonia
for constant total ammonlacal nitrogen, in different parts of treatment
system. (Tank 3 holds200 gallons water, 2 feet deep; planted with
cattails.)
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This figure implicates algal photosynthesis as a major factor in NH3 loss. This is consistent with other

research (Simpson et al. 1988; Fillery et al. 1986).

An important design factor is whetheror not to haveemergent plants in the overlandflow beds. There

are three ways in which emergent species will reduce NH3 volatilization:

• They will reduce algal photosynthesisand hence reduce pH during the day;

• The vegetation will severely reduce turbulence at the air-water interface and hence

reduce loss of NH3 (FiUeryet al. 1984;Humphreys et al. 1988); and

• Respiration by the increasedbiomass will increaseCO 2 concentrations in solution and

thereby reduce pH.

Figure 4-21 shows that the first of these factors will reduce the potential by a factor of 8; the others

would reduce it even more. The conclusionis that emergent plants will inhibit NH3 so severely that if

the objective is to enhance NH3volatilization,emergent plants should be kept out of the overland flow

beds. As illustrated in Figure 4-16, the pH in the root zone beds was alwaysbelow 7.5, and hence the

potential for NH3 volatilization is much less than for the overland flow beds. If there were no plants

in the root-zone beds, algal photosynthesiswould likely by unimportantbecause of lackof light. NH3

volatilization from the gravel beds is probablynot important, so this is not a relevant argument for or

against emergent species in the gravel beds.

Effect of Loadina on Inorganic N LoSS. The objective of the following discussion is to examine the

relationships among inorganic N loading, inorganic N, concentration and temperature as the landfill

leachate moved through the treatment system. Loadingequalsthe influentmass of inorganicN per day,

computed from flow X concentrationat mh 1.

Linear regressions of concentrations of inorganic N at the ends of beds 1 through 4 on loading of

inorganic N and/or temperaturewere calculated. The regressions employedsmoothed data -- running

averages over 4 weeks. Load and temperature were independent (R2 = 0.02). Table 4-21 lists the

results together with averages of the several independent variablesand average concentration in the
landfill leachate at mh 1.
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Table 4-21. Linear regressions of inorganic N concentrations at the ends of beds 1 through 4 on

loading of inorganic N and/or temperature (All data represent four-week running averages.)

Key: Y = inorganic N concentration (moles m"3)
L = loading (g N day"l)
T = temperature

Means (and standard deviations) of independent variables:
L = 132 (72)
T = 13 (8)
L*T--- 1839 (1699)

i

Location Mean (std) Equations R_.__ De_r. freedo m

Manhole 1 Y = 168 (41)

Bed 1 Y = 69 (37) Y = 26 + 0.32'L 0.40 70
Y -- 93 - 1.82'T 0.14 70
Y - 52 + 0.37'L - 2.32"T 0.64 69
Y - 80 + 0.14*L - 4.25'T + 0.015*L*T 0.68 68

Bed 2 Y -- 24 (20) Y -- 7.2 + 0.13*L 0.21 70
Y = 35 - 0.78"T 0.09 70
Y -- 18 + 0.15*L - 0.97"T 0.34 69
Y -- 31 - 0.04*L - 1.87'T + 0.007*L*T 0.38 68

Bed 3 Y = 22 (19) Y - 9.5 + 0.096'L 0.14 70
Y = 36 - 1.04*T 0.19 70
Y - 23 + 0.12*L - 1.20*T 0.39 69
Y = 37 + 0.0012*L - 2.18"T + 0.007*L*T 0.44 68

Bed 4 Y - 14 (12) Y = 9.3 + 0.036'L 0.05 70
Y = 26 - 0.87'T 0.32 70
Y = 19.8 + 0.051*L -0.94"T 0.41 69
Y = 27 -0.010*L -1.46"T + 0.004*L*T 0.44 68

First, note that the average inorganic N concentration was 168, 69, 24, 22, and 14 for mh 1 and beds 1

through 4, respectively. This illustrates that on the average the concentration was reduced by about a

factor of 10 by the treatment system. Most of the reduction occurred in bed 1, which suggests the loss

mechanisms are concentration-dependent.
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In the regression analysissummarizedin Table 4-21, the loading seems to become less important and

temperature more important from beds 1 to 4. In no c_medid the interaction term load x temperature

appear very important.

The importance of the temperature variable is likely the result of the following:

• Increased temperature enhances the volatili_ationof NH3 because of the temperature

effect on the chemistryof the solutions, as illustratedby the equations [6] and [7];and

• Increased temperature probablyenhances photosynthesisby algae and this increases

the potential for Nit 3volatilization;

Figure 4-22 plots the concentration of inorganic N for beds 1 and 4 against the N load at mh 1. In

Figure 4.23 the concentrations of inorganic N at the ends of beds 1 and 4 are plotted against

temperature. These illustrate the wide variation in resultseven when4-week runningaverages are used.
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Figure 4-22. Relationship between concentration and loading of
Inorganic N, beds I and 4. Dataare weekly, smoothed using 4-term
moving averages.
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The total area of the two overlandflow beds was 290 m2 and of the root-zone beds was 250 m2 for a

total combined area of 540 m2. An important question is how useful are the regression equations in

extrapolating to other situations and for estimating area required for some particular character of

effluent. Perhaps the best answer is that this is one way to summarize the results. Surely the

coefficients in the equations are uncertain. A second answer is that the results will always be variable

and hence the uncertainty in the coefficientsreflects the natureof such systems. The concentration of

inorganic N in the treatment system effluentwill alwaysbe variablebecause the loading, the rate of loss,

precipitationinputs, and evaporationall varywith weatherboth by season and within seasons. The only

way to counteract this variability is to increase the residence time in the treatment system so that the

fmal product reflects the effects of the weather averaged over a longer period of time. This also has

the advantage of "polishing"the outflow and thus improvingthe qualityof the effluent. Thus the answer

is to increase the holding time to the extent it is economicallyfeasible to do so. Perhaps one way to
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do this is to build a large holding reservoirat the end of the treatment system with a capacity to hold

about a 6-month supply of precipitation,minus evaporation,plus flow from the landf'dl.

Iron and Manganese. Reduced forms of iron andmanganese are the most soluble forms; the o:ddized

forms are so insoluble at neutraland basic pH values as to be unimportant in this system. The landf'dl

leachate contains iron and manganese far in excess of the amounts expected for oxidized forms, and

hence the majoramounts of iron andmanganese in the landfill leachate are probably in reduced form.

This issue is discussed earlier in this section in relation to the 1989 preliminarystudies.

The reduced iron would be expected to oxidize quicklyat the pH and oxygen concentrations found in

the overlandflow beds. Relatively insoluble precipitateswould be formed. These precipitates may be

very freely divided and hence remain in suspension for considerableperiods of time. The oxidation of

the manganese will be slowerand perhaps less complete. The sampleswere not centrifuged or fdtered

but were acidified after removal from the beds, and hence there was no differentiation between

particulate and dissolved forms of either iron or manganese.

Figures 4-24 and 4-25, illustrate the behavior of iron and manganese, respectfully, in the treatment

system. The treatment system largely removed the iron. However, for all practical purposes the

treatment system did not remove the manganese. The Fe/K and Mn/K ratios illustrate the variable

effects of the different seasons on the performanceof the overlandflow and root zone beds. Perhaps

the root-zone beds arepartiallyanaerobic,and hence the increasesin manganeseresult from reductions

in these anaerobic zones. The iron would also undergo reduction but it would be reoxidized once the

oxygen concentration was restored.

Ways to increase the effectiveness of the system for manganese removalare not very evident. A first

guess would be to convert the rootnzone beds to overland flow beds. It is very likely that the root-zone

beds will become more anaerobic as time goes on and the root residues increase. Presently the oxygen

concentrations are very low and there are likely to be anaerobic pockets; the anaerobiosis is likely to

increase, particularly during the summer when the temperature is high and microbial activity in the root-

zone beds is most active.
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P_rmmbili_. Maintenance of permeabilityis an important indicator of the potential active life of the

beds. The results from two different experimental treatment systemshaverevealed verylimited lowering

of permeability. In the landfill treatment system, the gravel beds (3 and 4) did not clog to an extent

causing overland flow, and there were relatively small changes in permeability during one year of

measurement. The sand beds in the greenhouse experiment did not suffer a large reduction in

permeability over almost 18 months (see section 4.4).

Yet previous experimental gravel beds at the Fenton landf'dlsite dogged rapidly. The rapid clogging

of fdters described in the preliminarystudies indicates that the leachate from the landfdl contained

viscous materialsthat were capable of clogging. The clogging of hoses described in section 3.4 further

illustrates the potential.

The following are hypotheses about why this project did not suffer from serious reductions of

permeability as a result of clogging. Clogging seems to occur when the leachate is fed in a steady

stream into the beds; at the point of entry there is rapid degassing of CO2 from the leachate, with

precipitation of CaCO3 and concurrent oxidationand precipitation of iron oxides and hydroxides. In

addition, there are viscous materials in the leachate and there may be productionof microbial products

that contribute to the clogging. This latter effect has been reported to be enhanced when effluents

contain large amounts of inorganicN relative to carbon,which is the situation with the leachate. In the

treatment system these reactions were completed in the overland flow beds. The treated solutions

entering the gravel beds were nearly at equilibriumwith the atmospheric 0 2 and CO2, and hence there

was not much precipitation at the point of entry. The viscous materials in the leachate had been

degraded by this time and the condition for further productionof such materials was not present.

In the greenhouse experiments the leachate was added in one large batch to the drained (and perhaps

partially oxidized) sand; for the next two weeks the sand was periodically watered so that the solutions

probablyremained in the reduced condition. The net result was that there was no clogging because the

productsof oxidation and degassing were reducedin volumeand dispersed throughoutthe whole volume

of sand. Perhaps the periodic drainingalso reduced the potential for clogging.
i

The following are suggestions that might alleviate clogging in other systems:

s The overland flow beds may effectivelyeliminate the clogging problem.
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• Pretreatment with forced air for sufficient time would precipitate the calcite and iron

oxides. If this is followed by settling in a holding tank, the clogging effect would

probablybe eliminated, or at least the permeabilityof any subsequent treatment beds

would be only slowly reduced.

• Third(butperhap"less certain)would be to collect andhold the leachate in tanks and

then flood the beds very rapidly. Following a specified period, the beds would be

drained and kept under aerobic conditions for several days before reflooding. In this

manner, the clogging agents would be dispersed by the rapid loading, and duringthe

aerobic period the cloggingagents of microbialoriginwould be partiallyor completely

degraded.

MICROCOSM STUDIES OF ARTIFICIALWETLANDSYSTEMS

As part of the Fenton Landfill project,a microcosm study was established in greenhouses at Cornell

University. Microcosms are meant to simulate, on a small scale, many of the important components

of systems that will be implemented on a larger, field scale. The purpose of a microcosm study is to

test important assumptions concerningthe functioningof the larger system being simulated. There are

several aspects of microcosms that make them well-suited for such studies. Microcosms can be kept

under greater control, subjected to more treatments, and designed to facilitate performance

measurements in ways that are often not practicalor too expensive to implement in largersystems.

In this project, microcosms were developed to simulate artificial wetland systems for treating landfall

leachate. Several studies have indicated that when waste water moves through porous media in which

aquatic macrophytes are rooted, permeability of the media can be maintained and inorganic pollutants

in the waste water can be reduced. However, the mechanisms through which the permeability of the

wetland beds is maintained and inorganic pollutants are removed from water are not well understood.

Such an understanding is necessary to develop appropriate and effective design criteria for the wide

range of environments in which these systems may be expected to operate. Also, treatment systems may

be expected to operate over many years. Predicting the performance of these systems over time is

difficult without a basic understanding of their functioning.
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E_xpeHm_ntalI_sin and Procedures

In the design of this experiment, the experimentalunit was a microcosm box (Figure 4-26). Eighteen

boxes were filled with sand and placed on greenhouse benches and randomly assigned to one of five

treatments.

A.

B.

'
•". :....:v"z!; _.'::::.:C:':':v

/ G.
D.

Schematicrepresentationof experimentalsystem constructedto simulateartificialwetland
wastewatertreatmentbed. A.-Mariottebottle, B-Influent pipe,C-Effluentpipe, D-Perforated
styrofoam,E-Sand, G-Waterlevel indicators.
Source: McIntryeandRiha, 1991.

Figure 4 - 26. Microcosm structure.
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The treatments were:

1) unplanted, liquid fertilizer applied;

2) planted, liquid fertilizerapplied;

3) unplanted, fresh landfdl effluent applied;

4) planted, fresh landf'dleffluent applied;and

5) planted, aerated effluent applied.

Three microcosm boxes were assigned to treatments 1, 3, 4, and 5, while six microcosm boxes were

assigned to treatment 2. Table 4-22 summarizesthe overall experimental design. The table also

introduces brief names for each factor combinationtested, such as "+1 + p"for "leachate and plants."

These will be used in later figures.

Table 4-22. Treatments and Identifiers in microcosm experiment.

Dosa2e Plants No Plants

Fertilizersolution "-1+p.... -1 -p"

boxes 7, 9, 12, 13, 14, 15 boxes 1,2,11

Fresh leachate "+i +p.... +1 -p"

boxes 5, 10, 18 boxes 4, 6, 16

Aeratedleachate "+la+p" --

boxes 3, 8, 17

The boxes were planted with rhizomes of Typha glauca on May 1, 1989. Landfallleachate or liquid

fertilizer treatment was initiated on June 6. These additions remained in the microcosms generally

about two weeks. At this time, the microcosms were drained, the microcosm effluent sampled for

analysis, the microcosms rewetted, and the permeabilitymeasurements made. Then the microcosms

were drained and a liquid fertilizeror fresh or aerated landfill leachate was added. These treatments

continued until May 30, 1990. The microcosmswere maintainedin the greenhouse under 14 hours of
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light provided by metal halide 1000 W clear lamps. Systems were watered as needed to maintain

ponding at the surface.

At the end of the experiment,plant shoots and roots were harvested. Sand was rinsed from the roots

as much as possible. The plants were driedto constant weight,ground, and sampled for analysis. The

sand was also sampled for analysis.

Multi-ion analyses were run on all plant samples, soil samples, and the microcosm effluent. Nitrogen

analyses (NH4 and NO2+NO3) were performed on all microcosm influent and effluent using steam

distillation methods. Analyticalmethods were generallythe same as in the Fenton landfdl tests.

Permeability measurements were made using a constant-head device connected to an influent pipe in

each microcosm. The head was calculatedas the difference in the water level between the influentand

effluent ends of the boxes. The discharge rate was measured by collecting the microcosm effluent in

a graduated cylinderevery 10 seconds. For each microcosm, three readings were made and averaged.

Table 4-23 summarizes all sampling proceduresused in the greenhouse microcosm experiment.

Permeability

A decrease in permeabilityof all microcosmsoccurredas the experimentprogressed. This decrease was

observed in a similar previous study (Mclntyre and Riha 1991). It could not be attributed to the

procedure used to measure permeability,since repeated permeabilitymeasurements were made on the

unplantedboxes for several months before treatmentswere imposed, and no decline in permeability was

observed. Also during this earlier phase, half of the microcosmswere flooded continuously and half

were left drainedbetween measurements. No differencesin permeabilitybetween these pre-treatments

were found, indicating that the subsequent decline in permeabilitywas not due to alternating aerobic

and anaerobicconditions. In the first six months after treatmentswere imposed, permeability declined

exponentially in all microcosms (Figure 4-27). Permeabilityof the microcosms was still quite high (0.9

to 1.6 cm/s) when the experiment was concluded. The cause of this decline is still unclear.

In contrast to common expectations about the effects of plants in constructedwetlands (e. g. Brix, 1987),

there was no evidence that the presence of Typhaglauca in the microcosmsenhanced their permer.bility.

In fact, the permeabilityof plantedmicrocosmsdeclined slightlymore thanin the unplantedmicrocosms

(Figure 4-28). The permeabilityof the microcosmsthat received landfdlleachate did not decline more
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Table 4-23. Sample handling methods for microcosm experiment.

Sample
Parameters Type Samvle Handlin2 Method

NH4"+ NH3 water Collect samplein plasticbottles,
freeze untilanalyzed.

NO3 + NO2 water Collect sample in plastic bottles,
freeze until analyzed.

Total Ca, Mg, K water In microcosminfluentandeffluent samples,
Mn, Fe, Zn, Na, AI collect immediatelybefore and after treatment.
Ni, Cu, Cd, Co, Cr Add 2 ml cone. HC! to 250 ml plastic samplebottle;

thenfill bottlewith sample(resultingpH approx. 1).
Freeze until analysis.

Total Ca, Mg, K roots and Weigh, dry, grindin hammermill, reweigh.
Mn, Fe, Zn, Na, AI some sand Ash 20g samplesat 400°C, dissolve in 2 ml conc. HCI,
Ni, Cu, Cd, Co, Cr re-ash,and take up in 1+9 HCI. Use weight loss to

correctforsand.

Total Ca, Mg, K sand Dry 20g sample,ash at 400°C, reweigh. Add 10 ml
Mn, Fe, Zn, Na, AI conc. HNO3,thenre-ash. Take samples up in
Ni, Cu, Cd, Co, Cr 1+9 HCI.

TotalCa, Mg, K shoots Weigh, dry, reweigh,grind. Follow same procedures
Mn, Fe, Zn, Na, AI as for roots,with no correctionfor sand.
Ni, Cu, Cd, Co, Cr 1+9 HCI.

For sample analysismethods, see Table4-16.

4-69



!
2.1 ...................................... :......................................... ,................ "........................................

• , i i

1.9 _._''" "":"t3 ..........................."',.,.4. o.1. _. .t.i...........................!i.........................................................................................................................:!......................................................!
__, 1.7 "__"T3, i +'i i

1.3 "_'_"i "'7"......""" ....0":.i"+ .....'"..........':F'.....:..............................................i

...........................:..._&_..:..:.._.-_--o--o--o i1.1..___ ........................i...............i........................i..............,............i...........................i

0.7 " " • * " ",i," " , " " " i ...... i ...... ; ...... ; ...... , . . , . . . i

1-Jun-89 20-Jul-89 7-Sep-89 26-0ct-89 14-Deo-89 1-Feb-90 22-Mar-90 lO-May-90

- - O- - fertilizer, " " +" " leaeha_, : fertilizer,
noplants no plants withplants

aemtsd _ lea_a_,
I,x_'_ato, with plants
withplants

i,

Figure4-27. Permeabilitychangesovercourseof microcosm
experiment.(Datarepresenttreatmentmeanssmoothedusing3-term
movingaverages.)

1.4 F i

1.3

I effectof leachate i
1.2 : . i........... withic)u.t.plants •

effectof pla_ts _ _ i i I_C3 i
1.1

_+; .......... ; .... _th.olants. i

• _...._.+.._.+.._....i..................._.:..:.:i:..:...:.-..-.- _:_.+.......
o,...........__ii.......i::i_ ...........

_o., .........................._.__ ...................................................._.._.._ ......_...........................!
'0.7 .....................................................4".........................................................................................-jolnt.effeete!...........................!

: t

leachateandplants0.6 ..............................................

0 50 100 150 200 250 300 350

Dayssincestartof experiment

I 1-----0---- +1-pAl-p t -I +p/-I-p -" +1+p/-I-p ..... +1+p/-I+p

Figure 4-28. Effectsof plantsandlea©hateon microcosmpermeability.
(Datarepresenttreatmentmeanssmoothedwith3-termmoving
averages,exprused relativeto startingconditions.)

4-70



than those that received liquid fertilizer treatment. Aeration of the landfallleachate for several days

before applyingit to the microcosms did not affect permeabifitycompared to microcosms treated with

unprocessed leachate (Figure 4-29).

Nltr__en R©moval

Landfallleachate was applied to three sets of microcosmsgenerallyevery few weeks. At the same time,

a fertilizer solution was applied to the remainingmicrocosms. In both cases, the solutions remained in

the microcosms for two or more weeks before they were drained and another batch of fertilizer or

leachate applied. The fertilizer solution applied contained70 mg/l N (14 mg/l urea-N, 36 mg/l NH4-N,

20 mg/l NO3-N). The landfdlleachate applied rangedin N concentration from 77 to 232 mg N/l, with

essentially all N in the form of NH4 (with one exception, when NO 3 levels were 70 mg N/I in the

aerated landfill leachate).

On average, in all treatments at least 50% of the applied nitrogen did not appear in the microcosm

effluent (Figure 4-30). The unplanted treatment that received fertilizer solution removed on average

70% of the applied nitrogen. However, this varied with season, removal being greater than 90% at the

beginning and end of the experiment and only about 60% in the middle of the experiment (the winter

months) (Figure 4-31). A similar pattern was observed in the planted microcosm that received fertilizer

solution, but at all times removed nitrogen was as great as or greater than in the unplanted microcosms

receiving fertilizer solution. It appeared that in the winter NO3 was not removed from the solution in

the unplanted, fertilizer-treated microcosms (Figure 4-32).

The lowest removal rate (50%) was for the unplanted microcosms that received leachate. The removal

rate did not show a distinct seasonal pattern, but the amount of N in the leachate applied in winter was

generally lower than that applied at other times (Figure 4-33). The planted microcosms that received

leachate removed on average 75% of the applied nitrogen. Aerating the leachate did not substantially

affect either the amount or pattern of leachate nitrogen removal. Essentially all nitrogen remaining in

the landfill leachate at the end of each treatment period was in the form of NH4. At all times, the

planted microcosms receiving leachate removed more nitrogen than those receiving fertilizer solution,

so the leachate did not appear to be inhibiting plant removal of nitrogen. The planted microcosms

receiving leachate required more time after the experiment was initiated to reach a maximum removal

rate (Figure 4-31) than did the planted microcosms receiving fertilizer solution. This is not surprising,

considering the greater amounts of N applied in the leachate.
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Other inorunnie Ion Removal

The treatment means of several inorganicion concentrations in the water after residing two or more

weeks in the microcosms are presented in Table 4-24. These are the averages of all the batch

applicationsof leachate or liquidfertilizer. The effluent from landfill leachate-treatedmicrocosms had

more Mn, Fe, Mg, K, and Na compared to the effluent from the liquidfertilizer treated microcosms.

Plant uptake was clearly important in reducingK in water from both the leachate and liquid fertilizer

treatments. The presence of plants appeared to inhibitCa removalin both the fertilizer- and leachate-

treated microcosms. The most noticeable treatment differences were between fresh and aerated

leachate. Systems receivingaerated leachate had less Mn, Ca, and Fe remainingin the processed water

compared to systems receivingfresh leachate.

The elemental content of the sand, roots, and shoots, which were sampled at the completion of the

experiment, is presented in Table 4-25. Sand in the microcosmsthat received aerated leachate appeared

to have less Mn than sand in the microcosms that received fresh leachate. Shoots of the plants grown

in aerated leachate had lower Ca and Mn concentrations than their fresh leachate counterparts. The

roots of plants grown in leachate-treatedmicrocosms hadhigher concentrationsof Fe and Mn than their

liquid fertilizer-grown counterparts.

There was no difference in final root weights amongthe planted microcosms(Table 4-26). Final shoot

weight of plants grown in the aerated leachate was lower that of plants grown with fresh leachate or

liquid fertilizer.

DJsc_,,ssion

The discussion of permeabilityof the Fenton landfill wetlandbeds in section 4.3 suggested that clogging

of wetlandwaste treatment systemsmay occurwhen leachate withelevated levels of CO2 is exposed to

the atmosphere. Degassing could occur witha subsequentprecipitationof calcite and oxidationof iron

and manganese. Such precipitatescould decrease pore size. The sand in the unplanted microcosms that

received landfill leachate did have significantlymore Ca and Mn at the end of the experiment than in

all other treatments. The similarityof the planted, leachate-treatedsand to the treatments thatreceived

no leachate is likely the result of more reduced conditions and higher dissolved CO2 levels in the

microcosms with plants. Such conditions would favor the reduction of iron and manganese and

therefore enhance their solubility. The higherCO2 levels could enhance the dissolution of calcite. In

any c&_e,the increase in calcium and manganese found in the unplanted, leachate-treatedmicrocosms
_
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Table 4-24. Treatment methods related to microcosm emuent quaUties. (Values represent

averages over llfe of experiment [mg/l]).

Replicate means

Box___##Treatment" Ca M__ K N_A Fe M__n.n Z_.n.n

1 -1 -p 55 13 35 17 0.00 0.02 0.20
2 -! -p 49 13 47 16 0.00 0.00 0.27
11 -! -p 55 12 37 17 0.00 0.09 0.19

7 -I +p 81 15 9 17 0.00 0.00 0.15
12 -1 +p 83 15 17 17 0.00 0.00 0.22

14 -I +p 71 13 15 16 0.00 0.02 0.12

4 +1 -p 124 61 130 254 4.64 1.34 0.24
6 +! -p 144 67 139 272 7.00 1.90 0.12
16 +1 -p 136 63 136 261 3.99 1.51 0.11

5 +1 +p 179 72 126 289 4.60 1.56 0.15
10 +1 +p 166 65 112 264 4.01 1.25 0.14
18 +! +p 172 66 106 258 3.81 1.15 0.12

3 +la +p 75 56 112 252 1.00 0.26 0.28
8 +la +p 82 63 120 284 1.05 0.31 0.14

17 +la +p 85 56 112 243 1.13 0.29 0.15

Treatment means

Treatment Ca" Mg K" Na Fe** Mn'* Zn'*

-I -p 53 d 12 40 c 16 0.00 0.04 b 0.22 a
-I +p 79 c 14 14 d 16 0.00 0.01 b 0.16 ab
+1 -p 135 b 64 135 a 262 5.21 a 1.58 a 0.16 ab
+1 +p 173 a 68 115 b 270 4.14 a 1.32 a 0.14 b

+la +p 81 c 59 115 b 259 1.06 b 0.29 b 0.19 ab

* 'T' stands for leachate, "la" for aerated leachate, and "p" for plants.

** Letters following numbers indicate groups of means within a column that are not significantly
different from one another at 5% level by Student's T test. For example, in the "Ca" column, the two
values labelled "c"are not significantly different from each other.

"nd" indicates value less than detection limit of analytical method.
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Table 4-25. Treatment methods related to final microcosm sand and plant chemical contents.

Sand analyses (mjz/kz except OM)

Treatment %OM C._a Ma K N.ja Fe M_nn Z__n

-i -p 0.26 156 b 12 9.83 3.50 114 2.75 ab 1.16

-! +p 0.35 220 b 48 6.50 4.83 162 1,59 b 1.52

+1 -p 0.43 326 a 46 10.00 4.50 148 6.06 a 1.65

+i +p 0.31 159 b 22 12.50 12.00 161 4.20 ab 1.47

+la +p 0.33 154 b 26 17.50 9.67 141 1.34 b 2.25

Root analyses

Treatment Ca Mg K Na Fe Mn Zn

% % % % % %*100 %*100

-I +p 1.28a 0,30 1.21 0.26 0.07 a 0.47 a 0.31 a

+1 +p 0.99a 0,29 1.30 0.29 0.13 b 1.46 b 0.45 a

+la +p 1.34a 0.44 1,15 0.41 0.19 b 1.12 b 0,54 a

Shoot analyses

Treatment Ca Mg K Na Fe Mn Zn

 .1o0 ,.1oo

-l +p 1.51 a 0.20 1.41 0.24 0.014 a 1.13 a 0.201

+! +p 1.40 a 0.29 2.01 0.39 0.013 a 5.65 b 0.214

+la +p 0.92 b 0.34 1.65 0.28 0.012 a 2.29 c 0.317

Letters following numbers indicate groups of means within a column that are not significantly different

from one another at 5% level by Student's T test. For example, in the "Ca" column, the two values

labelled "a" are not significantly different from each other.
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Table 4-26. Treatment means of final microcosm plant dry matter.

Treatment mean blomass (g) Ratio

Treatment Shoots Roots root/shoot

-1+p 611 a 1294 a 2.12

+1+p 696 a 1629 a 2.42

+la +p 395 b 1250 a 3.20

Lettersfollowing numbersindicategroupsof meanswithina column thatare not significantlydifferent

from one another at 5% level by Student'sT test. Forexample, in the "Shoots" column, the two values

labelled "a" are not significantlydifferentfromeach other.

was not associated with a decrease in permeability. Precipitates of these elements may not have been

present in sufficient quantities to significantlyreduce the number and size of pores. In addition, the

landfill leachate was applied to the surface of the entire system, thus diluting the effect of precipitates

relative to many inlet systems.

The development of bacterial mats at water inlets may plug pores. It is possible that clogging by

microorganisms may have been responsible for the initial decline in permeability observed in all

microcosms. Enhanced bacterialclogging of leachate treated systems was not expected because of low

BOD content of the landfill leachate.

It is clear from these and other studies that substantialamounts of inorganicnitrogen can be removed

from wastewater when it is ponded for an extended period. There was no evidence that NH4 in the

landf'dlleachate was being nitrified in either the planted or unplanted microcosms. In the absence of

plant uptake, it must be assumed that NH4 was volatilized and lost as NH3. As discussed previously,

higher temperatures and rates of photosynthesisby algae favorNH3 production. Both such conditions

were present in the greenhouse, althoughtemperaturesandsolarradiationwere lower duringthe winter

than the summermonths. This may explain the somewhat reduced rates of removal during the winter

months, even though the landfill leachate generally contained less nitrogen during this period.
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The increase in leachate nitrogen removal _een in the microcosms planted with cattails is almost

certainlydue to plant uptake. The increasingability of the planted microcosms at the beginning of the

experiment to remove nitrogen relative to the unplantedcontrols is consistent with the pattern of plant

growth. However, this sink for nitrogen will not persist indefinitely unless plant material is harvested

regularly. The degree to which the presence of plants may have reduced NH 3 volatilization is unclear.

However, there is no reason to supposethat plants will enhance volatilization. Therefore, as previously

mentioned, in the absence of plant harvesting, there is little reason to think that planted wetlands will

enhance NH4 removal relative to unplanted systems.

The pattern of NO3 concentrations in the unplanted microcosms treated with liquid fertilizer suggests

that denitrification occurred at much lower rates in the winter than the summer months. Perhaps this

was due to reduced greenhouse temperatures and reduced carbon supply from algae during winter

months when less solar radiation is received. Further study of the NO 3 dynamics in these simple

systems is warranted.

The results suggest that aeration of the leachate didresult in precipitationof Ca, Mn, and Fe and that

this reduced the concentration of these ions in the landfill leachate water added to the boxes. This

suppositionis further supported by the fact that neither Ca, Mn, nor Fe was found in elevated levels in

the sand or plants of the microcosms that received the aerated le_chate when compared to the

microcosms that received fresh leachate.

There was little evidence that the presence of plants, when considered over the entire experimental

period, significantlyreduced the concentrationof anyion except K. The effect of leachate pre-aeration

on reducing Ca, Mn, and Fe wasmuch more noticeable. This supports the suggestion proposed earlier

in the report that overlandflow beds that promote aerationof the leachate are essential in Fe, Mn, and

Ca removal. The presence of plants did not appear to promote a rhizosphere environment that

enhanced removal of inorganic ions. Over the periodof this study, there was little evidence that plant

uptake significantly reduced the concentration of base cations and metals in the landf'dlleachate. As

previously mentioned, the rationale for the inclusion of aquatic macrophytes in wetland treatment

systems should be based on functions other than permeability maintenance and inorganic pollutant
removal.
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LABORATORYSTUDIES ON GROWTHOF FLOATINGPLANTSAS AFFECTED BY LEACHATE

The family Lemnaceae or duckweeds, are free-floating water plants with a world-wide distribution

(Landolt 1980). Approximately 40 species make up the family, which is divided into five genera. All

exhibit considerable vegetative growth through budding of new plants from the mature plant. Two

genera (Spirodela and Lemna) have two buddingpouches, the other two (Wolffia and Wolffiela) have

just one pouch. New plants usually remain attached to the mother plant, forming small colonies for a

day or so, and then separate (Bernardet al. 1990).

Duckweeds are the world's smallest floweringplants (Armstrong 1986), rangingin size from the species

Wolffia angusta, which averages about 0.5 mm in length, to Spirodela polyrhiza, about 1.5 cm in length

(Figure 4-34). The plant body is not differentiatedinto stem or leaf and is called a frond. The fronds

varyin the four genera, those of Wolffia and Wolffiela are verysimple and lackroots. Fronds of Lemna

have one root and those of Spirodela have more than one.

A useful qualityof these plants is that they are easy to grow in axenic culture. This makes it possible

to eradicate all other organismsfrom the culture,ensuringcontrolled conditions. Theirsmall size, wide

distribution, ease of maintaining cultures, and rapid rate of reproduction make them a convenient

experimental plant.

Ithaca College has a collection of duckweedsin axenicculture. Some of the species in this collection

were used in experiments on the effects of Fenton landfillleachate on plant growth. No duckweeds

occurnaturally in the ponds or in the experimentalbeds at Fenton. IthacaCollege students carried out

a series of laboratoryexperimentsover two years. Their purposeswere to observe the growth of species

of duckweed, specificallySpirodela polyrhiza, Lemna minuscula, Wolffia borealis, and W australiana in

solutions of landfill leachate of various concentrations. Lemma minor, the local species, was not

available, so Lemma miniscula was used for the experiments. The two species are similar in

morphology.

Methods

All experimental work was done in a clean room using axenic cultureand all transfer of plants was done

in a laminar flow hood (Bowker et al. 1980). In each experiment plants were grown in small, sterile
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Figure 4 - 34. Illustrations of the three taxa of the family L,mmaceae used in lahorator._
experiments.

petri dishes in either a modified Allan and Arnon solution (Allen and Arnon 1955) or landfill leachate

of various concentrations. All experiments were performed for 14 days, beginning with six healthy

fronds being placed in each petri dish with the appropriate solution. All plants in each experiment were

taken from a culture started with just one plant; thus, all plants in each separate experiment had the

same genetic composition. Six replicates of each different nutrient or leachate level were prepared and

placed in an incubator that provided continuous illumination at a temperature of 25°C. Plants were

taken from the incubator at intervals and plants counted and their condition noted. New solution was

prepared and given to the plants at the end of seven days.
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At the end of the experiment, plants in each dish were counted and, in some experiments, the lensth

of roots and the total weight of plants in the dishes was determined.

Results

Exnerlment 1: The effect of r_w and aerated leaehate on Sn/nsie/q_m2wh/m and W_ _, In

this experiment plants were grown either on raw leachate collected from mh I or in leachate that had

been aerated for one month. In both cases, a 50% dilution of the leachate was also made. Table 4-27

presents data on the effect of the raw untreated and aerated leachate on the growth of the two plants.

It is clear that all experimental solutions had a great effect on plant growth. Spirodela growing in the

control solution grew to a total of 323 plants in 14 days, 5-10 times the growth in raw or aerated

leachate, either full or half-strength. The Wolf_a plants were similar, the control dishes growing to 5-8

times more plants than the experimental. It may be significant that plants in aerated leachate did not

grow as much as plants in raw leachate.

Table 4-27. Growth of Spirodela polyrhiza and Wolffla borealis in raw (untreated) leachate from

the Fenton landfill and leachate aerated one month. (Numbers are number of plants in culture at

end of the experiment.)

Control Raw Leachate Aerated Leachate

Species AA.....NN 100......_% $0.....%% 100......_%% 50....%.%

Spirodela poly. 323 51 70 30 60

Wolffia borealis 85 14 .- 11 --
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_tuer4ment 2: The effect of leschate from the landfill and frgm exne_rimental beds on m,owth of/_mna

and Wal_a mtm.a/i_a. Table 4-28 comparesgrowth of Lemna and Wolffia in control and

solution from Fenton's mh I and fromthe downgradientends of each of the four constructedtreatment

beds. Both plants grew approximatelythe same in the experimentaldishes. All plants in raw leachate

and from bed I died within four days of the beginningof the experiment, while all the others survived

but only grew to an average of 39 plants per dish. The controls grew to 745 (Lemna) and 562 (Wolffla)

plants per dish during the same time period.

Table 4-28. Growth of Lemna minuscula and Wo_a australiana in raw (untreated) leachate

collected from mhl at Fenton and leachate collected from the ends of four treatment beds.

(Numbers are number of plants in culture at the end of the 14-day experiment.)

Spechs _Court0_| mh._.! Bedl Bed 2 Bed3 Bed___4

Lemna m/n. 745 Dead Dead 35 39 42

Wolffia aust. 562 Dead Dead 50 42 25

' eet o Iron and landfill leachate on m.owthof ,_n/mde/a nohOu_ and/aroma

Table 4-29 illustrates growth of plants at five different iron concentrations compared to

growth in either control or landfill leachate. All experimentalplantsin solution culture grew somewhat

less than control plants, but it wasn'tuntilconcentrationsreached20 mg/! that numberof plantsbegan

to decline. At 40 mg/I, Spirodela grew only about half as well and Lemna grew less than half as well.

Although high iron concentrationsseem to have an effect on growth, the effect is not nearly as strong

as the landf'dlleachate;only about 70 plants grew in culture,regardlessor whether the leachate was raw

or had filtered through the constructedbeds.

The effects were seen not only in plant numbers but plant weight. Plants growing in 0.3 mg/l Fe to 20

mg/l concentrationsall weighed about0.33 g per dish. Those growingin 40 mg/l concentrationweighed

only 0.18 g per dish, and those in landfiU leachate weighed only 0.07 g per dish.
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Table 4-29. Growth rate of Sp/rode/a polyrh/za and Lemm; mu_wcula In control, five iron

solutions, and raw leachate and treated leachate from Fenton landfill. (Numbers represent

number of plants at end of i4.dsy experiment.)

Iron solutions(mg/I) FentonLeschate

Specle,s. Control 0..._ 1 _5 _ 40 _1 Bed 4

Spirodelapoly.413 297 325 324 304 224 80 75

Lemnam/n. 807 707 698 793 617 320 60 64

Exneriment 4: The effect of mannnese and landfill leaehate on _ of $_ _ and

_. Table 4-30 illustratesgrowth of plants at five different manganese concentrations

compared to growth in either control or landfdl leachate. None of the concentrations except the 0

manganese seemed to have any effect on growth of either species, although there is a slight indication

that levels about 5 mg/I and above may begin to have an inhibiting effect.

Table 4-30. Growth rate of Spirodela poiyrMza and Lomna ndnuscula In control, five manganese

concentrations, and raw leachate and treated leachate from Fenton landfill. (Numbers represent

number of plants at end of 14-day experiment.)

Manganese solutions (ms/I) Fenton Leachate

Species Control 0 0.._ 1 3_ 5 mh_.__l Bed.._.._4

Spirodela poly. 413 235 412 406 417 339 80 75

Lemnamin. 807 236 735 828 779 698 60 64
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Effects of leaghate 9n Plant Form. Landf'dlleachate, whether raw, aerated, or filtered through the

constructedbeds, had a great effect on the morphologyand health of plants, The effect was different

depending on the leachate concentration. Plants growing in raw leachate tended to become very dark

green withpurple spots andwere somewhat largerin area than control plants. They also appeared very

thin and almost transparent. The root systemsof Spirodela andLemna became very elongated in raw

leachate, growing to a length of up to 10 cm. In contrast,plants in aeratedleachate were much smaller

in size than normal, tended to be a lightergreen, and the new plants budded off from the mother plant

did not separate, with the result that small compact colonies of up to 10.20 plants resulted. Roots on

these plants did not grow and formed small stubs less than 1 cm long.t

No adverse growth forms were noted in plantsgrowing in the different iron concentrations, but those

growing in high manganese tended to be smaller andmore yellow in color, and developed a white line

across the top of the plant.

Dlseua_ion

There is much still to learn about the effect of landfill leachate on plants. The duckweeds proved in

these experiments to be fine experimental organisms, changinggrowth rates and form and health as

conditions changed. Further experimentation needs to be done before it can be determined what

component of the leachate caused the effects seen. It apparentlyis not iron nor manganese, because

these caused neither the reductionin reproductionnor the morphologicaleffects seen (Epstein 1972).

One surprisingresult is that both the raw leachate and the leachate either aerated or filtered through

the constructed beds had an adverse effect on the plants. While the type of leachate did not have a

great effect (in most cases) on numbers of plants at the end of the experiment, the type did have a

major effect on the type of growth form exhibited. The aeratedleachate caused plantsto be smaller

than average. Their root systems were reduced to small stubs, and they failed to separate as normal.

This maybe due to a nutrientdeficiencyratherthanthe presence of a toxic substance; since the leachate

had already gone through all four beds, most of the chemicals in large supply had been considerably

reduced (see chemical data elsewhere in this report).

Plant response varied in the different experiments. This was due no doubt to the variationin chemistry

of landfill leachate. The chemistrydepends on a numberof factorswhich can vary at different periods.
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SUMMARYOF EXPERIENCEWITHFENTONLEACHATEAND IMPLICATIONSFOR LANDFILL

LEACHATETREATMENTIN GENERAL

This section provides:

• A summaryof observedchanges in chemistryof the leachate at Fenton as it traveled

through the treatmentsystem;

• Suggestions for improvement in the Fenton system;

• An integrateddiscussionof selected topics, problems, and uncertainties in the light of

associated researchin thelaboratoryandgreenhouse andotherexperience documented

in the literature.

S_tmmaryof Observations at Ffnton,

• The ultimate test of the treatment system is to produce an effluent which does not

harm the receivingstream, as interpretedby DEC in the SPDES permitting process.

In this regard, the major contaminants in the leachate from the Fenton landfill were

inorganic N (almost entirely in the ammoniacal form), Fe (probably mostly in the

ferrous or reduced form), and Mn.

• Nitrogen loading rates averaged 135 g of inorganic N per day in 0.78 m3/day of

effluent.

• The treatment system reducedthe inorganicN concentrationby 60 to 100%; the best

removalwas duringthe summerof 1991and the least removalwas duringthe period

Januaryto March 1991.

• The reduction in inorganic N concentrationwas the result of loss of inorganic N,

primarilyin the overland flow beds, and dilution by precipitation. The most likely

mechanism of loss of inorganicN was volatilization of NHy The net of precipitation

minus evaporation and transpiration was about double the input of leachate.
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• The concentration of iron was reduced by the treatment system; the average

concentrationof iron before and after treatment was 34 and 0.63 rag/l, respectively,

in unfilteredand uncentrifugedsamples. Since the solutions were above pH 7 in all

beds and the oxygen concentrationwas mote than 2 ppm in all beds, the iron in the

samples fromthe end of the treatmentsystemis almost certainlyoxidized,and the iron

that is in the samples is either part of precipitated iron compounds or else it is

sequestered by complexes and microorganisms.

• The manganese concentration in the treatment system was not reduced except by

dilution. Manganese chemistry and behavior are discussed more fully in a later

section.

• There was very little if any reduction in permeability of the root-zone beds ovcr 18

months and no overlandflow in any part of the root-zone beds.

possible Modification_of the Fenton System which might Imorove Treatment.

The treatment system at the Fenton landfill might be improvedby the following modifications:

• If the area of overland flow beds was expandedand the residence time increased, the

removal of nitrogen, iron, and manganese would be enhanced. Additional beds could

be built or perhapsone of the root-zone beds could be.converted to an overlandflow

bed.

• The root-zone beds could be fitted withbaffles to reducethe possibilityof channeling.

• The flow from the overland flow beds to the root-zone beds could be regulated so the

residence time in the overland flow beds would be increased when the precipitation

exceeded evapotranspiration; the water stored would serve as a buffer against

prolonged periods when evapotranspirationexceeded precipitation.

. The area at the end of the beds could be graded to form a fairly long, sinuous, and

low-gradient path between the outflow from the treatment system and the stream.

This might be useful in enhancing the removal of nitrogen, iron, and manganese at
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least duringthe summer when stream flow is low andthe impact of the effluent from

the treatment system is maximum.

lml_aru_ Discussion of Selected Topics.

.._gfOgtfBdl_t_Maintenanceofpermeability is an important indicatorof the potential active life of the

root-zone beds. The results from two different experimental treatment system have revealed very

limited loweringof permeability. IN the landfilltreatmentsystem, the gravelbeds (3 and4) didnot clog

to such an extent as to result in overlandflow, and there were relativelysmall changes in permeability

during one year of measurement. The sand beds in the greenhouse experiment did not suffer a large

reduction in permeability ever almost 18 months (see section 4).

Previous experimental gravel beds at the Fenton landfill site dogged rapidly, however. The rapid

dogging of filters described in the preliminarystudies indicates that the leachate from the landfill

contained viscous materials capable of causing clogging. The dogging of hoses described in section 3

further illustrates this potential.

The following are hypotheses about why this project did not suffer from serious reductions of

permeability as a result of dogging. Clogging seems to occur when the leachate is fed in a steady

stream into the beds; at the point of entry there is rapid degas,singof CO2 from the leachate, with

precipitation of CaCO3and concurrent oxidationsand precipitationof iron oxides and hydroxides. In

addition, there are viscousmaterials in the leachate andthere may be productionof microbial products

that contribute to the dogging. This latter effect has been reported to be enhanced when effluents

contain large amounts of inorganic N relatiw to carbon, which is the situation with the leachate

(Vande_vere and Baveye 1992). In the Fenton treatmentsystem these reactionswere completed in the

overland flow beds. The treated solutionsentering the gravel beds were nearly at equilibriumwith the

atmospheric 0 2 and CO2, and hence there was not muchprecipitationat the point of entry. Presumably

the viscous materials in the leachate had been degraded by this time and the conditions for further

production of such materials were not present.

In the greenhouse experiments, the leachate was added in one large batch to the draiued (and perhaps

partially oxidized) sand; for the next two weeks, the sandwas periodically watered,so that the solutions

probably remained in the reduced condition. The net result was that there was no dogging, because

the products of oxidation and degassing were reduced in volume and dispersed through the whole

volume of sand. Perhaps the periodic draining also reduced the potential for clogging.
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The following suggestions might alleviate clogging in other systems; their utility depends upon an

economic and performance evaluationof the several alternatives:

• Overland flow beds may effectivelyeliminate the clogging problem.

• Pretreatment with forced air for sufficient time would precipitate the calcite and iron

oxides. If this is followed by settling in a holding tank, the clogging effect would

probablybe eliminated or at least the permeabilityof any subsequent treatment beds

would be only slowly reduced.

• Third(but probablyless certain)wouldbe to collect and holdthe leachate in tanksand

then flood the beds very rapidly. Following a specified period, the beds would be
I

drained and kept under aerobic conditionsfor several days before reflooding. In this

manner, the clogging agentswould be dispersed by the rapid loading, and duringthe

aerobic period the cloggingagents of microbialorigin wouldbe partiallyor completely

degraded.

Nitrogen Removal by Plants in Root-Zone Beds Compared to Nitrogen Removal by Overland Flow

Beds without Emergent Plants, In beds 1 and2 the concentrationof inorganicN was reduced from 168

to 24 mg/I averagedover the whole period (Table 4-21); some partof this was due to dilution and some

to loss. Based on N/K ratios, the results in Figure4-4 indicate that on the orderof 70% of the influent

N was lost during passage throughthe overlandflow beds (with considerablevariation among seasons).

These beds have an area of 290 m2. The average yearly influentloading was 135 g N/day. Thus loss

was on the order of 120g N/m 2 duringone year.

i

An alternativeto the overlandflow beds would be to grow and harvest emergent wetland plants such

as cattails, reed canary grass, or Phragmites. Harvestingand removal are essential since if the plants

remain their biomass would eventuallydecompose and re-release the inorganic N into the treatment

system. Thus, the important questions is how much N can be expected in harvestablebiomass. The

harvestablebiomass of reed canarygrass wasestimated to range from 20 to 40 g/m 2. N in harvestable

biomass of cattails would probablybe less. Hurry and Bellinger (1990) estimate that N removal by

harvestingof reed canary grass could be as much as 49 g/m 2 in England.

Comparison of N removal in the overland flow beds with the foregoing estimates of removal by

harvestingindicates that the overlandflowbeds are the better choice. The overlandflow beds are also
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easier to manage because they do not haveto be harvested. In addition,the biomass from plant harvest

must be disposed of somehow;,probablythe safest disposal is back to a secure landfill.

The foregoing discussion ignoresthe possible loss of N by nitrification-denitrificationin the rhizosphere

of plants in root-zone beds. Several observations and speculations indicate this is uncertain. First,

examination of performance in beds 3 and 4 (Table4-21, figures4-2, 403, and404) indicates relatively

small or no removal of N. The greenhousemicrocosm resultsshowed little difference,in N loss between

the planted and unplanted cases. Finally,Schierupet al. (1990) in a surveyof 72 systems in Denmark

found modest if any removal of N. Nitrification is a necessary precursor to denitrification; the

laboratorystudies on nitrification(Table 4-20) illustratethatit is a relativelyslow process in the Fenton

leachate. The study by Bedford et al. (1991) shows that the amountof 0 2 remainingafter respiration

is so small that unless the 0 2 consumptionin the soil is uncommonlylow there will be a very small

volume of soil with molecular0 2 in the rhizosphere,a necessary conditionfor nitrification.

Iron. With respect to iron precipitationand removal, the following conditions are most important:

. Sufficient conditionsfor rapid oxidationof iron are high pH and molecular 0 2. The

Fenton leachate was saturated with respect to CaCo3; this furnished the buffering

necessary to maintain a high pH against the release of H + by the oxidation of iron,

volatilization of NH3, and loss of CO2. Molecular oxygen is provided by algal

photosynthesisand exposure to atmospheric0 2 in the overland flow beds.

• The particulate forms of iron can best be separated from the solution by

sedimentation. This occurs in both the overlandflow beds and the root-zone beds.

Perhaps the turbulencein the root-zone beds is less than in the overland flow beds,

and hence they are more effective in separationof the particulatematter.

s The role of emergent plants is uncertain. Some evidence supports the idea that

emergent plants promote 0 2 transport into the root-zone. Other evidence supports

the view that plants do not transport sufficient 0 2 to be of much consequence.

Although seldom discussed, the important factor is the transport relative to

consumption in the soil; underhigh temperaturesand/or highorganic mattercontents,

the bulk of the soil will be anaerobic; under low temperatures and/or low organic

matter, the bulk of the soil will be aerobic.
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• The samples taken from beds 3 and 4 usury contained 4 to 6 g/m 3 of molecular Oz

(Figure 4-6) duringthe cooler months,but these dropped to about 2 g/m 3 duringthe

warmermonths. The iron tended to be lower during the episodes when 0 2 was high

and vice versa (F'_ure 4-24). Note in Figure 4-24 that the iron was below detection

limits during the last period (November 1991).

. The above discussion suggest that the root-zone beds have been useful in removing

iron. The question which remains is whetherorganic matterwill accumulate to levels

causing oxygendepletion sufficientto reduce the particulateiron;in case this happens,

the iron delivered to mh 4 will likely rise significantly.

The role of the root-zone beds in removing heavymetals is discussed more fully in a later section.

The behavior of manganese in the beds is puzzling; the behavior varied among beds and

samplingperiods (F'gure 4-25). In the laboratorystudies the following was found:

• In the leachate as it emerged from the landfill, the manganese was in a form which

was not removed from solution by centrifuging (Table 4-14; Figure 4-12); presumably

it was in reduced form in solution.

. In other laboratorystudies wherethe solutionswere aerated for periods up to 50 days,

manganese convertedto a formremovedby centrifugingafter as few as 11 days (Table

4-15, Figure 4-13); presumableit was oxidized or co-precipitatedduring this interval.

Yet despite this rather clear behavior in the laboratory, the behavior varied among

beds and sampling periods (Figure 4-25),

For the interested reader, the following are some relevant references to the chemistry of manganese-

(and iron, since they are usually discussed together) in the flooded soil and overlyingwater. First, the

characteristics of the thermodynamicallystablesolid phases of various compoundsare listed by Lindsay

(1979), who also uses stability diagrams forpH and oxidationstate. However, the kinetics of iron and

manganese reduction and oxidation in soil and water systems is such that seldom are such systems in

equilibrium because the conditions (e.g., pH and oxygen and carbon dioxide concentrations) change

more rapidlythan kinetics allow equilibrium to be re-established. The chemistry of flooded soils and

the kinetics of reduction are described in severalpapers dealing with flooded rice (Patrick and Reddy

1979;Ponnampuruma 1979;and Yamane 1979). The kineticsof oxidationof formerlyreduced systems
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is described by Stumm and Morgan (1981) for water, and McKenzie (1989) describes the kinetics

pertinent to soil. Howeler and Bouldin (1971) describe some chemistryof the interface between water

and soil.

The substance of the foregoing is that if the pH is above 8 and the water/soil is nearlyin equilibrium

with atmospheric oxygen, the kinetics of oxidation of both iron and manganese are rapid relative to

residence time in beds 1 and 2, and that oxidized iron and manganese form relatively insoluble

compounds. Based on this, the manganese is expected to be oxidized and precipitated in beds 1 and

2; there is some evidence that this occurred (see Figure 4-25). If the manganese was oxidized and

precipitated,whywas there still manganese at the end of bed 2? Perhapsthe precipitateswere so small

that they did not settle to the bottom (there was considerable turbulence in the water in beds 1 and

2), and hence were carriedalo:lgwith the water;or perhapsthe manganese was complexed and hence

protected from oxidation/precipitation;or perhaps the pH was not highenough nor the residence time

long enough.

At the end of bed 3 and in mh 4, the manganese concentrationsvaried widelyamongsampling intervals.

First, perhaps some manganese was carried into the root-zone beds either as free precipitates or as

complexes, where it settled out in the more quiescentstate of the root-zone beds. Second, perhaps the

beds were a mosaic of reduced and oxidized zones; in the reduced zones the manganese would be

reduced to soluble form, but the pH in the oxidized zones was low enough that the reoxidationwould

be slow (see figures 4-6 and 4-16 for the descriptionof pH). The extent of reductionwould depend on

microbial activity (which in turn would be determined by temperature and supply of substrate) and

oxygen replenishment from the atmosphere. Information on the rate of the interchange of gases

between the atmosphere and solution in beds 3 and 4 may be inferred from Figure 4-3. This figure

shows the calcium concentrationdecreases from mh 1 to bed 2 and then increases; presumably,this is

a consequence of loss/accumulation of carbon dioxide from microbial respiration and concurrent

decrease/increase in solubility of calcium carbonate (see Figure 4-14); but the interchange between

solution and atmospherewas too slow to maintainequilibriumwith the solution in the root-zone beds.

Superimposed on the patterns of oxidation and reductionwould be plant uptake,which could remove

substantial amounts of manganese fromsolution (see Table 4-12 for information on manganese content

of plants).

The foregoing discussion implies that the observed behaviorin the beds is consistent with the literature,

but it hardly leads to clear-cut guidelines for futuredesigns, nordoes it providemuchinformationabout

how the system may behave as the root-zone beds mature and the inputs of plant biomass increase.
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Increases in biomass could lead to even more reductionand },encea lessening of manganese removal.

In the Fenton landfdlleachate, the concentrationof reducedmanganese is low so that removal of large

amounts of manganese is not necessary. Perhaps in other cases where manganese is high, the best

treatment would be prolonged residence time.

The situation with iron is somewhat simpler because the oxidation of iron in the presence of oxygen is

more rapid than for manganese. In the root-zone beds, any reduced iron is oxidized on the aerobic

zones and during passage to mh 4.

LonE.TermBehavior of Iron. Manganese, and Othfr Metale, An hypothesis is that the iron coatings

on roots and in the oxidizedrhizosphereaccumulateseveralheavymetals, andhence the root-zone beds

are a means of treatingwastes which contain more than traces of heavy metals. The oxygen leaking

from the root oxidizes iron, as evidenced by accumulationon the root surfaces. Presumably, this is a

consequence of transport of oxygen through linked, gas-filled pore space in the plant (called

aerenchyma) and subsequent leakage of oxygen out of the roots and into the rhizosphere. The roots

and stems of plants used in studies described here were well-suppliedwith aerenchymaand hence had

the necessary physicalcharacteristicsfor transportand leakage of oxygeninto the rhizosphere (Tables

4-2 and 4-3, figures 4-7, 4-8, 4-9, 4-10, and 4-11). The roots of plants were analyzedfor several ions.

The resultsare shown in tables 4-10 and4-13 forbeds andin Table 4-25 for the microcosm experiments.

There is no easy way to distinguish between ions which are part of the coatings on the roots and ions

which are inside the root and partof the metabolic pool of the root. In Table 4-25, except for iron, the

content of ions in the roots was comparable to that in the shoots, which suggests that most of the root

content was metabolic. In Table 4-13, the contents of several ions in the roots were much higher than

in the tops. The interpretationof this data is problematic. Perhapsthe most useful statement that can

be made is that this is a subject which needs careful study. The datareported here are inconclusive as

to whether or not root-zone beds are effective in removing more than traces of heavymetals.

Another reason for caution is the following. The long-term effects of immobilization of iron,

manganese, and other metals on the roots and in the oxidized rhizosphere will depend on continued

maintenance of the oxidized state, since reduction of the soil/iron will cause the ions to revert to their

original state in solution. Wetland soils are a mosaic of oxidized and reduced zones. The soil in the

rhizosphere is oxidized. The thickness of the oxidized zone aroundthe roots depends on the balance

between transport by the plant and consumptionby microbialactivityin the soil. But most of the soil

volume is in a reduced state. As the roots and rhizomes die and decompose, the coatings and the
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rhizosphere become reduced. Based on this reasoning, the immobilization of iron, manganese, and

other metals is ephemeral when viewed from the perspective of several years. A quasi steady state

develops in which new roots replace those undergoingdecomposition and these new roots develop a

reduced rhizosphere, which essentiallyreplaces the old rhizospherenow undergoing reduction. Thus,

as root-zone beds mature and the amountof plant residues build up, immobilizationof metals in the

rhizosphere as a consequence of oxidationbecomes less important. Basically,the oxidized rhizosphere

is ephemeral (on a yearly basis) so far as any given volume of soil is concerned, and hence any

beneficiation byimmobilizationof metalsasa consequenceof oxidationof the rhizosphere is ephemeral.

The Fenton root-zone beds began withminimal plant materialand minimal organicmatter, evolving to

contain significant quantities of both after years of operation. Correspondingly, oxygen demand (to

decompose organic matter) and oxygen supply (via plant roots) both begin at low levels and increase

with time. Thus, an important questionswhich arises is whether or not the rooted plants in the beds

can supply enough oxygen to maintain the gravel in an oxidized state, or perhaps more precisely, what

volume of the beds will remain oxidized fol the next severalyears. Associated research by Bedford et

al. (1991) illustrate that the plants cannotsupply enough oxygen to decompose the root material on a

long-term basis. Thus, the fractionof the volume of the gravel beds that is reduced will likely increase

as the beds mature, and as a consequence, their abilityto immobilize heavy metals will decrease.

Other investigatorshave measuredboth ironandmanganese accumulationin the rhizosphere;however,

the ratio of manganese to iron in the rhizosphere is less than that in solution, indicating that the

oxidation/precipitationof manganese is considerablyless than that of iron (Bacha and Hossner 1977).

At least one reason is that oxidationof manganese can onlyoccur at a higher redox potential than iron.

In addition, the kineticsof oxidationof manganeseare slower than in the case of iron. Thus, there are

both thermodynamicand kineticreasons why manganesewill be less prevalent than iron in the oxide

coatings on roots (Mendelssohn and Postek 1982).

The essence of the foregoing is that the role of root-zone beds in removing heavy metals from waste

water is uncertain. Only furtherexperience will furnishthe answers to this important questions.

Leachate WhiChhas HI2h Orunic M_tter and/or La_e BOD, If the landfill leachate contains large

amounts of readily decomposable organic matter (in other words, high BOD), pretreatment in beds

planted with reed canary grass, cattails,or Phragrnitesprobablywould be useful as a way to assure the

acceptability of the effluent for treatment systems such as the one at Fenton. BOD removal from

primary and secondary sewage effluents has been studied in several places. Various substrates (e.g.,
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gravel or sand or soil), plant varieties,and even unplantedbeds (DeBusk et al. 1990) have been effective

in removal of BOD. Shierup et al. (1990), and Coombs (1990) summarize experience in Denmark,

Germany, and England, respectively.

Toxic Organics, The research done here cannot be extrapolated to situations where toxic organic

contaminants are in high concentrations.

I_8, A_umulation. and Dilution of Tarmt Substances. The Fenton constructed wetland system

processes different target substances in several ways to reduce their concentrations:

• Ideally, the system destroys a target substance by converting it chemically into

something innocuous. An example of denitrification,the conversion of NO3 to N2.

• Almost as good is transfer to a differentmedium or phase, such as by volatilization or

physicalremoval, whenthe othermediumis not sensitiveto the target substance. The

Fenton overland flow beds transfer most of :_ |_achate's inorganic nitrogen to the

atmosphere, a medium much less vulnerable to ammonia than the tiny receiving

stream. This type of transferor chemical destruction (as in all nitrification) may be

considered "loss"processes.

• Long-termaccumulationcanbe effectiveif the accumulatedmaterialdoes not interfere

with other system functions and if it is unlikelyto be re-released. Iron accumulation

in the aerobic overland flow beds may fit this mold.

• Short-termaccumulationis the least desirableform of treatment thatremoves material

from solution. The above discussions of metal behavior in the subsurface flow beds

suggested that conditions there would favoronly shorter-term accumulation of iron,

manganese, and other metals subject to easily reversible redox reactions. Similarly,

plant uptake is a temporary storage process, requiring harvesting to have much

beneficial effect. Neither short-norlong-term accumulationrepresents a loss from the

system.

• Dilution reduces averageconcentrations(but not mass loadings) for most substances,

since atmosphericprecipitationhas muchlowerconcentrationsof the same substances

than the untreated leachate and since there is a substantial excess of atmospheric
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precipitationover evaporation. The effect varies seasonally. Durin8 wetter and cooler

periods, the atmosphere adds water to the system yieldingmore effluent than in.fluent

and reducingthe concentrationsof most substances. The increased flow holds solutes

in the system for a shorter time, thus providing less opportunity for chemical and

biological effects to destroy or accumulate the materials, offsetting some of the

concentrationdrop from the extra flow volume. During a hot, dry period, the system

can evaporate much more water than falls as rain or enters as leachate. The system

yields less effluent than it receives in influent. Longer residence times and higher

temperatures assist loss processes and some accumulation processes. The seasonal

rhythm of net dilution appears to coincide beneficiallywith the seasonal vulnerability
r ' 'of the ecelvmg water. Hotter and drier seasons should bring out the overland flow

beds'best oxidationperformanceandthe greatestammoniavolatilization(inboth cases

due to higher temperature and longer residence time), coinciding with the lowest flow

and highest temperatures in the receiving water, which make it most vulnerable to

discharges of oxygendemanding material and toxic ammonia.

All of these processes occurmuch more unevenlyin an outdoor systemlike a constructedwetlandthan

in an indoor system with controlled ambient conditions.

The effects of loss and accumulation processes shift over time as the biological and chemical

constituencies of the beds change from their initialstate towardsomething in dynamicequilibrium with

the incoming leachate. Ecosystems (both naturaland engineered) tend to exhibit capacitylimits when

accumulating different kinds of material, a capacity determined by how easy it is to immobiliTe and

remobilize the material and how rapidly any loss processes operate. In immature systems starting

relatively"empty",like the Fenton case, materials generally accumulate. As the system matures, there

is remobilization of some of the materialaccumulatedearlier; at some point averagedoutput will equal

averaged input minus losses. While this n_ukesaccumulationprocesses seem less favorable in mature

systems, accumulation provides three possibly valuable opportunities. First, if the substance can be

degraded, holding a larger amount of it in storage will lead to additional losses by chemical and

biological degradation. (Obviously,a metal is not degradable, but a recalcitrantsynthetic organic may

well show significant losses if held for several years instead of just passing through quickly to the

receiving water.) Second, holding materialin storage providesan opportunityto physicallyremove it

from the system. Plantharvestingis the best short-termexample. A longer term example could be to

re-excavate the subsurface flow beds when they build up substantial storage of metals, depositing the

old substrate in a secure location and refilling the beds with fresh substrate. This is analogous to
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recharging an activated carbon filter after its absorption capacity becomes saturated, l_mally,

accumulationprocesses tend to averageout peaks in the infiuent. This dampeningcan be beneficial if

a substance is acutely toxic in the receivingwater. In some cases, all three benefits can be realized.
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Section $

BENEFITS OF THE CONSTRUCTEDWETLANDSYSTEM

ECONOMIC BENEFITS

The total estimated economic benefit as aresult of constructionand operationof the leachatetreatment

system using constructed wetlands at the Town of Fenton Sanitary Landfdlis based on a comparison

of annual transportation and treatment costs associated with hauling 1.89 m3 (500 gallons) per day of

leachate to the Village of Endicott Sewage Treatment Plant versus the total annualcost of the on-site

leachate treatment system using constructedwetlands. This comparison is shown in Table 5-1.

The total estimated annual economic benefit of the on-site leachate treatment system usingconstructed

wetlands as opposed to haulingand off-site treatment is approximately$1,233.50or 6 percent of off-site

treatment costs. If the off-site treatment plantwere closer to the landfall,the economicbenefit of having

an on-site wetland treatment systemwould decrease. If the off-site treatment plant were farther away

from the landfill, the economic benefit would increase.

ENERGYBENEFITS

The total estimated energybenefits as a resultof construction and operation of the Fenton constructed

wetlands project is based on a comparison of the energy consumption costs for the transport and

treatment of 1.89 m 3 (500 gallons) per day of leachate to the Village of Endicott Sewage Treatment

Plant versus the estimated energy consumption of the on-site leachate treatment system using

constructedwetlands. The energycomparison is shown in Table 5-2.

ENVIRG_:_dENTALBENEFITS

Construction and operation of the Town of Fenton SanitaryLandfill leachate treatment system using

constructed wetlands benefits the environment in the followingways:

• Reduction of contaminant concentrationsin the liquid discharged,
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Table 5-1. Estimated economic costs and benefits.

..... ANNUAl. UNIT ANNUAL

OUANTITY UNIT COST COSTDES('RIFFION ............

A. llauling & Treatment Costs
1. Operation and Maintemmcc of Pond 1 1 Lump Sum $1,300.00 1,:_00.00
2. Monitoring l l.ump Sum $1,700.00 1,700.00

3. Transtx_rtation of i.cachate 182,500 Galkm $0.070 12,775.00
4. Treatment of Leachate 182,500 Gallon $0.015 2,737.50

5. l.egal Agreements 1 l.ump Sum 500.00 500.00

"i'()'I'AI. F.STIMATi'_I) OFI:-SITETRF_ATMI_NTANNUAI.COST: $19,012.50

B. Leachate Treatment System Using ('onstructed Wetlands
1. Annualizcd ('apital Cost 1 l.ump Sum $11,679.00 11,679.00

2. Operation and Maintenance I l.ump Sum $1,300.00 1,300.00
3. SPDES Permit Monitoring 1 l.ump Sum $4,300.00 4,300.00

4. l.egal Agreements ! l.ump Sum 500.00 500.00

T()TAi. i-STIMA'i'I'I) ON-SI'I'E "IREATMENTANNUAL COST 17,779.00

TOTAl. I:STIMATEI) ANNUAL ECONOMIC BENEFIT: _;1,233.50

Notes:

Base year for costs: 1989
A.I. Based on one laborer two hours per week at $13.00 per hour.

A.2. Based on one Baseline and three Routine analyses of leachate per year (6NY('RR Par_ 360-2.11(c)(6)).

A.3. Based on 46-mile round-trip distance Io the Treatment Plant _nd 500 gallons (1.8927m) per day of leachate.
A.4. Based on treatment cost of $15.00 per 1000 gallons (3.7854 m ) of leachate.

A.5. Based on executing leachate hauling and treatment agreements.

B.I. Based on the following capital costs:
Materials $25,000.00

Installation $66,200.00

l-ngineering $9,240.00
Construction Mgt. $__1_70.00
"lk_tal $106,610.00

Debt retirement hlctor based on 9 percent annual inlerest rate for 20 years: 0.10955

B.2. Based on one lalx_rer two hours per week at $13.00 per hour.

B.3. Based on monthly monitoring tJr SPDES Permit parameters.
i_ _ l_/.qt:d t'_nt_xt_:tIlino leachate haulint_ and tre:dment agreements, n



Table 5-2. l_timated energy benefits.

........................................... / ' !.:.S:[.I_VIA_,I:I.i_)_A__N_LI___!:liNi_.'RGYCoNsLI_-i_'i]QN----__-DECRIPTION ...............................

A. Treatment Plant

I.Transportationof Leachatc 4.16x 107 kJ(I1,556kWh)
2. l.eachatc Treatment at l-ndicott STP .S:77 x [_ .k'.l_.(!6 ! k__W_l_Q

Total 4.22 x 107 kJ (! 1,722 kWh)

13. Leachate Treatment System Using (,onstructcd Wetlands 0 kJ (!!.kW_!!)

Total 0 kJ (0 kWh)

C. Total ILstimatcd Annual l'.'ncrgy Benefit
Total Treatment Plant: 4.22 x l0 7 kJ (11,722 kWh)

l.css: ('onstructcd Weti:mds: !_)_k-I_(0_kWI0

Total Energy Benefit _4_.22x 107 kJ {_[.L722=kWi_)

,'.p
t_ CONVERSION FA(7 I'ORS:

ASSUMPTIONS: 1 kJ = 0.9478 Btu .

l)cnsity of diesel fuel: 875 kg/m 3 (54.6 lbm/ft 3) I k.I 2.7778 x 10-q kwh
Energy Value of diesel fuel: 44,750 kJ/kg ( 19,240 Btu/ibm) 1 km = 0.6214 miles

! lauling distance round trip: 74 km (46 miles) 1k_jVh = 3600 kJ
Mileage of haul vehicle: 0.06092 km/m 3 ( 10 miles/gallon) 1 m. = 264.1720 gallons

Number of trips per year: 61 trips/yca_3 1 mile = 1.6093 km
Volume of leachatc per day: i.8927 m/day (500 gallons/day) 1 Ib/ft3 = 16.01846 kg/m 3
Volume of Icachatc per trip: ! 1.356 m3/trip (3,000 gallons/trip) 1 Btu/ibm = 2.326 kJ/kg
Volume of diesel fuel per trip: 0.0174129 m3/trip (4.6 gallons/trip)

Energy consumptkm l:.ndicott STP 1991:7.365757 x 10_ k_/yr. (2,046,06{| kwh/yr)
Volume of _eastcwater at l:.ndicott STP 199 I: 8,787,457 m _2,321,4{R),000 _allons/yr)
[-ncrgy consumption rate at l-ndicott S'I'P 1991:838.2 k J/m=* (8.814 x 10 - kWh/gallon)

CAI.CUI ATIONS:

A.I. Transporlatio,1 of l.eachatc
Estimated Annual l-ncrgy ('onsulnplion = volume of diesel fuel/trip x trips/yr x density of diesel fucl x energ_ value of diesel fuel

= 0.0174129 m 3/trip x 61 t rips/yr x 875 kg/m 3, x 44,75(I KJ/kg
= 4.16 x 10 7 kJ (I 1,556 kWh)

A.2. l.eachate Treatment at l-ndicott STP
l_timatcd Annual I:ncrgy ('onsumption = rate of energg' required x volume leachate/tkly x 365 days/yr for tre:dmcnt

838.2 kJ/m3 x i.8927 m3/&ly x 365 days/yr

= 579,000 k.I ( 161 kWl i )



s On-site treatment avoidsthe impactsassociatedwith the consumptionand combustion

of fossil fuels necessary to transport and treat the leachate at a wastewater treatment

facility, and

• If testing indicates the treated leachate mustbe transported to a wastewater treatment

facility, the constructed wetlands providesa low-energy-costpretreatment system.
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Section 6

APPLICABILITYOF DESIGNTO OTHER LANDFILLS

This section provides recommendations for the design, construction, and operation of a leachate

treatment systemusingconstructedwetlandsin the Northeast United States,based on the successes and

failures of the Fenton project in New YorkState. For regionshavingdifferent climaticconditions such

as low rainfalland high year round temperatures,pilot projectsand additionalresearch arerequired for

a proper understandingof system dynamics.

LEACHATECHARACTERISTICS

An overview of typical landfill leachate characteristicsis given in Table 6-1 to show the variabilityand

range in concentrations of contaminants in leachate from municipal solid waste landfills as compared

to the Fenton Landfill.

The concentrationsof contaminantsin leachate are dependent on a variety of factorswhich include the

age of the landfill, the type of waste landt'dled(municipal,commercial, industrial) and percentages of

waste components such as paper, glass, metals, plastics, organicwastes, leaves, wood, etc. Additional

factors include site hydrology,presence or absence of a liner system, operation procedures, daily soil

cover used, and final cover.

Historical 5_ndcurrent dataon leachate composition shouldbe evaluated priorto design of a constructed

wetland leachate treatment system.

EFFLUENT LIMITATIONS

In New York State, the law requires that a permitbe obtained before constructionor use of an outlet

or discharge pipe of wastewater discharging into surface waters or groundwaters of the State, or

construction or operation of disposal systemssuch as sewage treatment plants.

In New York State, water quality-basedeffluent limitations for use in the State Pollutant Discharge

Elimination System (SPDES) permit programare derived from ambient water quality standards and

guidance values as compiled in the NYSDEC Divisionof Water Technical and Operational Guidance
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Ta_ 6--L CAmtamin_t conceatsatJom ranfps i ieNlha_ mqputed in the _.

(All mncentratiom in mg/l e_ept pH [std units] and Sp. Cond. [uthm/cmb.

-'- i °- - "-'1 "-I-" -"ofrz) DeWde c_ (.m) _ _pmt L,m.,m
0977) (ms) _d,,_ c._ Ore)

FH 3.7-8_5 3.7-8.5 3.7-8.5 3.7-8.5 T5-8.9" 5.4-8.0" 631-8.13

Alkalinity 0-20.850 0-20.850 310--9,.500 0--20,900 ND-15.050 0-7,375 1,100-1,730 Alkztia_
TotalSolids - 0-59.200 - - - L900-7.5.873 - Total
TDS 0-42.276 584-44.900 100-51,000 0-42.300 584-50,430 L400-16.120 458-L870 TDS
TSS 6-2.685 10-700 13 -26.500 - 2-140.900 28-2835 - TSS

Spe¢. Conductance -- 2.810--16.800 100--L200 -- 480--7"2,.500 -- 2.900--4,000 Spe¢. __
BOD 9-54.610 81-33,360 2.200-720,000 9-55.000 ND -195,000 7-2L600 39 BOD
COD 0-89.520 40-89.520 800-750.000 0-9.000 6.6-97.900 440--50,450 257--497 COD

TOC - 256-28,000 - - ND-30,5(X) 5-6,884 73_5_-1,130 TOC
Hard.,_ss 0-22.800 0 -22.800 35 -8.700 0 -22.800 52 -225,000 0.8 -9,380 503 -815
Chlorid_ 34-28.00 4.7 - 2.467 47 -2,350 34 --2.800 2 - 11.375 120 -5,475 33 -498 Cldork_
Florides - - - 0-2.13 0 -0.74 0.12 -0.790 - lqorides
Sulfates 1-1,826 1-1,558 20-1.370 0-1,826 ND-L850 8-500 ND-11 Sulfates
Sulfide -- - - 0--0.13 - - -- Sulfide

Total K-N_rof_en 0-1,416 - - - 2-3.320 47.3-9380 95.1 Total K-Nitm_n
NTD- Nitrogen 1--1,106 0-1,106 0.2--845 0-L106 10-L120 11.3-1,200 0.46--109 NI-I3-- Nim_ca

Orphic Nitrosen - - 2.4-550 - - 4.5-78.2 -- Orgmtic Nia_len
NO3 -N_rof_en 0-1.300 0.2 - 10.29 4.5 - 18 - 10-2.50 0 -50.95 ND-92.5 N(3_-N_roBett
Total Phosphorous 1-154 0-130 - - ND-234 - - Total Plkmidmmm

,O_ Onho-Phosphorus - 6.5 -85 0.3-136 0-154 - -- - (3qSho-Pbmpitona

t,,) Aluminum - - - 0-122 ND-85 0.0105.07 0345 Alutinm
Arsenic - - - 0-11.6 ND-70.2 0-0.08 0.002-0.004 Anenig
narium -- -- -- 0-5.4 ND-12.5 0.01-10 0.136 Barium
BeryUh_ - - - 0-0.3 ND-O_ o.oo1-o.ol - Bes,/m_
Boron - - - 0.3 -73 0.867 - 13 - 1.45 Boron
Cadmium - 0.03-17 - 0-0.19 ND-0.04 0-0.1 ND-0.005 Cadminm

Calcium 5-4,080 60-7,200 240-2.570 5-4,000 200-2.500 95_5--2.100 115-164 i Calcium
Total Chromium - - - 0-33.4 ND-5.6 0.001-1.0 0.016 Total Cltmmim

Copper 0-9.9 0-9.9 - O- 10 ND-4.06 0.003 -0.32 0.004 Copper
Cyanide - - - 0-0.11 ND-6 0-4.0 - Cyanide
Iron 0.2-5,500 0-2.820 0.12-1,700 0.2-5,500 N'D-1_500 0.22-1,400 5.4-34.3 Irou
Lead 0-5.0 <0.10-2.0 - 0-5.0 0-14.2 0.001-1.11 ND-0.022 Lead

Magnesium 16.5-15.600 17-15.600 64-547 16-5-15.600 ND-780 76--927 65.1-109 Mapesim
Maaganese 0.06-1,400 0.09-125 13 0.06-L400 ND-31.1 0.03-43 0.683-3.93 Manpme

Mercury - - - 0-0.064 ND-0.01 0-0.02 - Mescuty
Molybdenum - - - 0-0.52 0.01-1.43 - - _nmn
Nickel - - - 0.01-0.8 ND-7.5 0.01-1.25 0.029 Nickel

Potassium 2_-3,770 2-8-3,770 2`8-3,800 2.8-3,770 ND_2.M0 30-1,375 152-256 Potaui_t
Sodium 0-7.700 0-7.700 85-3,800 0-7.700 12-6.010 - 262-455 Sodium
T'_tanium - - - 0-5.0 <0.01 - - Titanium
Vanadim - - - 0-1.4 0.01 - - Vanadimm

Zinc 0-1,000 0-370 0.03-135 O- L000 ND-731 0.01-67 0.074 Zim:

ND = No¢ Detected

Som_-s: USEPA, 1987: FLL 1992a; _ 1991b, FLL 1991_ & FLL 1991(£



Series (TOGS 1.1.1) (NYSDEC, November 15, 1991). TOGS 1.3.1describes proceduresfor use of these

criteria in SPDES permits.

A standardis an ambientwater qualityvalue that hasbeen placed into regulation. The New York State

standardsfor surface and groundwaterquality are promulgatedunder 6 NYCRR Parts700-705 Water

Quality Regulations for Surface Waters and Groundwaters,effective September 1, 1991 (NYSDEC,

September 1, 1991). A guidance value is used where a standard for a substance has not been

established.

Parameter selection and effluent limitations compiled by the regulatoryagency for a specific SPDES

permit are based on the classificationof the receivingwater and numerical criteria derived to protect

designated water uses such as fishingand swimming.

DESIGN

Regardless of location, everylandfdl has a differentcombinationof site, climatic,hydrogeologic, design,

construction, and operation factors. Therefore,design of a constructedwetlandfor treatmentof landfill

leachate must be approached on a site-specific basis. Design considerations include site selection,

leachate loadingrate, pretreatmentandtreatmentrequirements,systemconfiguration,dimensions,liners,

inlet/outlet structuresand distributionsystem, vegetation,and substrate. Comprehensive construction

plans should be provided to the contractorresponsible for building the system.

Site SelecflQn

To implement a low-cost, low-maintenancesystem, the site should be located downgradientfrom and

close to the source of leachate to avoid hauling, extensive piping, or pumping of leachate to the

treatment system. Since the treatment beds must be flat, a site that is gravity-fed, is relatively fiat (to

avoid large amounts of excavation or fdl), and is near a receiving stream will keep construction and

operation costs to a minimum.

Depth to groundwater and bedrock are also important considerations and should be evaluated with

respect to liner depths. If the normal groundwater table is above the liner depth, then groundwater

relief drains must be provided to eliminate uplift forces on the bed liner systems.
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S_tem Conflauration
....

The configurationof the wetlandtreatmentsystemwill affect the hydrologicfactorswhich controlsystem

efficiency and performance. Flow rate, water depth, detentiontime, and distributionpatterns are some

of these factors. The configuration should promote an even distribution of leachate throughout the i

system to maximize treatment efficiencies and minimize channeling. Considerations for configuration

design include degree of pretreatment,required treatment area, availableland area and slope, length

to width ratio, desired bed slope, required excavation and grading, substrate type, internal dikes,

distribution piping, and operation and maintenance flexibility (Steiner and Freeman 1989).

The goal of configurationdesign is to maximize loading ratesand treatment efficiencywhile minimizing

required treatment area and costs. Pretreatment to remove solids may require a settling pond or tank.

In general, single or multiple cells in series or in parallel or in series/parallel combinations canbe used.

Various configurations forbed layout are shown in Figure6-1. The choice of overlandflow beds, root

zone beds, or a mixture of the two in series depends on the treatment goals. Overland flow beds

worked well to volatilize ammonia andoxidize iron (and oxygen-demandingsubstances). The overland

flow beds may have also helped to maintain permeability in subsequent root-zone beds by allowing

sediments and particulate matter to settle out.

A typicalwetland plan and profile are shown in Figure 6-2 and typicalsections are shown in Figure 6-2

and Figure 6-3.

Dimensions

Surface Area. The requiredsurface area of a wetland treatmentsystem is determined by dividingthe

leachate flow rate by the leachate loadingrate criteriafor the type of system being designed - overland

flow or root-zone.

Surface Area = leachate flow rate divided by leachate loading rate.

(m2) = (l/day)/(l/m2-d)

The leachate flow rate is the volume of leachateper daywhichrequires treatment. The leachate loading

rate if, the amount of surface area requiredper day per literof leachate.
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" RECIRCULA13ON (OPTIONAL)
.... _ REC_

\ t

LANORLL, MANHOL_ I i [__ ; • 1 " _ iT _
..... -e- -_ I . s _ i

/ HOLDING OVERLAND P_OW WITH BAFFLES ROOT-ZONE POND OR _,
: POND OR TANK \TANK

A. Pian

O_

LANDFL ' o

.__Jq..... _ ,---SOUDPIPE(TYP.j ..=. i , il , , _i
" jl ""_ ,'."_"V/ .-PERFORATED PIPE. 0"Y'P.) _ _[!/_, _i_l/ J.I J., r-1 /--

LEACH/k;E , _ " - -_ • ,_" - - --, - ' -;'_,_t:.-¢_ _'

_,v_.r._, HOLDING " ...... __........ _ .................... _ t......... J
POND LINrR _'_ _'- SUBSTRATE X HOLDING RECEIVING

- X TANK STREAM

_RAIN ROCIt

L,i. Profile

Figure 6 - 2. Typi,'JI comtructed wetland plan Lid pale.



A. OVERLANDFLOW BED
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\\ _°._¼i ¼ t_1_

B. ROOT ZONE BED

FiLire6 - 3. TypicalconstructedwetlandK,ctions.

6-7



For example, if the leachate flow rate is 1000 I/day and the leachate loading rate is 3.4 I/m2-d, the

required surface area is 290 m2. The required surfacearea can be rounded up to 300 mz.

nd Wide. Once the required surface area has been determined, choose a length and width

of the bed that will meet surface area requirements and site constralqts and allow for proper flow

without channeling. In general, a high length to width ratio such as 10 to I is desirable.

For example, if the required surface is 300 m2, a 10 to 1 length to width ratio will require a bed length

of 75 m if a width of 4 m is selected to minimize channeling.

Substrate l)euth. For overland flow and root-zone systemswith vegetation, the substrate depth should

be sufficient to allow full root development to avoid root penetration of any liner system.

For overland flow systems without vegetation, the substrate depth should be sufficient to protect any

liner system from root penetration by any alien vegetation that may become established.

In general, substrate depths of 30 to 60 cm should be sufficient for root development and liner

protection.

Seasonal (_onsiderations

Leachatt Flow Rate, In the Northeast, leachate flow rates will be higher in the early spring and late

fall seasons when precipitationrates are greater. For design purposes, the higher leachate flow rates

are recommended to be used in determiningthe surface area requirements.

Precipitation. Evaporation. and TranspiratiQn, During wetter and cooler periods, precipitation will

result in a higher volvme of effluent than influentandwill reduce the concentrationsof most s_bstances

by dilution. The increased flow will decrease residence time of leachate in the system and provt_e less

opportunityforchemicaland biologicalprocessesto reducecontaminants,offsetting somewhat the effect

of dilution.

During hot, dry periods, evaporation and transpiration water losses can exceed precipitation in the

system. Residence time will increase and effluent rates will be less than influent rates.
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To account for seasonal changes in flow rates, the system should be designed to handle maximum

hydraulicloadings by use of a 60-cm(24-inches) freeboard(distance from highest water level to top of

containment berm) and piping and channels that will allowfull flows to discharge without backing up
the system. To providemoisturerequiredfor the survivalof vegetationduringhot dryperiods with little

or no leachate flow, the abilityto holdand recirculatetreated leachateby pumping from a holding tank

or pond at the end of the system may be necessary.

Temnerature, In northernclimates,plant dormancyand freezingare factorswhich reduce the efficiency

of biological and chemical treatment processes. In subfreezingtemperatures, ice forms on the surface

of overland flow beds but allows leachate flow under the ice. If sufficient distance is maintained

between the water level and substratesurface of root-zone beds (5 cm minimum) leachate flow will also

be maintained.

" Contaminant _onsiderations

Nitrog,en _0mp0unds. The nitrogen compounds in the leachate may undergo some of the following

transformations as the leachate flowsthroughthe treatmentsystem. The nitrogen in organiccompounds

may be transformed to ammonicalN by microbialactivity;this process is referred to as mineralization.

The ammoniacal nitrogen may undergo any of the following three transformations: a) it may be

oxidized to NO2 and then to NO3; this process is referred to as nitrification,b) it may be volatilized to

the atmosphere, or c) it may be taken up by Flants. The nitrate may undergo either of the following

two transformations: a) it may be denitrified to N2gas in the absence of oxygen, or b) it may be taken

up by plants. Only in the cases of denitrilication and ammonia volatilizationis the nitrogen lost from

the system. In the case of plant uptake, if the plantsare harvestedand removed from the system then
t,

their nitrogen is also lost from the system.

The following is the best interpretationof the importanceof the various transformations observed in

the Fenton system as it was operated. Ammoniacal nitrogen was the major nitrogen compound in the

leachate as it emerged from the landfill, and hence mineralization was not a very important

transformation. Volatilization of ammonia from the overlandflow beds appeared to be a majoravenue

of loss. Denitrification did not appear to be very important forreasons not well understood. The loss

of N from the root-zone beds did not appear to be very important.
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Ammonia volatilization is primarilydependent on pH and temperature and was an importantavenue

of loss of inorganic N in the wetland treatmentsystem at Fenton. The best removal rate occurred in

summer and the least removal rate in winter. The importance of temperature is likely the result of the

following:

• Increased temperatureenhances the volatilizationof NH3 because of the temperature

effect on the chemistry of the solutions.

s Increased temperature probablyenhances photosynthesisby algae and this increases

the pH and then potential for NH3 volatilization.

An important factor in NH3volatilizationis the presence or absenceof emergent plants in overlandflow

beds. Three ways in which emergent plant species reduce NH3 volatilization are:

• They reduce algal photosynthesis and hence reduce pH duringthe day.

• The vegetation severely reduces turbulence at the air-water interface and hence

reduces loss of NH3.

• Respiration by the increased biomass increases CO 2 concentrations in solution and

thereby reduces pH.

The conclusion is that emergentplants inhibitNH3volatilizationseverely. Ifthe objectiveis to enhance

NH3 volatilization, emergent plants should be kept out of the overland flow beds.

If emergent plants are part of the overland flow treatment system, their biomass will eventually

decompose, re-releasing inorganic N from the system. Thus, harvesting is required for removal of N.

In root-zone beds where the pH is normallybelow 7.5, the potential for NH3 volatilization is much less

than for the overlandflowbeds. Therefore, the presence or absenceof emergent plants in the root-zone

beds is not a concern as far a_ NH 3 volatilizationis concerned.
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In summary, at the Fenton wetland treatment site, reductions in inorganic N concentrations were

primarily the result of volatilization of Nil 3 in the overland flow beds. NI-I3 concentrations are also

reduced by dilution resulting from precipitation.

lrQa and Mananese. Particulate forms of iron can be separated from the leachate solution by

sedimentation in holding ponds,overlandflow beds, and root-zone beds. The best cc.nditionsfor rapid

oxidation of iron and manganese are high pH and molecular 0 2. In overland flow beds, molecular

oxygen is provided by algal photosynthesis and exposure to atmospheric 0 2. In root-zone beds,

emergent plants promote 0 2 transport into the root zone. However, there is still some question as to

the sufficiency of transported0 2 to promote iron oxidation. An important factor is the 0 2 transport

relative to 0 2 consumption in the substrate. Under high temperatures and/or high organic matter

contents, the bulk of the soil will be anaerobic, and under low temperatures and/or low organic matter

the bulk of the soil will be aerobic.

Compared to manganese, the oxidation of iron in the presence of oxygenis more rapid.

The best conditions for the oxidation of manganese are high temperature and oxygen. However,

oxidation and precipitation of manganese tends to occur slowly in overland flow beds. The best

treatment is prolonged residence time.

When first constructed,wetlandsystemscontain the least amount of plantmaterialand organic matter.

Over time, the quantities of plant material and organic matter increase. Correspondingly, oxygen

demand (to decompose organic matter) and oxygen supply (via plants) both begin at low levels and

increase with time. Research indicates that plantscannotsupplyenough oxygento maintainmore than

a small fraction of the root zone in an aerobic condition as the organic matter increases. Therefore,

the abilityof root zone beds to immobilize iron and manganese will likely decrease over time.

Organic Matter anO BOD, European experiences indicate that when landfill leachate contains large

amounts of readily decomposable organic matter (i.e., have a high BOD), then overland flow beds

unplanted or planted with reed canarygrass, cattails,or Phragrnitescan be effective in removal of BOD

(Cooper and Findlater 1990).
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One of the most important factor in influencing treatment in the system is ptl. As discussed

above, pH is a key variablein chemicalprocesses that remove inorganicN, iron, and manganese from

ieachate.

Liner Systems

The objective of a liner system is to preventthe migration of leachate into groundwater. Linersystems

can consist of clay barrier layers, geomembranes such as a polyethylene (PVC), chlorosulfonated

polyethylene (CSPE), high-densitypolyethylene(HDPE), or clay/geomembrane combinations. The liner

system should be designed and constructed in accordance with regulatory requirements and site

conditions.

Inlet/Outlet Structures and Distribution System

The inlet structure can be very simple, consisting of a PVC pipe embedded in stone drain material, or

it can be a concrete channel with v-notchweirs located across the width of the bed. The weirs must be

leveled to assure a uniform distributionof leachate across the width of the bed. Baffles placed inside

the beds will lengthen the flow path. Internal piping, if necessary, can consist of perforated PVC pipe

and solid PVC pipe for transferring leachate between beds. The outlet structure can consist of

perforated PVC pipe placed in drain rock across th_ width of the bed and solid PVC pipe to the

discharge point. Unless buried a minimum of five feet deep, valves are not recommended for flow

control due to the potential for freezing in the winter (in cold weather climates).

Substrate

For overlandor surface flow beds, the substrateor rooting medium for vegetation should be a finely

textured topsoil. The finer texture allows root penetration, but limits the flow of subsurface water.

For root-zone beds, a gravel substratesuch as No. 2 stone 3.8 cm (1-1/2 inch) to No. 1A stone ').32 -

1.27 cm (1/8-1/2-inch) in size should allow proper shoot and root development and subsurface flow

without clogging.

6-12



Vegetation used in the constructedwetlandshould be species that will naturallygrow in the area and

will root and thrive in the specified substrateand water depth. Recommended species fc,r root-zone

systems in upstate New York include Typha spp. (cattails), Phalaris arundinacea (reed canarygrass),

or Phragmites spp. Planting should be done in early spring to early fall to maximize root and shoot

growth prior to winter.

The most effective planting unit for cattails is a large clump (1 m x 3 m) includingroots and rhizomes,

rather than a small clump.

If an objective of the system is to enhance NH3 volatilization,emergent plants should be kept out of

overland flow beds.

MONITORING

In order to assess the effectiveness of the wetland leachate treatment system, data should be gathered

on a periodic basis (daily, weekly,monthly, or quarterly). A monitoring plan in which observations on

weather conditions, flow rates, water quality,and vegetation growth are taken will provide a basis for

operation and maintenance of the system. The information also provides a means to evaluate system

performance, efficiency, and long-term viability (Hicks and Stober 1989).

Preparation of a comprehensive monitoringprotocol will include a detailed description of the goals of

the project, objectives of monitoring,assignment of responsibilities,tasks and methods, qualityassurance,

schedules, reporting procedures, and budgets.

When discharge from the wetland treatment system is into public waters, effluent limitations are

established in a wastewater discharge permit such as those issued under SPDES in New York.

Monitoringrequirementsand effluent limitationsaredevelopedto assurethat the receivingstream water

quality standards are maintained. A water qualitymonitoringprotocol is prepared to addresschemical

and biochemical parameter testing, chain-of-custody, data quality assurance, and reporting

responsibilities.
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Performance, efficiency, and long-term viabilitymonitoringwill include measurements of inflow rates,

hydraulicloading, detention times, outflowrates, species composition, plant vigor, and accumulation of

dead plant material. Overall, the monitoring plan should provide enough data to evaluate the

effectiveness of the system and serve as a basis to make operating decisions, and meet regulatory

recording and reporting requirements.

EXAMPLEOF CONSTRUCTEDWETLANDDESIGN

The designer should keep in mind the variabilityof landfdl types and characteristicsof waste which

affect the presence and concentrations of contaminants in the leachate to be treated. In some cases,

constructed wetlands can be used as the primaryand only type of treatment for landfdl leachates which

have relatively low concentrations of contaminants. In other cases, where contaminant concentrations

are relatively high, constructedwetlands may be only one phase of a series of treatments such as air

stripping, activated sludge processes, or others.

The design example providedherein should be used only as a guide in developing a system design. A

specific project may require different or additionalconcernsandtreatment requirements not presented

here.

A pilot project to determine the effectivenessof a proposed constructedwetlandsystem is recommended

prior to development of a full scale system.

Assumntlons.

Leachate Contents.

Leachate contains high ammonia nitrogen, high iron, high manganese, high pH, low BOD, and no

volatile organics.

Efflufnt Limits.

• NH3 - 2 mg/l
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• Fe - 0,3 mg/l

• Mn - 0.3 mg/l

Effluent Concentrations.

• NH3 - 150 mg/l

• Fe - 6 mg/l

• Mn - 5 mg/l

Leachate Flow.

1,000 I/day

Leachate Loading Ra_ Criteria,
l

3.4 l/m2-d

Site Characteristics.

• Low fiat area downgradient from landf'dl.

• Silty/Clayey soils with low permeability.

• Small intermittentreceivingstream.

• Northeastern United States climate.
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System Commments and Confinratlon.

• Include holding pond upgradientfrom constructedwetland system to settle out any

particulate matter.

• Include overland flow beds withoutemergentwetland plants to maintain high pH and

oxygen and enhance ammonia volatilizationand iron and manganese oxidation.

• Include root-zone beds for subsurfaceflow to promote f'dteringaction.

• Use beds in series to achieve the greatest amount of residence time.

• Provide a holding tank at the end of the system to allow for monitoring, holding, and

recirculation,if necessary.

.Dimensions.

• Determine requiredsurface area for each type of bed:

Surface area - (leachate flow rate)/(leachate loading rate)

- (1000 l/day)/(3.4 l/m2-d)

- 294 m2 (say 300 m2)

s Determine length and width for each type of bed. Use a length-to-width ratio of 10

to 1 for both overland flow beds and root-zone beds. Choose a width of 3 m to

minimize channeling.

Length = 10 (3 m)

ffi30m

• Determine numberof beds required.

No. of beds = (area required)/(area per bed)

= (300 m2)/(30 m x 3 m)

= 3.33 beds

Therefore, use four beds for overlandflow treatment and four beds for root-zone treatment.
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• Choose substrate depth of .50 cm to allow sufficient rooting depth and avoid root

penetration of liners.

Hner System.

Dcsigu liner system to prevent migration of leachate into groundwater and comply with regulatory

requirements for surface impoundments. Regulations require a top geosynthetic liner (0.15 cm/min.

minimum thickness), a leak detection and removal system, and a bottom composite liner consisting of

a minimum 61 cm of compacted soil with a permeabilityof 1 x 10.7 cm/sec or less overlain by a

geosynthetic liner (0.15 cm/min.).

Provide a minimum 61 cm of freeboard to preventwater levels from overtoppingcontainment berms.

Inlet/Outlet Structures and Distribution System,
!

• Choose Schedule 80 PVC piping for strength and ease of installation.

• Choose perforated PVC pipe embedded in No. 2 or No. 3 stone at bed inlets and

outlets to promote and even distributionof leachate across the width of the bed.

Substrate,

• For overlandflow beds, choose a silty/clayey substratethat will limit subsurface flow.

• For root-zone beds, choose a coarser substratesuch as No. 2 or No. 1A stone to allow

proper plant root and shoot development and to minimize clogging.

_Ymttatlea,

• Exclude emergent wetlandplantsfrom the overland flowbeds to maintain highpH and

oxygen levels.
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• Choose cattails (Typha spp.) and/or Phra_nites for the root-zone beds. Other native

species may invade the beds. After a few years, the beds may then contain species

different from those initiallyplanted.
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Section 7

GLOSSARY

Aerenchymous tissue (Aerenchyma) - A type of planttissue in which cells are unusuallylarge, resulting

in large air spaces in the plant organ;such tissues are often referred to as spongyand usually provide

increased buoyancy.

Aerobic - A condition in which molecular oxygenis a part of the environment.

Ammonia Nitrogen (NH3) - A gas released by the microbiologicaldecay of plant and animal proteins.

When ammonia nitrogen is found in waters, it is indicativeof incomplete treatment.

Anaerobic - A condition in which molecularoxygenis absent (or effectivelyso) from the environment.

Annual. Occurringyearly or, as in annual plants, rivingfor only one year.

Axenic. Free from other livingorganisms.

Chemical Reduction - Any process by which one compound or ion acts as an electron donor; in such

cases, the valence state of the electron donor is decreased.

Constructed Wetland - A wetland area that has been purposelycreated by some activity of man; also

called an artificial wetland.

Contour - An imaginaryline of constant valueon a surface;the corresponding line on a map is called

a 'contour line'.

Criteria - technical requirements upon which a judgment or decision may be based.

Denitnfication - A biological process in which gaseous nitrogen is produced from nitrate and nitrite.

Density - The number of individualsper unit area.
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Dominance - As used in this report, refers to the spatial extent of a species; commonly the most

abundantspecies in each vegetation stratum.

Duration (of inundationor soil saturation)- The length of time that water stands above the soil surface

(inundation), or that water fills most soil pores near the soil surface; as used in this report, "duration"

refers to a period during the growingseason.

Effluent Limitations - Any restriction on quantities, qualities, rates, or concentrations of chemical,

physical,biological, and other constituentsof effluents that are discharged into or allowed to run from

an outlet or point source or any other discharge within the meaning of section 17-0501 of the

EnvironmentalConservation Law into surfacewaters,groundwater,or unsaturated zones.

Evergreen (plant) - Retaining its leaves at the end of the growing season and usually remaining green

through the winter.

Flora - A list of all plant species that may occur in an area.

Groundwater - That portion of the water belowthe surfaceof the groundwhose pressure is greater than

atmosphericpressure.

Growing Season. The portion of the year when soil temperatures are above biologic zero (40°F).

Guidance Value. Such measure of purity or qualityfor any waters in relation to their reasonabV _nd

necessary use as may be established by the NYSDEC.

Hardpan - A very dense soil layer caused by compaction or cementation of soil particles by organic

matter, silica, sesquioxides, or calcium carbonate,for example.

Hydrology- The science dealing with the properties, distribution,and circulation of water.

Hydrophyte - Any macrophytethat grows in water or on a substratethatis at least periodicallydeficient

in oxygen as a result of excessive water content;plants typicallyfound in wetlands and other aquatic
habitats.
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Hydrophytic Vegetation - Plant life growing in water or on a substrate that is at least periodically

deficient in oxygen as a result of excessive water content.

Indicator - An event, entity, or condition that typically characterizes a prescribed environment or

situation; indicators determine or aid in determining whether or not certain stated circumstances exist

or criteria are satisfied.

Inundation - A condition in which water temporarily or permanentlycovers a land surface.

Macrophyte - Any plant species that can be readily observed without the aid of optical magnification,

including all vascular plant species and bryophytes (e.g., Sphagnum spp.), as well as large algae (e.g.

Chara spp., and Fucus spp.).

Microbial -Pertaining to work by microorganisms too small to be seen by the naked eye.

Microgramsper Liter (ug/l) - The weightin microgramsof anyspecific substance or substances contained

in one liter of liquid.

Milligramsper Liter (mg/l) - The weight in milli_ myspecificsubstance or substances contained

in one liter of liquid.

Morphological Features - Properties related to the externalstructureof soil (such as color and texture)

or of plants.

Nitrate Nitrogen (NO3") - The final decomposition productof the nitrogen compounds; determination

of this parameter indicates the degree of waste treatment.

Nitn'fication - The conversionof nitrogenous matter into nitrates by bacteria.

9 Nitrite Nitrogen (NO2") - An intermediate stage in the decomposition of organic nitrogen to the nitrate

form; tests for nitrite nitrogen can determine whether an applied treatment is sufficient.

Nitrogen Cycle - Organic nitrogen in waste is oxidized by bacteria into ammonia (NH3). If oxygen is

present, ammonia is bacteriallyoxid_gedfirst into nitrite(NO2")and then into nitrate (NO3"). If oxygen
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is not present, nitrite and nitrate are bacterially reduced to nitrogen gas. The conversion to nitrogen

gas (N2) is called "denitrification".

Oxidation-Reduction Process -A complex of biochemicalreactionsin soil thatinfluences the valence state

of elements and their ions found in the soil; long periods of soil saturation during the growing season

tend to elicit anaerobic conditions that shift the overall process to a reducingcondition.

Perennial (plant) - Livingfor many years.

Permeability -' The quality of thc soil that enables water to move downward through the profile,

measured as the distanceper unit time that water moves downwardthrough the saturated soil.

PhysiologicalAdaption - A peculiarityof the basic physicalandchemical activities that occur in cells and

tissues of a species, which results in the species being better fitted to its environment (e.g., ability to

absorb nutrients under low oxygen tensions).

Plant Community - The plant populations existing in a shared habitat or environment.

Ponded - A condition in which free water covers the soil surface, for example, in a closed depression;

the water is removed only by percolation, evaporation,or transpiration.

PoorlyDrained - A condition in which water is removed fromthe soil so slowly that the soil is saturated

periodically during the growing season or remainswet for periods greater than seven days.

Profile - Vertical section of the soil through all its horizons and extending into t:le parent material.

Quantitative - Precise measurement or determination expressed numerically.

Range - The set of conditions throughout which an organism(e.g., a plant species) naturally occurs.

Reduction - The process of changing an element from a higher to a lower oxidation state, as in the

reduction of ferric (Fe3+) iron into ferrous iron (Fe2+).

Rhizophere - The zone of soil inwhich interactions between livingplant roots and microorganismsoccur.
|
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Saturated - A condition in which all easily drained voids (pores) between soil particles are temporarily

or permanently filled with water; significant saturation duringthe growing season is considered to be

usually one week or more.

Soil - Unconsolidated material on the earth's surface that supports or is capable of supporting plants

out-of-doors.

Soil Permeability - The ease with which gases, liquids, or plant roots penetrate or pass through a layer

of soil.

Soil Pore - An area within soil occupied by either air or water, resulting from the arrangement of

individualsoil particles or peds.

Soil Stntcture - The combination or arrangement of primarysoil particles into secondaryparticles, units,

or peds.

Soil Texture - The relative proportions of the various sizes of particles (silt, sand, and clay) in a soil.

Standards - Such measures of purity or quality for any waters in relation to their reasonable and

necessary use as maybe established by the NYSDEC pursuantto section 17-0301of the Environmental

Conservation Law.

Stolon - A horizontal branch from the base of a plant that produces new plants from buds at its tip or

nodes.

Stratum - A layer of vegetation used to determine dominant species in a plant community.

Substrate - Rooting medium for wetland plants.

Surface Water - Water present above the substrate or soil surface.

Topography - The configuration of a surface, including its relief and the position of its natural and

manmade features.
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Toxic Pollutant - Those pollutants, or combinationof pollutants, includingdisease-causing agents, that

after dischargeand upon exposure, ingestion,inhalationor assimilationinto any organism,either directly

from the environment or indirectly through food chains, will cause death, disease, behavioral

abnormalities, cancer, genetic mutations, physiological malfunctions, including malfunctions in

reproduction, or physical deformations, in such organisms or their offspring.

Transpiration - The process in plants by which water is released into the gaseous environment

(atmosphere), primarily through stomata.

Typical - That which normally,usually,or commonly occurs.

Upland - Any area that does not qualifyas a wetlandbecause the associated hydrologic regime is not

sufficiently wet to elicit development of vegetation, soils, and/or hydrologic characteristicsassociated

with wetlands. Such areas occurringin flood plains are more appropriatelytermed nonwetlands.

Vascular (plant) - Possessing a well-developed systemof conducting tissue to transportwater, mineral

salts, and foods within the plant.

Vegetation - The sum total of macrophytes that occupy a given area.

Water Table - The zone of saturationat the highest averagedepth duringthe wettest seasor_;it is at least

15 cm (six inches) thick and persists in the soil for more than a few weeks.

Wetlands. As used in this report, areas that under normalcircumstanceshave hydrophyticvegetation,

hydric soils, and wetland hydrology.

Wetland Hydrology - In general terms, permanent or periodic inundationor prolonged soil saturation

sufficient to create anaerobic conditions in the soil.
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Table B- 1

UPSTATE LABORATORIES_ INC. Page I

Analysis Results
; Report Number 91786003

Date: September 17, 1986

Client I.D. : Costello's Laboratory, Inc. - Town of Fenton Landfill
#I Pond, PO #090178832

ULI I.D.: 21286024

Parameters Results
Odor 50 units

Total Kjeldahl Nitrogen 38
Ammonia-Nitrogen 29
Nitrate-Nitrogen 0.52
Sulfate <I
Hexavalent Chromium <0.01
BOD 91
COD 5 250
TOC <I
Total Dissolved Solids 680

Alkalinity * 720
Color 8 units
Total Hardness * 420
Total Boron 0.7

Detergent ** <I
Chloride 210

Turbidity 16 NTU
Total Cyanide <0.01
Total Metals ***
Total Aluminum <0.6

Total Antimony <0.4
Total Arsenic 0.014

Total Beryllium 0.015
Total Cadmium <0.005
Total Calcium 130
Total Chromium <0.05

Total Copper <0.03
Total Iron 3.5
Total Lead <0.I

Total Manganese 4.2
(cont. on next page)
All resulbs are expressed as ppm unless otherwise stated.
•Results expressed as mg/l CaCO..
•*Higher detection limit due toOmatrix interferences.
•**Dissolved Metals could not be run because sample preserved upon

receipt. In _rder to run this sample as Dissolved Metals, sample
must be/f$1_/ed _n the field.

{,./'_l_ _.,__ Dlsclalmer: The te,t results and pr_edures utlllzed, and labora,
Approved: _t tory Interpretations of data obtained by ULI as contained In thll

_6 report are believed by ULi to be accurate and reliable [o_Date : 9 / 1 7 sample(s) tested. In accepting this report, the customer agr_l.......... that the full extent of any and all liability for actual an
_nsequentlal damages of ULI _r the services performed shall b
equal to the fee charged to the customer for the services a_
liquid ated damages.
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Table B- 1

UPSTATE LABORATORIES, INC. Page 2

Analysis Results
heport Number 91786003
Date: September 17, 1986

Client I.D.: Costello's Laboratory, Inc. - Town of Fenton Landfill
#I Pond, PO #090178832

ULI I.D.: 21286024

Parameters Results

Total Metals (cont.) _
Total Mercury <0.0004
Total Nickel 0.03
Total Selenium <0.001
Total Silver <0.02
Total Sodium 120
Total Thallium <0.3
Total Zinc 0.12

o

All results are expressed as ppm unless otherwise stated.
**,"Dissolved Metals could not be run because sample preserved upon

receipt. In order to run this sample as Dissolved Metals, sample
must be filt_ed in the field.

__ Oisclolmer:Thete.re,ult,andpr_edure,utilized,..di°hora-Approved: tory interpretations of data obtained by ULI as contained In this

9 --2"|/17/_8j6 report are believed by ULI to be accurate and reliable for
sample(s) tested. In accepting this report, the customer agreesDate:__ that the full extent of any and all liability for actual and
consequential damages of ULI for the services performed shall be
equal to the fee charged to the customer for the services as
liquidated damages.
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Table B-I

UPSTATE LABORATORIES _ INC. Page 3

Analysis Results
Report Number 91786003
Date: September 17, 1986

EPA 624

............ l l l ,

CLIENT I.D. - Costello's Town of

Laboratory Fenton
In c. landfill

#I Pond
II ,l II l l,lll l l . l II. l II. l

ULI I.D. 21286024
l 1,1l 1 l ' II 1 l.l ,

Chloromethane <I
Bromomethane <I
Dichlorodifluoromethane <I
Vinyl Chloride <I
Chloroethane <I
Methylene Chloride <I
Trichlorofluoromethane <I
I,l-Dichloroethylene <i
i,l-Dichloroethane <I
t-I,2-Dichloroethylene <I
Chloroform <I

I,2-Dichloroethane <I
I,I,l-Trichloroethane <I
Carbon Tetrachloride <I
Bromodichloromethane <i

I,2-Dichloropropane <I
t-l,3-Dichloropropylene <I
Trichloroethylene <I
Dibromochloromethane <I

I,i,2-Trichloroethane <I
c-l,3-Dichloropropylene <I
I,I,2,2-Tetrachloroethane <I
Tetrachloroethylene <I
Bromoform <I0

2-Chloroethylvinyl ether <I0
Chlorobenzene <I

I,2-Dichlorobenzene <I
I,3-Dichlorobenzene <I
1,4-Dichlorobenzene <I
Benzene 14
Toluene <I

Ethylbenzene <I
Xylenes <I

......... ., -- --

All results are expressed as ppm unless otherwise stated.

Results are exp_es_ed as ppb

Approved:......C_[.,__._ Disclaimer: The test results and procedures

7[/-I-_6 --- uti Iized, and laboratory Interpretations of data
obteinedby ULI as contained In this report are

Date' 9/1 bel1eyedby ULI to be accurate and reliable for
sample(s) tested, In accept|ng this report, the
customeragrees that the full extent of any and
'all Iiabllity for actual andconsequentialdamages

B-4 of ULI'for the services performedshall be equal
to the fee chargedto the customerfor the se,'v,ces
as I lquidated damages.



... TableB-I

UPSTATE LABORATORIES_ INC_. Page 4

Analysis Results
Report Number 91786003
Date" September 17, 1986

PESTICIDES/PCBs

CLIENT I.D.- Costello's Town of
Laboratory Fenton
Inc. Landfill

#I Pond

ULI I.D. 21286024
ii i= i ill iii

BI{C(a-isomer) , <O.01 .........

BHC_(g-isomer)<O.01 .........

BHC (b-isomer) <0.01 ....
<O.01Heptachlor .......

B}K](d-isomer) <0.Ol ,.....

Aldrin <0.01 .......,,

Heptachlor Epoxide <0.1 ........

Endosulfan (a,isomer) <0.02__

Dieldrin <0.02.,,

4,4'-DDE <0.01 .....

4 _4 '-DDD <O.02,., _ .. , ,

Endrin <0.01 '
, ,

Endosulfan (b-isomer) <0.01 .• ,,

,4_4 '-DDT .... <0.02 . ......

Endrin Aldehyde ....<0.04 .... ,

Endosulfan Sulfate <0.I ,,, .... -_
___ ill

Chlordane <0,03 ...... .
=.

Toxaphene <.0.3 , , ,

A_•oclor1016 <0.I , ,,,,

Aroclor 1221 <0.1.... ....

A_oclor 1232 <0.i ......ii, i

Aroclor 1242 <0.1 ....ii,i,iii

Aroclor 1248 <0.1 ,,

Aroclor 1254 <0.Ii ill

Aroe]or 1260 <0.I

All results are expressed as ppb.
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Table B- 1

UPSTATE LABORATOR!ESt INC. Page 5

Analysis Results
Report Number 91786003
Date: September 17, 1986

BASE/NEUTRAL EXTRACTABLES

......... , ....

CLIENT I.D. - Costello's Town of

Laboratory Fenton
Inc. Landfill

#I Pond
. , .,, .,,,, , ,, , ,, , ,,,,,, _

ULI I .D. 21286024
, . , ,

' "'i

N-Nitrosodimethylamine <20
,,., , , ,, j

Bis(2-ch.!orqethyl)ether <5
, ,,, ,... |

I_3-Dichlorobenzene <5, ,,. , .,,.

I _4-Dichlorobenzene.... <5 ..... , ,

I_2-Dichlor0ben.zene <5,,.,, ......... ..

Bis(2-chlorg.isopropyl)ether <5 , |., ,, ,., , ,,..,

Hexachloroethane <5

Nitrobenzene <5
, , .,, ,, ,. . ,

N-Nitrosodipropylamine <5....

Isophorone <5
,, ,, ,, , .......

Bis(2-chloroethoxy) methane <5 ,, ,, , .

I,2,4-Trichlor0_benzene <5,., . , , ,,

Naphthalene ............ <5 ............
Hexachlorobutadiene <5

, ,,, , ,,,

Hexachl°r°cycl°pentadiene..<5 ........

2-Chloronaphthalene <5• , ,,. ,,,, .....

Dimethylphthalate <5 ,. , ,

Acenaphthylene <5

2_6-Dinitrotoluene <5 ,.,.

Acenaphthene <5
, ,, , ,., ,

2:4-Dinitrotoluene <5 ..,,., ,,

Fluorene <5

i , ,. ,. < -- ,, . .,,,,Diethy phthalate 5

All results are expressed as ppb.
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Table B- 1

UPSTATE LABORATORIES_ INC. Page 6

Analysis Results
Report Number 91786003
Date" September 17, 1986

BASE/NEUTRAL EXTRACTABLES

CLIENT I.D. - Costello's Town of

Laboratory Fenton
Inc. Landfill

#I Pond

ULI I.D. 21286024

4-Ch!.orophenylphenylether <5 .......

N-Ni tros0diphenylamine <5 ....

4-Bromophenylphenyl ether <5....... -

Hexachlorobenzene...... <5 ...........

Phenanthrene <5

Anthracene <5 ..........-,

_Dibutylphthalate.,. <5 ,

Fluoranthene , <5 ........

Benzidine <50
,,

pyrene <5 ............

Butyl benzyl phthalate . <5 ......

<20
..3,3'-Dichlorobenzidine .......

<5
.C!uTsene . . ....

_Benzo(a)anthracene .........<I0 .... .

Bis(2-ethylhexyl)'phthalate 16 .....

Dioctyl phthalate <5 ............

Benzo (b)fluoranthene..... <5 ,

Benzo(k)fluoranthene <5 ....... ,.

Benzo(a)pyrene . <5 .....

Indeno!I_2 t3-cd)pyrene <5

Dibenzo(a_h)antl_acene <5

Benzo(_hi)Dervlene <5 ......

All results are expressed as ppb.

i
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Table B- 1

UPSTATE .LABORATORIESt INC.. Page 7

Analysis Results
Report Number 91786003
Date" September 17, 1986

ACID EXTRACTABLES

..................................

CLIENT I.D. - Costello's Town of

Laboratory Fenton
Inc. landfill

#I Pond
...... , ,,, ,, ,, , ,, ,,,

ULI I .D. 21286024
,,,, ,, , •, ,,, , , ,

Phenol <5
,, - ,, ,,, ,,,,,_ ,, ,B.... ,, , ,,,, - , ,,, , -- ,,,,, , ,

2-Chloropheno!..... <5 .........................

21Nitrophen01 ......... <5 ........

2t4-Dimethylpheno! .,, <5 .. _

2 _4-Dichlorophenol ......<5 ......... _

4-Chloro-3-Methylphenol' <5 ...................

2,4_.6-Trich!oropheno!., . <5 .......... __

2j4-Dinitrophenol <50 . ,,,, . , , .,, ,. . L ,, , , .

4-Nitrophenol ..... <5 ................

2-Methyl-4_6-Dinitrophenol <50 ............

Pentachlorophenoi <5

All results are expressed as ppb.

Approved: rx_ o't_-- 9/17/86

Disclaimer" test results and procedures utilized, and laboratory interpre-
tations of obtained by ULI as contained in this report are believed by ULI
to be accurate and reliable for sample(s) tested. In accepting this report,
the customer agrees that the full extent of any and all liability for actual
and consequential damages of ULI for the services performed shall be equal to
the fee charged to the customer for the services as liquidated damages.
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Table B-2

[.,EPS_,TATEL_I:_)PATORIE$. [Hq, Page 1 ,-,_ :_,
Analysis Result_

Report Number 082889013
Date: August,28, 1989

CLIENT I.D.: Costello's Labor'atory,Inc. (Town of Fenton Landfill) -
Water Sample, 7/26/89, GRAB

: 20889089

Parameters RemulZa
BODs 50
Hexavalent Chromium * <0.I0

Nitrate-Nitrogen 12
Turbidity 19 NTU
Color I000 Units
Sulfate 7
Total Dissolved Solids 2700
Alkalinity 2300 mg/l CaCO3
Chloride 510
Total Hardness I000 mg/l CaCOa
Total Kjeldahl Nitrogen 240
Ammonia Nitrogen 210
COD 580
T0C 200
Total Phenols 0.037
Total Cyanide <0.01
Total Boron 2.0
Dissolved Boron I.8

All re_suitsare expressed as mg/l _mless otherwise stated.
•Higher detection limit du_ to Mm.'crixInterference.
Sampled by client.

Approved: , _-_,

: See cover letter.

B-9



Table B-2

Analysis Results
Report NumSer 082889013
Date: August 28, 1989

CLIENT I.D.: Costello's Laboratory (Town of Fenton Landfill) -
Water Sample, 7/26/89, GRAB

: 20889089

P_r_me_t?r_

Aluminum O.5
Antimony * <0.Ol
Arsenic * O. 005
Barium O.4
Beryllium <0.005
Cadmium O.017
Calcium 290
Chromium <0.05
Cogper <0.02
Iron 32
Lead * O. 011

Magnesium 140
Manganese 5.0
Mercury 0.0012
Nickel O.10
Potassium 260
Selenium * O.001
Silver <0.05
Sodium 490
Thallium * 0.029
Zinc O. 34

All results are expressed as mg/l. *Analysis by Furnace AA.
Sampled by client.

Approved: _ ._ _

_[o_: See.disc_r on cover letter.

B-IO



Table B-2

_TATE LAB)_ATO_, I_i. P_e 3 o_
Analysis Results

Report Number 082889013
Date: Augt.u_ 28, 1989

CLIENT I.D.: Costello's Laboratory, Inc. (Town of Fenton Landfill) -
Water Sample, 7/26/89, GRAB

_: 20889089

Par_mst_rs
D/ZSDLYE :
Aluminum O.7
Antimon7 * <0.01
Arsenic * 0.006
Barium O.4

Beryllium <0.005
Cadmium O.009
Calcium 310
Chromium <0.05
Copper <0.02
Iron 17
Lead * O.004
Magnesium 140
Manganese 4.8
Mercury O. 005
Nickel 0.03
Potassium 260
Selenium * O.006
Silver <0.05
Sodium 480
Thallium * O.022
Zinc 0.26

All results are expressed as mg/l. *Analysis by Furnace AA.
Sampled by client.

Approved: , _ _-'P_

_: See discl4r _ cover letter.
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Table B-2

[_TATE LAP/)+RAT(.)RIES.INC. Page 4 of 8
Analysis Results

Report Number 082889013
Da_e: Augurer28, 1989

........ , , ,,

CLIENT I .D. Water Sample
7/26/89

Costello"s Laboratory, Inc. GRAB
(Town Fenton Landfill)

'"""'' ' , ' ' ,,,,, , ,n , ,

DLI I.D. 20889089
, , , , , i ,H,I i , , , , i , ,

Chloromthane <3
Bromomethane <3
Vinyl Chloride <3
Chloroethane <3
Methylene Chloride <3
Trichlorofluorc_thane <3
i,1-Dichloroethylene <3
t-i,2-Dichloroethylene <3
I,l-Dichloroethane 13
Chloroform <3
1,2-Dichloroethane <3
1, I,1-Trichloroethane <3
Benzene <3
Carbon Tetrachloride <3
I,2-Dichloropropane <3
Bromodichlomomethane <3
Trichloroethylene <3

= c-l,3-Dichloropropene <3
t- 1,3-Dichloropropene <3
1,1,2-Trichloroethane <3
Toluene 13
Dibromochloromethane <3
Tetrachloroethylene <3
2-Chloroethylvinyl Ether <3
Chlorobenzene <3
Ethylbenzene 3
Bromoform <3
I,1,2,2-Tetrac/_loroethane <3
I,2-Dichlorobenzene <3
1,3-Dichlorobenzene <3
1,4-Dichlorobenzene <3

, ,, ,,

Total Xylenes Ii

All results are expressg@ as

,/

_te: See. disclai=e_ cover letter.
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Table B-2

UP_TAT_ LAWJRATORI_. INC. Page 5 of 8
Analysis Results

Report Number 082889013
Date: August 28, 1989

SE/NE[,_RAL_XTRA(_ABLES

IENT I.D. Water Sample
7/28/89

stello"s Laboratory, Inc. GRAB
Own of Fenton Landfill)

, , , ,,, , , , ,, ,,, , , , ,,, ,,

,I I.D. 20889089
,, ,, , ,, , , ,

Js(2-chloroethyl)Ether <5
3-Dichlorobenzene <5
4-Dichlorobenzene <5
2-Dichlorobenzene <5

.s(2-chloroisoprowl) Ether <5
_achloroethane <5

_trobenzene <5
-Nitrosodipropylamine <5
;ophorone <5
(2-chloroethoxy)Methane <5

2,4-Trichlorohenzene <5

:phthalene <5,_cachlorobuT_iene <5
xachloroc_lopentadiene <5
Chloronaphthalene <5
methylphthalate <5
_naphthylene <5
6-Dinitrotoluene <5

_.naphthene <5
4-Dinitrotoluene <5
uorene <5
,ethylPhthalate 7
Chlorophenylphenyl Ether <5
Nitrosodiphenylamine <5
,Bromophenylphenyl Ether <5

_achlorohenzene <5
lenanth._..ne <5
_thracene <5

Ibutyl Phthalate <5 , , ,,, ,,,,,,,

,iresults are expressed as u_/l.

,led by client_

: See discla_ on cover letter.
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Table B-2

UP3TATE LABORATORI_T_.INC. Page 6 of
Analysis Results

Report Number 082889013
Date: August 28, 1989

•" , , i, ,

CLIENT I.D. Water Sample
7/26/89

Costallo's Laboratory, Inc. GRAB
(Town of Fenton Landfill)

, , , , , ,

ULI I.D. 20889089
,, , ,, , ,, ,

Fluoranthene <5
Benzidine <5
l:_rene <5
Butyl Benzyl Phthalate <5
3,3 "-Dichlorobenzidine <5
Chz-ysene <5
Benzo(a)Anthracene <5
Bis(2-ethylhexyl)Phthalate 12
Dioctyl Phthalate <5
Benzo(b)Fluoranthene <5
Benzo(k)Fluoranthene <5
Benzo(a)Pyrene <5
Indeno( 1,2,3-cd)Pyr_e <10
Dibenzo(a ,h)Anthracene <10
Benzo(ghi)Perylene <10

,

All results are expre_ as ug/l.

Sampled by client//_

Approved: {/TI./X\j_Xj __
_oIa: Seediscla/m4ron coverletter.

L/
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Table B-2

_A'I_ _BOI_'PORI_. INC. Page ? of 8
Analysis Results

Report Numbsr 082889013
Date: August 28, 1989

>_TICIDES/PCBa
, , L

,%IENT I.D. Water Sample
7/26/89

_stello's Laboratory, Inc. GRAB
Town of Fenton Landfill)

,, L

]LI I.D. 20889089
,

,,

E_C (a-_m_er) <0.01
_4C (g-zsomer) <0.01
_HC (b-isomer) <0.01
{eptachlor <0.Ol
3HC (d-isomer) <0.01
%lch.'in <0. O1
leptachlor Epoxide <0.1
,_dosulfan (a-isomer) <0.01
)ieldrin <0.01
t,4"-DDE <0.01
_,4"-DDD <0.01

_.drin <0. O1
_d ,osulfan (b-isomer) <O.01

,4 -DDT <0.01,_drin Aldehyde <0.03
_ndosulfan Sulfate <0.1
."h.l.orclane <0.03

['oxaphene <O.5
_'oclor 1016 <0.1
_oclor 1221 <0.1
_mclor 1232 <0.1
_clor 1242 <0.1
_mclor 1248 <0.1
_oclor 1254 <0.1

_clor 1260 <0.1 " i,,, ,,,,=

results are expressed as ug/l.
by client.

_ i

/

: See discla_ on cover letter.
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Table 8-2

UPSTAT_ _TORT_'9,. INC. Pm_ 8 of 8
Analysis Results

Report Number 082889013
Date: August 28, 1989

ACID ]_'TRACTABr,_'_
...... ,

CLIENT I.D. Water Sample
7/26/89

Costello's Laboratory, Inc. GRAB
(Town of Fenton Landfill)

, , , , , , , ,

ULI I.D. 20889089
,,

Phenol <5
2-Chlorophenol <5
2-Nitrophenol <5
2,4-Dimethylphenol <5
2,4-Dichlorophenol <5
4-Chloro-3-Methylphenol <5
2,4,6-Trichlorophenol <5
2,4-Dinitrophenol <50
4-Nitrophenol <50
2-Methyl-4,6-Dinitrophenol <50
Pemtachlorophenol <i0

All results are expressed as u_/l.
Sampled by client. /']
NYSDOHI.D.: I0179--I/L

Approved:_ _ _,.../,-_._//_/|//// _'_8/28/89
J

Note: See disclaimer/_n cover letter.
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Table B-3

ANALYIICAL5UNNARY
IIOUIVIEPARAI_IERS
FENIONLANI)FILL
GTA-89-65
JANUARY0. 1990

DUPLICATE DEIECIION NYSOECSIAND_Di
V-I V-2 V-]O V-3SUPSI_ANO4)VN$1REANLEACIIAIEJOIgISONNC6OUANLEACHAIEMANIC LINilS 6UIDANCE(.9/I)

Alkalinity " 62 63 302 246 7.2 231 2170 228 128 2090 1.0 0.5 - 25 ---
Aionja Nitrate <0L _OL 0.11 0.06 <IX. 4.43 197 0.07 0.06 200 0.11 0.05 - 10 ---
10C 1.9 1.3 2.8 4.9 2.8 7.2 156 0.19 0.17 160 0,29 0.10 ---
C00 <K 10.6 41 129 7.5 22 741 (K 6.7 628 <OL 5.00- 50.0 --"
Chloride 1,8 57 49 63 <at 57 464 21 2.8 495 _L 1.08- 10.08 250 (5)
Iotal Hardness'" 122 146 354 367 24 228 992 128 120 1014 <Ok 1.00 - 10,00 ---
Nitrate <K 0.26 <_ <l)L <K <K 0.38 <K <DL 0.41 <0L 0.20 ---
fatal Phenolics <iN. <DL <0L <PL <K 0.008 0.0]6 (K <OL 0.034 <DL 0.006 0.001(S)
10S 145 201 342 223 64 284 2770 274 161 2560 <PL 10.0 ---
Sulfate 70 37 ]1 26 12 18 26 19 14 26 _L 10.0 250(S)
lurbldity ° 27 68 341 1043 10 47 151 0.64 0.83 170 0.36 0.05 ---
Cadoiuu <K <K <K 0.02 _K (0L <0L <K <DL <K <DL 0.005- 0.05 0.0l (S)

, Caiclu| 30.7 34.4 82.5 47.0 6.44 48.5 211 29.1 20.7 213 0.67 0.05 - 0.5 ---
--_ Iron 1.79 2.17 14.5 176 1.04 6.64 7.47 _K 1.16 11.6 <OL 0.02 - 0.2 0.3 (5)

Lead <K (OL <OL <i)L <K <K <DL (PL <I)L <OL <I)L 0.05 0.025(S)
il_jnesion 6.95 11.1 25.6 46.9 1.54 18.4 118 0.99 7.62 110 0.07 0.0] - 0.] 35 (G)
Nenganese 0.12 0.33 4.43 5.16 0.05 4.04 3.12 0.20 0.12 3.83 <DL 0.01 - 0.1 0.3 (S)
Potassium <K _OL <!t. 20.7 <K 6.42 273 <K <OL 274 <OL 5.0 - 50.0 ---
Sodluu 10.9 20.4 33.2 15.8 2.86 55.5 768 97.8 16.9 773" 0.37 0.!25 - 1.25 ---

NOIES:

All results in 8911unlessotheruisespecified
Netalsare total concentrationsexceptfor N-ISuhichoasfiltered.

<DL• Lessthandetectionlicit
• • Units in NIU

" • og/I asC_o]

I;'._..{@r',_.lt,__L.- Ersl_,ir_ '-';ui_L_; ]_rj,:'t,:_:tiq._tior,-;, lr':,,. (I,-I,_d_,_r- ]'_18':1.. I_:evi=._',t: .-I._l'JJ._rL-I I'.t'_U.

H=j,:Jr,:,,=l_,,-,Logir Ir,,.;e_tlgaLi,,=,. T,:,.n of Fer=L,:,n L.=r,dfiI] Ii:l,:,_lJr_. F_r',tor,. tte_ _-',:,rk:-

EMpLr_ Soils [r,,/e=;Ligati ,:,r','-:, Ir, c. FJr',:,_L,:_|',, H,._la 'r',:,[_:.

[



Table B-4

AHALYIICALSUNtARY
ROUIIEPARAH£IEIS
FEHIOHLAHDFILL
GIA-89-55
FEBRUARY28, 1990

DUPLICATE DEIECIIOII HYSOECSTANDARDI1
V-I li-2 V-)O V-30 V-)5UPSlREAND0011SIREANIFAC_IE JOHNSONNLtONANOLANI( LIHIlS GUIDANCE(ugli)

Alkalintty "" 45.0 49.0 352 334 305 5.5 311 2250 258 IZ4 --- 0.5 ---
AuonlaNitrate <DL (0L 0.17 0.15 0.55 <DL 9,9 IN O.Z6 0.25 0.14 0.05 ---
I0C 1.5 Z.1 5.1 5.7 5.2 1.0 13.4 206 1.4 0.70 0.30 0.10 ---
(00 14 17 47 53 40 <DL 49 596 7.9 (PL 5.3 5.00 ---
Chloride 1.) 50 82 82 97 (PL 59 512 23 3.Z --- 1.00 250(S)
lotal Hardness '" 90 145 434 432 404 21 260 1005 184 119 5,9 1,00 ---
Nitrate (DL (I)L <IN. _L <11 (PL 0.49 <DL (DL <ilL --- 0.20 ---
lotal Phenolics (DL _1. (DL 0,008 <DL <DL 0,015 0,20 0,006 (DL --- 0,005 0,001 IS)
lOS 15 113 540 530 2H 55 380 2707 315 131 --- Z.O ---
Sulfate 55 45 32 39 30 II 14 <IX. 24 12 --- 10,0 250 (S)
Iurbidity ' 102 124 1200 1200 1200 10 22 270 0.93 0.80 --- 0.05 - 1.5 ---

oc Cadmium (iN. <lPL 0.019 <DL (PL <OL <0L <OL _L (DL (DL 0.005- 0.05 0.01 (S)
(alclum 21.8 33.3 99.3 99.5 66.4 4.77 50.0 222 44.4 29,7 2.52 0.05 - 0.50 ---
Iron 0.23 0.5J 39.7 34.5 0.20 0.97 2.82 41.8 O.14 0.12 0.15 0.02 - 0.20 O.3(S)
Lead <IN, _L <IN. <I)L <DL <0L fl)L (K (DL <PL (DL 0.05 - 0.50 0.025(S)
nqnesiua 5.00 11,0 34,8 33,9 3?,2 1.59 20,0 !19 13,2 7.06 0.00 0,03 - 0.30 35 (5)
Nan_ntse 0.12 0.32 5,86 5,84 5.96 0.04 4.35 3.07 0.25 0.13 <DL O.OI- 0,10 0.3 (S)
Potassium <eL cOL 9.47 7.70 (DL (DL 15.0 307 (DL (K _L 5.0 - 50.0 ---
$odlu 5.41 l),l 20,5 27,9 29,0 2,55 45,0 520 59,2 9,89 1,18 0,13 - 1,25 ---

..

HOLES:

All results in i911unlessothervisespecified
• Hetalsart total concentrationsexceptfor V-3Suhichuasfiltered,

(PL• Lessthandetectionl iait
" : Units in HIU

" • mg/IasCaCo3
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APPENDIX C
FIELD SAMPLING RESULTS
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APPENDIX C

FIELD SAMPLING RESULTS

Appendix Tables C-1 throughC-5 present samplingand analysis methods, field and laboratoryanalysis

results,and daily weatherdata for the study period. All of the data are also provided in Lotus 1-2-3TM

spreadsheetfiles (.WKI format)on the companiondiskette.

TablesC-2 throughC-4 present individualsamplingresultsfrom the Cornell workat theexperimentalsite.

Weekly samplesbetween June, 1990 and August, 1991 form the core of the field data generated in the

researchproject. Tables C-2 throughC-4 begin with threecolumns:

• sampling location,

• sample identificationnumber,and

• samplingdate.

Dashes indicate missing data points. Samples withconcentrationsbelow the detection limit are indicated

in the tables, for example <0.04 means less than the detectionlimit of 0.04 ppm.

The sample identificationnumbersmay be used to matchdata from different files. (The auxilliary ID

numbersare not important;they were used for internaltrackingof laboratorysamples). Locationcodes

are as follows (see main text for detailsof samplingarrangementsanda site map):

mhl raw landfill leachate near entranceto treatmentbed 1

bdl outflow from bed 1

bd2 outflow from bed 2

bd3 outflow from bed 3

bd4 outflowfrombed4

mh4 manholebetweenbd4andhlk

htk holding tank

s14 surfacewaterupstreamfromlandfill influence

s19 surfacewaterupstreamfromlandfill influence

gwn groundwaterdischarge to stream

sl8 surface water downstream from landfill influence, representingfuture receiving water for

treatedleachate
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Results from bd4, mh4, and htk are very close; thereis no intentionaltreatmentor dilution after bd4.

However, the holding tank provides a compositing effect, thus smoothing the bd4 effluent quality and

providingadditionalretentiontime forchemical or biological reactions. The body of the reportgenerally

uses bd4 or mh4 as indicativeof the full effect of the treatmentsystem.

TableC-1, identicaltoTable4-16 inthebodyof thereport,summarizesfieldandlaboratorymethodsused

to collectandanalyzetheleachateandwatersamples.

Tal:,leC-2 containsfield dataplus laboratory-derivedoxygen consumptionand nitrogenresults, Dataare

contained in eight columns,the first three fromonsite measurements:

• pH

• water temperature

• dissolved oxygen

and the remainingfive from laboratoryresults:

• oxygen consumption

• ammoniumplus ammoniaas N,

• nitrateplus nitriteas N,

• total inorganicN (computedas the sum of the earliertwo columns),and

• total KjeldahiN (interpretableas organicnitrogenplus ammoniumand ammonium).

The TKN column containsvaluesonly for the mhl locationbecauseinterferencefromnitratepresent in the

tests invalidatedTKN results for the other locations. MhI had minimal nitrate.

TableC-3 containscationconcentrationsand is brokeninto two parts.Table C-3a includesCd, Cu, Ni, Cr,

Co, Zn, Ca, and Mg. TableC-3bcovers Mn,Al, Fe, Pb, K, As, andNa. These cationconcentrationswere

measured using an InductivelyCoupledPlasma(ICP)Spectrometer.

Table C..4contains site hydrologicalmeasurements:

• mhl flow, indicatinginflow to the treatmentsystem

• weekly total precipitation
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Table C-5 contains daily weather data from the nearby Binghamton, NY airlx_ (Weather Station

Binghamton WS) AP 304)687):

• maximimum and minimum daily air temperatures,

• total and snow precipitation, and

° snow on the ground.

Tables C-6 and C-7 report supplemental wide-spectrum scans of final treatment system effluent.

FiguresC- 1 thrugh C-6 provide synoptic views of the overall system performance in tenns of twelve quality

parameters. C- 1 through C-3 summarize raw leachate (at mh 1) and C-4 through C-6 compare average water

quality at entry to and exit from the treatment system. Table C-8 documents the specific data used in

constructing these Figures.
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Table C-I. Summary of sampling and analytical methods used In field program.

Analysis Sample Analysis
Parameter I_ation handlinE methods

02 field measurewithmeterand Yellow Springsmodel 54A meter, YSI
probein-situ 5700 series electrode

Watertemperature field (as for02) Beckmanmodel 11 meter

pH field (as for02) Beckmanmodel 11 meter

Oxygen lab collect 2 I sam!piein Custommethod: Begin same day as
consumption plasticbottle(no sampled;aeratevigorously for 30 rain

chemical additives) to oxidize ferric iron;measureinitial
oxygen content;seal, excluding air
bubbles;unseal and measure oxygen
content 8-16 hr later

NI_ . + NH3 lab (partof samplefor Agronomic standardmethod: Begin
oxygen consumption; withintwo days after sample collection.
refrigerateuntil analysis) Steam-distillwith excess MgO, collect

distillate into borate buffer, titrateusing
HCI. (Keeney and Nelson, 1982)

NO3"+ NO( lab (partof samplefor Agronomic standardmethod: Add
oxygen consumption; Dvarda'salloy to solution used to
refrigerateuntilanalysis) titrateNH3,reducingany NO3and NO2

to NH3. Then redistill and retitrateas
above. (Keeney andNelson, 1982)

TotalKjeldahl N lab Add 2 ml conc. HCIto APHA-AWWA-WPCFStandard
(TKN) (organic 250 ml plastic sample Method 4500-N,n
nitrogen plus bottle; then fill bottle
ammoniaand with sample (resulting
ammonium) pH approx.1). Freeze

until analysis.

TotalCa, Mg, K, lab (partof samplefor TKN APHA-AWWA-WPCFStandard
Mn, Fe, Zn, Na, AI, analysis) Method 3120: InductivelyCoupled
Ni, Cu, Cd, Co, Cr Plasma (ICP)Spectrometer
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Table C-2. Water Chemistry, Town of Fe_°on Landfill Leachate Treatment Demonstration.

Oxygen Total
Loca- Sample 02 Temp Consumption NH4 NO3 inorg N Kjel N
tion ID Date Comment pH (mg/l] (degr. C) (mg/i/day) (mg/l) (mg/l) (mg/l) (mg/!)

mhl 1 05-Jun-90 - - - 43 224 0 224 -
mhl 9 18-Jun-90 6.9 i.I 22.0 8 224 0 224 -
mhl 19 25-Jun-90 7.3 1.4 19.0 9 237 0 237 -
mhl 29 02-Jui-90 7.0 1.7 20.0 7 228 0 228 -
mhl 39 09-Jui-90 7.2 3.7 20.0 5 91 3 94 -
mh! 49 16-Jul-90 7.0 0.6 20.7 - 238 5 243 -
mhl 60 23-Jui-90 7.2 0.7 24.3 5 249 0 249 -
mhl 75 30-Jui-90 7.1 - - 10 261 1 262 256

mhl 86 06-Aug-90 7.5 2.7 21.0 20 135 3 137 138
mhl i0i 13-Aug-90 7.1 0.4 22.7 7 251 1 252 -
mhl 112 20-Aug-90 7.3 1.8 18.0 I0 239 1 240 -
mhl 127 27-Aug-90 7.3 1.6 23.4 13 265 4 269 283
mhl 142 04-Sep-90 7.2 2.8 24.2 13 219 0 219 266
n_l 150 10-Sep-90 7.4 2.7 ]8.0 13 267 3 270 290
mhl 162 17-Sep-90 7.5 2.7 16.1 5 260 5 266 -
mhl 176 24-Sep-90 7.7 2.6 13.4 6 239 0 239 -
m_hl 190 01-Oct-90 7.5 0.7 15.2 6 202 3 205 217
mhl 205 08-Oct-90 7.2 1.3 17.0 9 234 1 234 -
mhl 220 15-Oct-90 7.0 1.4 15.4 25 108 1 109 -
mhl 235 22-Oct-90 7.2 1.0 13.6 30 233 0 233 -
n_l 251 29-Oct-90 7.4 2.2 8.5 8 230 0 230 -
mhl 267 05-Nov-90 7.2 1.6 13.2 8 246 0 246 -
mhl 282 12-Nov-90 6.8 2.2 7.0 13 169 1 170 -
mhl 297 !9-Nov-90 7.2 2.5 5.9 i0 206 0 206 173
mh! 312 26-Nov-90 6.9 1.7 8.9 6 102 0 102 -
mhl 327 04-Dec-90 7.1 4.0 6.1 23 92 1 93 -
mhl 342 10-Dec-90 7.0 2.3 9.0 4 189 0 189 186
mhl 357 17-Dec-90 7.5 4.1 6.0 1 165 3 167 -
mhl 372 02-Jan-91 6.9 2.7 3.6 14 155 1 156 125
mhl 387 07-Jan-91 6.9 3.4 2.2 6 152 0 152 -
mhi 400 14-Jan-91 7.2 4.1 2.5 5 143 0 143 -
mhl 410 21-Jan-91 6.9 - 0.9 3 156 0 156 -
mhl 421 28-Jan-91 7.2 4.9 2.2 2 161 3 163 -
mhl 432 04-Feb-91 7.5 4.4 4.8 6 122 1 124 123
mhl 446 ll-Feb-91 7.1 3.6 0.8 1 103 3 106 -
mhl 457 18-Feb-91 7.3 - 1.2 4 86 2 88 -
mhl 470 25-Feb-91 7.5 7.1 2.2 3 127 1 128 -
mhl 481 06-Mar-91 .... 33 2 35 -
mhl 492 ll-Mar-91 7.4 1.6 6.2 8 169 0 169 -
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Table C-2. Water Chemistry, Town of Fenton Landfill Leachate Treatment Demonstration.

Oxygen Total

Loca- Sample 02 Temp Consumption NH4 NO3 inorg N Kjel N
tion ID Date Comment pH (mg/l) (degr. C) (mg/I/day) (mg/l) (mg/l) (mg/l) (mg/l)

mhl 504 18-Mar-91 7.5 4.5 5.4 6 140 0 140 -
m_l 515 25-Mar-91 7.4 4.0 6.1 15 ii0 2 112 -

mhl 527 02-Apr-91 7.3 2.4 7.4 5 157 2 159 141
mhl 545 08-Apr-91 7.1 2.5 15.1 16 169 1 170 -
mhl 563 15-Apr-91 6.9 3.8 10.8 5 166 2 168 -
mhl 578 23-Apr-91 7.0 1.3 13.7 21 112 0 112 -
mhl 593 29-Apr-91 7.1 2.0 14.3 3 161 3 164 -
mhl 604 13-May-91 7.0 2.0 18.6 12 175 2 177 180
mhl 622 20-May-91 7.1 1.9 17.4 8 154 0 154 -
mhl 633 28-May-91 7.0 1.7 22.5 3 177 0 177 -
mhl 651 03-Jun-91 7.3 1.4 21.6 6 163 0 163 177
mhl 670 10-Jun-91 7.2 2.2 20.8 8 175 1 176 -
mhl 688 17-Jun-91 7.1 2.1 21.1 6 172 0 172 -

mhl 706 24-Jun-91 7.0 0.8 22.7 3 177 0 177 -
mhl 724 01-Jul-91 7.2 1.5 23.5 6 195 0 195 182
mhl 738 08-Jui-91 7.1 1.7 23.2 6 196 3 199 -
mhl 756 15-Jul-91 7.0 2.7 21.5 5 191 19 210 -
mhl 774 22-Jui-91 7.2 2.5 24.5 6 205 0 205 -
mhl 792 29-Jui-91 7.1 3.1 22.0 7 205 0 205 -
m_l 810 05-Aug-91 7.1 0.6 22.5 6 200 1 201 183
mhl 828 12-Aug-91 7.3 1.8 21.5 5 197 0 197 -
mhl 846 19-Aug-91 .........
mhl 864 26-Aug-91 ........
mhl 882 03-Sep-91 .... 197 2 199 -
mhl 900 09-Sep-91 7.3 1.7 21.3 5 197 Ii 208 -
mhl 918 16-Sep-91 7.5 1.8 22.0 5 189 3 192 -
mhl 936 23-Sep-91 ........
mhl 954 30-Sep-91 7.6 4.2 11.9 3 189 5 195 -
mhl 972 07-Oct-91 7.5 4.0 12.5 6 143 9 151 -
mhl 990 14-Oct-91 7.6 6.7 I0.0 3 154 i0 164 -
mhl 1008 21-Oct-91 7.0 3.0 13.8 2 182 0 182 -
mhl 1026 28-Oct-91 7.4 5.2 14.0 6 181 4 185 -
mhl 1044 04-Nov-91 7.7 5.9 8.8 3 181 0 181 -
mhl 1062 ll-Nov-91 7.4 11.3 4.2 5 21 5 26 -
mhl 1080 18-Nov-91 7.1 2.9 6.4 7 159 0 159 -
mhl 1098 25-Nov-91 6.8 1.0 7.3 19 119 0 119 -

bdl 2 05-Jun-90 - 8.8 15.5 ii 96 0 96 -
bdl I0 18-Jun-90 7.4 2.5 23.0 I0 121 0 121 -
bdl 20 25-Jun±90 8.2 5.2 18.0 5 iii 0 IIi -



Table C-2. Water Chemistry, Town of Fenton Landfill Leachate Treatment Demonstration.

Oxygen Total
Loca- Sample 02 Temp Consumption NH4 NO3 inorg N Kjel N
tion ID Date Comment pH (mg/]) (degr. C) (mg/I/day) (mg/l) (mg/l) (mg/l) (mg/i)

bdl 30 02-Jul-90 7.8 7.8 21.0 9 95 0 95 -
bdl 40 09-Jui-90 7.8 2.9 20.6 4 70 3 72 -
bdl 50 16-Jul-90 7.5 3.1 23.6 4 88 0 88 -
bdl 61 23-Jui-90 8.1 2.1 24.3 5 129 0 129 -
bdl 76 30-Jul-90 7.9 - - 3 118 0 118 -
bdl 87 06-Aug-90 7.9 6.0 20.0 13 42 1 42 -
bdl 102 13-Aug-90 7.9 8.7 22.6 ii 108 0 108 -
bdl 113 20-Aug-90 8.2 5.0 16.0 8 175 1 175 -
bdl 128 27-Aug-90 8.2 7.2 25.3 I0 142 3 144 -
bdl 143 04-Sep-90 8.2 ii. 0 21.0 6 70 7 77 -
bdl 151 10-Sep-90 8.3 9.3 20.2 9 93 91 183 -
bdl 163 17-Sep-90 8.6 ii. 8 12.3 2 50 30 80 -

C3 bdl 177 24-Sep-90 8.6 I!. 0 I0.5 2 49 25 74 -
bdl 191 01-Oct-90 8.5 12.6 15.3 9 3 16 18 -
bdl 206 08-Oct-90 8.2 9.8 17.1 ii 128 0 128 -
bdl 221 15-Oct-90 8.4 16.3 14.0 16 28 1 29 -
bdl 236 22-Oct-90 8.1 16.0 ii. 4 ii 42 1 42 -
bdl 252 29-Oct-90 7.5 9.5 6.0 16 67 0 67 -
bdl 268 05-Nov-90 7.7 7.6 13.6 8 133 0 133 -
bdl 283 12-Nov-90 7.1 7.2 3.2 7 69 0 70 -
bdl 298 19-Nov-90 7.7 6.3 1.2 3 135 0 135 -
bdl 313 26-Nov-90 7.8 6.9 4.2 6 123 0 123 -
bdl 328 04-Dec-90 7.9 9.9 6.3 7 31 2 32 -
bdl 343 10-Dec-90 7.4 3.5 5.1 15 127 0 127 -
bdl 358 17-Dec-90 7.0 3.3 1.4 3 127 0 127 -
bdl 373 02-Jan-91 7.4 16.4 I. 7 2 67 0 67 -
bdl 388 07-Jan-91 7.5 19.2 0.5 I0 145 0 145 -
bd! 401 14-Jan-91 6.9 4.3 1.9 3 157 0 157 -
bdl 411 21-Jan-91 6.9 - 0.0 3 71 0 71 -
bdl 422 28-Jan-91 7.4 4.5 0.5 4 147 0 147 -
bdl 433 04-Feb-91 7.2 2.9 2.0 7 148 0 148 -
bdl 447 !l-Feb-91 7.4 15.4 0.6 1 43 0 43 -
bdl 458 18-Feb-91 7.6 18.2 0.3 6 107 0 107 -
bdl 471 25-Feb- 91 7.8 20.0 2.3 3 73 0 73 -
bdl 482 06-Mar-91 8.6 20.0 8.1 14 20 0 21 -
bdl 493 ll-Mar-91 8.4 20.0 4.2 5 76 0 76 -
bdl 505 18-Mar-91 8.4 19.2 5.1 3 62 0 63 -
bdl 516 25-Mar-91 8.4 12.1 5.7 3 71 0 71 -

bdi 528 02-Apr-91 8.3 17.8 6.1 5 74 0 74 -
bdl 546 08-Apr-91 8.3 20.0 17.7 28 85 0 85 -



Table C-2. Water Chemistry, Town of Fenton Landfill Leachate Treatment Demonstration.

Oxygen Total
Loca- Sample 02 Temp Consumption NH4 NO3 inorg N Kjel N
tion ID Date Comment pH (mg/l) (degr. C) (mg/i/day) (mg/l) (mg/l) (mg/l) (mg/l)

bdl 564 15-Apr-91 8.3 20.0 8.4 16 69 0 69 -
bdl 579 23-Apr-91 8.7 20.0 13.5 9 56 1 58 -
bdl 594 29-Apr-91 8.6 20.0 15.3 13 42 1 43 -
bdl 605 13-May-91 7.8 5.6 23.1 Ii 39 0 39 -
bdl 623 20-May-91 7.9 8.1 23.5 8 47 0 47 -
bdl 634 28-May-91 8.0 6.1 25.9 4 64 0 64 -
bdl 652 03-Jun-91 8.2 6.5 27.7 7 67 0 67 -
bdl 671 10-Jun-91 8.1 3.3 24.4 7 62 0 62 -
bdl 689 17-Jun-91 8.3 8.2 21.1 9 43 0 43 -
bdl 707 24-Jun-91 8.3 13.1 23.9 15 39 0 39 -
bdl 725 01-Jul-91 8.5 13.9 23.2 12 40 0 40 -
bdl 739 08-Ju!-91 8.4 10.5 24.5 13 40 0 40 -
bdl 757 15-Jul-91 8.2 9.1 21.2 i0 38 2 40 -

bdl 775 22-Jui-91 8.6 16.2 26.5 12 16 0 16 -
bdl 793 29-Jui-91 8.3 9.0 22.0 7 19 0 19 -
bdl 811 05-Aug-91 8.4 8.8 23.3 4 20 0 21 -
bdl 829 12-Aug-91 8.7 13.4 21.0 7 5 0 5 -
bdl 847 19-Aug-9i 8.6 6.7 20.9 5 2 0 2 -
bdl 865 26-Aug-91 8.7 18.6 23.5 15 8 1 9 -
bdl 883 03-Sep-91 8.6 11.2 20.0 13 5 0 5 -
bdl 901 09-Sep-91 8.5 10.9 21.9 12 II 0 ii -
bdl 919 16-Sep-91 8.8 - 24.6 12 3 0 3 -
bdl 937 23-Sep-91 8.4 7.6 13.0 8 5 0 5 -
bdl 955 30-Sep-91 8.3 7.1 7.9 4 13 0 13 -
bdl 973 07-Oct-91 8.4 11.6 11.8 5 17 0 17 -
bdl 991 14-Oct-91 8.3 13.1 9.4 5 18 0 18 -
bdl 1009 21-Oct-91 8.2 11.9 8.5 4 29 0 29 -
bdl 1027 28-Oct-91 7.9 10.4 13.1 9 50 0 50 -
bdl 1045 04-Nov-91 8.2 12.8 5.5 7 67 0 67 -
bdl 1063 ll-Nov-91 8.2 18.4 2.8 13 50 0 50 -
bdl 1081 18-Nov-91 7.6 - 3.1 8 i01 0 101 -
bdl 1099 25-Nov-91 7.1 3.6 3.1 29 93 0 93 -

bd2 3 05-Jun-90 - 2.8 16.0 5 31 1 32 -
bd2 ii 18-Jun-90 7.7 2.4 22.0 9 iii 0 Iii -
bd2 21 25-Jun-90 8.0 1.6 17.0 2 13 18 31 -
bd2 31 02-Jul-90 7.3 2.3 19.0 4 25 0 25 -
bd2 41 09-Jul-90 7.4 2.7 20.0 2 1 II 12 -
bd2 51 16-Jul-90 7.0 1.7 21.3 2 9 2 II -
bd2 62 23-Jui-90 7.2 1.9 23.4 2 18 1 19 -



Table C-2. Water Chemistry, Town of Fenton Landfill Leachate Treatment Demonstration.

Oxygen Total
Loca- Sample 02 Temp Consumption NH4 NO3 inorg N Kjel N
tion ID Date Comment pH (mg/i) (degr. C) (mg/i/day) (mg/l) (mg/l) (mg/l) (mg/l)

bd2 77 30-Jul-90 7.2 - - 4 20 3 24 -
bd2 88 06-Aug-90 7.2 4.1 19.0 5 4 3 7 -
bd2 103 13-Aug-90 7.5 2.2 20.6 5 19 1 20 -
bd2 114 20-Aug-90 7.7 2.6 15.0 8 128 2 130 -
bd2 129 27-Aug-90 7.5 3.4 21.4 7 106 3 109 -
bd2 144 04-Sep-90 7.7 4.3 16.8 7 44 8 52 -
bd2 152 10-Sep-90 7.7 3.9 16.2 8 30 28 58 -
bd2 164 !7-Sep-90 7.7 3.9 12.1 2 19 12 31 -
bd2 178 24-Sep-90 8.0 5.4 9.7 3 7 31 37 -
bd2 192 01-Oct-90 6.7 3.7 13.3 5 2 15 16 -
bd2 207 08-Oct-90 7.4 2.8 15.5 7 52 4 56 -
bd2 222 15-Oct-90 7.2 3.6 13.8 6 9 2 10 -

bd2 237 22-Oct-90 7.1 5.5 10.6 3 2 3 5 -
bd2 253 29-Oct-90 7 5 6 5 3 8 1 3 2 . 6 -

" ° °

bd2 269 05-Nov-90 7.5 8.4 10.5 6 69 0 70 -
bd2 284 12-Nov-90 7.7 8.8 2.0 5 9 2 ii -
bd2 299 19-Nov-90 7.7 5.5 0.9 4 68 1 69 -
bd2 314 26-Nov-90 7.7 8.5 6.4 4 88 1 89 -
bd2 329 04-Dec-90 7.7 6.1 5.5 7 26 5 31 -
bd2 344 10-Dec-90 7.8 7.7 4.0 10 31 3 34 -
bd2 359 17-Dec-90 7.8 10.7 3.8 2 27 1 28 -
bd2 374 02-Jan-91 7.8 6.2 1.5 2 9 1 i0 -
bd2 389 07-Jan-91 7.7 4.7 2.0 16 49 0 49 -
bd2 402 14-Jan-91 6.3 3.2 2.0 27 52 0 52 -
bd2 412 21-Jan-91 7.4 - 0.0 5 22 0 22 ,
bd2 423 28-Jan-91 7.5 2.5 0.8 16 65 0 65 -
bd2 434 04-Feb-91 7.1 3.6 2.4 19 59 0 59 -
bd2 448 ll-Feb-91 6.7 5.8 0.6 2 5 1 6 -
bd2 459 18-Feb-91 7.3 5.5 0.6 4 29 0 29 -
bd2 472 25-Feb-91 7.3 12.8 1.4 4 22 0 22 -
bd2 483 06-Mar-91 7.9 20.0 7.8 ii 24 0 24 -
bd2 494 ll-Mar-91 7.8 20.0 4.0 4 22 0 22 -
bd2 506 18-Mar-91 8.0 20.0 4.6 4 38 0 38 -
bd2 517 25-Mar-91 9.3 20.0 5.5 0 14 0 14 -
bd2 529 02-Apr-91 8.0 11.4 6.8 5 41 0 41 -
bd2 547 08-Apr-91 7.8 8.9 17.6 6 41 0 41 -
bd2 565 15-Apr-91 8.2 15.6 7.7 5 36 1 37 -
bd2 580 23-Apr-91 8.6 20.0 15.6 II 24 3 26 -
bd2 595 29-Apr-91 8.7 20.0 15.4 3 25 19 44 -
bd2 606 13-May-91 8.1 14.5 21.2 12 12 0 13 -



Table C-2. Water chemistry, Town of Fenton Landfill Leachate Treatment Demonstration.

Oxygen Total

Loca- Sample 02 Temp Consumption NH4 NO3 inorg N Kjel N
tion ID Date Comment pH (mg/l) (degr. C) (mg/i/day) (mg/!} (mg/l) (mg/l) (mg/l)

bd2 624 20-May-91 8.0 11.8 19.6 8 3 0 3 -
bd2 635 28-May-9! 7.9 6.9 24.3 6 5 0 5 -
bd2 653 03-Jun-9i 8.1 5.2 25.6 I0 21 0 21 -
bd2 672 10-Jun-91 8.2 10.2 22.9 ii 15 0 15 -
bd2 690 17-Jun-91 8.3 8.6 20.5 !I 5 0 5 -
bd2 708 24-Jun-91 8.1 10.4 21.4 i4 2 0 2 -
bd2 726 01-Jui-91 8.1 9.2 20.5 9 2 0 2
bd2 740 08-Jul-91 8.2 8.1 24.0 9 B 0 8 -
bd2 758 15-Jul-91 7.9 7.9 21.1 9 5 3 8 -
bd2 776 22-Jui-91 8.0 1.8 25.3 7 5 0 5 -
bd2 794 29-Jui-91 7.7 3.3 21.2 8 5 0 5 -
bd2 812 05-Aug-91 8.0 5.6 21.5 4 2 0 2 -
bd2 830 12-Aug-91 8.0 4.2 20.0 2 1 0 1 -
bd2 848 19-Aug-91 7.8 1.9 21.0 _ - 0 0 -
bd2 866 26-Aug-91 7.8 4.4 21.5 9 - 0 0 -
bd2 884 03-Sep-91 7.7 5.3 19.7 6 - 0 0 -
bd2 902 09-Sep-91 7.6 5.2 19.8 2 - 0 0 -
bd2 920 16-Sep-91 7.7 9.7 23.0 12 - 0 0 -
bd2 938 23-Sep-91 7.7 4.2 13.0 6 - 0 0 -
bd2 956 30-Sep-91 7.9 8.9 8.6 6 - 0 0 -
bd2 974 07-Oct-91 7.7 8.3 12.0 2 - 0 0 -
bd2 992 !4-Oct-91 7.9 7.4 8.9 3 - 0 0 -
bd2 1010 21-Oct-91 7.7 5.6 8.4 3 - 0 0 -
bd2 1028 28-Oct-9! 7.6 5.0 13.1 7 - 0 0 -
bd2 1046 04-Nov-91 8.0 6.5 5.5 3 5 0 5 -
bd2 1064 ll-Nov-91 7.5 13.6 2.6 19 3 0 3 -
bd2 1082 18-Nov-91 8.1 2.4 5 13 0 13 -
bd2 1100 25-Nov-91 7.5 4.1 1.9 3 19 0 19 -

bd3 4 05-Jun-90 - 1.6 13.1 6 18 7 24 -
bd3 12 iS-Jun-90 7.4 i.I 22.0 1 26 6 32 -
bd3 22 25-Jun-90 7.2 0.9 18.0 0 9 19 28 -
bd3 32 02-Jul-90 7.2 0.8 20.0 ! 21 5 26 -
bd3 42 09-Jui-90 7.2 1.3 20.8 2 18 5 22 -
bd3 52 16-Jul-90 7.2 7.2 22.3 1 18 2 20 -
bd3 63 23-Jui-90 7.2 1.0 23.5 1 14 3 17 -
bd3 78 30-Jul-90 7.2 - - i !0 2 Ii -
bd3 89 06-Aug-90 7.4 3.1 20.0 3 5 1 6 -
bd3 104 13-Aug-90 ........
bd3 115 20-Aug-90 7.3 1.4 19.5 2 75 0 76 -



Table C-2. Water Chemistry, Town of Fenton Landfill Leachate Treatment Demonstration.

Oxygen Total

Loca- Sample 02 Temp Consumption NH4 NO3 inorg N Kjel N
tion ID Date Comment pH (mg/l) (degr. C) (mg/i/day) (mg/l) (mg/l) (mg/l) (mg/l)

bd3 130 27-Aug-90 7.5 1.2 23.5 3 76 8 84 -
bd3 145 04-Sep-90 7.5 1.2 19.5 5 48 1 49 -
bd3 153 10-Sep-90 7.5 1.0 17.2 8 47 46 93 -
bd3 165 17-Sep-90 7.8 1.3 14.0 2 37 4 41 -
bd3 179 24-Sep-90 7.7 2.1 11.8 4 29 6 36 -
bd3 193 01-Oct-90 6.9 1.8 14.6 3 19 6 25 -
bd3 208 08-Oct-90 7.5 1.8 16.8 2 8 9 17 -
bd3 223 15-Oct-90 7.4 2.5 14.5 4 18 0 18 -
bd3 238 22-Oct-90 8.0 4.8 11.6 2 1 4 5 -
bd3 254 29-Oct-90 7.4 2.8 6.5 1 II 0 II -
bd3 270 05-Nov-90 7.2 2.2 12.3 3 39 0 39 -
bd3 285 12-Nov-90 7.5 5.1 3.1 3 34 1 35 -

bd3 300 19-Nov-90 7.5 3.4 2.4 4 42 1 44 -
bd3 315 26-Nov-90 7.1 3.3 5.3 4 46 4 49 -
bd3 330 04-Dec-90 7.6 4.5 6.0 5 22 4 26 -
bd3 345 10-Dec-90 7.7 3.2 6.7 2 31 3 34 -
bd3 360 !7-Dec-90 7.9 4.6 3.1 1 22 3 25 -
bd3 375 02-Jan-9! 7.2 2.5 1.6 8 41 0 41 -
bd3 390 07-Jan-91 7.6 3.3 0.5 15 40 0 40 -
bd3 403 14-Jan-91 7.5 7.9 2.4 Ii 38 0 38 -
bd3 413 21-Jan-91 6.8 - 0.0 16 49 0 49 -
bd3 424 28-Jan-91 7.4 4.2 0.6 15 51 0 51 -
bd3 435 04-Feb-91 7.3 2.9 0.8 13 50 0 50 -
bd3 449 ll-Feb-91 7.4 4.5 0.4 9 37 1 37 -
bd3 460 18-Feb-91 7.6 3.5 0.2 I0 48 0 48 -
bd3 473 25-Feb-91 7.6 3.6 0.9 7 27 0 28 -
bd3 484 06-Mar-91 7.5 3.5 7.1 10 26 1 26 -
bd3 495 ll-Mar-91 7.8 16.1 5.1 5 26 0 26 -
bd3 507 18-Mar-91 8.4 13.1 6.5 5 19 0 19 -
bd3 518 25-Mar-91 8.9 14.6 5.3 1 14 0 15 -

bd3 530 02-Apr-91 7.6 3.7 4.5 5 51 0 51 -
bd3 548 08-Apr-91 7.2 2.0 13.6 7 52 0 52 -
bd3 566 15-Apr-91 7.3 2.4 7.2 4 46 0 46 -
bd3 581 23-Apr-91 7.6 3.7 9.9 3 24 2 26 -
bd3 596 29-Apt-91 7.6 2.5 13.9 2 20 0 20 -
bd3 607 13-May-91 7.3 2.1 19.5 5 17 0 17 -
bd3 625 20-May-91 7.3 2.0 17.8 4 16 1 16 -
bd3 636 28-May-91 7.2 2.0 26.1 0 10 0 10 -
bd3 654 03-Jun-91 7.6 2.4 22.3 7 7 0 7 -
bd3 673 10-Jun-91 7.4 2.0 19.9 6 6 0 6 -



Table C-2. Water Chemistry, Town of Fenton Landfill Leachate Treatment Demonstration.

Oxygen Total

Loca- Sample 02 Temp Consumption NH4 NO3 inorg N Kjel N
tion ID Date Comment pH (mg/l) (degr. C) (mg/I/day) (mg/l) (mg/l) (mg/l) (mg/l)

bd3 691 17-Jun-91 7.2 1.9 20.4 5 5 0 5 -
bd3 709 24-Jun-91 7.0 2.0 21.6 2 6 0 6 -
bd3 727 01-Jul-91 7.2 1.8 22.5 - 2 0 2 -
bd3 741 08-Jui-91 6.9 2.2 23.9 5 1 0 1 -
bd3 759 15-Jul-91 6.9 2.4 21.5 1 1 1 2 -
bd3 777 22-Jui-91 7.0 2.1 24.6 3 1 0 1 -
bd3 795 29-JuI-91 7.0 2.7 22.4 9 0 0 0 -

bd3 813 05-Aug-91 7.2 2.5 21.6 2 1 0 1 -
bd3 831 12-Aug-91 7.2 2.1 21.0 4 - 0 0 -
bd3 849 19-Aug-91 7.0 2.8 21.8 2 1 0 1 -
bd3 867 26-Aug-91 6.8 2.2 23.3 8 - 0 0 -

bd3 885 03-Sep-91 6.9 3.3 20.9 2 - 0 0 -
bd3 903 09-Sep-91 6.9 2.5 21.6 3 1 0 1 -
bd3 921 16-Sep-91 7.2 3.2 21.9 13 1 0 1 -
bd3 939 23-Sep-91 7.1 3.4 14.6 1 - 0 0 -
bd3 957 30-Sep-9! 7.4 4.7 10.9 3 - 0 0 -
bd3 975 07-Oct-9i 7.3 4.8 12.0 1 0 0 0 -
bd3 993 14-Oct-91 7.5 5.4 9.0 1 - 0 0 -
bd3 i011 21-Oct-91 7.1 4.4 8.8 3 0 0 0 -
bd3 1029 28-Oct-91 7.0 4.4 12.9 6 - 0 0 -
bd3 1047 04-Nov-91 7.3 6.3 4.9 2 - 0 0 _ -
bd3 1065 ll-Nov-9! 7.5 12.4 2.8 4 - 0 0 -
bd3 1083 18-Nov-91 7.4 4.7 3.2 6 8 0 8 -
bd3 1101 25-Nov-91 7.7 6.3 2.8 2 24 0 24 -

bd4 5 05-Jun-90 - 2.0 12.0 4 - 21 21 -
bd4 13 18-Jun-90 7.3 2.3 22.0 1 17 10 26 -
bd4 23 25-Jun-90 7.3 3.3 19.0 1 - 18 18 -
bd4 33 02-Jui-90 7.3 1.2 19.0 1 0 17 17 -
bd4 43 09-Jul-90 7.4 2.8 20.0 1 4 9 12 -
bd4 53 16-Jul-90 7.4 i.I 21.6 1 5 4 I0 -
bd4 64 23-Jui-90 7.3 I.i 24.1 3 5 5 10 -
bd4 79 30-Jui-90 7.2 - - 3 6 3 8 -
bd4 90 06-Aug-90 7.2 3.1 21.0 3 3 2 5 -
bd4 105 13-Aug-90 7.1 4.7 22.1 0 3 1 4 -
bd4 116 20-Aug-90 7.2 1.6 20.0 2 7 1 8 -
bd4 131 27-Aug-90 7.3 1.7 23.0 7 36 5 41 -
bd4 146 04-Sep-90 7.6 1.6 20.7 2 27 II 37 -
bd4 154 10-Sep-90 7.6 2.0 18.2 2 22 21 43 -
bd4 166 17-Sep-90 7.7 2.6 15.5 4 19 12 30 -



Table C-2. Water Chemistry, Town of Fenton Landfill Leachate Treatment Demonstration.

Oxygen Total
Loca- Sample 02 Temp Consumption NH4 NO3 inorg N Kjei N
tion ID Date Co_men_ pH (mg/l) (degr. C) (mg/i/day) (mg/i) (mg/l) (mg/l) (mg/l)

bd4 180 24-Sep-90 8.0 4.2 12.5 2 21 7 28 -
bd4 194 01-Oct-90 7.6 1.2 14.7 4 ii 8 19 -
bd4 209 08-Oct-90 7.6 2.5 16.7 2 8 10 18 -
bd4 224 15-Oc_-90 7.6 1.8 15.0 5 2 2 4 -
bd4 239 22-Oct-90 7.5 2.1 11.9 3 1 5 6 -
bd4 255 29-Oct-90 7.6 2.7 6.3 1 3 3 6 -
bd4 271 05-Nov-90 7.4 2.2 12.1 4 12 2 14 -
bd4 286 12-Nov-90 7.6 3.6 4.2 3 4 5 9 -
bd4 301 19-Nov-90 7.3 2.7 3.4 2 20 4 23 -
bd4 316 26-Nov-90 7.2 3.0 5.2 4 27 5 32 -
bd4 331 04-Dec-90 7.7 3.3 5.6 4 II 6 17 -

,C3 bd4 346 10-Dec-90 7.7 3.2 4.7 3 13 9 22 -
bd4 361 17-Dec-90 7.8 3.5 3.8 1 12 10 22 -
bd4 376 02-Jan-91 7.0 3.3 1.9 3 24 1 25 -
bd4 391 07-Jan-91 7.7 2.9 1.2 7 31 0 31 -
bd4 414 21-Jan-91 7.1 - 0.0 8 33 0 33 -
bd4 _25 28-Jan-91 7.3 4.6 0.5 4 38 0 38 -
bd4 636 04-Feb-91 7.5 3.1 0.6 6 43 0 43 -
bd4 450 ll-Feb-91 7.6 3.3 1.0 3 26 1 26 -
bd4 46! 18-Feb-91 7.6 4.3 0.0 6 37 0 37 -
bd4 474 2f-Feb-91 7.6 3.1 0.5 3 20 0 21 -
bd4 485 06-_er-91 7.6 4.3 4.9 5 I0 2 12 -
bd4 496 ll-Mar-91 7.8 4.4 1.6 6 21 0 21 -
bd4 508 18-Mar-91 7.7 4.7 6.5 5 14 3 17 -
bd4 519 25-Mar-91 7.6 4.7 4.8 1 13 3 16 -

bd4 531 02-Apr-91 7.8 4.4 5.0 5 35 2 37 -
bd4 549 08-Apr-91 7.3 2.0 13.6 6 29 4 34 -
bd4 567 15-Apr-91 7.3 2.6 7.3 4 29 1 30 -
bd4 582 23-Apr-91 7.6 2.7 8.8 5 15 3 18 -
bd4 597 29-Apt-91 7.6 3.5 13.0 1 14 1 16 -
bd4 608 13-May-91 7.5 3.1 19.1 1 8 3 Ii -
bd4 626 20-May-91 7.5 2.8 16.0 4 3 0 4 -
bd4 637 28-May-91 7.4 2.5 23.9 3 5 0 5 -
bd4 655 03-Jun-91 7.7 2.9 21.9 5 2 0 3 -
bd4 674 10-Jun-91 ?.6 2.7 20.0 5 1 0 1 -
bd4 692 17-Jun-91 7.5 2.1 20.2 5 1 0 1 -
bd4 710 24-Jun-91 7.4 2.2 20.5 2 1 0 1 -
bd4 728 01-Jul-91 7.6 2.2 21.9 2 1 0 1 -
bd4 742 08-Jul-91 7.3 2.3 23.3 1 2 0 2 -
bd4 760 15-Jul-91 7.1 2.9 21.1 1 2 1 3 -



Table C-2. Water Chemistry, Town of Fenton Landfill Leachate Treatment Demonstration.

O_zcgen Total

Loca- Sample 02 Temp Consumption NH4 NO3 inorg N Kjel N
tion ID Date Comment pH (mg/l) (degr. C) (mg/i/day} (mg/l) (mg/l) (mg/l) (mg/l}

bd4 778 22-Jui-91 7.1 2.7 24.5 3 2 0 2
bd4 796 29-Jui-91 7.2 3.4 22.7 9 1 0 1 -

bd4 814 05-Aug-91 7.2 2.7 21.3 3 ! 0 ! -
bd4 832 12-Aug-9i 7.4 2.6 20.9 2 0 0 1 -
bd4 850 19-Aug-91 7.2 2.9 21.5 - 1 0 1 -
bd4 868 26-Aug-91 7.1 2.6 22.0 i0 0 0 0 -
bd4 886 03-Sep-91 7.0 2.2 20.7 1 1 0 1 -
bd4 904 09-Sep-91 7.1 2.7 22.0 5 1 0 1 -
bd4 922 16-Sep-91 7.2 2.3 22.! 4 1 0 1 -
bd4 940 23-Sep-91 7.0 3.3 14.0 2 0 0 0 -
bd4 958 30-Sep-91 7.4 4.2 9.2 1 0 0 0 -
bd4 976 07-Oct-91 7.3 5.5 11.9 0 ! 0 !

bd4 994 14-Oct-91 7.4 8.5 8.7 1 0 0 0 -
bd4 1012 21-Oct-91 7.3 6.2 9.0 3 0 0 0%a
bd4 1030 28-Oct-91 7.0 5.5 13.6 6 - 0 0
bd4 1048 04-Nov-91 7.5 5.3 5.5 1 1 0 1 -
bd4 1066 ll-Nov-91 7.1 9.0 3.4 4 - 0 0 -
bd4 1084 18-Nov-91 7.2 4.5 2.8 2 - 0 0 -
bd4 1102 25-Nov-91 7.7 10.6 3.1 2 18 0 18 -

mh4 6 05-Jun-90 - 3.4 12.0 16 - 20 20 -
mh4 14 18-Jun-90 7.4 3.2 20.0 2 5 16 20 -
mh4 24 25-Jun-90 7.4 4.9 18.0 1 - 15 15 -
mh4 34 02-Jul-90 7.3 4.4 20.0 1 6 9 15 -
_4 44 09-Jul-90 7.5 4.3 21.5 1 - II ii -
mh4 54 16-Jul-90 7.3 4.1 20.4 2 4 5 8 -
mh4 65 23-Jui-90 7.6 4.3 22.7 1 3 8 I0
m/q4 80 30-Jui-90 7.7 - 1 0 7 7 -

mh4 91 06-Aug-90 7.3 5.5 20.0 2 2 3 4 -
mh4 106 13-Aug-90 7.1 4.4 21.3 2 1 2 3 -
mh4 117 20-Aug-90 7.5 5.2 19.0 1 1 2 3 -
mh4 132 27-Aug-90 7.8 4.4 21.5 1 37 5 42
mh4 147 04-Sep-90 7.9 5.1 18.0 2 25 It 35 -
mh4 155 10-Sep-90 7.8 4.5 17.3 8 20 19 38 -
mh4 167 17-Sep-90 7.5 5.3 15.9 - 14 12 27 -
mh4 181 24-Sep-90 7.9 5.3 13.4 3 17 8 25 -
mh4 195 01-Oct-90 7.2 5.0 14.2 2 9 9 18 -
mh4 210 08-Oct-90 7.4 5.8 16.6 3 8 8 16 -
mh4 225 15-Oct-90 7.5 5.7 15.1 0 2 2 4 -
mh4 240 22-Oct-90 7.3 6.2 11.7 2 1 4 5 -



Table C-2. Water Chemistry, Town of Fenton Landfill Leachate Treatment Demonstration.

Oxygen Total

Loca- Sample 02 Temp Consumption N_4 NO3 inorg N Kjel N
tion ID Date Comment pH (mg/l) (degr. C) (mg/!/day) [mg/l) (mg/l) (mg/l) (mg/l)

mh4 256 29-Oct-90 7.6 5.4 6.2 2 2 4 6 -
mh4 272 05-Nov-90 7.5 5.7 11.2 3 I0 3 13 -
mh4 287 12-Nov-90 6.3 5.8 5.2 2 3 6 8 -
mh4 302 19-Nov-90 6.8 5.9 5.1 1 17 4 21 -
mh4 317 26-Nov-90 7.2 5.7 5.2 1 24 6 30 -
mh4 332 04-Dec-90 7.7 6.7 6.6 3 8 5 13 -
mh4 347 10-Dec-90 7.8 6.5 6.7 2 ii 10 21 -
mh4 362 17-Dec-90 7.1 6.8 5.7 0 II 10 20 -
mh4 377 02-Jan-91 7.3 4.9 1.8 3 19 0 19 -
m_4 392 07-Jan-91 7.4 6.3 0.8 0 28 0 28 -
mh4 404 14-Jan-91 7.8 8.7 5.6 2 31 0 32 -
mh4 415 21-Jan-91 6.8 - 0.9 6 31 0 31 -
mh4 426 28-Jan-91 7.9 6.0 1.8 4 34 0 34 -
mh4 437 04-Feb-91 7.7 5.4 1.7 5 35 0 35 -
mh4 451 ll-Feb-91 7.8 5.8 0.6 1 20 2 22 -
mh4 462 18-Feb-91 7.9 6.1 2.0 4 31 0 31 -
mh4 475 25-Feb-91 8.0 8.7 1.7 3 14 1 15 -
mh4 486 06-Mar-91 8.0 7.9 5.7 5 7 2 9 -
_h4 497 ll-Mar-91 7.9 6.1 2.3 6 20 0 20 -
mh4 509 18-Mar-91 7.8 6.5 8.2 3 16 2 18 -
mh4 520 25-Mar-91 7.8 7.8 3.8 - 12 4 16 -

mh4 532 02-Apr-9i 7.9 5.9 6.5 5 32 1 32 -
mh4 550 08-Apr-91 8.2 5.9 a,! 4 28 4 33 -
mh4 568 15-Apr-9! 7.8 7.8 7.2 3 17 4 22 -
mh4 583 23-Apr-91 7.7 5.5 10.9 5 14 3 17 -
mh4 598 29-Apr-91 8.1 6.4 10.5 2 I0 6 16 -
mh4 609 !3-May-91 7.9 3.3 14.4 2 2 7 9 -
mh4 627 20-May-91 8.0 4.7 15.8 1 0 8 8 -
mh4 638 2S-May-91 8.1 5.4 15.2 2 - 3 3 -
mh4 656 03-Jun-91 8.2 1.5 19.5 0 0 1 2
mh4 675 10-Jun-91 8.4 5.7 la.4 1 - 2 2 -
mh4 693 17-Jun-91 8.3 5.5 18.6 1 - 1 1 -
_h4 711 24-Jun-91 .......
mh4 743 08-Jui-91 ......
mh4 761 15-Jul-9i ........
mh4 779 22-Jui-91 ......
mh4 797 29-Jui-91 .......

mh4 815 05-Aug-91 ........
mh4 833 12-Aug-91 .......
mh4 851 19-Aug-91 .......
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Table C-2. Water Chemistry, Town of Fen[on Landfill Leachate Treatment Demonstration.

Oxygen Total
Loca- Sample 02 Temp Consumption NH4 NO3 inorg N Kjel N
tion ID Date Comment pH (mg/l) (degr. C) (mg/i/day) (mg/l) (mg/l) (mg/l) (mg/l)

htk 322 26-Nov-90 7.2 5.2 6.5 3 19 6 24 -
htk 337 04-Dec-90 7.7 8.0 7.6 1 14 7 21 -
htk 352 10-Dec-90 7.5 5.6 8.1 1 Ii 8 19 -
htk 367 17-Dec-90 6.7 8.3 5.1 0 ii 10 21 -
htk 382 02-Jan-91 7.0 4.5 3.1 2 15 1 15 -
htk 397 07-Jan-91 7.0 2.9 i. 5 1 19 0 19 -
htk 409 14-Jan-91 8.0 7.7 5.7 3 27 0 27 -
htk 420 21-Jan-91 7.2 - 1.7 5 24 0 24 -
htk 431 28-Jan-91 7.3 2.6 2.6 2 32 0 32 -
htk 441 04-Feb-91 7.8 5.8 2.7 1 - 0 0 -
htk 456 ll-Feb-91 7.8 6.1 1.3 0 20 1 21 -
htk 469 18-Feb-91 7.9 6.7 2.5 2 50 47 96 -

htk 480 25-Feb-91 7.9 6.3 2.2 2 15 1 16 -
htk 491 06-Mar-91 7 9 6 8 6 0 - I0 2 12 -

° ° o
htk 502 ll-Mar-91 8.0 6.4 3.6 2 16 0 16 -
htk 514 18-Mar-91 7.9 7.5 5.2 1 19 1 20 -
htk 525 25-Mar-91 7.7 6.5 3.8 0 15 2 16 -
htk 537 02-Apr-91 7.9 6.1 5.7 1 28 1 29 -
htk 555 08-Apr-91 7.7 4.9 8.0 2 31 1 33 -
htk 573 15-Apr-91 7.6 5.1 7.6 1 21 5 27 -
htk 588 23-Apr-91 7.6 5.9 12.4 1 14 3 18 -
htk 603 29-Apr-91 7.7 4.8 11.2 0 12 3 15 -
htk 614 13-May-91 7.5 3.7 14.2 2 7 4 II -
htk 632 20-May-91 ........
htk 643 28-May-91 7.8 3.2 16.5 1 1 2 4 -
htk 661 03-Jun-91 8.0 3.2 20.4 2 1 2 3 -
htk 680 10-Jun-91 7.7 3.2 18.5 1 0 1 2 -
htk 698 17-Jun-91 7.9 4.3 18.0 1 1 0 1 -
htk 716 24-Jun-91 7.8 3.5 19.1 1 - 1 1 -
htk 748 08-Jul-91 ........
htk 766 15-Jul-91 ........
htk 784 22-Jui-91 ........
htk 802 29-Jui-91 ........

htk 820 05-Aug-91 ........
htk 838 12-Aug-91 ........
htk 856 i9-Aug-91 ........
htk 874 26-Aug-91 ........
htk 892 03-Sep-91 ........
htk 910 09-Sep-91 ........
htk 928 16-Sep-91 ........



Table C-2. Water Chemistry, Town of Fenton Landfill Leachate Treatment Demonstration.

Oxygen Total

Loca- Sample 02 Temp Consumption NH4 NO3 inorg N Kjei N
tion ID Date Comment pH (mg/l) (degr. C) (mg/I/day) (mgil) (mg/l) (mg/l) _mgli)

htk 946 23-Sep-91 .......
htk 964 30-Sep-91 ........
htk 982 07-Oct-91 .........
htk 1000 14-Oct-91 .......
htk 1018 21-Oct-91 8.0 7.6 12.1 2 0 0 0 -
htk 1036 28-Oct-91 7.9 7.2 12.6 2 0 0 -
htk 1054 04-Nov-91 8.2 8.1 8.2 - 0 0 0 -
htk 1072 ll-Nov-91 7.4 12.5 3.9 2 0 0 -
htk 1090 18-Nov-91 7.4 8.2 5.5 4 0 0 0 -
htk III0 25-Nov-91 7.7 8.4 4.2 3 15 0 15 -

s14 16 18-Jun-90 - - - 1 - 0 0 -
s14 26 25-Jun-90 - - 1 0 0 0 -
s14 36 02-Jul-90 - - 1 0 0 0 -
s14 46 09-Ju!-90 - - - 1 - 0 0 -
s!4 56 16-Jul-90 - - - 1 - 0 0 -
s14 67 23-Jui-90 - - - 5 0 0 0 -
s14 82 30-Jul-90 6.9 - 1 - 0 0 -
s14 93 06-Aug-90 - - - 2 0 0 0 -
s14 108 13-Aug-90 - - - 2 0 0 0 -
s14 119 20-Aug-90 - - 2 0 0 -
s14 134 27-Aug-90 - - - 1 - 0 0 -
s!4 169 17-Sep-90 7.7 - 11.7 1 0 0 0
s14 183 24-Sep-90 8.4 7.4 10.9 0 - 0 0 -
s14 197 01-Oct-90 6.4 6.1 12.5 3 - 0 0 -
s14 212 08-Oct-90 6.7 3.5 14.1 2 0 0 0 -
s14 227 15-Oct-90 7.4 7.5 13.8 1 0 0 0 -
s14 242 22-Oct-90 7.2 9.0 11.4 2 0 0 -

• s14 258 29-Oct-90 7.8 10.8 6.0 1 0 0 0 -
s14 274 05-Nov-90 7.6 10.2 i0.i 2 0 0 0 -
s14 289 12-Nov-90 6.3 ii.i 4.1 2 - 0 0 -
s14 304 19-Nov-90 7.4 10.9 2.9 1 - 0 0 -
s14 319 26-Nov-90 6.8 10.6 4.7 2 - 0 0 -
s14 334 04-Dec-90 7.5 10.6 5.0 - - 1 1 -
s14 349 10-Dec-90 8.1 10.3 6.3 1 - 0 0 -
s14 364 17-Dec-90 7.4 11.6 6.5 - - 0 0 -
s14 379 02-Jan-91 6.1 12.2 3.0 1 0 0 0 -
s14 394 07-Jan-91 8.2 11.9 0.0 0 0 0 0
s14 406 14-Jan-91 8.7 11.2 5.9 2 - 0 0 -
s14 417 21-Jan-91 6.8 - 0.7 3 - 0 0



Table C-2. Water Chemistry, Town of Fenton Landfill Leachate Treatment Demonstration.

Oxygen Total

Loca- Sample 02 Temp Consumption NH4 NO3 inorg N Kjel N
tion ID Date Comment pH (mg/l) (degr. C) (mg/i/day) (mg/l) (mg/l) (mg/l) (mg/l)

s14 428 28-Jan-91 6.8 ii.i 2.3 0 0 0 0 -
s14 438 04-Feb-91 6.0 12.0 2_7 0 ....
s14 453 ll-Feb-91 6.4 12.3 0.0 0 0 0 0 -
s14 464 18-Feb-91 6.9 12.5 2.0 1 0 0 0 -
s14 477 25-Feb-91 6.6 12.9 1.9 1 - 0 0 -
s14 488 06-Mar-91 7.1 11.4 7.4 0 0 0 0 -
s14 499 ll-Mar-91 8.1 12.8 1.9 2 - 0 0 -
s14 511 18-Mar-91 7.8 12.2 4.3 2 - 0 0 -
s14 522 25-Mar-91 7.6 11.2 4.5 1 0 0 0 -
s14 534 02-Apt-91 8. I II.i 4.7 1 0 0 0 -
s14 552 08-Apt-9! 5.8 9.7 13.2 1 - 0 0 -
s14 570 15-Apt-91 7.7 10.8 6.7 1 0 0 0 -

0 s14 585 23-Apr-91 7.7 10.4 13.3 1 0 0 0 -
s14 600 29-Apt-91 7.8 9.7 12.8 1 0 0 0 -
s14 611 13-May-9! 6.2 9.4 17.4 0 - 0 0 -
s14 629 20-May-91 7.2 10.3 14.0 0 - 0 0 -
s14 640 28-May-91 7.3 9.1 18.5 0 0 0 0 -
s14 658 03-Jun-91 7.2 8.9 19.8 0 - 0 0 -
s14 677 10-Jun-91 7.4 6._ 18.9 0 0 0 0 -
s14 695 17-Jun-91 7.3 3.8 20.0 1 0 0 0 -
s14 713 24-Jun-9! .....
s14 745 08-Jul-91 .......
s14 763 15-Jul-91 ........
s14 781 22-Jui-91 .......
s14 799 29-Jui-91 7.5 6.8 17.7 2 0 0 0 -
s14 817 05-Aug-91 7.3 5.a 20.4 1 - 0 0 -
s14 835 12-Aug-91 7.4 6.3 20.7 1 - 0 0 -
s!4 853 19-Aug-91 7.4 6.4 19.9 - 0 0 -
s14 871 26-Aug-91 7.3 6.4 20.0 2 - 0 0 -
s14 889 03-Sep-9! .......
s14 907 09-Sep-91 .......
si4 925 16-Sep-91 ......
s14 943 23-Sep-91 7.5 4.6 12.5 3 0 0 0 -
s14 961 30-Sep-91 7.3 4.4 6.0 5 - 0 0 -
s14 979 07-Oct-91 7.8 7.5 10.8 1 0 0 0 -
s14 997 14-Oct-91 7.5 7.3 9.4 3 - 0 0 -
s14 1015 2!-Oct-91 7.1 7.1 9.6 3 0 0 0 -
s14 1033 28-Oct-91 7.0 6.3 11.2 3 0 0 0 -
s14 1051 04-Nov-91 ........
s14 1069 ll-Nov-91 7.0 14.0 2.3 2 0 0 0 -



Table C-2. Water Chemistry, Town of Fenton Landfill Leachate Treatment Demonstration.

Oxygen Total

Loca- Sample 02 Temp Consumption NH4 NO3 inorg N Kjel N
tion ID Date Comment pH (mg/l) (degr. C) (mg/i/day) (mg/l) (mg/l) (mg/l) (mg/l)

s14 1087 18-Nov-91 7.9 10.6 2.6 4 0 0 0 -
s14 1107 25-Nov-91 7.8 9.8 3.0 - - 0 0 -

s19 8 05-Jun-90 - 8.0 II.0 3 ....
s19 18 18-Jun 90 ........
s19 28 25-Jun-90 - - - 1 0 0 0 -
s19 38 02-Jul-90 - - - 0 0 0 0 -
s19 48 09-Jul-90 - - - 1 - 0 0 -
si9 58 16-Jul-90 ........
s19 69 23-Jui-90 ........
s19 84 30-Jul-90 ........
s19 95 06-Aug-90 - - - 2 0 0 0 -
s19 ii0 13-Aug-90 ........

s19 121 20-Aug-90 ........
s19 136 27-Aug-90 - - - 2 0 0 0 -
s19 171 17-Sep-90 8.5 7.3 11.6 0 - 0 0 -
s19 199 01-Oct-90 6.2 8.3 11.8 1 - 0 0 -
s19 214 08-Oct-90 6.1 6.3 15.4 2 - 0 0 -
s19 229 15-Oct-90 7.3 6.3 14.2 3 i0 0 10 -
s19 244 22-Oct-90 7.1 9.4 10.6 1 - 0 0 -
s19 260 29-Oct-90 7.9 11.2 5.2 1 - 0 0 -
s19 276 05-Nov-90 6.9 10.2 9.1 2 0 0 0 -
s19 291 12-Nov-90 6.2 10.7 3.2 2 - 0 0 -
s19 306 19-Nov-90 7.9 11.8 1.3 1 - 0 0 -
s19 321 26-Nov-90 6.9 ii.i 5.4 2 - 0 0 -
s19 336 04-Dec-90 7.9 Ii.0 6.2 - ~ 0 0 -
s!9 351 10-Dec-90 7.8 9.8 6.6 1 0 0 0 -
s19 366 17-Dec-90 7.3 12.1 3.1 0 0 0 0 -
s19 381 02-Jan-91 7.2 11.4 0.7 2 - 0 0 -
s19 396 07-Jan-91 8.2 11.8 0.3 1 0 0 0 -
s19 408 14-Jan-91 8.5 12.6 2.9 3 0 0 -
s19 419 21-Jan-91 6.9 - 0.0 3 - 0 0 -
s19 430 28-Jan-91 7.6 12.6 0.6 1 0 0 0 -
s19 440 04-Feb-91 6.9 11.5 1.9 0 5 0 6 -
s19 455 ll-Feb-91 6.8 11.6 0.0 1 0 0 0 -
s19 466 18-Feb-91 ..... 0 0 -
s19 468 18-Feb-91 7.6 13.7 0.8 1 - 0 0 -
s19 479 25-Feb-91 7.4 13.9 1.3 1 0 0 0
s19 490 06-Mar-91 7.5 11.3 4.7 - 0 0 0 -
s19 501 ll-Mar-91 7.9 12.7 2.5 2 0 0 0 -



Table C-2. Water Chemistry, Town of Fenton Landfill Leachate Treatment Demonstration.

Oxygen Total

Loca- Sample 02 Temp Consumption _{4 NO3 inorg N Kjel N
tion ID Date Comment pH (mg/l) {,_egr. C) (mg/i/day) (mg/l) (mg/l) {mg/l) (mg/l)

s19 513 18-Mar-91 8.0 12.0 5.0 2 0 0 0 -
s19 524 25-Mar-91 7.7 11.3 4.1 0 0 0 0 -

s19 536 02-Apr-91 8.0 11.5 5.2 0 0 0 0 -
s19 554 08-Apr-91 7.6 9.7 14 8 1 0 0 0 -
s19 572 15-Apr-91 7.7 10.9 6.6 1 0 0 0 -
s19 587 23-Apr-91 7.6 10.4 12.3 0 0 0 0 - °
s19 602 29-Apr-91 7.7 6.9 13.0 - 0 0 0 -
s19 613 13-May-91 7.4 8.4 18 4 1 - 0 0 -
s19 631 20-May-91 ........
s19 642 28-May-91 ........
s19 660 03-Jun-91 .......
s19 679 10-Jun-91 ........

s19 697 17-Jun-91 ........
s19 715 24-Jun-91 ........
s19 747 08-Jul-91 .......
s19 765 15-Jul-91 ........
s19 783 22-Jui-91 ........
s19 801 29-Jui-91 .......
s19 819 05-Aug-91 ........
s19 837 12-Aug-91 ........
s19 855 19-Aug-91 .........
s19 873 26-Aug-91 ........
s19 891 03-Sep-91 ........
s19 909 09-Sep-91 ........
s19 927 16-Sep-91 ......
s19 945 23-Sep-91 ........
s19 963 30-Sep-91 ........
s19 981 07-Oct-91 .......
s19 999 14-Oct-91 ........
s19 1017 21-Oct-91 ........
s19 1035 28-Oct-91 ........
s19 1053 04-Nov-91 ........
s19 1071 ll-Nov-91 7.5 13.2 3.6 3 - 2 2 -
s19 1089 18-Nov-91 ........
s19 1109 25-Nov-91 8.2 11.9 3.2 3 - 0 0 -

s18 17 18-Jun-90 - - - 1 8 1 9 -
s18 27 25-Jun-90 - - - 2 6 4 ii -
s18 37 02-Jul-90 - - - 1 8 2 I0 -
s18 47 09-Jul-90 - - - 1 0 5 5 -



Table C-2. Water Chemistry, Town of Fenton Landfill Leachate Treatment Demonstration.

Oxygen Total
Loca- Sample 02 Temp Consumption NH4 NO3 inorg N Kjel N
tion ID Date Comment pH (mg/l) (degr. C) (mg/i/day) (mg/l) (mg/l) (mg/l) (mg/l)

s18 57 16-Jui-90 - - - i 10 1 i0 -
s18 68 23-Jui-90 - - - 1 10 0 10 -
s18 83 30-Jul-90 7.3 - 1 14 0 14 -
s18 94 06-Aug-90 .... 4 2 1 3 -
s18 1¢9 13-Aug-90 - 2 10 0 i0 -
s18 120 20-Aug-90 - 1 ii 0 Ii -
s18 135 27-Aug-90 _- - 1 I0 0 I0 -
s18 148 04-Sep-90 7.6 6.0 [6.6 3 ii 0 ii -
s18 156 10-Sep-90 7.9 7.9 16.7 2 I0 9 18 -
s18 170 17-Sep-90 7.7 6.8 11.7 - II 1 II -
s18 184 24-Sep-90 7.5 7.5 10.6 0 12 0 13 -
s18 198 01-Oct-90 6.8 7.6 12.8 2 6 1 8 -
s18 213 08-Oct-90 6.8 6.0 15.8 2 9 1 9 -
s18 228 15-Oct-90 7.3 7.7 i4.3 0 - 0 0 -
s18 243 22-Oct-90 6.9 8.5 10.6 2 4 0 5 -
s18 259 29-Oct-90 7.6 11.6 4.7 2 3 0 3 -
s18 275 05-Nov-90 6.7 9.4 9.3 2 6 0 6 -
s!8 290 12-Nov-90 7.2 11.3 4.3 1 2 0 2 -
s18 305 19-Nov-90 7.3 11.3 i.i 1 3 0 3 -
s18 320 26-Nov-90 7.4 10.7 4.1 2 4 0 4 -
s18 335 04-Dec-90 7.1 10.7 6.1 - i 1 2 -
s18 350 10-Dec-90 7.4 10.4 6.7 2 2 0 2 -
s18 365 17-Dec-90 7.2 12.1 2.6 0 3 0 3 -
s18 380 02-Jan-91 6.9 12.0 1.0 2 2 0 3 -
s18 395 07-Jan-91 6.5 10.6 1.0 0 4 0 5 -
s18 407 14-Jan-91 7.5 11.6 2.6 2 6 0 7 -
s18 418 21-Jan-91 6.6 0.0 3 2 0 2 -
s18 429 28-Jan-91 7.2 12.3 1.0 1 6 1 6 -
s18 439 04-Feb-91 7.3 9.4 2.5 - - 0 0 -
s18 454 ll-Feb-91 7.4 11.6 i.I 0 1 0 2 -
s18 467 18-Feb-91 7.6 12.9 0.5 1 24 1 24 -
s18 465 !8-Feb-91 - - 3 1 3 -
s18 478 25-Feb-91 7.6 13.1 1.3 1 1 0 1 -
s18 489 06-Mar-91 7.7 11.5 4.8 0 1 0 2 -
s18 500 ll-Mar-91 7.5 12.7 2.8 2 3 0 3 -
s18 512 18-Mar-91 7.5 12.2 6.3 2 1 2 3 -
s18 523 25-Mar-91 7.6 11.3 4.6 0 2 0 3 -
s18 535 02-Apr-91 7.7 11.6 7.0 1 2 1 3 -
s18 553 08-Apr-91 7.6 10.6 15.1 2 3 1 3 -
s18 571 15-Apr-91 7.6 ii.0 6.3 1 2 i 3 -



Table C-2. Water Chemistry, Town of Fenton Landfill Leachate Treatment Demonstration.

Oxygen Total

Loca- Sample 02 Temp Consumption _iH4 NO3 inorg N Kjel N
tion ID Date Comment pH (mg/l) (degr. C) (mg/i/day) (mg_l) (mg/l) (mg/l) (mg/l)

s18 586 23-Apr-91 7.4 10.4 13.7 1 2 t 2 -
s18 601 29-Apr-91 7.5 9.8 12.7 i 1 1 2 -
s18 612 13-May-91 7.4 7.9 19.4 0 2 1 3 -
s18 630 20-May-91 7.2 7.6 I_.9 1 5 0 5 -
s18 641 28-May-91 7.4 7.] 21.1 2 7 0 7 -
s18 659 03-Jun-91 7.5 6.6 2¢.1 1 i0 0 i0 -
s18 678 10-Jun-91 7.3 6.0 17.9 1 15 0 15 -
s18 696 17-Jun-91 7.3 6.5 18.4 1 13 0 13 -
s18 714 24-Jun-91 7.3 7.2 17.9 3 13 0 13 -
s18 730 01-Jul-91 7.5 6.3 17.7 3 24 9 24 -
s18 746 08-Jul-91 7.7 5.6 2].9 2 15 3 15 -
s18 764 15-Jul-91 7.5 5.3 17.2 1 18 ! 19 -

s!8 782 22-Jui-91 7.7 5.0 22.5 - 16 1 18 -

s18 800 29-Jui-91 7.5 4.8 18.7 1 16 2 18 -
s18 818 05-Aug-91 7.5 4.4 18.5 2 ii 3 14 -
s18 836 12-Aug-91 7.6 5.3 19.1 2 i0 2 12 -
s18 854 19-Aug-91 7.3 5.6 20.0 1 12 2 14 -
s18 872 26-Aug-91 7.5 5.2 2C.7 2 ii 3 15
s18 890 03-SeD-91 7.4 4.8 18.4 2 15 4 19 -
SI8 908 09-Sep-91 7.5 5.0 20.9 2 15 3 18 -
s18 926 16-Sep-9! 7.7 5.5 22.4 2 12 _ 15 -
s18 944 23-Sep-91 7.1 6.3 13.0 - ii ] 12 -
s18 962 30-Sep-91 7.3 7.6 8.1 1 II 2 13 -
s18 980 07-Oct-91 7.4 7.7 !1.8 3 7 i 9 -
s18 998 14-Oc_-91 7.3 8.7 10.4 8 7 2 9 -
s18 1016 21-Oct-91 7.5 9.6 9.7 2 6 3 9 -
s18 1034 28-Oct-91 7.4 8.0 1.1.6 3 5 i 6 -
s18 1052 04-Nov-91 7.7 9.9 5.5 ] 2 0 2 -
s18 1070 il-Nov-91 7.6 13.2 3.1 4 0 1 2 -
s18 1088 18-Nov-91 7.4 12.4 _.i 3 8 0 8 -
s18 1108 25-Nov-91 7.8 12.8 2.9 1 9 0 9 -

gwn 7 05-Jun-90 1.3 11.0 4 9 7 16 -
gwn 15 18-Jun-90 - - 1 19 0 19 -
gwn 25 25-Jun-90 6.6 1.7 15.0 1 19 0 19 -
gwn 35 02-Jul-90 - - 0 19 0 19 -
gwn 45 09-Jul-90 - - 1 18 0 18 -
gwn 55 16-Ju!-90 - - - 1 20 0 20 -
gwn 66 23-Jui-90 - - 3 21 0 21 -
gwn 81 30-Ju]-50 6.3 - - 0 20 0 20 -



Table C-2. Water Chemistry, Town of Fenton Landfill Leachate Treatment Demonstration.

Oxygen Total
Loca- Sample 02 Temp Consumption NH4 NO3 inorg N Kjel N
tion ID Date Comment pH (mg/l) (degr. C) (mg/i/day) (mg/l) (mg/l) (mg/l) (mg/!)

g_m 92 06-Aug-90 - - - 1 16 0 16 -
gwn 107 13-Aug-90 - - - i 19 0 19 -
g_m 118 20-Aug-90 - - - 1 20 0 20 -
gwn 133 27-Aug-90 - - - 0 20 0 20 -
gwn 168 17-Sep-90 6.6 2.3 17.6 - 20 0 20 -
gwn 182 24-Sep-90 6.7 2.0 15.5 0 21 0 21 -
gwn 196 01-Oc_-90 6.4 2.3 15.8 0 17 0 17 -
gwn 211 08-Oc_-90 6.1 2.6 15.9 1 19 0 19 -
gwn 226 15-Oc_-90 6.8 2.4 15.8 1 14 0 14 -
gwn 241 22-Oc:_-90 6.4 2.7 14.6 •2 16 0 16 -
gwn 257 29-Oc- -90 6.6 4.1 ii. 7 2 16 0 16 -
_n 273 05-No _:-90 5.9 2.4 12.1 2 17 0 17 -
g_ 288 12-No_:-90 ,5.5 3.2 9.8 2 12 0 12 -
g'_nn 3_3 19-No_:-90 _.5 3 9 9 4 1 14 0 15 -
g_ 3 !8 2 6-Nov-90 6.2 2.5 4.7 2 14 0 14 -
gwn 333 04-Dec-90 7.1 4.2 8.2 1 9 4 13 -
gwn 348 10-Dec-90 7.0 3.6 8.4 1 14 0 14 -
gwn 363 17-De,z-90 6.5 1.9 7.7 0 13 0 13 -
gwn 378 02-Jan-91 6.6 3.9 5.5 1 8 1 9 -
gwn 393 07-Jan-91 7.0 3.3 3.8 - i0 1 10 -
gwn 405 i4-Jan-91 7.3 4.8 4.7 2 ii 0 II -
gwn 416 21-Jan-91 6.4 - 3.4 2 6 0 7 -
gwn 427 28-Jan-91 6.8 3.1 4.1 0 ii 0 II -
g_ 438 04-Feb-91 6.5 3.9 5.0 l 10 0 10 -
gwn 452 ll-Feo-91 6.7 3.9 3.8 1 8 1 9 -
gwn 463 18- Feb-91 6.7 5.3 3.3 1 II 0 ii -
gwn 476 25-Feb-9] 6.7 4.6 3.6 0 9 1 I0 -
g_ 487 06-Mar-91 6.7 4.5 5.8 1 8 1 9 -
g_m 498 ll-Mar-9! 6.8 4.6 5.1 2 II 0 !I -
gwn 510 18-Mar-91 6.7 4.5 7.0 1 8 0 8 -
gwn 521 25-Mar-91 6.7 3.4 4.6 2 9 1 9 -
gwn 533 02-Ap_'-9] 6.8 4,4 5.8 1 i0 0 i0 -
gwn 551 08-Ap_-91 6.6 3.1 9.0 1 i0 0 i0 -
gwn 569 15-Apt-91 6.4 3,6 7.6 1 13 0 13 -
gwn 584 23-Ap_-91 6.6 2,6 12.6 1 i0 0 !0 -
_4n 599 29-Ap_-91 2.5 6.7 9.5 1 _2 0 12 -
_c_nl 610 13-Ma_-91 6.4 2.5 12.7 - 16 0 16 -
gwn 628 20-Ma_-91 _.4 2.8 14.2 0 L8 0 18 -
gwn 6_9 28-Ma3-91 -.4 3.2 15.5 2 21 0 21 -
gw_ 657 03-Jun-91 6.6 3.1 17.4 0 22 0 22 -



Table C-2. Water Chemistry, Town of Fenton Landfill Leachate Treatment Demonstration.

Oxygen Total

Loca- Sample 02 Temp Consumption NH4 NO3 inorg N Kjel N
tion ID Date Comment pH (mg/l) (degr. C) (mg/i/day) (mg/l) Img/l) (mg/!) (mg/l)

gwn 676 10-Jun-91 6.5 2.6 16.6 0 22 0 22 -
gwn 694 17-Jun-91 6.6 5.3 17.9 1 22 0 22 -
gwn 712 24-Jun-91 6.5 4.3 18.5 2 14 0 14 -
gwn 729 01-Jul-91 6.4 3.6 18.7 2 ....
gwn 744 08-Jul-91 6.4 2.7 19.5 2 24 0 24 -
gwn 762 15-Jul-91 6.3 3.3 18.7 1 23 0 23 -
gwn 780 22-Jui-91 6.4 2.8 20.5 1 24 0 24 -
gwn 798 29-Jui-91 6.5 3.2 19.8 2 21 0 21 -
gwn 816 05-Aug-91 6.4 2.5 19.4 2 19 0 19 -
gwn 834 12-Aug-91 6.8 3.9 19.4 1 17 0 17 -
gwn 852 19-Aug-91 6.6 4.0 20.0 - 20 0 20 -
gwn 870 26-Aug-91 6.5 3.7 20.2 1 20 0 20 -
gwn 888 03-Sep-91 6.5 3.3 20.3 2 21 0 21 -

gwn 906 09-Sep-91 6.4 4.4 23.5 2 21 0 21 -
g_nn 924 16-Sep-91 6.5 3.2 20.6 1 20 0 20 -
gwn 942 23-Sep-91 6.6 5.2 16.1 2 18 0 18 -
gw_ 960 30-Sep-91 6.1 4.2 14.2 10 18 0 18 -
gwn 978 07-Oct-91 6.7 5.0 12.8 - 18 0 18 -
g_ 996 14-Oct-91 6.6 4.5 13.6 1 18 0 18 -
gwn 1014 21-Oct-91 6.5 5.3 13.0 2 17 0 17 -
gwn 1032 28-Oct-91 6.4 4.1 13.1 2 18 0 18 -
gwn 1050 04-Nov-91 6.3 5.3 9.4 - 20 0 20 -

gwn 1068 ll-Nov-91 6.6 5.9 7.5 1 15 0 15 -
gwn 1086 18-Nov-91 6.7 5.0 8.3 3 16 0 16 -
gw_ 1106 25-Nov-91 6.9 4.9 5.5 - !i 0 II -



Table C-3a. Cation Concentrations (Additional cations are listed in Table C-3bl.
Town of Fenton [andfi!! Leachate _[eatment Demonstration

Sample
Loca[ion _D Date Comment AnxID Cd Cu Ni Cr Co Zn Ca Mg

mhl 9 18-Jun-90 <0.01 0.0 0.0 0.0 <0.0i 0.41 I_5_ 75
nth! 19 25-Jun-90 -0.0i 0.0 0.0 0.0 <0.01 0.2 184 112
n/nl 29 02-Jul-90 -0.01 0.0 0.0 0.0 <0.01 0.2 172 106
._uhl 39 09-Jul_90 _0.01 0.0 0.0 0.0 <0.01 0.I 88 43
mh! 49 i6-Jul-90 _0.01 <0.01 0.0 :0.01 <0.01 0.6 404 198
mhi 60 23-Jui-90 i_i47.0! <0.01 <0.01 0.0 -0.01 <0.01 0.5 425 247
mhl 75 30-Jui-90 <0.01 <0.01 0.0 <0.01 <0.0! 0.3 303 20
mh! 86 06-Aug- 90 floode_ 15147.06 <0.01 <0.01 <0.01 ,0.01 <0._! 0.1 148 96
mh! 181 i3-Aug- 90 -.0°01 <0.01 O.! <0.01 <0.01 0.5 315 167
n%h! _!__) 20-Aug-90 ,0.01 <0.01 0.0 <0.01 <0.01 0.2 162 112
mhl 127 27-A_g-90 <[:.004 <0.04 0.0 <0.04 <0.04 0.2 198 145
mhl 142 04-Sep-90 15147.1! <0.004 <0.04 0.0 <0.04 <0.04 0.2 206 134

-_ _th! 150 10-Sep-90 <0.004 <0.04 0.0 <0.04 <0.04 0.0 137 124
_'_ mhi 162 17-Sep-90 <0. 004 <0.04 <£;.04 <0.04 i0.04 <0.04 54 40
-_ mh! 176 24-Sep-90 <0.004 0.0 0.0 c0.04 <0.04 0.2 149 138

m/nl !9_ 01-Oct-90 15147.16 <(:.004 0.0 0.I <0.04 <0.04 0.I 116 136
mhi 2C_5 0B-Oct-90 <(.004 <0.04 <0.04 0.0 <0.04 0.1 127 73
mhl 220 ! 5-Oct-90 <[ .004 <0.04 <0.04 <0.04 <0.04 <0.04 4 6
mhl 235 22-Oct- 90 <t .004 <0.04 0.0 <0.04 <0.04 0.3 !96 134
mh! 251 29-Oct-90 0.0 0.i <0.04 <0.04 <0.04 0.2 144 64
mhl 267 05-Nov-90 <0.004 <0.04 0.I <0.04 <0.04 0.4 266 165
mhl 282 12-Nov-90 0.0 <0.04 _0.04 _0.04 <0.04 0.3 165 69
mhl 297 19-Nov-90 15147.21 <0.004 <0.04 <0.04 <0.04 <0.04 0.3 198 109
mhl 312 26-Nov- 90 <0.004 <0.04 0.0 <0.04 <0.04 0.3 214 119
mhl 327 04-Dec-90 <0.004 <0.04 <0.04 <0.04 <0.04 0.1 102 58
mhl 342 10-Dec- 90 Iq147.26 <C'.004 <0.04 0.1 <0.04 <0.04 0.2 191 III
_T/nl 357 !7-Dec-90 <0.004 <0.04 0.i _0.04 <0.04 0.1 157 93
mhl 372 u2-Jan- 91 15147.31 <0.I <0.I - - 0.4 252 83
nhhl 432 C4-Feb 91 15147.36 <0.I <0.i - 0.I 144 65
mhl 481 C_6-Mar-91 15147.41 <0.1 <0.1 - - 0.3 48 22
mh! 52,_ 02-Apt-91 15147.46 <0.] <0.I - - 0.4 225 84
_Tuhl 604 13 -May-91 15147.51 <0.I 0.1 - 0.4 235 97
mhl 651 03-Jun-9i 15147.56 <0.1 0.1 - - 0.i 245 100
mhl 724 _l-Jul-91 ]5147.61 - <0.! 0.I - - 0.I 238 116

mhi 810 I_5-Aug-91 ]5147.6_ <0.1 <0.I - - 0.! 195 114
mhl 828 12-Aug- 9! 15155.0i 0.0 0.i - - 0.1 193 104
nhhi _._2 LI3-Sep-91 dry??? 15155.09 - <0.01 0.0 - - 0.1 172 94
mh! _ 2 _7-Oct 91 !5155.16 - <0.01 0.0 - - 0.1 149 75
mhl i _ 2 ii-_ov-91 15155.2.4 <0.01 0.0 - - 0.0 38 17
mhl 1_f_ i _-Nov-9! 15155.34 0.0 0.0 - - 0.3 170 69
mhl _._:_ Z%-Nov-91 15155.44 - 0.0 0.0 - - 0.5 167 52



Table C-3a. Cation Concentrations (Additional cations are listed in Table C-3b).
Town of Fenton Landfill Leachate Treatment Demonstration

Sample
Location ID Date Comment AuxID Cd Cu Ni Cr Co Zn Ca Mg

bdi i0 18-Jun-90 <0.01 0.0 0.0 0.0 <0.01 0.I 83 107
bdl 20 25-Jun-90 <0.01 0.0 0.0 0.0 <0.01 0.1 76 96
bdl 30 02-Jul-90 <0.01 0.0 0.0 0.0 <0.01 0.I 57 86
bdl 40 09-Ju]-90 <0.01 0.0 0.0 0.0 <0.01 0.0 41 58
bdi 50 16-Jul-90 <0.01 <0.01 0.I <0.01 <0.01 0.0 132 127
bdl 61 23-Jui-90 15147.02 <0.01 <0.01 0.0 <0.01 <0.01 0.I 85 159
bdl 76 30-Jul-90 <0.01 <0.01 0.i <0.01 <0.01 0.0 64 163
bdl 87 06-Aug-9C 15147.07 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 39 93
bdl 102 13-Aug-90 <0.01 <0.01 <0.01 <0.01 <0.01 0.1 165 177
bdl 113 20-Aug-90 <0.0! <0.01 0.I <0.01 <0.01 0.1 58 164
bdl 128 27-Aug-90 <0.004 <0.04 0.0 <0.04 <0.04 0.2 54 142
bdl 143 04-Sep-90 15147.12 <0.004 <0.04 0.0 <0.04 <0.04 0.0 43 130
bdl 151 10-Sep-90 <0.004 <0.04 0.0 <0.04 <0.04 0.0 16 60

bdl 163 17-Sep-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 II 46
bdl 177 24-Sep-90 <0.004 <0.04 0.0 <0.04 <0.04 0.2 52 130
bdl 191 0i-Oct-90 15147.17 <0.004 <0.04 <0.04 <0.04 <0.04 0.0 27 68
bdl 206 08-Oct-90 <0.004 <0.04 0.0 0.0 <0.04 0.1 79 148
bdl 221 15-Oct-90 <0.004 <0.04 <0.04 0.0 <0.04 <0.04 23 39
bdl 236 22-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 55 48
bdl 252 29-Oct-90 0.0 <0.04 <0.04 <0.04 <0.04 0.0 80 43
bdl 268 05-Nov-90 <0.004 <0.04 0.I <0.04 <0.04 <0.04 146 124
bdl 283 12-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 53 47
bdl 298 19-Nov-90 15147.22 0.0 <0.04 0.i <0.04 <0.04 0.1 156 106
bdl 313 26-Nov-90 <0.004 <0.04 0.0 <0.04 <0.04 0.1 138 99
bdl 328 04-Dec-90 0.0 <0.04 <0.04 <0.04 <0.04 0.0 32 29
bdl 343 10-Dec-90 15147.27 <0.004 <0.04 0.1 <0.04 <0.04 0.I 158 95
bdl 358 !7-Dec-90 <0.004 <0.04 0.i <0.04 <0.04 0.1 141 87
bdl 373 02-Jan-91 15147.32 - <0.i <0.i - - <0.1 98 45
bdl 433 04-Feb-91 15147.37 - <0.I <0.i - 0.1 223 9a
bdl 482 06-Mar-91 15147.42 - <0.! <0.I - - 0.1 116 54

bdl 528 02-Apt-91 15147.47 - <0.I <0.I - - <0.i 94 55
bdl 605 13-May-91 15147.52 - <0.I <0.i - - <0.1 55 54
bdl 652 03-Jun-91 15147.57 - <0.1 <0.i - - <0.1 142 94
bdl 725 01-Jul-91 15147.62 - <0.i <0.I - - <0.1 42 116

bdl 811 05-Aug-91 15147.67 - <0.I <0.i - - <0.1 34 123
bdl S29 12-Aug-91 15155.02 - <0.01 _.I - - 0.1 49 99
bd! 883 03-Sep-91 15155.10 - <0.01 0.I - - <0.01 41 89
bdl 973 07-Oct-91 15155.17 - <0.01 0.0 - - <0.01 60 81
bdl 1063 il-Nov-91 15155.25 - <0.01 0.0 - - <0.01 61 59
bdl 1081 18-Nov-91 15155.35 - 0.0 0.i - - 0.3 104 73



Table C-3a. Cation Concentrations (Additional cations are listed in Table C-3b).
Town of Fenton Landfill Leachate Treatment Demonstration

Sample
Location ID Date Comment AuxID Cd Cu Ni Cr Co Zn Ca Mg

bdl 1099 25-Nov-91 15155.45 - 0.0 0.I - - 0.4 129 51

bd2 ii 18-Jun-90 <0.01 0.0 0.0 0.0 <0.01 0.0 79 109
bd2 21 25-Jun-90 <0.01 0.0 0.0 <0.01 <0.01 0.0 52 57
bd2 31 02-Jul-90 <0.01 0.0 0.0 <0.01 <0.01 0.0 53 57
bd2 41 09-Jui-90 <0.01 0.0 0.0 <0.01 <0.01 0.0 34 34
bd2 51 16-Ju]-90 <0.01 <0.01 0.0 <0.01 <0.01 0.0 65 72
bd2 62 23-Jui-90 15147.03 <0.01 <0.01 0.0 <0.01 <0.01 0.0 82 89
bd2 77 30-Jui-90 <0.01 <0.01 0.0 <0.01 <0.01 0.0 81 116

bd2 88 06-Aug-90 15147.08 <0.01 <0.01 <0.01 <0.01 <0.01 0.I 36 48
bd2 103 13-Aug-90 <0.01 <0.01 <0.01 <0.01 <0.01 0.0 57 67
bd2 114 20-Aug-90 <0.01 <0.01 0.i <0.01 <0.01 0.3 65 167
bd2 129 27-Aug-90 <0.004 <0.04 0.0 <0.04 <0.04 0.0 60 130
bd2 144 04-Sep-90 15147.13 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 39 94
bd2 152 10-Sep-90 <0.004 <0.04 0.0 <0.04 <0.04 <0.04 26 67
bd2 164 !7-Sep-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 9 31
bd2 178 24-Sep-90 <0.004 <0.04 0.0 <0.04 <0.04 <0.04 40 115
bd2 192 01-Oct-90 15147.18 <0.004 <0.04 <0.04 <0.04 <0.04 0.0 27 66
bd2 207 08-Oct-90 <0.004 <0.04 <0.04 0.0 <0.04 <0.04 24 50
bd2 222 15-Oct-90 <0.004 <0.04 <0.04 0.0 <0.04 0.I 127 53
bd2 237 22-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 16 15
bd2 253 29-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 14 I0
bd2 269 05-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 0.0 90 90
bd2 284 12-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 14 I0
bd2 299 19-Nov-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 89 83
bd2 314 26-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 0.I 102 86
bd2 329 04-Dec-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 41 35
bd2 344 i0-Dec-90 15147.28 0.0 <0.04 0.0 <0.04 <0.04 <0.04 56 52
bd2 359 17-Dec-90 <0.004 <0.04 0.0 <0.04 <0.04 0.0 55 41
bd2 374 02-Jan-91 15147.33 - <0.I <0.i - - 0.1 II 8
bd2 434 04-Feb-91 15147.38 - <0.1 <0.1 - - <0.I 65 30
bd2 483 06-Mar-91 15147.43 - _0.I <0.I - - <0.1 37 18
bd2 529 02-Apr-91 15147.48 - <0.! <0.I - - 0.I 63 33
bd2 606 i3-May-91 15147.53 - 0.1 <0.i - - <0.1 59 51
bd2 653 03-Jun-91 15147.58 - <0.I <0.i - - <0.I 72 79
bd2 726 01-Jul-91 15147.63 - <0.i <0.i - - <0.I 36 93

bd2 812 05-Aug-91 15147.68 - <0.! <0.i - - <0.1 33 108
bd2 830 12-Aug-91 15155.03 - <0.01 0.0 - - <0.01 57 91
bd2 884 03-Sep-91 15155.11 - <0.0i 0.0 - - <0.01 56 87
bd2 974 07-Oct-91 15155.18 - <0.01 0.0 - - <0.01 54 79
bd2 1064 ll-Nov-91 15155.26 - <0.01 <0.01 - - <0.01 22 38



Table C-3a. Cation Concentrations (Additional cations are listed in Table C-3b].
Town of Fenton Landfill Leachate Treatment Demonstration

Sample
Location ID Date Con_nent AuxID Cd Cu Ni Cr Co Zn Ca M_

bd2 1082 18-Nov-91 15155.36 - 0.0 0.0 - - 0.2 • 25 51
bd2 II00 25-Nov-91 15155.46 - 0.0 0.0 - - 0.2 18 20

bd3 12 18-Jun-90 <0.01 0.0 0.0 0.0 <0.01 0.0 60 31
bd3 22 25-Jun-90 <0.01 0.0 0.0 <0.01 <0.01 0.0 76 41
bd3 32 02-Jul-90 <0.01 0.0 0.0 <0.01 <0.01 0.0 63 34
bd3 42 09-Jul-90 <0.01 0.0 0.0 0.0 <0.01 <0.01 57 31
bd3 52 16-Jul-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 97 53
bd3 63 23-Jui-90 15147.04 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 91 49
bd3 78 30-Jul-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 78 43

bd3 89 06-Aug-90 15147.09 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 60 33
bd3 115 20-Aug-90 <0.01 0.0 0.i <0.01 <0.01 <0.01 105 135
bd3 130 27-Aug-90 <0.004 <0.04 0.0 <0.04 <0.04 <0.04 64 91

C_ bd3 145 04-Sep-90 15147.14 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 48 71
bd3 153 10-Sep-90 0.0 <0.04 0.0 <0.04 <0.04 <0.04 44 66
bd3 165 17-Sep-90 <0.004 <0.04 <0.04 <0.0,4 <0.04 <0.04 18 30
bd3 179 24-Sep-90 <0.004 <0.04 0.0 <0.04 <0.04 <0.04 59 87
bd3 193 01-Oct-90 15147.19 _0.004 <0.04 0.0 <0.04 <0.04 0.0 40 65
bd3 208 08-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 22 19
bd3 223 15-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 46 70
bd3 238 22-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 29 14
bd3 254 29-Oct-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 37 33
bd3 270 05-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 80 77
bd3 285 12-Nov-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 36 37
bd3 300 19-Nov-90 15147.24 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 52 45
bd3 315 26-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 62 57
bd3 330 04-Dec-90 <0.004 <0.04 <0.04 <0.04 <0.04 0.0 39 33
bd3 345 10-Dec-90 15147.29 0.0 <0.04 0.i <0.04 <0.04 0.0 45 42
bd3 360 17-Dec-90 <0.004 <0.04 <0.04 <0.04 <0.04 0.0 38 29
bd3 375 02-Jan-91 15147.34 - <0.I <0.1 - - <0.I 83 44
bd3 435 04-Feb-91 15147.39 - <0.I <0.I - - 0.i i01 50
bd3 484 06-Mar-91 15147.44 - <0.I <0.I - - <0.I 45 22

bd3 530 02-Apr-91 15147.49 - <0.I <0.1 - - <0.I 99 50
bd3 607 13-May-91 15147.54 - <0.i <0.I - - <0.I 43 23
bd3 654 03-Jun-91 15147.59 - <0.1 <0.1 - - 0.i 76 60
bd3 727 01-Jul-91 15147.64 - <0.i <0.1 - - <0.I 81 74

bd3 813 05-Aug-91 15147.69 - <0.I 0.I - - 0.I 77 62
bd3 831 12-Aug-91 15155.04 - 0.0 0.0 - - 0.0 76 41
bd3 885 03-Sep-9i 15155.12 - <0.01 0.0 - - <0.01 93 55
bd3 975 07-Oct-91 15155.19 - 0.0 0.0 - - <0.01 70 34
bd3 1065 ll-Nov-91 15155.27 - <0.01 <0.01 - - <0.01 27 15



Table C-3a. Cation Concentrations (Additional cations are listed in Table C-3b_.
Town of Fenton Landfill Leachate Treatment Demonstratlon

Sample
Location ID Date Con_nent AuxlD Cd Cu Ni Cr Co Zn Ca MU

bd3 1083 18-Nov-91 15155.37 - 0.0 0.i - - 0.2 48 67
bd3 II01 25-Nov-91 15155.47 - 0.0 0.1 - - 0.2 48 55

bd4 13 18-Jun-90 0.0 0.0 0.3 0.2 0.0 0.5 79 31
bd4 23 25-Jun-90 <0.Of 0.0 <0.01 0.0 <0.01 <0.01 51 19
bd4 33 02-Jul-90 <0.01 0.0 <0.01 0.0 <0.01 <0.0! 40 14
bd4 43 09-Jul-90 <0.01 0.0 <0.01 0.0 <0.01 <0.01 41 14
bd4 53 16-Jul-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 48 15
bd4 64 23-Jui-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 52 16
bd4 79 30-Jui-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 52 17
bd4 105 13-Aug-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 46 14
bd4 116 20-Aug-90 <0.01 <0.01 <0.01 <0.01 <0.01 0.0 100 43
bd4 131 27-Aug-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 112 76

._ bd4 146 04-Sap-90 <0.004 <0.04 0.0 <0.04 <0.04 0.0 69 51
-- bd4 154 10-Sep-90 <0.:)04 <0.04 <0.04 <0.04 <0.04 <0.04 54 39

bd4 166 17-Sap-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 16 14
bd4 180 24-Sep-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 59 44
bd4 194 01-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 0.0 33 28
bd4 209 08-Oct-90 <0.004 <0.04 0.0 <0.04 <0.04 <0.04 29 49
bd4 224 15-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 17 II
bd4 239 22-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 18 i0
bd4 255 29-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 42 23
bd4 271 05-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 78 68
bd4 286 12-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 28 14
bd4 301 19-Nov-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 45 35
bd4 316 26-Nov-90 <0.004 <0.04 0.1 <0.04 <0.04 <0.04 75 64
bd4 331 04-Dec-90 <C_.004 <0.04 <0.04 <0.04 <0.04 <0.04 32 22
bd4 346 10-Dec-90 0.0 <0.04 0.i <0.04 <0.04 0.0 43 32
bd4 361 17-Dec-90 <0.004 <0.04 0.0 <0.04 <0.04 0.0 40 29
bd4 728 01-Jul-91 15147.65 - <0.I <0.I - - <0.I 68 31

bd4 814 05-Aug-91 15147.70 - 0.I <0.I - - <0.I 62 28
bd4 832 12-Aug-91 15155.05 - <0.01 0.0 - - <0.01 78 25
bd4 886 03-Sep-91 15155.13 - <0.01 0.0 - - <0.01 93 32
bd4 976 07-0ct-91 15155.20 - <0.01 0.0 - - <0.01 89 30
bd4 1066 ll-Nov-91 15155.28 - <0.01 <0.01 - - <0.01 50 19
bd4 1084 18-Nov-91 15155.38 - 0.0 0.I - - 0.2 86 53
bd4 1102 25-Nov-91 15155.48 - 0.0 0.0 - - 0.2 38 33

mh4 14 18-Jun-90 <0.01 0.0 0.0 0.0 <0.01 0.0 47 17
mh4 24 25-Jun-90 <0.01 0.0 <0.01 <0.01 <0.01 <0.01 30 9
mh4 34 02-Jui-90 <0.01 0.0 0.0 0.0 <0.01 0.0 50 17



Table C-3a. Cation Concentrations (Additional cations are listed in Table C-3b).
Town of Fenton Landfill Leachate Treatment Demonstration

Sample
Location ID Date Comment AuxID Cd Cu Ni Cr Co Zn Ca Mg

mh4 44 09-Jul-90 <0.01 0.0 <0.01 0.0 <0.01 <0.01 34 ii
mh4 54 16-Jul-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 56 16
mh4 65 23-Ju!-90 15147.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 49 14
mh4 80 30-Jul-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 52 14
mh4 91 06-Aug-90 15147.10 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 40 10
mh4 106 13-Aug-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 54 14
mh4 117 20-Aug-90 _0.01 <0.01 <0.01 <0.01 <0.01 <0.01 50 14
mh4 132 27-Aug-90 0.0 <0.04 0.0 <0.04 <0.04 <0.04 iii 81
mh4 147 04-Sep 90 15147.15 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 71 52
mh4 155 10-Sep-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 29 20
mh4 167 17-Sep-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 13 9
mh4 181 24-Sep-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 58 46

mh4 195 01-Oct-90 15147.20 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 38 31
._ mh4 210 08-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 36 31

mh4 225 15-Oct-90 Cu was 5.4 <0.004 - <0.04 <0.04 <0.04 2.8 19 ii
mh4 240 22-Oct-90 <0.004 <0.04 <0.04 <0.04 • <0.04 <0.04 19 I0
mh4 256 29-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 40 20
mh4 272 05-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 66 55
mh4 287 12-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 16 6
mh4 302 19-Nov-90 15147.25 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 44 34
mh4 317 26-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 81 67
mh4 332 04-Dec-90 <0.004 <0.04 <0.04 <0.04 <0.04 0.1 32 19
mh4 347 10-Dec-90 15147.30 <0.004 <0.04 0.0 <0.04 <0.04 <0.04 39 28
mh4 362 17-Dec-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 34 22
mh4 377 02-Jan-91 15147.35 <0.i <0.i - - <0.I 63 27
mh4 437 04-Feb-91 15147.40 - <0.I <0.i - - <0.I 84 43
mh4 486 06-Mar-91 15147.45 <0.i <0.i - - <0.I 25 9

mh4 552 02-Apt-91 15147.50 <0.I <0.i - - <0.I I00 43
mh4 609 13-May-91 15147.55 <0.i <0.i - - <0.1 66 20
mh4 656 03-Jun-91 15147.60 <0.I <0.1 - - <0.1 84 31
mh4 1067 ll-Nov-91 15155.29 - 0.0 0.0 - - 0.2 33 15
mh4 1085 18-Nov-91 15155.39 - 0.0 0.I - - 0.2 84 52
mh4 1105 25-Nov-9] 15155.49 - 0.0 0.0 - - 0.2 39 35

htk 59 16-Jul-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 52 15
htk 70 23-Jui-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 37 I0
htk 85 30-Jul-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 49 14

htk 96 06-Aug-90 <0.01 <0.01 <0.01 <0.01 <0.01 0.0 46 12
htk Iii 13-Aug-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 47 12
htk 122 20-Aug-90 <0.0] <0.01 0.0 <0.01 <0.01 0.0 57 43
htk 137 27-Aug-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 109 70



Table C-3a. Cation Concentrations (Additional cations are listed in Table C-3b).
Town of Fenton Landfill Leachate Treatment Demonstration

Sample
Location ID Date Comment AI_ID Cd Cu Ni Cr Co Zn Ca Mg

htk 149 04-Sep-90 <0.004 <0.04 <0.04 <0.04 <0.04 0.0 60 47
htk 157 10-Sep-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 34 25
htk 172 17-Sep-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 9 6
htk 185 24-Sep-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 57 46
htk 200 01-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 0.0 47 38
htk 215 08-Oct-90 <0.004 <0.04 <0.04 • <0.04 <0.04 <0.04 14 ii
htk 230 15-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 24 20
htk 245 22-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 9 5
htk 250 25-Oct-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 15 4
htk 261 29-Oct-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 35 16
htk 266 02-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.C4 40 28
htk 277 05-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 69 57
htk 292 12-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 20 14

,C_ htk 307 19-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 44 31
htk 322 26-Nov-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 54 43
htk 337 04-Dec-90 <0.004 <0.04 0.0 <0.04 <0.04 0.I 28 22
htk 352 10-Dec-90 <0.004 <0.04 0.i <0.04 <0.04 0.0 26 20
htk 367 17-Dec-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 40 26
htk 1072 ll-Nov-91 15155.33 - 0.0 0.0 - - 0.2 36 16
htk 1090 18-Nov-91 15155.43 - 0.0 0.0 - - 0.2 69 39
htk 1110 25-Nov-91 15155.54 - 0.0 0.0 - - 0.2 38 34

s14 16 18-Jun-90 <0.01 0.0 <0.01 0.0 <0.01 <0.01 4 2
s14 26 25-Jun-90 <0.01 0.0 <0.01 0.0 <0.01 0.0 7 2
s14 36 02-Jul-90 <0.01 0.0 <0.01 <0.01 <0.01 0.0 12 3.
!4 46 09-Jul-90 <0.01 0.0 <0.01 <0.01 ,].01 0.0 12 2

s14 56 16-Jul-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 8 <0.1
s14 67 23-Jui-90 <0.01 <0.01 <0.01 <0.01 <0.01 0.0 9 <0.i
s14 82 30-Jul-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 II <0.I
s14 108 13-Aug-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 26 0
s14 119 20-Aug-90 <0.01 0.0 <0.01 <0.01 <0.01 <0.01 34 2
s14 134 27-Aug-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 23 3
s14 169 17-Sep-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 26 4
s14 183 24-Sep-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 21 3
s14 197 01-Oct-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 35 5
s14 212 08-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 34 4
s14 227 15-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 8 <0.04
s14 242 22-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04
s14 258 29-Oct-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04
s14 274 05-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 2 <0.04
s14 289 12-Nov-_0 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04



Table C-3a. Cation Concentrations (Additional cations are listed in Table C-3b).
Town of Fenton Landfill Leachate Treatment Demonstration

Sample
Location ID Date Comment AuxID Cd Cu Ni Cr Co Zn Ca Mg

s14 304 19-Nov-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 1 <0.04
s14 319 26-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 0.0 2 <0.04
s14 334 04-Dec-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04
s14 349 10-Dec-90 <0.004 <0,04 0.1 <0.04 <0.04 <0.04 <0.04 <0.04
s14 364 17-Dec-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 4 <0.04
s14 835 12-Aug-91 15155.07 - 0.0 <0.01 - - 0.4 48 10
s14 979 07-Oct-91 15155.22 - 0.0 <0.01 - - 0.3 22 7
s14 1087 18-Nov-91 15155.41 - 0.0 0.0 - - 0.4 10 3
s14 1107 25-Nov-91 15155.51 - 0.0 0.0 - - 0.2 <0.01 1

s19 28 25-Jun-90 <0.01 0.0 <0.01 0.0 <0.01 0.0 15 5
s19 38 02-Jul-90 <0.01 0.0 <0.01 <0.01 <0.01 <0.01 14 4
si9 48 09-Jul-90 <0.01 0.0 <0.01 0.0 <0.01 0.0 13 4
s19 95 06-Aug-90 <0.01 <0.01 <0.01 <0.01 <0.01 0.0 7 <0.1

s19 136 27-Aug-90 <0.004 <0.04 <0.04 <0.04 <0.04 0.0 18 6
s19 171 17-Sep-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 5 1
s19 199 01-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 ii 4
s19 214 08-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.0_ i0 2
s19 229 15-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 79 33
s19 244 22-Oct-90 0.0 <0.04 <0.04 <0.04 <0.04 0.0 5 <0.04
s19 260 29-Oct-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 3 <0.04
s19 276 05-Nov-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 5 <0.04
s19 291 12-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 2 <0.04
s19 306 19-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 4 <0.04
s19 321 26-Nov-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 5 <0.04
s19 336 04-Dec-90 <0.004 <0.04 <0.04 <0.04 <0.04 0.I 4 <0.04
s19 351 10-Dec-90 <0.004 <0.04 0.i <0.04 <0.04 <0,04 2 <0.04

, s19 366 17-Dec-90 <0.004 <0.04 <0.04 <0.04 <0.04 0.1 7 <0.04
s19 1071 ll-Nov-91 15155.32 - 0.0 0.0 - - 0.2 0 4
s19 1109 25-Nov-91 15155.53 - <0.01 0.0 - - 0.2 <0.01 2

s18 17 18-Jun-90 <0.01 0.0 <0.01 <0.01 <0.01 <0.01 97 37
s18 27 25-Jun-90 <0.01 0.0 <0.01 <0.01 <0.01 <0.01 78 29
s18 37 02-Jul-90 <0.01 0.0 <0.01 <0.01 <0.01 <0.01 92 35
s18 47 09-Jui-90 <0.01 0.0 <0.01 0.0 <0.01 <0.01 61 21
s18 57 16-Jul-90 <0.01 <0.01 0.0 <0.01 <0.01 <0.01 141 55
s18 68 23-Jui-90 <0.01 <0.01 <0.01 <0.01 <0.01 0.0 129 44
s18 83 30-Jul-90 <0.01 <0,01 <0.01 <0.01 <0.01 <0.01 128 52

s18 94 06-Aug-90 <0.01 <0.01 <0.01 <0.01 <0.01 0.0 53 16
s18 109 13-Aug-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 127 50
s18 120 20-Aug-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 119 47



Table C-3a. Cation Concentrations (Additional cations are listed in Table C-3b).
Town of Fenton Landfill Leachate Treatment Demonstration

Sample
Location ID Date Comment AuxlD Cd cu Ni Cr Co Zn Ca Mg

s18 135 27-Aug-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 113 46
s18 148 04-Sep-90 <0.004 <0.04 <0.04 <0.04 <0.04 5.7 124 53
s18 156 10-Sep-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 65 39
s18 170 17-Sep-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 27 II
s18 184 24-Sep-90 _.0 <0.04 <0.04 <0.04 <0.04 <0.04 105 44
s18 198 01-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 80 33
s18 213 08-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 94 42
s18 228 15-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 9 1
s18 243 22-Oct-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 33 Ii
s18 259 29-Oct-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 37 ii
s18 275 05-Nov-90 <0.004 _0.04 <0.04 <0.04 .0.04 <0.04 51 18
s18 290 12-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 17 4
s18 305 19-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 41 14

,C3 s18 320 26-Nov-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 38 14

s18 335 04-Dec-90 <0.004 <0.04 <0.04 <0.04 <0.04 0.0 19 4
s18 350 10-Dec-90 <0.004 <0.04 0.I <0.04 <0.04 0.0 12 4
s18 365 17-Dec-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 30 9

s18 836 12-Aug-91 15155.08 - <0.01 <0.01 - - 0.0 138 40
s18 890 03-Sep-91 15155.15 0.0 0.3 - - 0.i 494 57
s18 980 07-Oct-91 15155.23 - <0.01 0.0 - - <0.01 119 38
s18 1070 ll-Nov-91 ]5155.31 - 0.0 0.0 - - 0.3 3 5
s18 1088 18-Nov-91 ]5155.42 - 0.0 0.0 - - 0.2 94 34
s18 1108 25-Nov-9! 15155.52 - 0.0 0.0 - - 0.2 52 19

gwn 15 18-Jun-90 <0.01 0.0 0.0 <0.01 <0.01 <0.01 90 39
gwn 25 25-Jun-90 <0.01 0.0 <0.01 <0.01 <0.01 <0.01 143 54
gwn 35 02-Jui-90 <0.01 0.0 <0.01 <0.01 <0.01 <0.01 166 59
gwn 45 09-Jul-90 <0.01 0.0 0.0 <0.01 <0.01 0.0 143 53
gwn 55 16-Jul-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 214 88
gwn 66 23-Jui-90 <0.0! 0.0 <0.01 <0.01 <0.01 0.0 167 70
gwn 81 30-Jui-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 199 85
gwn 92 06-Aug-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 126 48
gwn 107 13-Aug-90 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 173 71
gwn 118 20-Aug-90 <0.01 <0.01 <0.01 <0.01 <0.01 0.0 152 64
gwn 133 27-Aug-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 159 68
gwn 168 17-Sep-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 58 25
gwn 182 24-Sep-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 157 66
gwr_ 196 01-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 133 54
gwn 211 08-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 144 63
gwn 226 15-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 122 50
gwn 241 22-Oct-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 117 49



Table C-3a. Caticn Concentration_ (Additional cations are listed in Table C-3b).
Town of Fenton Landfill [_achate Treatment Demonstration

Sample
Location ID Date Comment AuxID Cd Cu Ni Cr Co Zn Ca Mg

gwn 257 29-Oct-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 104 44
gwn 273 05-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 118 54
gwn 288 12-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.94 <0.04 89 37
gwn 303 19-Nov-90 0.0 <0.04 <0.04 <0.04 <0.04 <0.04 105 46
gwn 318 26-Nov-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 121 55
gwn 333 04-Dec-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 85 35
gwn 348 10-Dec-90 0.0 <0.04 0.I <0.04 <0.04 <0.04 94 49
gwn 363 17-Dec-90 <0.004 <0.04 <0.04 <0.04 <0.04 <0.04 94 42
gwn 834 12-Aug-91 15155.06 0.0 0.0 - - 0.0 165 49
gwn 888 03-Sep-91 15155.14 - <0.01 <0.01 - - <0.01 163 52
gwn 978 07-Oct-91 15155.21 - <0.01 0.0 - - <0.01 146 49
gwn 1068 ll-Nov-91 15155.30 - 0.0 0.0 - - 0.2 91 32
gwn 1086 18-Nov-91 15155.40 - 0.0 0.0 - - 0.2 118 42

gwn 1106 25-Nov-91 15155.50 - 0.0 0.0 - - 0.2 87 30



Table C-3b. Cation Concentrations (Additional cations are listed in Table C-3a).
Town of Fenton Landfill Leachate Treatment Demonstration

Sample
Location ID Date Con_nent AuxID Mn A1 Fe Pb K As Na

mhl 9 18-Jun-90 - 0.2 21.6 0 207.0 <0.2 -
mhl 19 25-Jun-90 - 0.4 27.3 <0.01 256.0 <0.2 -
mhl 29 02-Jul-90 - 0.3 27.9 <0.01 250.0 <0.2 -
mhl 39 09-Jul-90 - 0.3 7.8 0 96.0 <0.2 -
mhl 49 16-Jui-90 - 0.6 102.0 <0.01 403.0 - 762.0
mhl 60 23-Jui-90 15147.01 2.4 1.5 69.3 <0.01 422.0 - 959.0
mhl 75 30-Jul-90 - 0.7 33.9 <0.01 407.0 - 705.0

mhl 86 06-Aug-90 flooded 15147.06 1.8 0.3 17.8 <0.01 189.0 - 404.0
mhl I01 13-Aug-90 - 0.6 58.6 0 369.0 - 728.0
mhl 112 20-Aug-90 - 0.5 13.9 <0.01 196.0 - 462.0
mhl 127 27-Aug-90 - 0.4 17.6 <0.04 155.0 - 675.0
mhl 142 04-Sep-90 15147.11 1.8 0.3 25.9 <0.04 216.0 - 557.0
m_l 150 10-Sep-90 - 0.2 0.9 <0.04 150.0 - 580.0

!

mhl 162 17-Sep-90 - 0.i 2.4 <0.04 94.8 - 260.0
mhl 176 24-Sep-90 - 0.3 6.8 <0.04 146.0 - 574.0
mhl 190 01-Oct-90 15147.16 0.4 0.2 16.1 0 200.0 - 430.0
mhl 205 08-Oct-90 - 0.2 19.7 <0.04 134.0 - 360.0
mhl 220 15-Oct-90 - <0.04 0.4 <0.04 29.6 - 56.0
mhl 235 22-Oct-90 - 0.6 62.1 <0.04 197.0 - 500.0
mhl 251 29-Oct-90 - 0.2 20.7 <0.04 101.0 - 280.0
mhl 267 05-Nov-90 - 0.5 41.9 <0.04 215.0 - 700.0
mhl 282 12-Nov-90 - 0.3 48.0 <0.04 124.0 - 356.0
mhl 297 19-Nov-90 15147.21 2.0 0.3 45.8 <0.04 208.0 - 468.0
mhl 312 26-Nov-90 - 0.5 51.0 0 172.0 - 548.0
mhl 327 04-Dec-90 - 0.4 14.8 <0.04 93.6 - 228.0
mhl 342 10-Dec-90 15147.26 3.0 0.2 24.9 0 185.0 - 436.0
mhl 357 17-Dec-90 - 0.3 11.9 0 128.0 - 340.0
mhl 372 02-Jan-91 15147.31 3.6 - 97.0 <0.i 188.0 - 340.0
mhl 432 04-Feb-91 15147.36 1.3 - 5.0 <0.I 140.0 - 280.0
mhl 481 06-Mar-91 15147.41 0.6 - <0.i <0.I 56.0 - 91.0

mhl 527 02-Apr-91 15147.46 3.2 - 74.0 <0.i 180.0 - 320.0
mhl 604 13-May-91 15147.51 2.7 - 68.0 <0.I 195.0 - 380.0
mhl 651 03-Jun-91 15147.56 2.3 - 54.0 <0.I 200.0 - 380.0
mhl 724 01-Jul-91 15147.61 1.8 - 40.0 0 240.0 - 440.0
mhl 810 05-Aug-91 15147.66 1.0 - 11.0 0 250.0 - 460.0
mhl 828 12-Aug-91 15155.01 1.9 - 5.2 0 220.0 - 450.0
mhl 882 03-Sep-91 dry??? 15155.09 1.8 - 4.3 <0.01 230.0 - 470.0
mhl 972 07-Oct-91 15155.16 1.7 - 5.0 0 140.0 - 300.0
mhl 1062 ll-Nov-91 15155.24 <0.01 - 4.8 <0.01 35.0 - 55.0
mhl 1080 18-Nov-91 15155.34 1.5 - 25.9 0 150.0 - 310.0
mhl 1098 25-Nov-91 15155.44 3.3 - 95.5 <0.01 II0.0 - 230.0



Table C-3b. Cation Concentrations (Additional cations are listed in Table C-3a).
Town of Fenton Landfill Leachate Treatment Demonstration

Sample
Location ID Date Comment AuxID Mn A1 Fe Pb K As Na

bdl i0 iS-Jun-90 - 0.7 53.0 0 245.0 <0.2 -
bdl 20 25-Jun-90 - 0.6 42.6 <0.01 226.0 <0.2 -
bdl 30 02-Jul-90 - 0.6 28.2 <0.01 206.0 <0.2 -
bdl 40 09-Jul-90 - 0.3 5.5 0 163.0 <0.2 -
bdl 50 16-Jul-90 - 0.3 24.2 <0.01 210.0 - 474.0
bd! 61 23-Jui-90 15147.02 0.6 1.8 39.9 <0.01 298.0 - 638.0
bdl 76 30-Jul-90 - 0.5 25.4 - 385.0 - 635.0

bdl 87 06-Aug-90 15147.07 0.5 0.2 7.2 <0.01 219.0 - 463.0
bdl 102 13-Aug-90 - 0.5 32.5 <0.01 340.0 - 728.0
bdl 113 20-Aug-90 - 0.7 12.5 <0.01 371.0 - 739.0
bdl 128 27-Aug-90 - 3.1 52.0 0 160.0 - 674.0

bdl 143 04-Sep-90 15147.12 0.2 0.4 4.8 <0.04 221.0 - 570.0

bdl 151 10-Sep-90 - 0.1 1.5 <0.04 120.0 - 330.0bdl 163 17-Sep-90 - 0.3 2.2 <0.04 96.0 - 250.0
bdl 177 24-Sep-90 - 4.3 43.8 <0.04 145.0 - 580.0
bdl 191 01-Oct-90 15147.17 0.5 1.5 10.3 <0.04 137.0 - 316.0
bdl 206 08-Oct-90 - 1.5 20.2 0 200.0 - 628.0
bdl 221 15-Oct-90 - 0.0 5.5 <0.04 76.4 - 188.0
bdl 236 22-Oct-90 - 0.2 8.5 <0.04 86.8 - 212.0
bdl 252 29-Oct-90 - 0.I 16.5 0 81.6 - 196.0
bdl 268 05-Nov-90 - 0.3 37.7 0 171.0 - 520.0
bdl 283 12-Nov-90 - 0.i 4.7 0 88.8 - 240.0
bdl 298 19-Nov-90 15147.22 1.5 2.7 28.0 0 177.0 -. 418.0
bdl 313 26-Nov-90 - 0.3 8.8 0 148.0 - 472.0
bdl 328 04-Dec-90 - 1.2 4.5 0 53.6 - 132.0
bdl 343 10-Dec-90 15147.27 4.9 0.4 12.6 <0.04 143.0 - 364.0
bdl 358 17-Dec-90 - 1.3 10.9 <0.04 119.0 - 308.0
bdl 373 02-Jan-91 15147.32 1.7 - 0.9 <0.i 115.0 - 180.0
bdl 433 04-Feb-91 15147.37 4.9 - 23.0 <0.1 195.0 - 380.0
bdl 482 06-Mar-91 15147.42 2.4 - 0.8 <0.i 95.0 - 200.0

bdl 528 02-Apr-91 15147.47 0.I - 3.2 <0.I 135.0 - 220.0
bdl 605 13-May-91 15147.52 1.7 - 7.8 <0.i 127.0 - 220.0
bdl 652 03-Jun-91 15147.57 1.6 - 20.0 <0.i 175.0 - 340.0
bdl 725 01-Jul-91 15147.62 0.3 - 23.0 <0.01 240.0 - 460.0
bdl 811 05-Aug-91 15147.67 0.i - 6.3 0 265.0 - 520.0
bdl 829 12-Aug-91 15155.02 I.i - 6.3 <0.01 200.0 - 470.0
bdl 883 03-Sep-9i 15155.10 I.i - 10.5 <0.01 210.0 - 500.0
bdl 973 07-Oct-91 15155.17 I.i - 8.0 <0.01 160.0 - 400.0
bdl 1063 ll-Nov-91 15155.25 0.2 - 1.8 <0.01 100.0 - 260.0
bdl 1081 18-Nov-91 15155.35 0.4 - 11.7 0 150.0 - 330.0



Table C-3b. Cation Concentrations (Additional cations are listed in Table C-3a).
Town of Fenton Landfill Leachate Treatment Demonstration

Sample
Location ID Date Comment AuxID Mn A1 Fe Pb K As Na

bdl 1099 25-Nov-91 15155.45 2.7 - 37.7 0 100.0 - 220.0

bd2 ii 18-Jun-90 - 0.3 35.0 0 252.0 <0.2 -
bd2 21 25-Jun-90 - 0.2 9.6 <0.01 136.0 <0.2 -
bd2 31 02-Jui-90 - 0.3 13.1 <0.01 136.0 <0.2 -
bd2 41 09-Jul-90 - 0.6 3.3 <0.01 68.3 <0.2 -
bd2 51 16-Jul-90 - 1.2 13.6 <0.01 112.0 - 323.0
bd2 62 23-Jui-90 15147.03 0.9 0.3 7.7 <0.01 162.0 - 392.0
bd2 77 30-Jul-90 - 0.2 5.5 <0.01 213.0 - 462.0

bd2 88 06-Aug-90 15147.08 0.5 I.I 3.'/ <0.01 119.0 - 263.0
bd2 103 13-Aug-90 - 0.2 5.6 <0.01 138.0 - 347.0
bd2 114 20-Aug-90 - 0.8 11.6 <0.01 372.0 - 705.0
bd2 129 27-Aug-90 - 0.2 7.4 <0.04 157.0 - 645.0

bd2 144 04-Sep-90 15147.13 0.4 0.2 2.7 <0.04 172.0 - 427.0
bd2 152 10-Sep-90 - 0.2 0.9 <0.04 125.0 - 396.0
bd2 164 17-Sep-90 - 0.0 0.4 <0.04 76.8 - 192.0
bd2 178 24-Sep-90 - 0.2 1.0 <0.04 151.0 - 646.0
bd2 192 01-Oct-90 15147.18 0.4 0.2 0.6 <0.04 147.0 - 318.0
bd2 207 08-Oct-90 - 0.i 1.3 <0.04 104.0 - 272.0
bd2 222 15-Oct-90 - 0.3 58.9 <0.04 86.8 - 220.0
bd2 237 22-Oct-90 - 0.I 0.8 <0.04 39.2 - 84.0
bd2 253 29-Oct-90 - 0.0 0.4 <0.04 30.3 - 64.0
bd2 269 05-Nov-90 - 0.3 16.0 0 135.0 - 420.0
bd2 284 12-Nov-90 - 0.1 0.7 0 33.0 - 64.0
bd2 299 19-Nov-90 - 0.2 7.0 <0.04 126.0 - 404.0
bd2 314 26-Nov-90 - 0.2 9.7 0 132.0 - 420.0
bd2 329 04-Dec-90 - 1.5 3.7 <0.04 59.2 - 148.0
bd2 344 10-Dec-90 15147.28 1.9 0.3 1.3 0 81.1 - 178.0
bd2 359 17-Dec-90 - 0.5 2.1 <0.04 53.2 - 148.0
bd2 374 02-Jan-91 15147.33 0.2 - <0.i <0.i 18.0 - 34.0
bd2 434 04-Feb-91 15147.38 2.6 - 3.9 <0.i 107.0 - 140.0
bd2 483 06-Mar-91 15147.43 1.4 - <0.i <0.1 30.0 - 81.0

bd2 529 02-Apr-91 15147.48 0.0 - <0.1 <0.I 90.0 - 140.0
bd2 606 13-May-91 15147.53 0.8 - 2.7 <0.i 120.0 - 220.0
bd2 653 03-Jun-91 15147.58 2.4 - 7.4 <0.1 165.0 - 320.0
bd2 726 01-Jul-91 15147.63 1.7 - 14.0 <0.01 170.0 - 360.0

bd2 812 05-Aug-91 15147.68 0.7 - 3.5 0 220.0 - 480.0
bd2 830 12-Aug-91 15155.03 1.6 - 7.4 <0.01 170.0 - 440.0
bd2 884 03-Sep-91 15155.11 1.4 - 6.6 0 150.0 - 390.0
bd2 974 07-Oct-91 15155.18 1.4 - 6.2 <0.01 140.0 - 390.0
bd2 1064 ll-Nov-91 15155.26 0.3 - <0.01 <0.01 106.0 - 180.0



Table C-3b. Cation Concentrations (Additional cations are listed in Table C-3a).
Town of Fenton Landfill Leachate Treatment Demonstration

Sample
Location ID Date Comment AuxID Mn A1 Fe Pb K As Na

bd2 1082 18-Nov-91 15155.36 <0.01 - <0.01 0 i00.0 - 260.0
bd2 1100 25-Nov-91 15155.46 <0.01 - <0.01 0 62.0 - Ii0.0

bd3 12 18-Jun-90 - 0.2 1.7 <0.01 57.5 <0.2 -
bd3 22 25-Jun-90 - 0.2 1.5 <0.01 71.7 <0.2 -
bd3 32 02-Jul-90 0.2 1.4 <0.01 63.9 <0.2 -
bd3 42 09-Jul-90 0.2 1.7 0 58.6 <0.2 -
bd3 52 16-Jul-90 - 0.2 2.1 <0.01 90.9 - 277.0
bd3 63 23-Jui-90 15147.04 1.8 0.3 2.6 <0.0i 97.5 - 300.0
bd3 78 30-Jul-90 - 0.i I.I <0.01 82.8 - 266.0
bd3 89 06-Aug-90 15147.09 I.I 1.6 4.2 <0.01 67.2 - 241.0
bd3 115 20-Aug-90 - 0.5 3.8 0 228.0 - 531.0
bd3 130 27-Aug-90 - 0.3 1.7 <0.04 132.0 - 490.0
bd3 145 04-Sep-90 15147.14 i.I 0.2 1.5 <0.04 132.0 - 330.0

bd3 153 10-Sep-90 - 0.2 1.4 <0.04 102.0 - 332.0
bd3 165 17-Sep-90 - 0.0 0.6 <0.04 60.0 - 186.0
bd3 179 24-Sep-90 - 0.3 0.9 <0.04 110.0 - 440.0
bd3 193 01-Oct-90 15147.19 i.I 0.2 0.5 0 128.0 - 307.0
bd3 208 08-Oct-90 - 0.0 0.2 <0.04 52.4 - 148.0
bd3 223 15-Oct-90 - 0.1 0.8 <0.04 116.0 - 328.0
bd3 238 22-Oct-90 - 0.0 0.2 <0.04 35.2 - 80.0
bd3 254 29-Oct-90 - 0.I 1.0 <0.04 62.4 - 140.0
bd3 270 05-Nov-90 - 0.1 1.8 0 110.0 - 312.0
bd3 285 12-Nov-90 - 0.i 0.8 <0.04 72.8 - 188.0
bd3 300 19-Nov-90 15147.24 0.7 0.4 1.7 <0.04 105.0 - 214.0
bd3 315 26-Nov-90 - 0.4 1.5 0 95.2 - 280.0
bd3 330 04-Dec-90 - 0.6 1.7 <0.04 55.6 - 124.0
bd3 345 10-Dec-90 15147.29 0.8 0.2 0.9 0 85.1 - 156.0
bd3 360 !7-Dec-90 - 0.6 2.1 <0.04 53.2 - 108.0
bd3 375 02-Jan-91 15147.34 5.9 - 3.1 0 105.0 - 200.0
bd3 435 04-Feb-91 15147.39 8.9 - 14.0 0 114.0 - 180.0
bd3 484 06-Mar-91 15147.44 4.6 - 3.1 <0.1 67.0 - 84.0

bd3 530 02-Apr-91 15147.49 6.4 - 5.5 <0.i 112.0 - 200.0
bd3 607 13-May-91 15147.54 2.8 - <0.I <0.i 60.0 - 114.0
bd3 654 03-Jun-91 15147.59 6.3 - 1.8 <0.i 119.0 - 280.0
bd3 727 01-Jul-91 15147.64 7.6 - 5.7 0 137.0 - 380.0

bd3 813 05-Aug-91 15147.69 6.9 - 6.1 0 115.0 - 360.0
bd3 831 12-Aug-91 15155.04 5.5 - 6.1 0 97.0 - 290.0
bd3 885 03-Sep-91 15155.12 9.6 - 12.8 <0.01 112.0 - 320.0
bd3 975 07-Oct-9i 15155.19 5.2 - 5.8 0 78.0 - 200.0
bd3 1065 ll-Nov-91 15155.27 <0.01 - <0.01 <0.01 20.0 - 49.0



Table C-3b. Cation Concentrations (Additional cations are listed in Table C-3a).
Town of Fenton Landfill Leachate Treatment Demonstration

Sample
Location ID Date Cormaent AuxID Mn A1 Fe Pb K As Na

bd3 1083 18-Nov-91 15155.37 0.6 - <0.01 0 110.0 - 350.0
bd3 1101 25-Nov-91 15155.47 0.5 - <0.01 <0.01 140.0 - 250.0

bd4 13 18-Jun-90 - 1.3 4.8 0 55.3 <0.2 -
bd4 23 25-Jun-90 - 0.i 0.i <0.01 49.3 <0.2 -
bd4 33 02-Jul-90 - 0.1 0.2 <0.01 33.7 <0.2 -
bd4 43 09-Jul-90 - 0.2 0.3 0 31.7 <0.2 -
bd4 53 16-Jul-90 - 0.3 0.5 <0.01 40.6 - 104.0
bd4 64 23-Jui-90 - 0.2 0.3 <0.01 43.3 - 116.0
bd4 79 30-Jul-90 - 0.2 0.4 <0.01 42.6 - 139.0
bd4 105 13-Aug-90 - 1.0 0.3 <0.01 35.6 - 127.0
bd4 116 20-Aug-90 - 0.4 0.2 0 61.8 - 231.0
bd4 131 27-Aug-90 - 0.6 1.5 <0.04 88.8 - 404.0

bd4 146 04-Sep-90 - 0.8 2.1 <0.04 78.0 - 304.0
bd4 154 10-Sep-90 - 1.0 2.7 <0.04 69.6 - 240.0
bd4 166 17-Sep-90 - 0.3 0.7 <0.04 39.2 - 106.0
bd4 180 24-Sep-90 - 1.2 4.3 <0.04 70.8 - 252.0
bd4 194 01-Oct-90 - 0.0 0.8 <0.04 54.4 - 184.0
bd4 209 08-Oct-90 - 0.I 0.5 0 104.0 - 304.0
bd4 224 15-Oct-90 - 0.1 0.4 0 40.0 - 72.0
bd4 239 22-Oct-90 - 0.I 0.2 <0.04 38.5 - 64.0
bd4 255 29-Oct-90 - 0.I 0.8 <0.04 40.4 - 108.0
bd4 271 05-Nov-90 - 0.2 0.8 <0.04 86.8 - 264.0
bd4 286 12-Nov-90 - 0.2 0.8 <0.04 32.9 - 60.0
bd4 301 19-Nov-90 - 0.1 0.3 <0.04 66.8 - 168.0
bd4 316 26-Nov-90 - 0.i 0.3 0 82.8 - 260.0
bd4 331 04-Dec-90 - 0.2 0.8 <0.04 41.6 - 92.0
bd4 346 10-Dec-90 - 0.I 0.5 0 51.2 - 122.0
bd4 361 17-Dec-90 - 0.5 1.6 <0.04 48.4 - 96.0
bd4 728 01-Jul-91 15147.65 3.2 - <0.1 0 65.0 - 200.0

bd4 814 05-Aug-91 15147.70 3.6 - 0.4 0 56.0 - 180.0
bd4 832 12-Aug-91 15155.05 3.9 - 4.1 0 50.0 - 160.0
bd4 886 03-Sep-91 15155.13 4.7 - 3.9 0 56.0 - 190.0
bd4 976 07-Oct-91 15155.20 3.6 - 2.7 <0.01 44.0 - 180.0
bd4 1066 ll-Nov-91 15155.28 1.5 - <0.01 <0.01 26.0 - 94.0
bd4 1084 18-Nov-91 15155.38 1.8 - <0.01 0 88.0 - 310.0
bd4 1102 25-Nov-91 15155.48 <0.01 - <0.01 <0.01 91.0 - 160.0

mh4 14 18-Jun-90 - 0.i 0.1 <0.01 36.0 <0. _ -
mh4 24 25-Jun-90 - 0.i 0.i <0.01 26.1 <0.2 -
mh4 34 02-Jui-90 - 0.1 0.2 <0.01 41.1 <0.2 -



Table C-3b. Cation Concentrations (Additional cations are listed in Table C-3a).
Town of Fenton Landfill Leachate Treatment Demonstration

Sample
Location ID Date Con_nent AuxID Mn A1 Fe Pb K As Na

mh4 44 09-Jui-90 - 0.2 0.4 0 25.9 <0.2 -
mh4 54 16-Jul-90 - 0.I <0.01 <0.01 39.4 - 116.0
mh4 65 23-Jui-90 15147.05 0.4 0.I 0.I <0.01 40.5 - 93.0
mh4 80 30-Jul-90 - 0.i <0.01 <0.01 40.5 - 127.0

mh4 91 06-Aug-90 15147.10 0.3 0.2 0.3 <0.01 26.0 - 92.0
mh4 106 13-Aug-90 - 0.I 0.5 <0.01 32.4 - 127.0
mh4 117 20-Aug-90 - 0.2 <0.01 <0.01 29.6 - 127.0
mh4 132 27-Aug-90 - 0.2 0.4 <0.04 90.8 - 430.0
mh4 147 04-Sep-90 15147.15 0.7 0.I 0.2 <0.04 104.0 - 293.0
mh4 155 10-Sep-90 - 0.i 0.I <0.04 49.6 - 168.0
mh4 167 17-Sep-90 - <0.04 <0.04 <0.04 31.2 - 86.0
mh4 181 24-Sep-90 - 0.1 0.I <0.04 71.2 - 264.0

mh4 195 01-Oct-90 15147.20 0.4 0.i 0.2 0 67.7 - 183.0
._h4 210 08-Oct-90 - 0.i 0.3 <0.04 68.8 - 208.0!

mh4 225 15-Oct-90 - 0.1 0.3 <0.04 38.8 - 76.0
mh4 240 22-Oct-90 - 0.0 0.I <0.04 37.3 - 64.0
mh4 256 29-Oct-90 - 0.0 0.6 0 40.6 - 92.0
mh4 272 05-Nov-90 - 0.1 0.7 <0.04 76.8 - 228.0
mh4 287 12-Nov-90 - 0.i 0.2 <0.04 23.4 - 32.0
mh4 302 19-Nov-90 15147.25 0.4 0.i 0.3 <0.04 75.5 - 155.0
mh4 317 26-Nov-90 - 0.2 0.5 <0.04 80.8 - 248.0
mh4 332 04-Dec-90 - 0.9 2.2 <0.04 36.9 - 74.0
mh4 347 10-Dec-90 15147.30 0.5 0.3 0.9 0 55.2 - 102.0
mh4 362 17-Dec-90 - 0.I 0.5 <0.04 42.0 - 76.0
mh4 377 02-Jan-91 15147.35 i.i - <0.1 <0.I 54.0 - 95.0
mh4 437 04-Feb-91 15147.40 4.9 - <0.1 <0.1 93.0 - 174.0
mh4 486 06-Mar-91 15147.45 0.3 - <0.I <0.i 26.0 - 25.0

mh4 532 02-Apr-91 15147.50 i.i - <0.1 <0.I 88.0 - 140.0
mh4 609 13-May-91 15147.55 0.I - <0.I <0.i 50.0 - 135.0
mh4 656 03-Jun-91 15147.60 0.3 - <0.i <0.I 56.0 - 140.0
mh4 1067 ll-Nov-91 15155.29 0.2 - <0.01 <0.01 24.0 - 94.0
mh4 1085 18-Nov-91 15155.39 2.4 - <0.01 0 90.0 - 320.0
mh4 1105 25-Nov-91 15155.49 <0.01 - <0.01 <0.01 93.0 - 160.0

htk 59 16-Jul-90 - 0.i 0.4 0 34.4 - 104.0
htk 70 23-Jui-90 - 0.I 0.2 0 33.7 - 80.8
htk 85 30-Jul-90 - 0.I 0.i <0.01 35.6 - 116.0
htk 96 06-Aug-90 - 0.2 0.7 <0.01 32.6 - 116.0
htk iii 13-Aug-90 - 0.I 0.2 <0.01 30.2 - 116.0
htk 122 20-Aug-90 - 0.3 2.1 <0.01 93.3 - 219.0
htk 137 27-Aug-90 - 0.6 0.5 <0.04 79.2 - 396.0



Table C-3b. Cation Concentrations (Additional cations are listed in Table C-3a).
Town of Fenton Landfill Leachate Treatment Demonstration

Sample
Location ID Date Con_nent AuxID Mn A1 Fe Pb K As Na

htk i49 04-Sep-90 - 0.2 0.4 <0.04 71.2 - 276.0
htk 157 10-Sep-90 - 0.I 0.4 <0.04 56.8 - 196.0
htk 172 17-Sep-90 - <0.04 0.I <0.04 21.6 - 50.0
htk 185 24-Sep-90 - 0.2 0.4 <0.04 70.8 - 564.0
htk 200 01-Oct-90 - 0.1 0.3 <0.04 60.8 - 222.0
htk 215 08-Oct-90 - 0.i 0.2 <0.04 32.1 - 92.0
htk 230 15-Oct-90 - 0.2 0.6 0 50.4 - 128.0
htk 245 22-Oct-90 - 0.i 0.4 <0.04 18.9 - 40.0
htk 250 25-Oct-90 - 0.i 0.4 <0.04 20.5 - 28.0
htk 261 29-Oct-90 - 0.0 0.6 <0.04 34.8 - 80.0
htk 266 02-Nov-90 - 0.2 0.4 0 49.6 - 128.0
htk 277 05-Nov-90 - 0.i 0.5 0 78.8 - 236.0
htk 292 12-Nov-90 - 0.I 0.2 <0.04 36.8 - 80.0
htk 307 19-Nov-90 - 0.I 0.3 0 56.4 - 132.0
htk 322 26-Nov-90 - 0.1 0.4 <0.04 69.2 - 192.0
htk 337 04-Dec-90 - 0.3 1.3 0 36.2 - 84.0
htk 352 10-Dec-90 - 0.0 0.6 0 37.7 - 76.0
htk 367 17-Dec-90 - 0.I 0.8 0 44.4 - 100.0
htk 1072 ll-Nov-91 15155.33 <0.01 - <0.01 0 27.0 - 123.0
htk 1090 18-Nov-91 15155.43 1.5 - <0.01 0 68.0 - 240.0
htk IIi0 25-Nov-91 15155.54 <0.01 - <0.01 0 90.0 - 170.0

s14 16 !8-Jun-90 - 0.3 0.6 0 <0.1 <0.2 -
s14 26 25-Jun-90 - 0.3 0.5 <0.01 <0.I <0.2 -
s14 36 02-Jul-90 - 0.3 0.8 <0.01 1.0 <0.2 -
s14 46 09-Jui-90 - 0.3 0.7 <0.01 1.8 <0.2 -
s14 56 16-Jul-90 - 0.7 1.4 0 2.0 - <0.1
s14 67 23-Jui-90 - 0.8 2.8 <0.01 I.i - <0.1
s14 82 30-Jui-90 - 0.3 1.6 <0.01 1.8 - <0.I
s14 108 13-Aug-90 0.2 1.0 <0.01 4.6 - 11.6
s14 119 20-Aug-90 - 1.3 3.1 <0.01 7.1 - 46.2
s14 134 27-Aug-90 - 0.4 1.3 <0.04 3.4 - 13.6
s14 169 17-Sep-90 - 0.2 0.5 <0.04 4.0 - 12.0
s14 183 24-Sep-90 - 0.3 1.2 <0.04 4.2 - 12.0
s14 197 01-Oct-90 - 0.3 0.8 <0.04 11.6 - 14.0
s14 212 08-Oct-90 - 0.2 0.6 0 10.4 - 16.0
s14 227 15-Oct-90 - 0.I 0.3 <0.04 2.2 - 4.0
s14 242 22-Oct-90 - 0.I 0.2 0 0.4 - <0.004
s14 258 29-Oct-90 - 0.2 0.3 <0.04 0.6 - <0.004
s14 274 05-Nov-90 - 0.2 0.3 <0.04 0.7 - <0.004
s14 289 12-Nov-90 - 0.I 0.I 0 0.4 - <0.004



Table C-3b. Cation Concentrations (Additional cations are listed in Table C-3a).
Town of Fenton Landfill Leachate Treatment Demonstration

Sample
Location ID Date Comment AuxID Mm A1 Fe Pb K As Na

s14 304 19-Nov-90 - 0.I 0.i 0 0.4 - <0.004
s14 319 26-Nov-90 - 0.6 0.5 <0.04 0.4 - <0.004
s14 334 04-Dec-90 - 0.3 1.3 <0.04 0.4 - <0.004
s14 349 10-Dec-90 - <0.04 0.4 0 0.3 - <0.004
s14 364 17-Dec-90 - 0.4 1.4 0 0.4 - <0.004
s14 835 12-Aug-91 15155.07 1.2 - 2.5 <0.01 2.0 - 9.0
s14 979 07-Oct-91 15155.22 0.6 - 8.6 0 3.0 - 7.0
s14 1087 18-Nov-91 15155.41 <0.01 - <0.01 0 2.0 - 7.0
s14 1107 25-Nov-91 15155.51 <0.01 - <0.01 0 1.0 - 2.0

s19 28 25-Jun-90 - 1.0 2.0 <0.01 0.7 <0.2 -
s19 38 02-Jul-90 - 0.2 0.3 <0.01 0.9 <0.2 -
s19 48 09-Jul-90 - 0.4 0.7 0 1.8 <0.2 -
s19 95 06-Aug-90 - 3.6 7.8 <0.01 i.I - <0.i

136 - 1.4 3.1 <0.04 2.1 - 7.2
s19 27-Aug-90
s19 171 17-Sep-90 - 0.3 0.6 <0.04 0.9 - 2.0
s19 199 01-Oct-90 - 0.5 1.0 <0.04 2.0 - 7.2
s19 214 08-Oct-90 - 0.3 0.7 <0.04 1.8 - 4.0
s19 229 15-Oct-90 - 0.1 2.5 <0.04 27.2 - 84.0
s19 244 22-Oct-90 - 0.i 0.2 <0.04 1.3 - <0.004
s19 260 29-Oct-90 - 0.1 0.2 <0.04 i.i - <0.004
s19 276 05-Nov-90 - 0.1 0.4 <0.04 0.8 - <0.004
s19 291 12-Nov-90 - 0.2 0.4 <0.04 0.6 - <0.004
s19 306 19-Nov-90 - 0.i 0.3 0 0.6 - <0.004
s19 321 26-Nov-90 0.I 0.2 <0.04 0.6 - <0.004
s19 336 04-Dec-90 - 0.I 0.9 0 1.0 - 4.0
s19 351 10-Dec-90 - <0.04 0.3 0 0.5 - <0.004
s19 366 17-Dec-90 - 0.2 1.2 <0.04 0.6 - <0.004
s19 1071 ll-Nov-9! 15155.32 <0.01 - <0.01 <0.01 2.0 - 5.0
s19 1109 25-Nov-91 15155.53 <0.01 - <0.01 <0.01 1.0 - 4.0

s18 17 18-Jun-90 - 0.2 1.3 <0.01 14.7 <0.2 -
s18 27 25-Jun-90 - 0.1 1.3 <0.01 13.2 _0.2 -
s18 37 02-Jul-90 - 0.2 1.3 <0.01 14.2 <0.2 -
s18 47 09-Ju!-90 - 0.2 1.5 <0.01 12.4 <0.2 -
s18 57 16-Jul-90 - 0.3 1.9 <0.01 22.9 - 139.0
s18 68 23-Jui-90 - 0.2 5.3 <0.01 15.4 - 116.0
s18 83 30-Jul-90 - 0.4 2.2 <0.01 17.2 - 127.0
s18 94 06-Aug-90 - 0.9 3.5 <0.01 15.9 - 57.8
s18 109 13-Aug-90 - 0.4 I.i <0.01 18.7 - 127.0
s18 120 20-Aug-90 - 0.4 0.5 0 16.4 - 127.0



Table C-3b. Cation Concentrations (Additional cations are listed in Table C-3a).
Town of Fenton Landfill Leachate Treatment Demonstration

Sample
Location ID Date Cogent AuxID Mn A1 Fe Pb K As Na

s18 135 27-Aug-90 - 0.2 0.7 <0.04 15.6 - 105.0
s18 148 04-Sep-90 - 0.3 0.6 <0.04 17.7 - 130.0
s18 156 10-Sep-90 - 0.5 1.8 <0.04 44.0 - 194.0
s18 170 17-Sep-90 - 0.0 0.I <0.04 6.0 - 31.2
s18 184 24-Sep-90 - 0.1 0.3 <0.04 15.4 - 254.0
s18 198 01-Oct-90 - 0.i 0.9 <0.64 21.9 - 84.8
s18 213 08-Oct-90 - 0.3 0.9 <0.04 23.5 - 116.0
s18 228 15-Oct-90 - 0.4 1.0 0 1.7 - 4.0
s18 243 22-Oct-90 - 0.I 0.4 <0.04 10.3 - 32.0
s18 259 29-Oct-90 - 0.I 0.7 <0.04 11.6 - 32.0
s18 275 05-Nov-90 - 0.1 0.8 <0.04 14.3 - 50.0
s18 290 i2-Nov-90 - 0.I 0.5 <0.04 5.3 - 12.0
s18 305 19-Nov-90 - 0.I 0.6 <0.04 11.2 - 38.0
s18 320 26-Nov-90 - 0.2 0.4 <0.04 10.4 - 38.0

s

s18 335 04-Dec-90 - 0.3 1.4 <0.04 6.1 - 12.0
s18 350 10-Dec-90 - <0.04 0.5 0 3.2 - 12.0
s18 365 17-Dec-90 - 0.2 1.8 <0.04 7.1 - 20.0
s18 836 12-Aug-91 15155.08 7.7 - 2.1 0 15.0 - 91.0
s18 890 03-Sep-91 15155.15 55.6 - 5.5 <0.01 26.0 - 110.0
s18 980 07-Oct-91 15155.23 5.6 - <0.01 0 17.0 - 86.0
s18 1070 ll-Nov-91 15155.31 <0.01 - 5.6 0 5.0 - I0.0
s18 1088 18-Nov-91 15155.42 4.2 - <0.01 <0.01 20.0 - 100.0
s18 1108 25-Nov-91 15155.52 1.4 - <0.01 0 24.0 - 59.0

gwn 15 18-Jun-90 - 0.2 7.2 0 13.9 <0.2 -
gwn 25 25-Jun-90 - 0.2 12.9 <0.01 22.0 <0.2 -
gwn 35 02-Jul-90 - 0.2 11.7 <0.01 23.3 <0.2 -
gwn 45 09-Jul-90 - 0.2 7.8 0 23.8 <0.2 -
gwn 55 16-Jul-90 - 0.4 13.8 <0.01 27.4 - 173.0
gwn 66 23-Jui-90 - 0.8 13.3 <0.01 23.4 - 162.0
gwn 81 30-Jul-90 - 0.4 14.2 <0.01 29.6 - 185.0
gwn 92 06-Aug-90 - 0.4 4.3 0 18.7 - 127.0
gwn 107 13-Aug-90 - 0.3 12.0 <0.01 24.6 - 162.0
gwn 118 20-Aug-90 - 0.4 11.3 <0.01 22.6 - 150.0
gwn 133 27-Aug-90 - 0.2 10.2 <0.04 19.2 _ - 174.0
gwn 168 17-Sep-90 - 0.4 5.1 <0.04 11.2 - 74.0
gwn 182 24-Sep-90 - 0.2 I0.i <0.04 20.7 - 168.0
gwn 196 01-Oct-90 - 0.2 2.8 <0.04 17.2 - 126.0
gwn 211 08-Oct-90 - 0.2 8.2 <0.04 20.5 - 152.0
gwn 226 15-Oct-90 - 0.2 10.2 <0.04 15.9 - 116.0
gwn 241 22-Oct-90 - 0.3 2.8 <0.04 18.3 - 116.0



Table C-3b. Cation Concentrations (Additional cations are listed in Table C-3a).
Town of Fenton Landfill Leachate Treatment Demonstration

Sample
Location ID Date Comment AuxID Mn A1 Fe Pb K As Na

g_ 257 29-Oct-90 - 0.I 2.0 0 16.7 - 104.0
gwn 273 05-Nov-90 - 0.2 6.8 0 18.8 - 128.0
gwn 288 12-Nov-90 - 0.2 0.9 0 13.5 - 92.0
gwn 303 19-Nov-90 - 0.2 2.0 0 15.8 - 112.0

gwn 318 26-Nov-90 - 0.3 4.2 <0.04 16.8 - 116.0
gwn 333 04-Dec-90 - 0.5 3.2 <0.04 10.8 - 72.0
gwn 348 10-Dec-90 - <0.04 3.4 0 15.2 - 96.0
gwn 363 17-Dec-90 - 0.I 0.9 0 13.7 - 84.0 |
gwn 834 12-Aug-fl 15155.06 12.4 - 4.2 0 22.0 - 110.0
gwn 888 03-Sep-91 15155.14 13.0 - 4.4 0 25.0 - ii0.0
gwn 978 07-Oct-91 15155.21 12.3 - <0.01 <0.01 22.0 - 120.0
gwn 1068 ll-Nov-91 15155.30 8.4 - <0.01 0 16.0 - 76.0
gwn 1086 18-Nov-91 15155.40 10.9 - <0.01 0 19.0 - 111.0
gwn 1106 25-Nov-91 15155.50 7.8 - <0.01 <0.01 13.0 - 74.0



Table C-4. Site Hydrological Characteristics,
Town of Fenton Landfill Leachate Treatment Demonstration

Loca- Sample Inflow Inflow Precip
tion ID Date Comment (i/day) (gal/day) (in)

mhl 1 05-Jun-90 626 165 -
mhl 9 18-Jun-90 626 165 -
mhl 19 25-Jun-90 580 153 -
mhl 29 02-Jul-90 513 135 -
mhl 39 09-Jui-90 1411 373 -
mhl 49 16-Jul-90 1310 346 -
mhl 60 23-Jui-90 1202 318 0.44
mhl 75 30-Jul-90 709 187 0

mhl 86 06-Aug-90 Flooded - - 1.4
mhl I01 13-Aug-90 1289 341 0.5
mhl 112 20-Aug-90 1642 434 0.35
mhl 127 27-Aug-90 1142 302 0.04
mhl 142 04-Sep-90 619 164 0.2
mhl 150 10-Sep-90 749 198 0.44!

mhl 162 17-Sep-90 634 167 0.68
mh! 176 24-Sep-90 360 95 0.34
mhl 190 01-Oct-90 439 116 1.2
mhl 205 08-Oct-90 922 243 0.56

..... mhl 220 15-Oct-90 529 140 2.35
nthl 235 22-Oct-90 677 179 1.45
mhl 251 29-Oct-90 812 215 3.15
mhl 267 05-Nov-90 768 203 0
mhl 282 12-Nov-90 752 199 2.9
mhl 297 19-Nov-90 781 206 0.2
mhl 312 26-Nov-90 796 210 0.35
mhl 327 04-Dec-90 - - 1.6
mhl 342 10-Dec-90 1836 485 0.05
mhl 357 17-Dec-90 2880 761 0.75
mhl 372 02-Jan-91 817 216 3.25
mhl 387 07-Jan-91 778 205 0
mhl 400 14-Jan-91 598 158 0.9
mhl 410 21-Jan-91 310 82 i.25
mhl 421 28-Jan-91 547 145 0.2
mhl 432 04-Feb-91 940 248 0.6
mhl 446 ll-Feb-91 554 146 0.5
mhl 457 18-Feb-91 698 185 0.6
mhl 470 25-Feb-91 324 86 0.75
mhl 481 06-Mar-91 0 0 1.75
mhl 492 ll-Mar-91 1310 346 0
_hl 504 18-Mar-91 821 217 -
mhl 515 25-Mar-91 382 I01 0.7



Table C-4. Site Hydrological Characteristics,
Town of Fenton Landfill Leachate Treatment Demonstration

Loca- Sample Inflow Inflow Precip
tion ID Date Comment (i/day) (gal/day) (in)

mhl 527 02-Apr-91 792 209 0.9
mhl 545 08-Apr-91 904 239 0.25
_Ii 563 15-Apr-91 864 228 0.8
mhl 578 23-Apr-91 817 216 2
mhl 593 29-Apr-91 842 223 0.4
mhl 604 13-May-91 904 239 1.3
mhl 622 20-May-91 1174 310 0.25
mhl 633 28-May-91 1692 447 0.4
mhl 651 03-Jun-91 1062 281 0.55
mhl 670 10-Jun-91 1040 275 0.9
mhl 688 17-Jun-91 644 170 0.95
mhl 706 24-Jun-91 1440 380 0
mhl 724 01-Jul-91 850 224 0
mhl 738 08-Jul-91 1019 269 0.55

mhl 756 15-Jul-91 511 135 0.4
mhl 774 22-Jui-91 490 129 0.3
mhl 792 29-Jui-91 522 138 0.8
mhl 810 05-Aug-91 216 57 0.7
mhl 828 12-Aug-91 0 0 1
mhl 846 19-Aug-91 554 146 0.8
mhl 864 26-Aug-91 0 0 0.8
mhl 882 02-Sep-91 0 0 0
mhl 900 09-Sep-91 94 25 0.13
mhl 918 16-Sep-91 94 25 0.6
mhl 936 23-Sep-91 0 0 1.3
mhl 954 30-Sep-91 122 32 0.75
mhl 972 07-Oct-91 266 70 0.6
mhl 990 14-Oct-91 288 76 0.6
mhl 1008 21-Oct-91 324 86 0.73
mhl 1026 28-Oct-91 396 105 0.23
mhl 1044 04-Nov-91 389 103 0
mhl 1062 ll-Nov-91 3456 913 I.I
_nl 1080 18-Nov-91 2160 571 0.4
mhl 1098 25-Nov-91 3456 913 2.6



Table C-5. Daily Weather Data for Binghamton, NY.

--- Binghamton, NY Airport Weather Data ---

Air temperature Total Snow Snow on
Max. Min. Precip. Precip. Ground

Date (Degr F) (Degr F) (in. water) (in.) (in.)

01-Jun-90 73 48 0 0 0
02-Jun-90 77 58 0 0 0
03-Jun-90 79 62 0.04 0 0
04-Jun-90 63 42 0.05 0 0
05-Jun-90 63 39 0 0 0
06-Jun-90 73 48 - 0 0
07-Jun-90 72 55 - 0 0
08-Jun-90 64 48 0.15 0 0
09-Jun-90 74 61 0.02 0 0
10-Jun-90 67 55 0.05 0 0
ll-Jun-90 60 50 0.01 0 0
i2-Jun-90 74 45 0 0 0

I

13-Jun-90 76 51 0 0 0
14-Jun-90 79 61 0.36 0 0
15-Jun-90 78 60 0 0 0
16-Jun-90 81 61 0 0 0
17-Jun-90 83 65 0 0 0
18-Jun-90 77 63 0.57 0 0
19-Jun-90 73 57 - 0 0
20-Jun-90 74 56 0 0 0
21-Jun-90 77 59 0.02 0 0
22-Jun-90 79 58 0.22 0 0
23-Jun-90 74 60 0.13 0 0
24-Jun-90 66 56 - 0 0
25-Jun-90 64 54 - 0 0
26-Jun-90 77 53 0 0 0
27-Jun-90 75 61 - 0 0
28-Jun-90 74 57 0 0 0
29-Jun-90 82 57 0.49 0 0
30-Jun-90 74 58 0.39 0 0
01-Jul-90 67 55 - 0 0
02-Jul-90 75 54 0 0 0
03-Jul-90 78 55 0 0 0
04-Jul-90 91 63 0 0 0
05-Jui-90 81 60 0.02 0 0
06-Jul-90 66 52 0.33 0 0
07-Jul-90 72 47 0 0 0
08-Jul-90 72 52 0 0 0
09-Jul-90 80 66 0.4 0 0



Table C-5. Daily Weather Data for Binghamton, _.

--- Binghamton, NY Airport Weather Data ---

Air temperature Total Snow Snow on
Max. Min. Precip. Precip. Ground

Date (Degr F) (Degr F) (in. water) (in.) (in.)

10-Jul-90 77 60 0 0 0
ll-Jul-90 66 56 0.02 0 0
12-Jui-90 57 53 1.21 0 0
13-Jul-90 73 54 0 0 0
14-Jul-90 75 57 - 0 0
15-Jul-90 77 67 0.11 0 0
16-Jul-90 76 63 0.02 0 0
17-Jul-90 82 62 0 0 0
18-Jul-90 83 65 0 0 0
19-Jul-90 82 65 0.01 0 0
20-Jul-90 83 66 0.27 0 0
21-Jul-90 80 65 0 0 0
22-Jui-90 82 61 0.ii 0 0
23-Jui-90 74 61 0.34 0 0
24-Jui-90 76 60 0 0 0
25-Jui-90 78 55 0 0 0
26-Jui-90 80 57 0 0 0
27-Jui-90 84 61 0 0 0
28-Jui-90 84 62 0 0 0
29-Jui-90 83 61 0 0 0
30-Jul-90 83 62 0 0 0
31-Jul-90 68 57 0.23 0 0

01-Aug-90 72 53 0 0 0
02-Aug-90 77 52 0 0 0
03-Aug-90 82 60 0 0 0
04-Aug-90 83 60 0 0 0
05-Aug-90 71 60 1.29 0 0
06-Aug-90 71 62 0.43 0 0
07-Aug-90 73 60 0 0 0
08-Aug-90 75 59 0.05 0 0
09-Aug-90 71 55 0.04 0 0
10-Aug-90 67 59 0.22 0 0
ll-Aug-90 78 62 0 0 0
12-Aug-90 80 57 0 0 0
13-Aug-90 81 61 0.33 0 0
14-Aug-90 73 57 0 0 0
15-Aug-90 75 53 0 0 0
16-Aug-90 79 58 - 0 0
17-Aug-90 82 62 0 0 0



Table C-5. Daily Weather Data for Binghamton, NY.

--- Binghamton, NY Airport Weather Data ....

Air temperature Total Snow Snow on
Max. Min. Precip. Precip. Ground

Date (Degr F) (Degr F) (in. water) (in.) (in.)

18-Aug-90 83 66 0.06 0 0
19-Aug-90 69 54 0.07 0 0
20-Aug-90 58 53 0.07 0 0
21-Aug-90 60 54 0.43 0 0
22-Aug-90 69 58 0.07 0 0
23-Aug-90 63 59 0.41 0 0
24-Aug-90 76 61 - 0 0
25-Aug-90 80 62 0 0 0
26-Aug-90 79 61 0 0 0
27-Aug-90 80 62 0.44 0 0
28-Aug-90 79 63 1.66 0 0
29-Aug-90 73 61 0 0 0
30-Aug-90 74 56 0 0 0
31-Aug-90 76 49 0 0 0
01-Sep-90 77 54 - 0 0
02-Sep-90 78 61 0.17 0 0
03-Sep-90 67 52 0 0 0
04-Sep-90 72 47 0 0 0
05-Sep-90 71 59 0.i 0 0
06-Sep-90 74 62 0 0 0
07-Sep-90 70 51 0.07 0 0
08-Sep-90 67 43 0 0 0
09-Sep-90 56 47 0.41 0 0
10-Sep-90 73 56 0.01 0 0
ll-Sep-90 75 61 0 0 0
12-Sep-90 77 63 0 0 0
13-Sep-90 80 54 0 0 0
14-Sep-90 73 60 0 0 0
15-Sep-90 67 52 0.38 0 0
16-Sep-90 58 44 0.03 0 0
17-Sep-90 50 38 - 0 0
18-Sep-90 57 35 0 0 0
19-Sep-90 52 39 0.24 0 0
20-Sep-90 59 46 0 0 0
21-Sep-90 64 43 0 0 0
22-Sep-90 61 49 0.13 0 0
23-Sep-90 54 43 0.01 0 0
24-Sep-90 58 42 0 0 0
25-Sep-90 62 44 0 0 0



Table C-5. Daily Weather Data for Binghamton, NY.

Binghamton, NY Airport Weather Data

Air temperature Total Snow Snow on
Max. Min. Precip. Precip. Ground

Date (Degr F) (Degr F) (in. water) (in.) (in.)

26-Sep-90 59 50 0.4 0 0
27-Sep-90 62 47 - 0 0
28-Sep-90 71 46 0 0 0
29-Sep-90 73 55 0.72 0 0
30-Sep-90 67 48 0.16 0 0
01-Oct-90 57 43 0 0 0
02-Oct-90 55 44 - 0 0
03-Oct-90 65 42 0 0 0
04-Oct-90 63 48 0.56 0 0
05-Oct-90 69 46 - 0 0
06-Oct-90 77 57 0 0 0
07-Oct-90 76 59 0 0 0
08-Oct-90 67 53 - 0 0
09-Oct-90 71 52 0.21 0 0
10-Oct-90 76 52 0 0 0
!I-Oct-90 67 47 0.65 0 0
12-Oct-90 72 47 0.26 0 0
13-Oct-90 69 56 1.57 0 0
14-0ct-90 58 52 0 0 0
15-Oct-90 _i 46 0 0 0
16-Oct-90 57 40 0 0 0
17-Oct-90 68 44 0 0 0
18-Oct-90 68 42 0.85 0 0
19-Oct-90 45 37 0.01 - 0
20-0ct-90 56 32 0 0 0
21-Oct-90 57 40 0 0 0
22-Oct-90 59 48 0.02 0 0
23-Oct-90 57 45 2.94 0 0
24-Oct-90 52 42 - 0 0
25-Oct-90 53 35 - 0 0
26-Oct-90 39 29 - 0 0
27-Oct-90 49 25 0 0 0
28-Oct-90 47 33 0.12 0.2 0
29-Oct-90 39 30 - 0.1 -
30-Oct-90 56 27 0 0 0
31-Oct-90 58 39 0 0 0
01-Nov-90 63 39 0 0 0
02-Nov-90 68 51 0 0 0
03-Nov-90 69 52 0 0 0



Table C-5. Daily Weather Data for Binghamton, NY.

--- Binghamton, NY Airport Weather Data ---

Air temperature Total Snow Snow on
Max. Min. Precip. Precip. Ground

Date (Degr F) (Degr F) (in. water) (in.) (in.)

04-Nov-90 64 44 - 0 0
05-Nov-90 59 41 0.03 0 0
06-Nov-90 54 35 0.6 0.I 0
07-Nov-90 39 31 0.09 0
08-Nov-90 35 26 0.02 0.4 -
09-Nov-90 40 21 0.24 0.2 0
10-Nov-90 39 34 1.46 - 0
ll-Nov-90 37 28 0.06 1.6 -
12-Nov-90 33 24 0.06 3.3 2
!3-Nov-90 30 22 0.01 1 4
14-Nov-90 39 24 0 0 2
15-Nov-90 64 37 0 0 -
16-Nov-90 65 47 0.02 0 0
17-Nov-90 50 28 0.2 - 0
18-Nov-90 33 21 0 0 0
19-Nov-90 32 19 0 0 0
20-Nov-90 41 26 0 0 0
21-Nov-90 48 31 0 0 0
22-Nov-90 51 38 0.22 0 0
23-Nov-90 47 39 0.17 0 0
24-Nov-90 40 30 0.01 0.2 0
25-Nov-90 54 33 0 0 -
26-Nov-90 45 28 0 0 0
27-Nov-90 54 40 - 0 0
28-Nov-90 70 48 0.01 0 0
29-Nov-90 48 29 - 0.2 0
30-Nov-90 37 27 - 0.2 -
01-Dec-90 47 29 0 0 0
02-Dec-90 45 27 0 0 0
03-Dec-90 45 27 0.77 3.4 0
04-Dec-90 50 25 0.69 0.2 0
05-Dec-90 28 20 - I.I -
06-Dec-90 34 23 0 0 -
07-Dec-90 35 30 0 0 0
08-Dec-90 42 27 - - 0
09-Dec-90 41 31 0 0 0
10-Dec-90 42 24 0 0 0
ll-Dec-90 27 18 - 0.1 0
12-Dec-90 47 25 0 0 -



Table C-5. Daily Weather Data for Binghamton, NY.

Binghamton, NY Airport Weather Data

Air temperature Total Snow Snow on
Max. Min. Precip. Precip. Ground

Date (Degr F) (Degr F) (in. water) (in.) (in.)

13-Dec-90 50 25 0.03 0.3 0
14-Dec-90 28 14 0.01 0.3 1
15-Dec-90 36 21 0.37 1.6 -
16-Dec-90 37 29 0.19 0.2 1
17-Dec-90 36 28 - - -
18-Dec-90 40 34 0.9 0 -
19-Dec-90 40 29 - - 0
20-Dec-90 38 20 0 0 0
21-Dec-90 52 36 0.28 0 0
22-Dec-90 55 50 - 0 0
23-Dec-90 59 34 0.53 0 0

_J 24-Dec-90 35 13 0.24 0.4 -

25-Dec-90 24 I0 0 0 -
26-Dec-90 24 I0 - 0.4 0
27-Dec-90 20 8 0.05 0.5 -
28-Dec-90 31 17 0.51 5.2 5
29-Dec-90 46 31 0.02 0 4
30-Dec-90 53 33 0.59 - 0
31-Dec-90 33 14 0.04 0.8 1
01-Jan-91 31 14 - - 1
02-Jan-91 36 23 0 0 -
03-Jan-91 29 20 - - -
04-Jan-91 27 13 - -
05-Jan-91 31 16 0.01 0.4 0
06-Jan-91 32 26 0.02 0.1 0
07-Jan-91 27 7 - - -
08-Jan-91 24 2 - - -
09-Jan-91 33 20 0.13 1.7 2
10-Jan-91 31 12 - - 1
ll-Jan-91 22 II 0.62 6.2 1
12-Jan-91 33 22 0.07 - 6
13-Jan-91 22 12 - 0.5 5
!4-Jan-91 31 ii 0.01 0.3 5
15-Jan-91 44 31 0 0 5
16-Jan-91 40 34 0.91 0 3
17-Jan-91 39 29 0.05 0.2 2
18-Jan-91 32 24 - 0.7 1
19-Jan-91 40 27 - - 1
20-Jan-91 38 27 0.03 0.4 -



Table C-5. Daily Weather Data for Binghamton, NY.

Binghamton, NY Airport Weather Data ---

Air temperature Total Snow Snow on
Max. Min. Precip. Precip. Ground

Date (Degr F) (Degr F) (in. water) (in.l (in.)

21-Jan-91 28 2 0.08 1 1
22-Jan-91 10 -3 - 0.i 1
23-Jan-91 26 4 - - 1
24-Jan-91 27 9 0.03 0.8 1
25-Jan-91 15 2 - 0.i 2
26-Jan-91 23 6 - 0.6 2
27-Jan-91 33 15 - - 3
28-Jan-91 37 28 0.01 0.3 3
29-Jan-91 39 24 0 0 2
30-Jan-91 39 24 0.i 0.5 2
31-Jan-91 24 14 0.04 i.I 2
01-Feb-91 23 13 - 0.4 3

_a 02-Feb-91 45 19 0 0 3
03-Feb-91 53 32 0 0 2
04-Feb-91 55 35 0 0 -
05-Feb-91 55 40 0 0 0
06-Feb-91 41 35 0.17 0 0
07-Feb-91 39 33 0.21 0 0
08-Feb-91 39 32 0 0 0
09-Feb-91 42 27 0 0 0
10-Feb-91 33 19 - - 0
ll-Feb-91 22 II 0.01 0.8
12-Feb-91 19 0 0.01 0.4 1
13-Feb-91 31 18 0.39 3.3 1
14-Feb-91 36 27 0.46 2.5 6
15-Feb-91 31 3 0.02 1.8 5
16-Feb-91 18 2 0.01 0.6 3
17-Feb-91 29 13 0.06 3.1 5
i8-Feb-91 32 25 0.16 - 4
19-Feb-91 46 32 0.29 0 3
20-Feb-91 47 27 0.19 - 0
21-Feb-91 47 25 - - 0
22-Feb-91 45 21 0.01 0.4 0
23-Feb-91 21 6 - 0.3 1
24-Feb-91 35 II - 0.2 -
25-Feb-91 32 24 - - 0
26-Feb-91 32 19 - 0.2 -
27-Feb-91 26 15 - - -
28-Feb-91 35 18 0 14 2.1 -



Table C-5. Daily Weather Data for Binghamton, NY.

--- Binghamton, NY Airport Weather Data

Air temperature Total Snow Snow on
Max. Min. Precip. Precip. Ground

Date (Degr F) (Degr F) (in. water) (in.) (in.)

01-Mar-91 57 33 0 0 2
02-Mar-91 63 48 0.53 0 0
03-Mar-91 56 45 0.61 0 0
04-Mar-91 47 28 0.35 - 0
05-Mar-91 40 25 - - -
06-Mar-91 55 29 0.06 0 0
07-Mar-91 44 22 - - 0
08-Mar-91 27 17 - 0.2 -
09-Mar-91 35 17 0 0 0
10-Mar-91 31 19 0 0 0

il-Mar-91 23 13 - - 0
12-Mar-91 34 16 - - -
13-Mar-91 42 20 0 0 0
14-Mar-9! 32 28 0.22 5.9 i
15-Mar-91 36 29 0.21 1.8 6
16-Mar-91 44 24 0 0 6
17-Mar-91 50 27 0 0 2
18-Mar-91 41 33 0.24 0.3 -
19-Mar-91 48 33 0.01 0.1 -
20-Mar-91 43 30 - - 0
21-Mar-91 50 27 - 0 0
22-Mar-91 44 34 0.23 0 0
23-Mar-91 36 31 0.28 0 0
24-_ar-91 46 34 0.21 - 0
25-Mar-91 40 35 0.02 - 0
26-Mar-91 50 33 0 0 0
27-Mar-91 54 41 0.43 0 0
28-Mar-91 61 3S 0 0 0
29-Mar-91 47 27 0 0 0
30-Mar-91 34 21 0.02 1.6 2
31-Mar-91 44 18 0 0 0

01-Apr-91 39 30 0.16 1.4 -
02-Apr-91 39 30 - 0.2 -
03-Apr-91 49 27 0 0 0
04-Apr-9! 65 34 0 0 0
05-Apr-9! 60 47 0.07 0 0
06-Apr-91 72 44 0.05 0 0
07-Apr-91 83 55 0 0 0
08-Apr-91 80 60 0.39 0 0



Table C-5. Daily Weather Data for Binghamton, NY.

Binghamton, NY Airport Weather Data ---

Air temperature Total Snow Snow on
Max. Min. Precip. Precip. Ground

Date (Degr F) (Degr F) (in. water) (in.) (in.)

09-Apr-91 75 60 0.6 - 0
10-Apt-91 61 33 0.01 - 0
ll-Apr-91 44 31 - - 0
12-Apr-91 46 28 0 0 0
13-Apr-91 48 34 0.02 0.I 0
14-Apr-91 56 33 0.13 0 0
15-Apr-91 48 34 0.22 0 0
16-Apr-91 62 45 - 0 0
17-Apr-91 58 36 - 0 0
18-Apt-91 51 35 0 0 0
19-Apt-91 59 36 - 0 0
20-Apr-91 44 36 0 58 0 0ta
21-Apr-91 41 33 1 0.3 0
22-Apr-91 41 31 0.24 2 2
23-Apr-91 61 37 0 0 0
24-Apr-91 61 43 0.33 0 0
25-Apr-91 63 41 0 0 0
26-Apr-91 70 41 - 0 0
27-Apr-91 73 53 - 0 0
28-Apr-91 69 51 0 0 0
29-Apr-91 59 45 0 0
30-Apr-91 75 53 0.42 0 0
01-May-91 76 46 0.34 0 0
02-May-91 51 41 0.02 - 0
03-May-91 47 37 - 0 0
04-May-91 58 35 0 0 0
05-May-91 70 37 - 0 0
06-May-91 63 45 0.84 0 0
07-May-91 54 44 - 0 0
08-May-91 59 42 0 0 0
09-May-91 53 42 0.04 0 0
10-May-91 67 49 0.08 0 0
ll-May-91 74 46 0 0 0
12-May-91 80 56 0 0 0
13-May-91 81 58 0 0 0
14-May-91 78 61 0.06 0 0
15-May-91 77 54 0 0 0
16-MAY-91 82 53 0 0 0
17-May-91 80 45 0.16 0 0



Table C-5. Daily Weather Data for Bingh_mton, NY.

Binghamton, NY Airport Weather Data ---

Air temperature Total Snow Snow on
Max. Min. Precip. Precip. Ground

Date (Degr F) (Degr F) (in. water) (in.) (in.)

18-May-91 61 42 0 0 0
19-May-91 67 38 0 0 0
20-May-91 71 44 0 0 0
21-May-91 78 50 0 0 0
22-May-91 80 58 0 0 0
23-May-91 85 57 0 0 0
24-May-91 83 61 0.24 0 0
25-May-91 82 65 0 0 0
26-May-91 80 62 0 0 0
27-May-91 83 66 0.02 0 0
28-May-91 81 61 0 0 0
29-May-91 82 56 0 0 0

u, 30-May-91 82 63 0 05 0 0
31-May'91 82 66 0.05 0 0
01-Jun-91 72 56 0 0 0
02-Jun-91 74 52 0 0 0
03-Jun-91 76 52 0.68 0 0
04-Jun-91 64 49 0.24 0 0
05-Jun-91 64 47 0.02 0 0
06-Jun-91 67 45 0 0 0
07-Jun-91 75 46 0 0 0
08-Jun-91 78 52 0 0 0
09-Jun-91 79 58 0 0 0
10-Jun-91 84 55 0 0 0
ll-Jun-91 78 61 0.8 0 0
12-Jun-91 74 48 0.62 0 0
13-Jun-91 63 43 0 0 0
14-Jun-91 77 44 0 0 0
15-Jun-91 87 59 - 0 0
16-Jun-91 80 68 - 0 0
17-Jun-91 71 61 0 0 0
18-Jun-91 78 62 0 0 0
19-Jun-91 81 60 0 0 0
20-Jun-91 84 63 0 -0 0
21-Jun-91 82 62 0 0 0
22-Jun-91 76 57 - 0 0
23-Jun-91 74 55 - 0 0
24-Jun-91 78 51 0 0 0
25-Jun-91 82 54 0 0 0



Table C-5. Daily Weather Data for Binghamton0 NY.

--- Binghamton, _f Airport Weather Data

Air temperature Total Snow Snow on
Max. Min. Precip. Precip. Ground

Date (Degr F) (Degr F) (in. water) (in.) (in.)

26-Jun-91 84 61 0 0 0
27-Jun-91 89 63 0 9 0
28-Jun-91 92 65 0 0 0
29-Jun-91 85 69 0 0 0
30-Jun-91 74 58 - 0 0
01-Jul-91 76 54 0 0 0
02-Jui-91 69 58 0.21 0 0
03-Jul-91 74 61 - 0 0
04-Jui-91 74 61 - 0 0
05-Jul-91 67 58 0.3 0 0
06-Jui-91 86 62 0.01 0 0
07-Jui-91 82 64 0.15 0 0
08-Jul-91 83 63 0 0 0
09-Jul-91 75 57 0 0 0
10-Jul-91 80 53 0 0 0
!l-Jul-91 78 56 0 0 0
12-Jul-91 83 51 0 0 0
13-Jul-91 70 62 0.35 0 0
14-Jul-91 77 60 0.01 0 0
15-Jul-91 80 54 0 0 0
16-Jul-91 87 54 0 0 0
17-Jul-91 91 60 0 0 0
18-Jul-91 90 67 0.01 0 0
19-Jul-91 91 67 0.08 0 0
20-Jul-91 93 67 0 0 0
21-Jul-91 89 71 0.32 C_ 0
22-Jui-91 85 66 0.03 0 0
23-Jui-91 86 65 0.02 0 0
24-Jui-91 82 59 0 0 0
25-Jui-91 86 61 0 0 0
26-Jui-91 72 58 0.46 0 0
27-Ju!-91 76 53 0 0 0
28-Jui-91 78 52 0 0 0
29-Jui-9! 80 59 0 0 0
30-Jul-91 76 56 0.01 0 0
31-Jul-91 80 62 - 0 0

01-Aug-91 88 60 0.04 0 0
02-Aug-91 85 60 0 0 0
03-Aug-91 76 61 0.23 0 0



Table C-5. Daily Weather Data for Binghamton, NY.

Binghamton, NY Airport Weather Data ---

Air temperature Total Snow Snow on
Max. Min. Precip. Precip. Ground

Date (Degr F) (Degr F) (in. water) (it.) (in.)

04-Aug-91 78 60 0.01 0 0
05-Aug-91 73 56 0.02 0 0
06-Aug-91 72 52 0 0 0
07-Aug-9! 82 53 0 0 0
08-Aug-91 82 57 0.05 0 0
09-Aug-91 70 61 1.46 0 0
10-Aug-91 78 59 0.12 0 0
ll-Aug-91 72 57 - 0 0
12-Aug-91 79 58 0.01 0 0
13-Aug-91 84 60 0 0 0
14-Aug-91 83 60 0 0 0
15-Aug-91 77 62 0.3 0 0

16-Aug-91 85 60 0.i6 0 0
!7-Aug-91 85 62 0 0 0
18-Aug-91 78 65 0.29 0 0
19-Aug-91 73 59 0 0
20-Aug-91 65 57 1.09 0 0
21-Aug-91 75 62 0 0 0
22-Aug-91 79 57 0 0 0
23-Aug-91 79 61 - 0 0
24-Aug-91 76 58 0 0 0
25-Aug-9! 73 55 0 0 0
26-Aug-9! 80 57 0 0 0
27-Aug-91 85 62 0 u 0
28-Aug-91 87 66 0 0 0
29-Aug-9! 86 66 0 0 0
30-Aug-91 89 67 0 0 0
31-Aug-91 75 51 0 0 0
01-Sep-91 66 43 0 0 0
02-Sep-91 73 44 0 0 0
03-Sep-91 79 51 0 0 0
04-Sep-91 69 60 0.Ii 0 0
05-Sep-9! 73 53 0 0 0
06-Sep-91 77 50 0 0 0
07-Sep-91 80 53 0 0 0
08-Sep-91 82 58 0 0 0
09-Sep-91 84 56 0 0 0
10-Sep-91 79 66 0.34 0 0
ll-Sep-91 66 50 0.01 0 0



Table C-5. Daily Weather Data for Binghamton, NY.

--- Binghamton, NY Airport Weather Data ---

Air temperature Total Snow Snow on
Max. Min. Precip. Precip. Ground

Date (Degr F) (Degr F) (in. water) (in.) (in.)

12-Sep-91 70 47 0 0 0
13-Sep-91 77 46 0 0 0
14-Sep-91 78 56 0 0 0
15-Sep-91 75 62 0.22 0 0
16-Sep-91 90 68 0 0 0
17-Sep-91 81 59 0.26 0 0
18-Sep-91 78 55 0.03 0 0
19-Sep-91 67 45 1.02 0 0
20-Sep-91 56 42 - 0 0
21-Sep-91 55 40 0 0 0
22-Sep-91 65 35 0 0 0
23-Sep-91 60 49 0.03 0 0

24-Sep-91 62 42
0.24 0 0

25-Sep-91 55 47 0.31 0 0
26-Sep-91 61 42 0.04 0 0
27-Sep-91 54 37 - 0 0
28-Sep-91 53 33 0 0 0
29-Sep-91 61 35 0 0 0
30-Sep-91 61 29 0 0 0
01-Oct-91 72 51 - 0 0
02-Oct-91 77 60 0 0 0
03-Oct-91 76 55 0.01 0 0
04-Oct-91 71 50 0.05 0 0
05-Oct-91 75 54 0.02 0 0
06-Oct-91 58 38 0.21 0 0
07-Oct-91 50 35 - - 0
08-Oct-91 59 74 0 0 0
09-Oct-91 67 46 0 0 0
10-Oct-91 69 43 0.I 0 0
ll-Oct-91 53 37 0.2 0 0
12-Oct-9! 45 32 - 0 0
13-Oct-91 49 34 0.05 - 0
14-Oct-91 51 29 0 0 0
15-Oct-91 59 42 0.53 0 0
16-Oct-91 50 35 0.02 0 0
17-Oct-91 56 33 0.18 0 0

18-Oct_91 67 42 - 0 0
19-Oct-91 53 36 0.02 0 0
20-Oct-91 45 33 - - 0



Table C-5. Daily Weather Data for Binghamton0 NY.

Binghamton, NY Airport Weather Data

Air temperature Total Snow Snow on
Max. Min. Precip. Precip. Ground

Date (Degr F) (Degr F) (in. water) (in.) (in.)

21-Oct-91 51 34 0 0 0
22-Oct-91 65 39 0 0 0
23-Oct-91 72 48 0 0 0
24-Oct-91 67 52 0 0 0
25-Oct-91 71 53 0 0 0
26-Oct-9i 73 57 0 0 0
27-Oct-91 73 51 0.26 0 0
28-Oct-91 52 35 - 0 0
29-Oct-91 54 29 0 0 0
30-Oct-91 62 30 0 0 0
31-Oct-91 59 38 0 0 0

01-Nov-91 66 44 0 0
02-Nov-91 57 36 - 0
03-Nov-91 44 27 0 0
04-Nov-91 35 21 0 0
05-Nov-91 36 19 0 0
06-Nov-91 43 25 0 0 0
07-Nov-91 35 30 0.04 0.4 0
08-Nov-91 34 23 - - -
09-Nov-91 35 19 0 0 0
10-Nov-91 44 23 0.31 0 0
ll-Nov-91 35 30 1.17 0.8 -
12-Nov-91 34 31 0.01 - -
13-Nov-91 37 33 0.01 0.1 -
14-Nov-91 52 35 - 0 0
15-Nov-91 53 37 0.17 0 0
16-Nov-91 52 30 0.01 - 0
17-Nov-91 36 22 0 0 0
18-Nov-91 49 22 0 0 0
19-Nov-91 70 42 - 0 0
20-Nov-91 73 57 - 0 0
21-Nov-91 64 44 0.72 0 0
22-Nov-91 49 45 1.75 0 0
23-Nov-91 49 44 0.01 0 0
24-Nov-91 50 30 0.2 - 0
25-Nov-91 31 26 0.02 0.3 0
26-Nov-91 31 22 0.04 2.3 1
27-Nov-91 34 23 0 0 1
28-Nov-9! 47 32 0.01 0 0



Table C-5. Daily Weather Data for Binghamton, NY.

--- Binghamton, NY Airport Weather Data ---

Air temperature Total Snow Snow on
Max. Min. Precip. Precip. Ground

Date (Degr F) (Degr F) (in. water) (in.) (in.)

29-Now-91 53 40 0.02 0 0
30-Nov-91 60 49 0.01 0 0

Source: Northeast Regional Climate Center, Cornell University,
Ithaca, NY.

Data are from the Binghamton WSO AP 30-0687 weather station.

!
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Table C-6. Contaminut Concentrations is Le.tchttc (MH-1)
(all concentrations in mf_l ulcss othcrwisc noted)

Parameter January 16, April 9, July 7, October 29, ldinumum Maximum Parameter
1991 1991 1991 1991

pH 6.31 7.74 7.91 8.13 6.31 8.13 pH
Alkalinity 1560 II00 1730 1260 1100 1730 Alkalinity
Total Solids ...... Total Solids
TDS 1720 458 828 1870 458 1870 TDS
TSS ...... TSS

Spec. Conductance 4000 2900 3770 3480 2900 4000 Spec. Conductance
BOD - 39 - - 39 39 BOD
COD 369 257 497 341 257 497 COD
TOC 1130 73_5 90_5 106 73.5 1130 TOC
Hardness 813 503 815 643 503 815 Hardness
Chlorides 33.0 268 498 411 33 498 Chlorides
Floride_, ...... Florides
Sulfates ND<5.0 7.3 11 ND<5.0 0 11 Sulfates
Sulfide ...... Sulfide

Total X-Nitrogen - 95.1 - - 95.1 95.1 Total K-Nitrogen
NH3- Nitrogen 109 0.46 92.1 66 0.46 109 NH3-Ni_
Orsanic Nitrogen ...... Orsanic Nitrogen
NO3- Nitrogen ND<0.05 92.5 1.72 0.73 0.00 92.50 NO3- Nitrosen
Total Phosphorous ...... Total Phosphorous

• t") Ortho-Phosphorus ...... Ortho-Phosphorus
- 0345 - - 0345 0345 AluminumAluminum

Arsenic - 0.002 - 0.004 0.002 0.004 Arsenic
Barium - 0.136 - - 0.136 0.136 Barium

Beryllium - ND<0.0(12 .... Beryllium
Boron - 1.45 - - 1.45 1.45 Boron
Cadmium 0.005 ND<0.002 ND<0.002 ND<0.002 0 0.005 Cadmium
Calcium 164 115 134 119 115 164 Calcium
Total Chromium - 0.016 - - 0.016 0.016 Total Chromium

Copper - 0.004 - - 0.004 0.004 Copper
Cyanide - ND<0.20 - - 0 0 Cyanide
Iron 34.3 14.2 23.9 5.4 5A 34.3 Iron
Lead ND<0.00fi ND<0.005 0.022 0.02 0 0.022 Lead

Masnesium 77.1 65.1 109 83.9 65.1 109 Magnesium
ManBanese 3.93 1.07 1._'i 0.883 0.883 3.93 Manganese
Mercury - ND<O.002 .... Mercury '

Molybdenum ...... Molybdenum
Nickel - 0.029 - - 0.029 0.029 Nickel
Potassium 165 152 256 191 152 256 Potassium
Sodium 282 264 455 321 264 455 Sodium
Titanium ...... Titanium
Vanadium ...... Vanadium
Zinc - 0.074 - - 0.074 0.074 Zinc
Phenols, Total 0.074 0.012 0.054 0.092 0.012 0.092 Phenols, Total
Benzene - ND<I ND<I - 0 0 Benzene



, , i i

Table C-6. Contaminant Concentrations in Lcachat© (MH-1)
(all concentrations in mf_l unless otherwise noted)

Parameter Juuary 16, April 9, July 7, October 29, Minumum I Maximum _ctcr
1991 1991 1991 1991 I

Dissolved Metals: Dissolved Metals:

Aluminum - ND<0.0._ - - 0 0 Aluminum
Arsenic - 0.002 - ND<0.002 0 0.002 Arsenic

Barium - 0.071 - - 0.071 0.071 Bmrium

Beryllium - ND<0.002 .... ,Beryllium
Boron - 1.4 - - 1.4 1.41Boron

Cadmium ND<0.003 i ' ND<0.002 ND<0.002 ND<0.002 0 0 ] CadmiumCalcium 160 88.2 91.1 52.1 52.1 160 Calcium
Total Chromium - 0.01 - - 0.01 0.01 Total Chromium

Copper - 0.004 - - 0.004 0.004 Copper

Cyanide - ..... Cyanide
Iron 1.9 0.159 1.19 0.895 0.159 1.9 Iron
Lead ND < 0.0(kS ND<0.0(}5 ND<0.0_ ND<0,005 0 0 Lead ....

Magnesium 78,2 61.8 114 84.2 61.8 114 _.Magnesium

Manganese 3,7 0.728 0.489 0,106 0.106 3,7. Manllanese
Mercury - ND<0.002 .... Mercury

Molybdenum ...... Molybdenum
Nickel - 0.031 - - 0.031 0.031 Nickel

{'3 Potassium 165 145 282 198 145 282 Potassium
Sodium 283 255 478 348 255 478 Sodium

L_

_tanium - ._ - - - . - - Titanium

Vanadium - - - - - - Vanadium
Zinc - 0.007 - - 0.007 0.007 Zinc

All concentrations in mg/! except pH (std units and Sp. Cond. (umhos/cm
ND = Not Detected

References: FLI Environmental Services. January 1991. Report, Quarterly Analyisis of
Monitoring Wells at Town of Fenton Landfill. FLI. Waverly, New York.

FLI Environmental Services. April 1991. Report, Baseline Analylsis of
Monitoring Wells at Town of Fenton Landfill. FLI. Waverly, New York.

FLI Environmental Services. July 1991. Report, Routine Analylsis of

Monitoring Wells at Town of Fenton Landfill. FLI. Waverly, New York.

FLI Environmental Services. October 1991. Report, Routine Analyisis of
Monitoring Wells at Town of Fenton Landfill. FLI. Waverly, New York.



Table C--7. Summary of Contaminant Conccntrations in Post-treatment Leachatc (MH--4)
(all conccntrations in m_l unless othcrwisc noted)

Paramct©r lanuary 16, April 9, July 7, October 29, Minumum Maximum SPDES Paramctcr
1991 1991 1991 1991 Pcrmit

pH 7.76 7.76 8.57 8.55 7.76 8_57 6.0-9.0 pH
Alkalinity 484 512 346 292 292 512 - Alkalinity
Total Solids ....... Total Solids

[._S 656 795 828 661 656 828 Monitor TDS
TSS ...... I0 TSS

Spec. Conductance 1500 1335 1375 1082 0 1500 - Spec. Conductance
BOD - 11 - - 11 11 Monitor BOD

COD 108 105 99 31.8 31.8 108 - COD
TOC 1500 41.3 21.7 18,3 18.3 1500 - TOC
Hardness 316 349 170 228 170 349 - Hardness
Chlorides 122 139 201 159 122 201 - Chlorides
Florides ....... Florides
Sulfates ND<05.0 10 11 8.2 0 11 - Sulfates
Sulfide ....... Sulfide

Total K-Nitrogen - 27.7 - - 27.7 27.7 Monitor Total K-Nitrogen
NH3- Nitrogen 21.2 21.4 0.33 0.1 0.1 21.4 Monitor NH3-Niuooea

Organic Nitrogen ....... Organic Nitrosen
NO3- Nitna_n 0.8 8.17 3.69 0.06 0.06 8.17 - NO3-Nitmgen
Total Phosphorous ....... Total Phosphorous
Ortho- Phosphorus ....... Ortho- Plmsphorus
Aluminum - 0.044 - - 0.044 0.044 0.25 Aluminum
Arsenic - 0.003 - ND<0.002 0.080 0.003 - Arsenic
Barium - 0.208 - - 0.208 0.208 1.0 Barium

Beryllium - ND<0.0(R ..... Beryllium
Boron - 0.452 - - 0.452 0.452 2.0 Boron
Cadmium ND<0.003 ND<0.005 ND<0.002 0.002_ 0 0.002 - Cadmium
Calcium 55.1 78.4 3,5.6 57.4 36.6 78A - Calcium
Total Chromium - 0.007 - - 0.007 0.007 - Total Chromium

Copper - 0.008 - - 0.007 0.008 - Copper
Cyanide - ND<0.020 - - 0 0 - Cyanide
Iron 3.43 t_,39 1.66 0.489 0.39 3.43 0.3 Iron
Lead 0.008 ND <0.002 0.011 0.05 0 3.43 - Lead

Magnesium 30.6 31.6 19.9 20.6 19.9 31.6 - Masnesium
Manganese 2.41 1_51 0_527 0.182 0.182 2.41 2.0 Mangancsc

Mercmy - ND<0.002 - - 0 0 - Mercury
Molybdenum ....... Molybdenum
Nickel - 0.026 - - 0.026 0.026 0.13 Nickel

Potassium 55.9 61.3 88 29.6 29.6 88 - Potassium

Silver - 0.017 - - 0.017 0.017 0.004 Silver
Sodium 99.2 12.5 202 126 99.2 202 - Sodium

"13tanium ....... Titanium
Vanadium ....... Vanadium
Zinc - 0.006 - - 0.086 0.006 - Zinc

Phenols, Total 0.044 0.004 0.008 0.031 0.004 0.044 0.005 Phenols, Total
Benzene - ND< 1 ND< 1 - 0 0 0.006 Benzene

Bis(2 Ethyihcxyl) Bis(2 Ethyih_)
Phathalate ...... 3.0 Phathalate



l

Table C-7. Summary of Contaminant Concentrations in Post-treatment Lcachat© (MH-4)
(all concentrations in mg/I unless otherwise noted)

Parameter January 16, April 9, July 7, October 29, Minumum Maximum SPDES Parameter
1991 1991 1991 , 1991 Permit

Dissolved Metals: Dissolved Metals:

Aluminum - ND<0.0_ - - 0 0 0._ Aluminum
Arsenic - ND<0.002 - ND<0.0U2 0 0 - Arsenic

Barium - 0.184 - - 0.184 0.184 - Barium

______lfium - ND<0.002 .... _ _BeqrlliumBe"urn

Boron - 0.,173_ - - 0.473 0.473 - 2.0_
Cadmium ND<0.003 ND<0.0_2 ND<0.002 ND<0.002 0 0 _- ___
Calcium 57.6 74.9 30.6 57.3 30.6 74.9 -,Calcium- Calcium
Total Chromium - 0.006 - - 0.006 0.006 _ -- TotalChromium

- 0.008 - - 0.008 0.008 _- Co r_Cyanide ...... _ _ "deiron 0.727 0 0727
r Lead ND<0.005 ND<0.005 0.006 ND<0.0(_ 0 0.006 ___ _"___
!Magnesium 32.9 30.6 19.1 20.5 19.1 32.9

M__ 1.54 1.13 0.008 0.008 0.008 12_4 __ 2.0 LM_q_ _
- ND<O.O(R .... : _L__

Molybdenum ....... __enum
Nickel - 0.021 - - 0.021 0.021 0.131 Nickel

._ Potassium 62.4 60.3 8Z1 28.__88t 28.8 82.1 - ! Potassium

Silver - ND <0.003 - I 0 0 0.0041 Silver

--a Sodium 111 122 196 _ [ 111 196 - Sodium
Titanium ...... Titanium

Vanadium ....... Vanadium

Zinc 0.005- - - t 0.005 0.005 - Zinc

All concentrations in rag/! exoept pH (std units and Sp. Cond. (umhos/cm
ND = Not Detected

Reference_ FLI Environmental Services. January 1991. Report, Quarterly Analylsis of
Monitoring Wells at Town of Fenton Land fdl. FlA. Waverly, New YorL

FLI Environmental Services. April 1991. Report, Baseline Analyisis of
Monitoring Wells at Town of Fenton Landfill. FLI. Waverly, New York.

FLI Environmental Services. July 1991. Report, Routine Analylsis of

Monitoring Wells at Town of Fenton Landfill. FLI. Wave@ New York.

FLI Environmental Services. October 1991. Report, Routine Analylsis of
Monitoring Wells at Town of Fenton Landfill. FLI. Waverly, New York.

New York State Department of Environmental Conservation. 1992. Draft
State Pollutant Discharge Elimination System (SPDES) Discharge Permit
Town of Fenton Sanitary Landfill. NYSDEC. Syracuse, New York.



Table C-8. Concentration of contaminants in MH-I (pre-treatment) and MH-4 (post-treatment) from 1989
to 1991 at Fenton Landfill. Concentrations are in mg/I + 1 S.E. of the mean.

1989 1990 1991

manhole 1 manhole 4 manhole 1 manhole 4

Ca 245 187 +19 45 ±4 176 ± 19 64 +9.3

Mg 122 103 ±11 3 +4 78 ±9 30 ±5

K 457 198 +19 47 ±5 166 ± 18 57 +7

Na 458 494 ±43 150 ± 19 321 ±35 151 ±23

Fe 28 29 +5 0.4 ±0.1 34 + 10 0.1 ±0.2

Mn 4.4 1.9 ±0.4 0.5 ±0.1 1.9 +0.3 1.0 +0.5

Zn 0.2 0.2 +0.02 0.1 +0.1 0.2 +0.04 0.1 ±0.02

AI 0.5 0.4 + 0.05 0.1 + 0.03 - -

NH4 208 + 10 10 ±2 150 ±8 19 ±3

NO3 1.3 +0.3 7.8 ±0.9 2.2 +0.5 2.3 +0.5

TotaIN_ - 204 ± 10 145 ± 13 159 ±6 19 ±2

02 - 11.7 ± 1.8 2.4 ±0.6 6.5 +0.7 2.9 ±0.4
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FigureC-I Average yearly concentration of calcium, magnesium, potassium,
and sodium in untreated landfill leachate at the Fenton Landfill

Project. Error bars for 1990 and 1991 represent + 1 S.E.
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Figure C-2 Average year]y concentration of iron, ammonia, total nitrogen,
and oxygen in untreated landfill leachate at the Fenton Landfi]ll
Project. Error bars for 1990 and 1991 represent ± 1S.E.
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gure C-3 Average yearly concentration of Mn, Zn, A], and NO3 in untreated
landfill leachate_ at the Fenton Landfill Project. Error bars for
1990 and I_9i represent ± I S.E.
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FigureC-5 Average yearly concentration of Fe, Mn, Zn, and A1 in untreated (U)
and treated (T) landfill leachate at the Fenton Landfill Project.
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FigureC-6 Average yearly concentration of NH4, NO3, Total N, and 02
untreated (U) and treated (T) landfill leachate at; the Fent
Landfill Project.
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APPENDIX D

EUROPEAN EXPERIENCES
USING WETLAND PLANTS
FOR WASTEWATER
TREATMENT
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European Experiences Using Wetland Plants for

Wastewater Treatment

byN.M.Trautmann,W_ Hegemann,andK.S.Porter

Abstract

Artificially-constructed beds of wetland plants have received much attention in
Europe within recent years for treatment of domestic wastewater, especially from
rural areas or sites with seasonally fluctuating loads. Theoretically, wastewater
flows horizontally through the root zone, which the plants supply with oxygen
and channels for wastewater flow. The efficacy and cost effectiveness of this
method of treatment is highly controversial. Although many sites are in
operation, the tremendous variation in site design, soil type, loading rate, and
wastewater characteristics has made comparisons difficult. Results presented from
two sites in West Germany show satisfactory wastewater treatment to be possible,
although additional research is needed before reliable guidelines for design and
operation can be developed.

Keywords" artificial wetlands, hydrophyte treatment, _, Root Zone
Method, wastewater treatment, wetland treatment

Treatment Systems
I

Over the past twenty years, a method has been developed in Germany for treatment of

wastewater by horizontal flow through artificially constructed beds of wetland plants, usually

reeds (Phr_hrg__ sp.), but often also including rushes (Scirpus sp.), cattails (Typha sp.), or

sedges (Carex sp.). These systems, called Emergent Hydrophyte Treatment Systems (EHTS),

are seen as a potentially inexpensive and effective means of treating wastewater in rural areas

where conventional treatment is impracticable. Capital costs have been estimated to be from 25
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to 75 percent of those for conventional wastewater treatment for populations less than 1000, and

operating costs only 10 to 25 percent of those for conventional processes 1. A recent comparison

between EHTS and conventional wastewater treatment methods concluded that the EHTS is not

cost-effective 2, but this conclusion is subject to critical assumptions such as the use of gravel

rather than soil, and the provision of relatively large bed sizes to provide sufficient treatment

during very cold winters typical of New York State.

Although the capability of wetlands to treat wastewater is widely recognized 3.4 Emergent

Hydrophyte Treatment Systems differ in that they rely on percolation of wastewater through the

soil rather than over the surface. Theoretically, the soil surface remains unsaturated and porous,

allowing exchange of oxygen with the atmosphere. According to Kickuth 5, the extensive

rhizome network of Phragmites both enhances the hydraulic conductivity of the soil and adds

oxygen to what would otherwise be a saturated, anaerobic soil environment. Based on the

theories of Kickuth and the apparent success of his pilot site in Othfresen, West Germany, many

other European countries have within the past few years begun construction of EHTS sites for

wastewater treatment. Since 1984, for example, over 100 EHTS sites have been built in

Denmark, and 25 in the United Kingdom. The EHTS method is not well known in the United

States, although interest has begun to develop within the past few years.

Although many types of EHTS systems have evolved, most are based on the work in the 1960's

of Kickuth 6 and Seidel 7. Kickuth recommends feeding raw or pretreated wastewater to a single

bed of Phragmites planted in soil with a hyraulic conductivity ranging from 10 .3 to 10.5 rn/s.

According to Kickuth, soil hydraulic conductivities of 10-3 m/s, comparable to that of a coarse

sand, will develop within the first few years of plant operation, after the rhizomes and roots are

fully established. Theoretically, living and dead rhizomes create channels and pores through

which wastewater can flow. A primary tenet of Kickuth's theory is that release of oxygen from

Phragmites roots creates a mosaic of oxygenated and deoxygenated micro-areas within the root

zone, providing sites for both aerobic and anaerobic decomposition of organic matter and
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nutrients 5. Details of the recommended system designs can be found in a summary by the British

Water Research Centre 8.

The system developed by Seidel 7 differs in that raw sewage is fed onto the surface of a

Phragmites bed for primary treatment, then to a series of Scirpus beds for secondary treatment.

The system consists of a series of containers made out of concrete, fiberglass, or other

impermeable materials. Gravel and sand are used rather than the finer-grained soils

recommended by Kickuth. Another major difference between the two systems is that Seidel

recommends a yearly harvest of the reeds and rushes, while in Kickuth's method they never are

cut. Summarizing experience with five Seidel-type EHTS sites built in the United States in the

1970's, Lewis et al.9 conclude that for typical domestic wastewater these systems are relatively

easy to operate, low in initial cost, and low in the cost of maintenance and operation. However,

problems may be encountered with industrial wastes or in areas with prolonged periods of

subfreezing weather.

The methods recommended by Kickuth and Seidel, as well as the many related EHTS systems

that have evolved, rely on several basic premises about wastewater treatment. Sludge is

aerobically composted in the layer of plant litter at the soil surface. Pathogens are filtered out by

the soil, and organic matter is broken down by soil microorganisms, just as in other forms of land

treatment of wastewater. The wetland plants, although essential to the treatment process, are not

thought to play a significant role in removing nutrients from the wastewater. Rather, they

provide the root structure which theoretically maintains or increases soil hydraulic conductivity

and supplies oxygen which soil microorganisms can use in decomposing organic matter and

converting ammonium into nitrite and nitrate. Phosphate reduction occurs through precipitation

and adsorption to soil particles. EHTS systems theoretically work well even in winter, since the

Phragmites root network continues to provide oxygen and channels through which wastewater

can flow.
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EHTS Effectiveness

The good treatment performances claimed by Kickuth at his Othfresen site have within recent

years come under attack. From 1974 to 1984, there was no well-defined outlet to the system, and

the pipe from which outlet samples had been taken was shown through dye tests in 1984 to be

hydraulically unconnected to the wastewater flow _°'_. Most wastewater flow occurs over rather

than through the soil, refuting Kickuth's claim that the Phragmites roots would open up the soil

pores and increase soil conductivity enough to maintain high flows through the root zone. In

winter months, problems have developed with hydrogen sulfide odors and visible layers of

sulfide bacteria in the outlet zone.

Hydraulic problems have also been encountered at other sites. Experiences in Denmark, for

example, have shown the soil hydraulic conductivities to be lower than expected, resulting in

surface runoff of wastewater rather than treatment in the root zone _2. In spite of this surface

flow, BOD typically is reduced 60 to 80 percent. Nutrient reduction occurs mostly through

sedimentation rather than microbial decomposition or chemical precipitation, resulting in Total-

N removal in the range of 25-50 percent, and Total-P only 20-40 percent.

In articles summarizing experiences with 20 Bavarian EHTS sites ranging in size from 5 to 500

p.e., Bucksteeg 13,14reaches the following conclusions:

EHTS beds with sand/gravel substrates and 3-5 rn 2/p.e. may achieve an 80-95 percent

reduction in the organic load of domestic sewage but generally less than 50 percent N

removal and negligible P elimination.

EHTS beds with soil substrates, sized 1-4 rn 2/p.e., have had many problems because the

Phragmites root networks have not increased the soil hydraulic conductivities as

predicted by Kickuth. The result is that most of the wastewater flows over the soil

surface rather than through the root zone, resulting in generally inadequate treatment
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results. Larger surface areas (probably >10 m2/p.e.) would be needed to allow adequate

root zone flow.

In spite of these problems, European interest in EHTS treatment remains high, and there are a

number of successful sites. In this article, two German sites _ described, one built privately

and the other as a pilot research station by the Technical University of Munich.

The See EHTS

Description

In the small village of See, east of Nuremberg, West Germany, an EHTS site was built in 1984 to

treat the wastewater from 100 inhabitants of a religious community*. The 940 m2 bed is 0.6m

deep and sealed on the bottom and sides by the impermeable clay soils of the site. Although

many EHTS sites are built using on-site soils, the success in See is due in large part to the fact

that a fine- to medium-grained sand was brought in. This soil was chosen for its hydraulic

conductivity (7 x 10.5m/s) and its high iron content for phosphorus adsorption 15.

Mechanically pretreated sewage enters the site through a 41-meter-long perforated pipe, buried

in gravel (Figure 1). The percolation bed is divided into two regions (Figure 2). The infiltration

area, with a surface area of 410 m2, has standing-water over the soil surface and is planted

primarily with cattails (Typ_ha latifolia), chosen for their quick growth and ability to keep the soil

pores open for infiltration. A soil dam separates this region from the following 530 m2 zone,

through which wastewater flows horizontally before seeping into an underground drainage pipe

* Although the design population was 100, because of sparse water use the actual wastewater

load is equal to 80 p.e.
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and finally being discharged into a collecting pond. The zone of horizontal flow has an

unsaturated soil surface and is planted with reeds (Phragmites f_llllK_). _ are the

favored plant for EHTS sites because of their deep root networks and reported ability to enhance

soil hydraulic conductivity and oxygen content5. Although Phr_tes communities take several

years to mature, once established they produce hardy stands which can survive in either dry or

flooded conditions. Phragmites at the See site are now spreading into the infiltration zone,

outcompeting the existing _ stand.

The SEE site treats septic system effluent representing a concentrated domestic wastewater, with

BOD 5 values of approximately 300 mg/1, COD 500 mg/1, NH4-N 100 mg/l, and Total-P 20 mg/1.

The volume treated is approximately 8 m3/d, in an area of about 11.75 m2/p.e.

Results

In its first three years of operation, the SEE site avenged 90-97% removal of BODs and 84-89%

removal of COD, with treatment results remaining relatively constant from summer to winter

periods (Table 1)15. The high ammonium influent concentrations were 30-50% reduced, with the

higher nitrification rates occuring in the summer months. Nitrate values increased from near

zero in the influent to as high as 14 mg N/1 in the effluent. The rates at which nitrate and nitrite

are denitrified have not been quanitified but have not appeared to increase appreciably with time,

in spite of vigorous development of the Phrag_tes root network. Total-P was almost entirely

eliminated, from an average of 18 mg/l in the influent to only 0.2 mg/l in the effluent. The

hydraulic conductivity of the See soil lies in the range of 10"sand has not markedly changed in

the first three years of plant operation.

Results of a 10-day intensive study by the Technical University of Munich are shown in Table 2.

In this time period, 95% of the COD and 99% of the BOD 5 load were eliminated, leaving

effluent concentrations averaging 55 and 4 mg/l, respectively. Total-P dropped from an influent

average of 19.3 mg/l to only 0.1 rag/1 in the effluent. Total-N load was reduced by 81%, with
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ammonium and organic nitrogen concentrations dropping sharply while nitrate and nitrite rose

from 0.5 to 25.0 mg/l.

Because of the low water use per person in See and the relatively long retention time of the

wastewater in septic tanks, the wastewater entering the reed bed is unusually high in nitrogen,

with NH4-N and TKN concentrations averaging over 100 mg/1. Although these levels were

reduced by almost 90% during the study period, the effluent concentrations of 27 and 29 mg/1

still are as high as an average untreated domestic wastewater. Samples taken at distances of 10

and 18 m from the inlet show a linear rate of decay for both forms of nitrogen (Figure 3),

indicating that with a longer retention time in the bed the effluent concentrations could probably

be further reduced.

The Germerswang EHTS

Description

The Germerswang site was designed as a pilot EHTS site by the Technical University of Munich,

West Germany. It was planted in the fall of 1985, first received wastewater in July of 1986, and

was rebuilt to correct drainage problems in the spring of 1987. Effluent from a presettling pond

is sent to two parallel beds, each 50m x 10m and 0.6m deep (Figure 4). The beds differ in soil

content: the "fine-grained" bed consisting of 17% gravel, 63% sand, 16% silt, and 4% clay, and

the "coarse-grained" bed consisting of 63% gravel, 33% sand, 4% silt, and less than one percent

clay. Both beds are planted with reeds (Phragmites) covering 60% of the area, with the

remaining 40% covered by bulrushes (Scirpus), cattails (Typha), sedges (Carex), and lilies

(Iris)16.

The beds are lined on the bottom and sides with plastic. Wastewater enters the beds underground

through 50m-long perforated pipes. After travelling 10m either through or over the soil mass, it
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is collected at the outlet by another set of perforated pipes buried in gravel. Dams at the outlet

ends of the beds prevent overland flow from draining directly into the outlet gravel.

The Germerswang site treats approximately 60 m3/d wastewater (275 p.e.), with a surface area of

3.6 m2/p.e. The presettled wastewater is much more dilute than that in See, with influent BOD s

concentrations in the range of 100 mg/1, COD 200 mg/1, NH4-N 50 rag/l, and Total-P 8 mg/1.

Results

The Germerswang site illustrates a problem common to many EHTS sites: the soil hydraulic

conductivities are not high enough for all of the wastewater to flow through the soil mass,

resulting in surface flow and lowered treatment results. Although dams prevent the surface flow

from draining directly into the effluent gravel, wastewater entering the soil in the region of the

dams percolates through less than a meter of soil before being collected by the effluent pipes.

Table 3 summarizes the results of a 10-day investigation of the Germerswang site in October,

1987. BOD 5 and COD removal averaged 70-90% and were slightly better in the coarse-grained

bed than in the bed with finer-grained soil. This trend was reversed for nutrient removal, with

the coarse-grained bed removing an average of only 20% of the Total-N and 37% of the Total-P,

compared with 40% of Total-N and 60% of Total-P in the fine-grained bed.

These elimination rates in Germerswang were significantly lower than those in See for several

reasons. The Germerswang site has less than a third as much land area per personal equivalent

as in See, and because the whole bed is flooded some of the wastewater flows only a short

distance through the soil. Another factor contributing to the lower treatment performance in

Germerswang during the study period is the fact that 19.5 mm of rain fell on the eighth day of

the 10-day study, washing accumulated nutrients from the beds (Figure 5). In the eight days

before the rainstorm, 8.8 kg Total-N had been removed from the wastewater by the fine-grained

bed, but 22% of this appeared in the effluent in the three days during and after the heavy rainfall.

Similarly in the coarse-grained bed, 5.1 kg Total-N was removed in the first seven days, but 34%
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of this was released after the heavy rainfall. Total-P followed the same trend, with 1.7 kg

accumulated and then 8.4% washed out in the fine-grained bed, and 1.1 kg accumulated and

15.6% washed out in the coarse-grained bed. The extent to which such wash-out occurs at other

EHTS sites is not known because few intensive studies of this sort have been carried out.

Discussion and Conclusions

Emergent Hydrophyte Treatment Systems have been receiving widespread attention in European

countries as a potentially low-cost, low-technology alternative to conventional wastewater

treatment, especially in rural areas where conventional treatment is prohibitively expensive. For

rural communities, EHTS sites offer a low-maintenance, natural-appearing form of wastewater

treatment, and for camping areas or villages with many summer residents, they offer a means of

treating the seasonally fluctuating wastewater loads.

Although hundreds of EHTS sites are in operation, reliable guidelines for design and operation

have not yet been developed. Comparisons among existing sites are difficult because of the

numerous differences between factors such as soil type, hydraulic design, loading rates, and

wastewater characteristics 17. At the EHTS sites which function well, COD and BOD 5 removal

rates of 80 to 95% are common, but niuogcn and phosphorus elimination generally is less

successful. Additional research is needed on the mechanisms of nutrient removal in the reed

beds, particularly relating to the expected lifetime of such removal and the degree to which

accumulated nutrients will wash out of the system during heavy precipitation periods.

The most widespread problem with existing EHTS sites is insufficient hydraulic conductivity,

resulting in flow of wastewater over the soil surface rather than through the root zone. Although

roots may prevent the soil pores from clogging, the theoretical increase in soil

hydraulic conductivity with development of the root network has not been shown to occur.
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Because most of the existing EHTS sites have been built or rebuilt within recent years, their

long-term performance is as yet unknown.

The cost of EHTS sites relative to other low-technology wastewater treatment methods varies

according to the land area needed for adequate treatment. In relation to non-aerated lagoons,

EHTS sites are likely to be less expensive only if the treatment can be accomplished in specific

areas ranging 3-5 m2/p.e, as planned by Kickuth Is. Because soil hydraulic conductivities have

not been as high as those predicted by Kickuth, however, specific areas up to 10 m2/p.e, appear

to be needed, making EHTS sites cost as much as or more than conventional treatment

methodsl3,14,19.

As research continues, key questions will include how EHTS sites can best be designed to

optimize treatment results, how well they perform under harsh winter conditions, and under what

conditions substantial nutrient reduction can be achieved. Only after these questions have been

addressed can the long-term utility of the EHTS method be determined.
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Table I. Performance of the EHTS site in See, West Germany,
during its first two years of operation
(from Dafner, 1987).

Phase I: 10/84-1-/85 (n-6)

Parameter Influent Effluent Elim. -Rate

(mg/1 ) (mg/i) (mg/1 ) (mg/i)

BOD5 430 16 96

COD 554 58 89

NH4-N 98 41 58

NO3-N 0.3 5.4 ++

Total-P 18 0.2 99

Phase 2:12/85-3/86 (n-8)

Parameter Influent Effluent Elim. -Rate

(mg/1 ) (mg/1 ) (mg/1 ) (mg/1 )

BOD5 380 17 90

COD 609 74 84

NH4-N 106 54 49

NO3-N 0.5 2 ++

Total-P 17 0.3 98

Phase 3:4/86-6/86 (n-4)

Parameter Influent Effluent Elim. -Rate

(mg/i) (mg/i) (mg/I) (mg/I)

BOD5 313 9 97

COD 447 66 85

NH4-N 91 60 34

NO3-N 0.6 14 ++

Total-P 18 0.2 99
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Table 2. EHTS System in See, West Germany: Average concentration
loads, and elimination rates (calculated from loads)
(October 17-25, 1987).

Concent rat ion Load

Influent Effluent Influent Effluent Elim. -

(rag/l) (mg/l) (rag/l) (rag/l) Rate

COD 465 55 3807 206 94.6%

BOD5 268 4 2193 15 99.3%

NH4-N 113.1 27 929 i00 89.2%

N-Org. 15.7 2.3 128 8 93.8%

TKN 128.7 29.2 1054 109 89.7%

NOx-N 0.5 25 4 93 ---

N-Total 129.3 54.3 1058 201 81.0%

P-Total 19.3 0.1 158 0.2 99.9%
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Table 3. EHTS System in Germerswang, West Germany: Average concent
loads, and elimination rates (calculated from loads}
(Aug. 26- Sept. 6, 1987).

Concent rat ion E 1iminat ion-
rate

Influent Effluent Effluent

fine- coarse- Fine- Coarse-

grained grained grained grained
(mg/I) (rag/i) (mg/i) bed bed

COD 180 60 44 72.3% 74.1%

BOD5 80 14 8 85.1% 89.6%

NH4-N 47.5 28.1 32.1 45.2% 20.2%

N-Org. 8.7 5.7 4.8 38.7% 33.7%

TKN 56.2 33.8 37 44.2% 22.4%

NOx-N 0.3 2.6 1.5 -620.0% -450.0%

N-Total 56.5 36.4 38.5 40.3% 19.6%

P-Total 8.3 3.2 4.4 63.9% 37.3%
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Figure 1. Cross-section of the EHTS in See, West Germany. A soil dam divides the system into
twO beds, one with standing-water and the other with all water passing horizontally through
the soil.

Figure 2. Plan view of the EHTS site in See, West Germany.

Figure3. Profileshowingdecreaseinnitrogenconcentrationswithmovement ofwastcwater
throughtheEHTS siteinSee,WestGermany.

Figure 4. Plan view of the EHTS site in Germerswang, West Germany.

Figure5. Wash-outof nitrogenand phosphorusafterheavy rainfallattheEHTS sitein
Germerswang,WestGermany.
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EHTS systems fit in well with the natural landscape. The EHTS site in See, West Germany can
be seen in the center of this picture.
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The See, West Germany, EHTS site is divided into two zones, one with water ponded at the soil
surface and the othe:r in which water flows only underground through the root zone.

Water flowing over the _'oil surface rather than through the root zone is a common problem of
EHTS systems and accounts in many cases for poor treatment performance.
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