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REPORT SUMMARY

This study examined leachate and lysimeter concentration data from 34 engineered landfills
in Wisconsin. The particular objectives were to (1) examine which volatile organic
compounds (VOCs) are most prevalent, (2) determine typical VOC concentrations, (3)
examine if temporal trends in VOC concentration exist, (4) compare typical VOCs and VOC
concentrations between leachate and lysimeter data, (5) compare VOC concentrations in
the lysimeters of clay and composite lined landfills, and (6) compare relative concentrations
from field data with those determined from analytical solutions. Landfills examined in this
study were located through-out the state and were constructed using either a compacted
clay or composite (compacted clay overlain by a geomembrane) liner. Data from landfills
examined show that 5 main compound classes are present in both leachate and lysimeters
(aromatic hydrocarbons, alkanes, alkenes, ketones, and furans). The concentrations of
these compound classes ranged between 1 and 100 ug/L in leachate and between 0.1 and
10 pg/L in lysimeters for the aromatics, between 5 and 75 pg/L in leachate and between 1
and 25 ug/L in lysimeters for the alkanes and alkenes, and between 1 and 10,000 pug/L in
the leachate and between 1 and 1000 ug/L in the lysimeters for the ketones and furans.
Temporal trends were examined using linear regression analysis. Linear regression results
suggest that 70% of the analyses for leachate data and 80% of the analyses for lysimeter
data have no trend in concentration with time. ANOVAs comparing leachate concentration
data based on the type of waste stream suggest that higher average VOC concentrations
are present at landfills accepting MSW compared to those co-disposing of MSW and ISW.
VOC concentrations in leachate were examined spatially and VOCs were determined to be

detected more frequently and at higher average concentrations in the southeast region of



v
the state. Eleven VOCs were found in the lysimeters of both clay and composite lined
landfills. Liner types were compared (clay vs. composite) using and analysis of variance
(ANOVA). ANOVA results suggest that the concentrations were statistically no different
between clay and composite lined landfills for 8 of the 11 VOCs. A solution to the advection
diffusion equation (ADE) derived and presented by van Genuchten 1981 was used to predict
contaminant transport through landfill liners. Results from the analytical solution under-
predict the concentrations determined from field data for all of the compounds examined in
this paper. VOCs are ubiquitous in landfill leachate and lysimeters and most VOC
concentrations do not exhibit decreasing temporal trends. This study has shown that the
potential for groundwater contamination from VOC migration remains a problem associated

with both clay and composite lined landfills.
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SECTION 1: LEACHATE CHARACTERIZATION OF VOLATILE ORGANIC COMPOUNDS
(VOCS) FROM LINED LANDFILLS IN WISCONSIN

ABSTRACT

Thirty four engineered landfills were examined in this study to determine the characteristics
typical of landfill leachates in Wisconsin. The particular objectives were to examine (1)
which volatile organic compounds (VOCs) are most prevalent, (2) if temporal trends in VOC
concentration exist, (3) if VOC concentrations depend on the type of waste stream, and (4) if
VOC concentrations vary spatially. Landfills examined in this study were located through
out the state and were constructed using either a compacted clay or composite (compacted
clay overlain by a geomembrane) liner. Since 1985, The Wisconsin Department of Natural
Resources (WDNR) required landfill personnel to monitor leachate for VOCs. The data from
landfills examined show that 5 main compound classes are present in leachates (aromatic
hydrocarbons, alkanes, alkenes, ketones, and furans). The concentrations of these
compound classes ranged between 1 and 100 ug/L for the aromatic, between 5 and 75 ug/L
for the alkanes and alkenes, and between 1 and 10,000 ug/L for the ketones and furans.
Temporal trends were examined using linear regression analysis. Linear regression results
suggest that 70% of the analyses have no trend in concentration with time. ANOVAs
comparing concentration data based on the type of waste stream suggest that higher
average VOC concentrations are present at landfills accepting MSW compared to those co-
disposing of MSW and ISW. VOCs were examined spatially and were determined to be
detected more frequently and at higher average concentrations in the southeast region of
the state. VOCs are ubiquitous in landfill leachate and most VOC concentrations do not
exhibit decreasing temporal trends, which presents potential long-term impacts to

groundwater if migration through liner systems occurs.



1.1 INTRODUCTION

Volatile organic compounds (VOCs) that are carcinogenic, mutagenic, and/or
teratogenic are found in many items in residential and industrial wastes (e.g., cleaners,
paints, paint thinners, finger nail polish remover, etc.) that are disposed in municipal solid
waste (MSW) landfills (US EPA). These VOCs end up in leachate that forms as water
percolates through the waste as well as the gas within the waste mass. Previous research
in Wisconsin by the Wisconsin Deparment of Natural Resources WDNR has shown that
VOCs are ubiquitous in MSW leachate in Wisconsin (Kmet and McGinley1982, Sridharan
and Didier 1988, Friedman 1988, Battista and Connelly 1989, Battista and Connelly 1994,
Huebner and Gordon 1995). VOCs have also been found in the leachate at landfills in many
other states and countries including Minnesota, Massachusetts, Connecticut, Washington,
Germany, Sweden, and Denmark (Nelson and Book 1986, Massachusetts Department of
Environmental Quality Engineering 1986, Gibbons et al. 1992, Ragle et al. 1995, Gade et al.
1996, Oman and Hynning 1993, Gron et al. 1999)

VOCs present in MSW leachate have the potential to migrate through liners used for
MSW landfills and thus impact groundwater. Battista and Connelly (1994) showed that VOC
migration at unlined as well as clay lined landfills in Wlsaonsin is occurring. The most
frequently observed compounds were benzene, cis-1,2-dichloroethylene, vinyl chloride, and
1,1-dichloroethane, which are the same four VOCs found to occur most often in a study
performed during the 1980’s (Battista and Connelly, 1994). However, no analyses have
been conducted to date to determine if VOCs are also migrating through more modern
composite liners (i.e., geomembrane overlying a compacted clay layer).

The primary objective of this study was to evaluate whether VOCs are migrating
through composite liners in MSW landfills in Wisconsin and whether the rate of migration is

comparable to that in clay-lined landfills. Another objective was to evaluate whether VOCs
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are migrating at a rate that may adversely affect ground water quality. To accomplish these

objectives, data collected by WNDR over approximately the past 25 yrs were analyzed. The
data were obtained from the Groundwater Environmental Monitoring System (GEMS), a
database compiled by WDNR that contains data on water quality and quantity surrounding
675 landfills in Wisconsin.

The GEMS database presents a unique opportunity by providing a temporal record
of not only VOC concentrations in the leachate above the liner (since 1985) but also in the
lysimeters below the liner (since 1987). Especially unique is the data from the lysimeters,
since most states never required landfill owners to construct lysimeters. For each landfill,
GEMS provides temporal data pertaining to VOC concentrations in the leachate, large pan
lysimeters located beneath the liner, and monitoring wells.

This study will examine VOC concentrations in Wisconsin landfills to determine (1)
the nature and concentrations of VOCs present in Wisconsin landfills, (2) if VOCs are
migrating through landfill liners and the rate at which migration is occurring, and (3) the
potential impact that VOC migration may pose to groundwater quality. The study will be
separated into two papers. The focus of the first paper is: to characterize VOCs found in
leachate in Wisconsin landfills. The second paper focuses on VOC concentrations in

lysimeters, and how these concentrations are related to leachate concentrations and liner

type.

1.2 BACKGROUND

Previous studies describing the composition of landfill leachate were reviewed to
provide a comparison with the data collected in this study. Studies of leachate with data on
VOC concentrations are summarized in this section (Kmet and McGinley 1982, Sridharan

and Didier 1988, Friedman 1988, Forst et al. 1989, Gibbons et al. 1992, Tedder 1992, Krug
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and Ham 1995, Rowe 1995, Hunt and Dollins 1996, Townsend et al. 2000, Weber et al.

2002, Kjeldsen et al. 2002). Studies by Sabel and Clark (1984), Melba et al. (1991), Ragle
et al. (1995), Reitzel et al. (1992), Alker et al. (1993), Ward et al. (2002), Kylefors et al.
(2003), and Statom et al. (2004) were also reviewed. However, these studies were limited
to indicator parameters (e.g. total suspended solids, chemical oxygen demand, and
biochemical oxygen demand) and/or cations and anions. Thus, they are not summarized in

this section.

1.2.1 Review of Previous Studies

Kmet and McGinely (1982) examined leachate from 8 landfills in Wisconsin for five classes
of organic compounds: organic acids (3/11)", volatile organic compounds (VOCs) (23/32),
base-neutral organic compounds (8/46), chlorinated pesticides (1/19), and polychlorinated
biphenyls (PCBs) (1/7). The landfills primarily accepted MSW, but may also have received
some hazardous waste due to the time period when the study by Kmet and McGinley was
performed (i.e. fewer restrictions on the disposal of hazardous waste in MSW landfills were
enforced). Kmet and McGinley (1982) report that 36 organic compounds were present in
leachate and 10 organic compounds were present in at least half of the leachate samples
that were analyzed. Concentration ranges for VOCs reported by Kmet and McGinley (1982)
are summarized in Table 1.2.1. Additional data are summarized in Table A1 in Appendix A.
Dichloromethane (DCM), toluene, 1,1-dichloroethane (1,1-DCA), trans-1,2-dichloroethene
(trans-1,2-DCE), and ethylbenzene were detected in at least 60% of the samples analyzed

and were the five most frequently detected VOCs. Approximately 61% (14/23) of the volatile

'Numbers in parentheses indicate number of contaminants found and number of contaminants considered; e.g.,
3/11 means that 3 compounds were found of the 11 compounds considered in the analysis.



5
organics reported by Kmet and McGinley (1982) are classified as either alkanes or alkenes

(8/23), chlorinated hydrocarbons (3/23), or aromatic hydrocarbons (3/23).

Sridharan and Didier (1988) examined leachate from 56 landfills in Wisconsin and
found 34 different organic compounds in the leachate samples that were analyzed.
Summary statistics from their study are in Table 1.2.1. Additional data are in Table A2 in
Appendix A. Seven VOCs, (benzene, carbon tetrachloride, dichloromethane,
tetrachloroethene, trichloroethene, vinyl chloride, 1,1,2-trichloroethane) had median
concentrations above USEPA’s maximum contaminant level (MCL) for drinking water. Also,
ethylbenzene, dichloromethane (DCM), phenol, tetrahydrofuran, toluene, and xylene (total)
were above the limit of detection in at least 50% of the samples analyzed. Most of the
aforementioned compounds are classified as alkenes (3/7), alkanes (1/7) or aromatic
hydrocarbons (1/7).

Friedman (1988) examined leachate data from 20 MSW and 6 industrial solid waste
(ISW) landfills in Wisconsin. Summary statistics for the concentrations are shown in Table
1.2.1. Additional data are shown in Table A3 in Appendix A. Friedman (1988) found that of
the 19 compounds detected in leachate at landfills in Wisconsin, toluene was detected most
often (95% of landfills) and styrene was detected least often (5% of landfills). The most
frequently detected compounds are classified into four categories: furans (tetrahydrofuran),
alkanes (chloroethane, 1,1-dichloroethane, and 1,1,1-trichloroethane), alkenes

(trichloroethene and tetrachloroethene) and aromatic hydrocarbons (benzene, toluene,



Table 1.2.1 Range in VOC concentrations in landfill leachates reported in various past studies.

Concentration (ug/l)

Gibbson et al.
. (1992) Hunt .
Parameter USEPA Ilf/lrggti:]lgd asnr('de?drﬁ; Friedman | Forst et old New | Tedder Kr:ﬁ;ﬂd Rowe and Townsend KJZtIdaslen Overall
MCL y (1988) [al. (1989)| landfills | landfills | (1992) (1995) | Dollins |et al. (2000) - | Range
(1982) (1988) (1995) (2002)
(pre- (post- (1996)
1085) | 1985)
59.0- 6.0-
Acetone - - - - - - - - - - 2100 - 440 6.0-2100
1.0- 0.6-
Phenol - 221-5790 | 1.1-2170 - - - - 6090 - - - - 1200 1.0-6090
106- 27.6- 1.1- ND- 1.0- 1.0-
Dichloromethane 5 20000 | 58200 - 6.0 898 | 1390 | 4g1 ND | g300 | 170 | 1628 | g57 | 58200
2.0- 2.7- 2.0- 10.0- 1.0- 1.0-
Toluene 1000 280-1600 | 1.0-1100 1.2-610 3.6-48 583 406 870.4 12300 7000 87.0 1.2-6.7 12300 12300
6.0- 5.0-
1,1-dichloroethane 7 510-6300 - 3.7-190 - 400 116 2.1-12 4120 - 20.0 - 0.6-46 0.6-6300
1,2-dichloroethylene 96.0- ND- 1.6-
(trans) 100 2200 - 3.6-310 1.6 492 104 - 5.6 2080 - - 6582 1.6-6582
4.8- 27.1- 7.0- 0.2-
Ethylbenzene 700 100-250 1.0-1680 1.4-180 1.7-20 198 60 2.3-93 1280 1400 20.0 1.1-10.8 2399 0.2-2329
14.8- 1.0-
Chloroform - 1300 4.4-16 3.4-32 6.6-8.5 - - 21 71 - - - - 1.0-1300
s 13.0- 10- - - - - 10- | 212- | ND- - - - 10-
1,2-dichloroethane 11000 10000 4.0 1030 <86 10000
5.4- 0.1-
Diethylphthalate - | 430300 - - - - - 12.9 - - - - g0 | O-1-660
Dibutylphthalate - 12.0-150 | 13.0-540 - - - ; 10-12 - - - 105 | 0.1-70 | 0.1-540
7.0- 11- 10- | 22- | ND- 0.2 0.2-
Benzene 5 190 10000 | '4220 | 57 65 70 | 130 | 1630 | 590 - - 1630 | 10000
Bromodichloromethane - - 2490 - - - - - - - - - - 2490
Buty|benzy|phtha|ate - 125-150 100-641 - - - - - - - - - 02-80 02-1 50
Carbon tetrachloride 5 - 3.0-995 - - - - - - - - - 4.0-90 | 3995
100 ; 3.0-188 | 2358 . 736 . 13- 60 - - . 0.1- 1 0.1-911
Chlorobenzene ) T 9.4 911 110 )
Chlorodibromomethane - - 31.0 - - - - - - - - - 31
15 | 90- 1.0
Chiorosthane - 170 | 20730 | 56730 | - - - 1o | 90 ] o ] ~ | 15730
1,3-dichloropropene ) ) 25 ) } R R ) } } ) } ) 25
(cis) ) )
di-n-octyl phthalate - - 16.1-542 - - - - - - - - - - 16.1-542




Table 1.2.1 Range in VOC concentrations in landfill leachates reported in various past studies (continued).

Concentration (ug/l)

Gibbson et al.
. (1992) Krug Hunt .
Parameter USEPA I,fﬂr:gthizd ai:;dgfdr;? Friedman Z?;SIt old New | Tedder and Rowe and Townsend szldaslen Overall
MCL (1982)y (1988) (1988) (1989) landfills | landfills | (1992) Ham (1995) | Dollins |etal. (2000) (2002') Range
(pre- (post- (1995) (1996)
1985) | 1985)
Dibromochloromethane - - 22.0-160 - - - - - - - - - - 22.0-160
100- 2.0-
Dichlorodifluoromethane ) 180 242 1 ) ) ) ) ) 1030 ) } ) ) 2.0-1030
Fluoranthene - - 9.5-723 - - - - - - - - - - 9.6-723
3.2-
Fluorotrichloromethane ) } 1.0-183 200 ) ) ) ) ) ) ) B B 1.0-200
Isophorone - N 3.2-520 - - - - 9.4-28 - - - - - 3.2-520
lospropylbenzene - - 1.0 - - - - - - - - - - 1.0
2100- 640- 8.6- 8.6-
Methyl ethyl ketone - - 37000 | 37000 - - - - 36000 - - - 110-6600 | 37009
Naphthalene - 19.0 4.6-186 - - - - 4.5-29 - - - 1.2 0.1-260 0.1-260
1.0-
p-dichlorobenzene 5 ) 2.0-250 ) ) ) ) 39.8 ) ) - N 0.1-16.0 1.0-250
Pentach|0r0pheno| 1 3.0 25.0 - - - - 63-540 - - - - - 3.0-540
Styrene 100 - 2.0 28.0 - - - - - - - - 0.5-1.6 0.5-28
5 26.0-60.0 1.0-232 1.4-69 2.8 - - 1.0-2.0 | 0.8-44 ND- - 3.2 0.05-250 0.05-
Tetrachloroethylene ) ) ) ) ) T ) 2000 ) ) 2000
270- 9.0-
Tetrahydrofuran - - 410-1400 | 44000 | - - - - - - - - 9.0-430 | 43000
1,3-dichloropropene } } 25 ) } ) ) ) ) ) ) ) ) 25
(trans)
1.0- 0.3- 0.01- 0.01-
1,1,1-trichloroethane 200 2400 10000 - | 1e4s - - 11311 3810 - 33.0 - 3810 10000
2.4- ND-
Trichloroethylene 5 160-600 1.0-372.2 280 2.3-79 51 71 1.0-1.2 - 230 - - 0.05-750 0.05-750
10.0- 11.0- 1.0- 0.3- ND- 10.0-
Vinyl chioride 2 61.0 3000 | 150 ] 107 | ST | 496 | s570 | 2010 | 1200 ) - 0.3-5570
30.0- 2.5- 4.4- 10.2- 33.0-
Xylene (total) 10000 - 2000 240 | 3738 - - 85.2 | 3010 - 3go | 1352 | 083500 | 0.8-3010
1.5- 0.5- 1.5-
1,1,2-trichloroethane 5 500 10000 - - - - - 7130 - - - 25-16.0 | 40000
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ethylbenzene, and xylene). Friedman (1988) compared data from Wisconsin landfills with

those from an unpublished study by the Massachusetts Department of Environmental
Quality Engineering (MDEQE) (1986) which reported the frequency at which VOCs were
found in Massachusetts leachates (VOC concentrations were not reported by MDEQE). The
percent of landfills with VOC detects in leachate is presented in Table 1.2.2. The most
frequently detected class of compound found by the MDEQE was aromatic hydrocarbons
(toluene, ethylbenzene, and xylene at 86%, 71%, and 71% of landfills), with the exception of
methyl ethyl ketone, which was detected at 86% of landfills. For all VOCs detected in both
Wisconsin and Massachusetts leachates, Wisconsin has a higher percentage of landfills
where these VOCs have been detected with the exception of styrene and methyl ethyl
ketone (Friedman 1988).

Forst et al. (1989) examined leachates from four MSW landfills and five hazardous
waste (HW) landfills for chlorinated hydrocarbons and alkylated benzenes. Information
regarding locations of the landfills was not provided. Summary statistics from the data
reported by Forst et al. (1989) are shown in Table 1.2.1. Additional data are in Table A4 in
Appendix A. Of the 22 compounds examined, all 22 were detected in the leachate of one or
more of the HW landfills and 18 compounds were detected in the leachate of one or more of
the MSW landfills. The alkylated benzenes (benzene, toluene, and ethylbenzene, which are
also classified as aromatic hydrocarbons) were detected at all sites examined by Forst et al.
(1989). Compounds that were only detected in HW landfill leachate include, 1,2-
dichloroethane, 1,2-dichloropropane, propylbenzene, and 1,2,3,4-tetramethylbenzene. Also,
for compounds detected in both HW and MSW landfill leachates the concentrations were
two to three orders of magnitude lower in the MSW leachate, on average.

Gibbons et al. (1992) examined leachate data from 36 MSW, 12 HW, and 29 co-

disposal (MSW and HW) landfills in 18 states operated between 1950 and 1991.



Table 1.2.2 Comparison of percent VOC detections in leachates
of Massachusetts and Wisconsin landfills (adopted
from Friedman (1988)).

Percent landfills with VOC
detections in leachate

Parameter
Massachusetts Wisconsin

Styrene 5 14
Vinyl chloride 16 0

Chlorobenzene 16 0

Trichloroflouromethane 26 0

Chloroform 26 14
Methyl ethyl ketone 37 86
1,2-dichloroethane 42 0

1,4-dichlorobenzene 42 0

1,2-dichloroethylene (trans) 42 29
1,1,1-trichloroethane 47 14
Chloroethane 58 14
Tetrahydrofuran 58 14
Tetrachloroethylene 58 14
1,1-dichloroethane 63 29
Trichloroethylene 63 29
Benzene 63 43
Xylene, o- 84 71
Ethylbenzene 84 71
Toluene 95 86
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Leachate data were examined for 56 VOCs. Gibbons et al. (1992) defined “old” and “new”

landfills as those accepting municipal, commercial, and industrial non-hazardous waste prior
to and after 1985. Summary statistics for the VOC concentrations are in Table 1.2.1. The
proportion of MSW landfills with detects and the arithmetic mean concentration is shown in
Table A5 in Appendix A. Gibbons et al. (1992), found that aromatic hydrocarbons (benzene,
chlorobenzene, and ethylbenzene), alkanes (DCM), and alkenes (trans-1,2-dichloroethene)
were the most frequently detected VOCs regardless of landfill type (MSW vs HW).

Tedder (1992) examined leachate data from 6 MSW landfills in Florida. Five of the
landfills accepted only MSW and one received MSW as well as ash from a MSW incinerator.
One of the MSW landfills was operated with leachate recirculation. The landfills began
operating between 1978 and 1989. Data from 150 samples collected between January
1987 and February 1992 were examined. Concentrations of 76 organic compounds listed
by USEPA were examined, but not all compounds were examined at all 6 landfills (Tedder
1992). Summary statistics for the VOC concentrations are reported in Table 1.2.1.
Additional data are summarized in Table A6 in Appendix A. Tedder (1992) found that 29 of
76 organic compounds were detected in leachate of the landfills examined. The most
commonly detected classes of compounds (based on number of detects) were aromatic
hydrocarbons (benzene, ethylbenzene, o-dichlorobenzene, p-dichlorobenzene, and
toluene), alkanes (1,2-dichloroethane) and phenols (phenol). Also, the aromatic
hydrocarbons and phenols tended to have the widest range in concentration. The average
concentrations of benzene, DCM, pentachlorophenol (PCP), and vinyl chloride were above
the USEPA’s MCL.

Krug and Ham (1995) examined VOC concentrations in leachate from 10 Wisconsin
landfills. Eight of the landfills accepted only MSW or ISW and two of the landfills co-

disposed MSW and HW. VOC concentrations reported by Krug and Ham (1995) are
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summarized in Table 1.2.1. Summary statistics on the frequency of detection and additional

data for VOCs reported are found in Table A7 in Appendix A. The most frequently detected
alkane was 1,1-dichloroethane (9 of 10 landfills). Aromatic compounds were also detected
frequently, with toluene and ethylbenzene being detected in leachates for all 10 landfills and
benzene and xylene being found in leachate from 7 of the landfills.

Rowe (1995) examined leachate characteristics for five landfills in Ontario, Canada
and compared the findings with typical leachate concentrations reported for European and
US landfills. The landfills began operating between 1972 and 1983, and four of the five
were still operational in 1993 when the study by Rowe (1995) began. Two of the landfills
primarily accepted MSW and ISW. The waste stream at the remaining three landfills was not
reported. Ranges of VOC concentrations reported by Rowe (1995) are summarized in
Table 1.2.1. Additional data are in Table A8 in Appendix A. The main classes of
compounds detected in the study by Rowe (1995) were aromatic hydrocarbons, alkanes,
and alkenes, which were detected at all sites examined. An alkane (dichloromethane) was
the most commonly detected compound and the widest range in concentration was
generally exhibited by the aromatic hydrocarbons (e.g. toluene).

Hunt and Dollins (1996) examined leachate quantity and quality data for a 1.8-ha
MSW landfill cell in North Central Texas that was completely isolated from other cells at the
landfill. Sampling for organic compounds took place on 5 separate occasions between June
1995 and June 1996. Compounds detected and the range of concentrations that were
measured are summarized in Table 1.2.1. Additional data are in Table A9 in Appendix A.
Detection frequency was not reported by Hunt and Dollins (1996). The ketone acetone had
the widest range in concentration, which was between 59 and 2100 pg/l. The compounds
that were detected are, aromatic hydrocarbons, alkanes, alkenes, and several chlorinated

hydrocarbons. Fifteen VOCs were detected in the leachate samples of which DCM, 1,1,1-
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TCA, 2-butanone, and carbon disulfide were only detected during one of the sampling

events.

Townsend et al. (2000) and Weber et al. (2002) examined leachate samples from
four 54 m? test cells in Florida containing construction and demolition (C&D) waste.
Analyses were conducted for 52 VOCs and 12 VOCs were detected at least once during
weekly sampling over a period of 161 d. Concentrations of the VOCs that were detected are
summarized in Table 1.2.1. Additional data are summarized in Table A10 in Appendix A.
Two aromatic hydrocarbons (ethylbenzene and toluene) were detected most often (15 and 6
detects, respectively), had maximum concentrations of 10.8 ug/l (ehtylbenzene) and 6.7 pug/l
(toluene), and had the widest range in concentration of all compounds detected. Aromatic
hydrocarbons comprise 83% (10/12) of the compounds detected. Only one semivolatile
organic compound (di-n-butyl phthalate (10.5 ug/l)) was detected in one of the test cells.

Kjeldsen et al. (2002) presents information on the composition of MSW landfill
leachate that is based on data published by others for landfills operated between the early
1960s and 2002 (Kjeldsen et al. 2002). Leachate data are presented for 105 different
organic compounds. Ranges in the concentration of VOCs similar to those found by the
aforementioned investigators and reported by Kjeldsen et al. (2002) are summarized in
Table 1.2.1. Classes of compounds reported by Kjelsden et al. (2002) include aromatic
hydrocarbons, alkanes, alkenes, phenols, alkylphenols, pesticides, phthalates, aromatic
sulfonates, phosphonates, ketones, and several miscellaneous compounds. The most
frequently detected compounds are aromatic hydrocarbons (e.g. benzene, toluene,
ethylbenzene, and xylene) and alkenes (e.g. tetrachloroethene and trichloroethene).

Concentrations of the aromatic hydrocarbons ranged between 0.1 ug/l and 12,300 ug/l, and

concentrations of the alkenes ranged between 0.01 ug/l and 6582 ug/l.
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1.2.2 Synthesis of Data

The data from the studies examined in this paper are summarized in Table 1.2.1.
Most of the data in Table 1.2.1 are from MSW landfills, but some of the landfills for which
data are presented were in operation when fewer restrictions were in place regarding
disposal of hazardous waste in MSW landfills. The aromatic hydrocarbons toluene and
ethylbenzene were the only two compounds reported in all studies. Toluene was detected
above the USEPA’s MCL in 46% of the studies and ethylbenzene was detected above the
USEPA’s MCL in 36% of the studies. Other commonly detected compounds found in most
studies were dichloromethane and benzene (both at 82% of studies); tetrachloroethylene
(PCE), TCE, and vinyl chloride (all three in 73% of studies); and 1,1-dichloroethane, trans-
1,2-dichloroethene, and xylene (total) (all in 64% of studies). The highest concentrations for
these ten compounds generally were from Wisconsin leachates.

Aromatic hydrocarbons, alkanes, and alkenes were detected in all of the studies that
were reviewed. Concentrations of the alkanes and alkenes typically fell between 0.1 and
1,000 pg/l, with the exception of dichloromethane, 1,1,1-trichloroethane, and 1,1,2-
trichloroethane, which ranged between approximately 1.0 and 10,000 ug/l. Concentrations
of the aromatic hydrocarbons also ranged between 0.1 and 1000 ug/l, with the exception of
toluene and benzene, which ranged between approximately 0.1 and 10,000 ug/l. One
common aspect is that the concentration of each VOC varies over a broad range. The
widest range in concentration was for 1,1,1-trichloroethane (between 0.01 and 10,000 pg/l).
However, the lower limit (0.01 pg/l) is from the study by Kjeldsen et al. (2002). This seems
unreasonably low and no discussion about analysis method used was provided by Kjeldsen

et al. (2002). Thus, a more realistic range for 1,1,1-trichloroethane is 0.1 to 10,000 pg/l.
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1.3 DATA SOURCES

Landfill operators in Wisconsin are required to monitor VOC concentrations in
leachate, lysimeters, and groundwater wells at set intervals (monthly, quarterly, bi-annually,
or annually) depending on the type of waste accepted, background concentrations in
groundwater, and monitoring history (Wisconsin Administrative Code Ch. NR 507).
Wisconsin landfills have between 12 and 250 monitoring points (lysimeters, leachate tanks,
leachate collection risers, groundwater monitoring wells, private wells, etc.) where samples
are extracted for environmental monitoring. The samples are generally collected by landfill
personnel or their consultants and are sent to a certified independent laboratory for analysis.
The data are then submitted to WDNR for uploading into the Groundwater Environmental
Monitoring System (GEMS), an Oracle database established in 1979 (Connelly and Stocks
1999). Prior to 1996, analytical data were submitted on preprinted paper forms and were
manually entered into GEMS. Since then, the data have been submitted electronically to
minimize transcription errors and to minimize lag time between data submittal and data
accessibility (Connelly and Stocks 1999). Appendix B contains additional information
pertaining to data accessibility and information contained in GEMS.

GEMS contains data for up to 47 VOCs monitored at each landfill monitoring point.
These VOCs are listed in Table 1.3.1 along with the corresponding WDNR preventative
action limits (PALs), WDNR enforcement standard (ESs), and USEPA maximum
contaminant levels (MCLs). WDNR ESs are generally equivalent to USPEA MCLs for
drinking water. The concentrations established as ESs cannot be exceeded at the point of
compliance (typically 46 m from the limits of waste). PALs are used as an indicator of
potential groundwater problems and typically correspond to 10% to 50% of the ES (based

on the threat a particular contaminant poses to public health or the environment).



Table 1.3.1 VOCs included in GEMS along with preventative action

limits (PALs), WDNR enforcement standards (ESs), and
USEPA maximum contaminant levels (MCLs).

VOCs WDNR PAL|\WDNR ES UfAEEA
Benzene 0.5 5 5
Chloromethane 0.3 3 -
Dichloromethane 0.5 5 5
1.1-dichloroethane 0.7 7 7
1.1.1-trichloroethane 40 200 200
Bromomethane 1 10 -
Naphthalene 8 40 -
1.2-dichloroethane 0.5 5 5
Bromodichloromethane 0.06 0.6 -
Carbon tetrachloride 0.5 5 5
Tribromomethane 0.44 4.4 -
Dibromochloromethane 6 60 -
Chloroform 0.6 6 -
Toluene 200 1000 1000
Chlorobenzene 20 100 100
Chloroethane 80 400 -
Tetrachloroethylene 0.5 5 5
Fluorotrichloromethane 698 3490 -
1.1-dichloroethylene 0.7 7 7
1.1.2-trichloroethane 0.5 5 5
o-dichlorobenzene 60 600 600
1.2-dichloropropane 0.5 5 5
1.2-dichloroethene (trans) 20 100 100
m-dichlorobenzene 125 1250 -
p-dichlorobenzene 15 75 75
Dichlorodifluoromethane 200 1000 -
1.3-dichloropropene 0.02 0.2 -
1.3-dichloropropene (cis) 0.02 0.2 -
1.2-dibromo-3- 0.02 0.2 0.2
Vinyl chloride 0.02 0.2 2
Trichloroethvlene 0.5 5 5
Carbon disulfide 200 1000 -
1.2-dichloroethylene (cis) 7 70 70
Styrene 10 100 100
Xvlene, O- 1000 10000 10000"
Dibromomethane NS NS -
1.2-dibromoethane 0.005 0.05 -
Methvyl tertiary butyl ether 12 60 -
Ethylbenzene 140 700 700
Xvlene, O & P- 1000 10000 10000"
Xvlene, P- 1000 10000 10000"
Xvylene (total) 1000 10000 10000"
Acetone 200 1000 -
Methyl ethyl ketone 90 460 -
Tetrahydrofuran 10 50 -
Xylene, M- 1000 10000 10000"
Xylene, M & P- 1000 10000 10000"

NS = Not Specified

= MCL is based on the total xylenes in the sample

15
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The point of application for a PAL is any location where groundwater is monitored, including

directly beneath a landfil. ESs and PALs provide a point of reference to compare
concentrations found in leachate and lysimeters with regulated quantities. If the
concentration of a groundwater sample exceeds the PAL, WDNR may require installation of
additional groundwater monitoring wells or a change in the monitoring program (frequency
of sampling), to investigate the extent of environmental impacts. WDNR may also require
revisions to operational procedures, a change in the design of the landfill, or probation or
closure of the landfill.

Gas chromatography (GC) using photoionization and gas chromatography/mass
spectrometry (GC/MS), as defined in USEPA SW-846 (US EPAs Test Methods for
Evaluating Solid Wastes Physical/Chemical Methods (1996)), are the most common
analytical methods that have been used for measuring VOC concentrations for the sites in
GEMs. Approximately 90% of the data stored in GEMS, collected prior to 1996, does not
contain information as to the entity responsible for collecting the sample, the laboratory
responsible for analyzing the sample, and the analysis method used. After 1996, all of the
aforementioned missing information is available for approximately 95% of the samples
analyzed.

This study focused on GEMs data pertaining to landfills with clay liners or composite
liners that contained a pan lysimeter. Of the 675 landfills in GEMs, 86 landfills met this
criterion and 34 landfills had detections of at least one VOC, on three or more sampling
occasions, in the lysimeter. A map of Wisconsin describing the geographical location of
each landfill examined is found in Figure 1.3.1. Data from 94 lysimeters (some landfills had
multiple cells, each with a lysimeter) and 54 leachate monitoring points were examined in

this study.
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1.4 RESULTS

Leachate data from 54 cells at 34 landfills were examined to determine the
characteristics of VOCs in leachate from Wisconsin landfills. The particular objectives were
to examine which VOCs were most prevalent, if temporal trends in VOC concentration
existed, if VOC concentrations depended on the type of waste stream, and if VOC
concentrations varied spatially. Overall, there were 5435 VOC detections (defined as
concentration exceeding the limit of detection) in 9794 samples of landfill leachate.

A summary of VOCs detected in leachate is in Fig. 1.4.1. This graph shows the
fraction of sites having at least one detection of a given VOC in the leachate (the number
above each bar is the fraction of sites). Of the 47 VOCs for which analyses are conducted
(summarized in Table 1.3.1), 31 were detected in leachate. Approximately two-thirds (20 of
31) of the VOCs in Fig. 1.4.1 are aromatic hydrocarbons (7 of 31), alkanes (9 of 31), or
alkenes (4 of 31). Other classes of compounds for which VOCs were detected include
ketones, furans, and ethers. The most prevalent compounds are toluene (49 cells),

ethylbenzene (44 cells), and benzene (43 cells). Each of these is an aromatic compound.

1.4.1 General Characteristics

A summary is provided in Table 1.4.1 of the concentrations of VOCs that were
detected; the number of sites with VOC detections; the Wisconsin PALs, Wisconsin ESs,
and USEPA MCLs; the average minimum concentration, average maximum concentration,
and the overall arithmetic mean concentration for all sites with detections, the average
number of detections above the PAL, average number of detections above the ES, and the

average number of detections above the LOD; and the average number of samples
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Table 1.4.1. Average concentrations and number of samples for compounds found in leachate in Wisconsin and the regulated

standards.
Landv?illhcens PAL Es | USEPA Miﬁi\:ﬁﬁm Maé(\i/rghm OX%?” Avg. Avg. | Rangein NuA:q%er Nﬁ‘:ﬁ%er
Parameter Detections in | (ug/L) | (ug/L) MCL Conc. Conc. Conc. Number | - Number Conc. Detects Detects

Leachate (ugll) (ug/L) (ug/L) (ugll) | Detects | Samples | (ugll) | “Sppl >ES

1,1,1-trichloroethane 10 40 200 200 3.0 150 48.8 6.3 19.8 0.7-430 2.3 0.5
1,1-dichloroethane 33 0.7 7 7 2.6 101 31.5 8.0 18.6 0.4-37 1.0 0.0
1,2-dichloroethane 4 0.5 5 5 1.2 12.8 4.3 6.3 26.5 0.1-590 6.0 2.8
1,2-dichloropropane 3 0.5 5 5 2.3 13.0 6.0 5.0 22.3 1.0-21 5.0 2.0
Acetone 31 200 1000 - 540 9830 3430 10.2 13.0 53'0100 7.8 5.2
Benzene 43 0.5 5 5 2.1 13.3 6.2 7.9 16.0 0.1-85 7.6 3.4
Chlorobenzene 9 20 100 100 1.4 8.0 4.1 6.4 19.9 0.4-21 0.1 0.0
Chloroethane 15 80 400 - 3.5 127 36.6 6.2 17.9 0.8-1300 0.4 0.2
Chloromethane 3 0.3 3 - 0.9 10.6 3.7 5.3 13.3 0.3-26 5.0 1.0
1,2-dichloroethylene (cis) 14 7 70 70 2.5 443 17.5 6.1 17.9 0.4-200 3.0 0.4
Dichlorodifluoromethane 5 200 1000 - 1.1 66.2 16.0 7.4 24.8 0.2-140 0.0 0.0
Dichloromethane 34 0.5 5 5 10.0 1210 238 9.4 17.3 0.6-8200 9.4 8.0
Ethylbenzene 44 140 700 700 9.5 89.5 35.9 12.3 16.4 0.1-450 0.5 0.0
Methyl ethyl ketone 27 90 460 - 726 14900 5240 10.2 12.9 72)'(?60 8.4 6.9
Methyl tertiary butyl ether 17 12 60 - 6.0 54.0 25.0 6.5 12.2 0.3-620 21 0.2
Naphthalene 36 8 40 - 3.9 86.2 20.2 11.2 21.8 0.3-62 6.6 1.6
p-dichlorobenzene 29 15 75 75 3.9 31.6 11.4 11.7 20.4 0.5-350 2.0 0.1
Trichloroethylene 15 0.5 5 5 41 36.0 14.7 6.3 19.9 0.5-202 6.3 4.7
Tetrachloroethylene 7 0.5 5 5 1.9 27.0 8.1 8.0 23.1 0.6-79 8.0 4.9
Tetrahydrofuran 32 10 50 - 373 2590 1190 10.8 11.9 133)60 10.6 10.2
Toluene 49 200 | 1000 | 1000 225 535 168 12.8 15.7 P 3.8 0.7

Vinyl chloride 13 0.02 0.2 2 1.6 43.3 12.5 5.2 19.8 0.4-304 5.2 5.2
Xylene (total) 25 1000 10000 10000" 27.8 262 102 12.8 15.7 0.4-2000 0.1 0.0
Xylene, M&P 22 1000 10000 10000" 22.8 222 84.0 10.3 11.3 1.0-1300 0.0 0.0
Xylene, O- 20 1000 10000 10000" 58.2 501 194 10.8 11.0 0.3-8400 0.9 0.0

Styrene 2 10 100 100 0.95 241 10.7 5.5 33.0 0.3-66 0 0

Carbon disulfide 10 200 1000 - 5.97 55.1 15.1 5.8 14.4 0.7-250 0.1 0
Bromomethane 1 1 10 - 0.47 160 324 16 40.0 0.5-160 14 10

1,2-dichlorethylene (trans) 1 20 100 100 21 210 63.4 19 28.0 21-210 19 3

o-dichlorobenzene 2 60 600 600 0.95 241 10.7 5.5 33.0 0.9-44 0 0

Chloroform 2 0.6 6 6 2.34 390 103 5 16.5 0.7-620 5 3

T= MCL based on xylene (total) in sample, PAL = Preventative Action Limit, ES = Enforcement Standard, MCL = Maximum Contaminant Level
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analyzed. Of the 5435 detections, 45% (2457) exceeded the PAL and 26% (1412)

exceeded the ES. Furthermore, some compounds were above one (or both) of the standard
whenever detected. In particular, vinyl chloride was detected during 67 sampling events,
and of those detections, all 67 exceeded the ES. Compounds that exist at or above the
MCL in the leachate of landfils may present a potential source of groundwater

contamination in Wisconsin and other areas.

1.4.1.1 Comparison of VOCs in Leachate at Landfills in Wisconsin and Other Areas

Leachate data from landfills in Wisconsin is compared with the concentration data
reported for landfills in other areas (i.e. compound classes detected, frequency of detection,
and range of concentration). The range of concentrations examined and reported in the
current research and the range of concentration reported in other studies that were reviewed
in Sec. 1.2 are shown in Table 1.4.2. Data in Table 1.4.2 indicate that concentrations of the
aromatic hydrocarbons (e.g., benzene, toluene, ethylbenzene, etc.) typically range between
1 and 100 ug/L, whereas concentrations of the alkanes (e.g., chloromethane, 1,1-
dichloroethane, 1,1,1-trichloroethane, etc.) and alkenes (vinyl chloride, trichloroethylene,
tetrachloroethylene, etc.) typically range between about 5 and 75 pug/L. One exception to
this is dichloromethane (DCM), an alkane, which ranges between approximately 1 and 1500
ug/L. A possible explanation for the broader variation in DCM concentration is that,
compared to 1,1-dichloroethane, tetrachloroethylene, and trichloroethylene, DCM is
commonly found in paint removers, degreasing agents, and solvents disposed in MSW
landfills (Rowe et al. 1997) and thus may be more prevalent in leachate samples. The
upper bound of the DCM concentrations seem to be affected mainly by the Wisconsin

studies (i.e. most of the studies in Wisconsin reported DCM concentration on the order of



Table 1.4.2 Range in concentration of VOCs characteristic of MSW, ISW, C&D landfill leachates and the USEPA MCL.
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Concentration (ug/l)

Gibbson et al.
. (1992) Krug Hunt .
Parameter USEPA Ilf/lrggtirigd Sni:zran Friedman Z;);slt Old New Tedder and Rowe and Townsend KJ:{daslen R:gste This Overall
MCL y) an (1988) | landfills | landfills | (1992) Ham (1995) | Dollins |et al. (2000) N ; Study | Range
(1982) | Didier (1989) (2002) | Studies
(1988) (pre- (post- (1995) (1996)
1985) | 1985)
Acetons - - - - - - - - - - 59- - 60- | 60- | 31 | 3.1-
2100 440 | 2100 | 59000 | 59000
- 221- | 1.1- - - - - 1.0- - - ) - 06- | 06- ) 06
Phenol 5790 | 2170 6090 1200 | 6090 6090
106- | 27.6- 11- ND- 10- | 10- | 06- | 06-
Dichloromethane 5 20000 | 58200 - 6 | 8% | 1390 | g ND | g390 | 170 | 1628 | g57 | 58200 | 8200 | 58200
280- 12- | 36 20- | 27- | 20- 1 1- 01- | 0.1-
Toulene 1000 | 4500 | 11100 | g19 | 4g | 583 | 406 | 570 | 12300 | 7000 | 1987 | 1267 | 42300 | 12300 | 1900 | 12300
510- 3.7- 6.0- 06- | 04- | o01-
1,1-dichloroethane / 6300 - 190 - 400 16| 2112 | 445 - 5.0-20 - 0646 | 5300 | 500 | 6300
1,2-dichloroethylene 96- 3.6- ND- 1.6- 1.6- 1.6-
(trans) 1001 5509 - 310 | 16| 492 | 104 - 558 | 5080 - - 6582 | 6582 | 21210 | 6582
100- 14- [ 17- 48 | 27.1- 02- | 02 | 02 | 02
Ethylbenzene 700 250 | 11680 | 4g0 | 20 | 198 60 | 2393 | 4280 | 1400 | 7020 | 11108 | 5359 | 2339 | 450 | 2329
14.6- 6.6 07- | 07-
Chloroform - 1300 | 4416 | 3432 | 45 - - [ 1021 72 - - - - [ 1300 1 650 | 1300
13- 1 212- | ND- 1 1
1,2-dichloroethane 5 11000 | 10000 - - - - 1.0-4 1 1030 | <86 - - <6 | 11000 | 9437 | 10000
54 01- | 0.1- 0.1-
Diethylphthalate - 43-300 | - - - - - 12.9 - - - - 660 | 660 - 660
0.1- 0.1-
Dibutylphthalate : 12150 | 13-540 | - ; ; ; 10-12 ; ; ; 105 | 0170 | O ; s
1 T4 | 14- 22- | ND- 02 | 02- 01-
Benzene 5 19 | 40000 | 220 | 572 | ©° 7 1130 | 4530 | 590 - - 1630 | 10000 | %185 | 10000
Bromodichloromethane - - 2490 - - - - - - - - - - 2490 - 2490
- 125- 10- - - - - - - - - - 02s | 02 - 02
Butylbenzylphthalate 150 64.1 ) 150 150
Carbon tetrachloride 5 - 3-995 - - - - - - - - - 4.0-9.0 | 3-995 - 3-995
6.0- 01~ | 0.41- 01-
Chiorobenzen 100 ; 3188 | 2358 | - 736 - 1394 | OO ; ; ; o O [ PR R e
Chlorodibromomethane - - 31 - - - - - - - - - 31 - 31
56 15- | 08 | o6
Chlorosthane - 1701 2730 | 23, | - - - | 1565 9410 - 117 - - 730 | 1300 | 1300
1,§-d|ch|oropropene ) ) 25 ) _ ) ) ) ) ) ) ) B 25 } 25
(cis)
- - 16.1- - - - - - - - - - - 16.1- - 16.1-
Di-n-octyl phthalate 542 542 542
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Table 1.4.2 Range in concentration of VOCs characteristic of MSW, ISW, C&D landfill leachates and the USEPA MCL (continued).

Concentration (ug/l)

Gibbson et al.
. (1992) Krug Hunt .
Parameter USEPA E@gﬁrﬁgs asnr('jdg?drz: Friedman Z?;Slt old New Tedder and Rowe and Townsend KJ:{daslen R:gste This Overall
MCL (1988) | landfills | landfills | (1992) Ham (1995) | Dollins |et al. (2000) N X Study | Range
(1982) | (1988) (1089)| 1Fperl | 1andft (o08) (1996 (2002) | Studies
1985) | 1985)
Dibromochloromethane - - 22-160 - - - - - - - - - - 22-160 - 22-160
20 20- | 02- | o0z
Dichlorodifluoromethane | 180 | 100242 | - - - - - 1030 - - - - 1030 | 140 | 1030
95 95
Fluoranthene - - 9.5-723 - - - - - - - - - - 723 - 723
32 1.0- 1.0-
Fluorotrichloromethane - - 1.0-183 1 59 - - - - - - - - - 200 - 200
32- 3.2-
Isophorone ) ) 3.2-520 ) ) ) ) 9.4-28 ) ) ) ) ) 520 ) 520
lospropylbenzene - - 1 - - - - - - - - - - 1 - 1
- - 2100- | 640- - - - - 8.6 - - - 110- | 86 | 18 | 18
Methyl ethyl ketone 37000 | 37000 36000 6600 | 37000 | 70000 | 70000
01- | 0.1- 01-
Naphthalene - 19 4.6-186 - - - - | 4529 - - - 1.2 260 | 260 | 9362 | o6
01- | 05 | 05
p-dichlorobenzene 5 ) 2-250 ) ) ] ) 1-39.8 ) ) ) ) 0.1-16 250 350 350
Pentach|oropheno| 1 3 25 - - - - 63-540 - - - - - 3-540 - 3-540
Styrene 100 - 2 28 - - - ; - - - - 0516 | 05-28 ; 0.5-28
ND- 0.05- | 0.05- 0.05-
Tetrachloroethylene 5 2660 | 1-232 | 14-69 | 28 - - 121 0844 1 5009 - 32 250 | 2000 | %679 | 2000
- - 410- | 270- - - - - - - - - ous0 | & 30- | 30-
Tetrahydrofuran 1400 | 11000 11000 | 19000 | 19000
1,3-dichloropropene ) ) 25 ) ) ) ) ) ) ) ) ) _ 25 ) 25
(trans)
T9- 03 001- | 001- | 07- | 0.01-
1,1 A-trichloroethane 200 2400 | 1-10000 - 45 - - 11-31 | 3510 - 33 - 3810 | 10000 | 430 | 10000
24- | 23 ND- 0.05- | 005 | 05 | 0.05-
Trichloroethylene 5 | 160-600 | 1372 | L5y | 79 51 1 1-1.2 - 230 - - 750 | 750 | 202 | 750
03 | ND- 03 | 04 | 03
Vinyl chloride 2 61 10-3000 | 11-150 | - 107 51 | 11196 | 5570 | 2010 | 1012 - - 5570 | 304 | 5570
25. | 37- 44 10- 08 | 08 | 04 | 04-
Xylene (total) 10000 - 30-2000 | 540 | 38 - - 85.2 | 3010 - 33-38 | 1352 | 3500 | 3010 | 2000 | 3010
15- 05 05 05
1,1,2-trichloroethane S 500 10000 - - - - - 7130 - - - 25-16 | 15000 - 10000




24

10,000 pg/L) and if those studies are excluded the range is nearer to other alkanes (5-75
ug/L). Other classes of compounds are ketones, which range on the order of 1 and 10,000
ug/L and furans which also range on the order of 1 and 10,000 ug/L.

The most frequently detected classes of compound (in descending order in terms of
number of studies with detections) reported in Table 1.4.2, are the aromatic hydrocarbons,
followed by the alkanes, the alkenes, ketones, phenols, phthalates, and furans. The
aromatic hydrocarbons toluene and ethylbenzene were the only two compounds found in all
studies. The most frequently detected classes of VOCs from the current study are the
aromatic hydrocarbons (89% of sites) and the alkanes and alkenes (62% of sites).
Examination of the most frequently detected alkanes, alkenes, and aromatic hydrocarbons
shows that dichloromethane and benzene both were found in 82% of the studies,
tetrachloroethylene (PCE), TCE, and vinyl chloride each were found in 73% of the studies,
and 1,1-dichloroethane, trans-1,2-dichloroethene, and xylene (total) each were found in 64%
of the studies.

The maximum reported VOC concentrations found in leachate in Wisconsin are
compared with the maximum reported concentrations found by other investigators
(maximum concentrations reported in Table 1.4.2). Results from this comparison suggest
that the maximum reported concentration in Wisconsin was 6.4 times higher for
dichloromethane than measured in other reported sites, 14.8 times higher for 1,1-
dichloroethane, 5.1 times higher for benzene, and 1.8 times higher for vinyl chloride. The
widest range in concentration (1.8-70,000 ug/L) was exhibited by a ketone (methyl ethyl
ketone) followed by an alkane (dichloromethane ranged between 1-58,200 ug/L). The

remaining classes of compounds ranged between 1 and 10,000 ug/L. The class of
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compound with the lowest range in concentration was the phthalates which ranged between

0.1 and 650 pg/L.

1.4.1.2 VOCs in Leachate of Landfills in Wisconsin

Typical records of VOC concentration are shown in Fig. 1.4.2 for four compounds
(565 other similar graphs were prepared, one for each compound in each cell; all graphs are
presented in Appendix C). VOC concentration is shown on a logarithmic scale in Fig. 1.4.2
because of the large (orders of magnitude) ranges in concentrations that were encountered.
Elapsed time in Fig. 1.4.2 corresponds to the time since filling began. VOC analyses were
not required in earlier periods for many of these sites. Thus, a gap often exists at the
beginning of the record. Data used to create each of the VOC concentration records is given
in a summary table (Table C.1) in Appendix C.

The Wisconsin ES, Wisconsin PAL, and the highest limit of detection (LOD) that was
reported are shown on Fig. 1.4.2. Concentrations below this LOD (non-detections) were
assigned a “concentration” of 0.01 ug/L, which is at least 5 times lower than the minimum
reported LOD. A different symbol was used for these data points to avoid confusion with
data falling above the LOD. Inclusion of non-detections in graphs of concentration vs.
elapsed time provides a visual record of the sampling history that includes samples with
VOC concentrations above and below the LOD as a function of elapsed time from the date
refuse was first accepted at the site.

The graphs in Fig. 1.4.2 represent four of the major compound classes detected in
leachate in Wisconsin landfills (e.g. aromatic hydrocarbons, alkanes, furans, and ketones)
and illustrate that concentrations can range over an order of magnitude or more in a matter

of 6 months to one year. For example, the concentration of methyl ethyl ketone at Site W
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Figure 1.4.2. Typical concentration record for VOCs along with the LOD, PAL, and ES:
methyl ethyl ketone (a), dichloromethane (b), toluene (c), and tetrahydrofuran

(d).
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varies between 68 and 1000 ug/L between years 9 and 10 (Fig. 1.4.2a) and the

concentration of dichloromethane at Site M varies between 2 and 200 ug/L between years
13 and 14 (Fig. 1.4.2b). Alternatively, the concentration can be relatively stable (e.g.
toluene at Site B and tetrahydrofuran at Site GG, as shown in Fig. 1.4.2c and 1.4.2d). The
data in Fig. 1.4.2 also illustrate that non-detections (open symbols in Fig 1.4.2) occur
periodically, even when VOCs are regularly detected in leachate.

Box plots summarizing the concentration variation of o-xylene and trichloroethylene
on a site-to-site basis are in Fig. 1.4.3. O-xylene (Fig 1.4.3(a)) and trichloroethylene (Fig
1.4.3(b)) were selected because they fall in the two most frequently detected classes (i.e.
aromatic hydrocarbons and alkanes). The median concentration is represented by center
line in each box, the outer extent of the box is defined as the interquartile range, and the
whiskers correspond to the upper or lower quartile plus 1.5 times the interquartile range.
The range in concentration of o-xylene from all sites in Fig 1.4.3(a) is approximately1-4500
ug/L, with the most variation at Site B (75-4500 ng/L). The range in concentration for
trichloroethylene is more stable and is approximately 1-85 ug/L. The variability in
concentration exhibited by o-xylene and trichloroethylene is typical of the variability exhibited
by the VOCs examined. That is, the graphs for these compounds bracket the typical
conditions for the VOCs examined. Three exceptions, which generally vary between
approximately 10-10,000 ug/L, are acetone, methyl ethyl ketone, and tetrahydrofuran.

An analysis of variance (ANOVA) was conducted, with o = 0.05, to determine if VOC
concentrations differed significantly from site-to-site. A statistical inference was made by
comparing the F statistic from the ANOVA to a critical value (F.) corresponding to a
significance level a. If F < F, then the null hypothesis is accepted (differences between the

groups are not statistically significant). Concentrations of each VOC detected were
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Figure 1.4.3 Box plots showing the concentration distribution of o-xylene (a) and
trichloroethylene (b) at all sites with detections.
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compared to the concentrations at all other sites (e.g., toluene concentrations from all sites

were compared on a site-by-site basis) to determine if concentration data could be pooled
by compound. A second criterion was added to ensure there was adequate data for
pooling. The second criterion was that VOCs examined were found in at least 10% of the
cells. Analysis following the aforementioned criteria resulted in pooling data from 48-90% of
the sites for the 21 VOCs in Table 1.4.3 (e.g., concentration data for naphthalene was
pooled from 73% of the landfills).

The box plots shown in Fig. 1.4.4 were prepared using the data pooled from all sites
(following the aforementioned criteria for pooling of data). The thick horizontal line
traversing each box represents the MCL for the compound (e.g., the MCL for
dichloromethane is 5 pg/L). Seven compounds (acetone, chloroethane, carbon disulfide,
methyl ethyl ketone, methyl tertiary butyl ether, naphthalene, and tetrahydrofuran) do not
have a MCL defined by USEPA; in these cases the Wisconsin ES is shown. The median
concentrations of 1,1-dichloroethane, dichloromethane, trichloroethylene,
tetrachloroethylene, vinyl chloride, and styrene are above the MCLs (e.g. the median
concentration for trichloroethylene is 8 ug/L and the MCL is 5 ug/L) and the median
concentrations of acetone, methyl ethyl ketone, naphthalene, and tetrahydrofuran exceed
the Wisconsin ES. The classes of compounds that most frequently exceed the MCL or ES
are the alkanes, alkenes, ketones, chlorinated hydrocarbons, and furans. In contrast, the
aromatic hydrocarbons, which are ubiquitous, have median concentrations below the MCL.
Benzene was the only aromatic hydrocarbon that had a median concentration near (14%
below) the MCL.

For nearly all compounds detected in leachate in Wisconsin, a large range in
concentrations (100 to 1000 fold) was encountered in each cell. Possible explanations for

the variability in VOC concentrations may include the following: (1) VOCs escaping the



Table 1.4.3 Results of ANOVA comparing VOC concentrations between landfills.
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Number Number %
No. Landfills with Landfills with Lan_dfiIIs
Landfills VOC . VOC . W|th Degrees F
Parameter with Concentrations | Concentrations | Detections of Statistic Fer
Detections thgt were not t_ha_t were _Included Freedom
Significantly Significantly in Pooled
Different Different Data

1,1,1-trichloroethane 9 8 1 89 7 0.79 2.22
1,1-dichloroethane 24 21 3 88 20 1.58 1.62
Acetone 20 12 8 60 11 1.79 1.85
Benzene 27 14 13 52 13 1.69 1.78
Chlorobenzene 8 6 2 75 5 1.49 2.48
Chloroethane 14 13 1 93 12 0.47 1.89
1,2-dichloroethylene (cis) 13 10 3 77 9 0.87 2.14
Dichloromethane 25 25 0 100 24 1.47 1.55
Ethylbenzene 29 18 11 62 17 1.60 1.66
Methyl ethyl ketone 16 8 8 50 7 1.37 2.09
Methyl tertiary butyl ether 13 13 0 100 12 0.99 1.85
Naphthalene 26 19 7 73 18 1.13 1.65
p-dichlorobenzene 21 16 5 76 15 1.45 1.71
Trichloroethylene 12 10 2 83 9 0.91 2.01
Tetrachloroethylene 6 6 0 100 5 1.69 2.34
Tetrahydrofuran 19 9 10 47 8 1.92 2.01
Toluene 32 18 14 56 17 1.65 1.66
Vinyl chloride 10 10 0 100 9 1.23 2.05
Xylene (total) 15 10 5 67 9 1.70 1.93
Styrene 12 8 4 67 7 1.83 2.25
Carbon disulfide 6 6 0 100 5 0.68 2.39
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Figure 1.4.4 Box plots showing the concentration distribution of the 21 most frequently detected VOCs in leachate from landfills in

Wisconsin and the associated MCL or ES (i.e. thick lines traversing boxes).
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system with out being monitored, which may include migration from landfills in the gaseous

phase, (2) removal by the gas collection system (Cook et al. 1991, Kerfoot 1994, Challa et
al. 1997), and (3) migration through the liner system in the aqueous phase. Another
possible explanation, provided by Kjeldsen et al. (2002), is that the variation in VOC
concentrations may be due, in part, to volatilization or sorption onto the sampling equipment.
However, Parker (1994) indicates that only very poor sampling protocols can seriously
jeopardize leachate analyses for VOCs.

Two additional factors that may affect the concentrations of VOCs in leachate are the
rate of degradation and the aqueous solubility of each compound. That is, lower
concentrations may be associated with VOCs that degrade faster or are less soluble in
water. To assess whether either factor explained the range of VOC concentrations in
leachate, graphs were made comparing leachate concentration to first-order anaerobic
degradation coefficients and aqueous solubilities reported in the literature for each
compound. These graphs are shown in Fig. 1.4.5. The rate coefficients and solubilities that
were used are summarized in Table 1.4.4. Error bars in the x-direction (in Fig 1.4.5 (a))
represent the range in reported rate coefficients (Howard et al. 1991) and error bars in the y-
direction represent the overall average minimum and maximum concentration found in
leachate at landfills in Wisconsin. In general, as the rate coefficient increases the
concentration also increases, which is opposite the expected behavior (i.e. increasing rate
coefficient implies a decreasing half life, faster degradation and an expected decreasing
concentration). The half lives associated with the rate coefficients range from 4 days
(methyl ethyl ketone) to over 14 years (1,2-dichloropropane). In Fig 1.4.5(b) the
concentration range is represented by error bars in the y-direction (as in Fig 1.4.5(a)) and is
plotted versus aqueous solubility. In general, the overall average concentrations range

between 1 and 1000 pg/L regardless of the aqueous solubility. One exception is methyl
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Table 1.4.4 Aqueous solubility and first order rate coefficients for the VOCs found in leachate.

Solubility | . Rate Rate

Compounds Class (mg/l Constant | Constant

9 (days™) | (days™)

Chloromethane Alkanes 4000 | 2.5x10? | 6.2x10°

Dichloromethane Alkanes 20000 | 2.5x107 | 6.2 x107

Chloroform Alkanes 8000 | 9.9x10% | 2.5 x10™

Dichlorodifluoromethane Alkanes 280 6.2 x10° | 1.0 x10°

Chloroethane Alkanes 5740 | 2.5x10% | 6.2 x10°

1,1-dichloroethane Alkanes 5500 | 5.4x10° | 1.1x10°

1,2-dichloroethane Alkanes 8690 | 1.7 x10° | 9.6 x10™

1,1,1-trichloroethane Alkanes 4400 |1.2x10° | 6.3 x10™

1,2-dichloropropane Alkanes 2700 | 1.0x10° | 1.3x10*

Vinyl chloride Alkenes 1100 | 6.2x10° | 9.6 x10™

1,2-dichloroethylene (cis) Alkenes 800 |6.2x10° | 9.6 x10™*

Trichloroethylene (TCE) Alkenes 1100 | 1.8x107 | 4.2 x10™

Tetrachloroethylene (PCE) Alkenes 150 1.8 x10° | 4.2 x10™

Benzene Arenes 2 3
(Aromatic hydrocarbons) 1780 2:5x107 1 6.2x10

Chlorobenzene Arenes 3 3
(Aromatic hydrocarbons) 500 2.5x107 ] 1.2x10

p-dichlorobenzene Arenes 3 4
(Aromatic hydrocarbons) 9 6.2x10 9.6 x10

Toluene Arenes 2 3
(Aromatic hydrocarbons) 515 1.4x107 1 3.3x10

Ethylbenzene Arenes 3 3
(Aromatic hydrocarbons) 152 3.9x107 ] 3.0x10

Xylene O- Arenes 3 3
(Aromatic hydrocarbons) 175 3.9x10™ ] 1.9x10

Xylene M- Arenes 2 3
(Aromatic hydrocarbons) 146 2:5x107 1 1.3x10

Xylene P- Arenes 2 3
(Aromatic hydrocarbons) 198 2.5x107 ] 6.2x10

Naphthalene Arenes 2 3
(Aromatic hydrocarbons) 30 2:8x107 | 2.7x10

Acetone Ketones miscible | 1.7 x10™" | 2.5 x10

Methyl ethyl ketone Ketones 136000 | 1.7 x10" | 2.5 x10”

Methyl tertiary butyl ether Ethers 48000 | 6.2x10° | 9.6 x10*

Tetrahydrofuran Furans miscible

Sources: Howard et al. 1991and Verschueren 1977




35
ethyl ketone, which has a concentration range of 700-15,000 ug/L and also has the highest

reported solubility (136,000 mg/L). The range of solubility within each class of compound
was between 30 and 20,000 mg/L (IUPAC-NIST solubility database). The range in solubility
of the aromatic hydrocarbon class was 30-1,780 mg/L compared with a range of 150-20,000
mg/L for halogenated hydrocarbons (alkanes and alkenes). No significant conclusions could
be made relative to solubility, because the range within each class overlapped the range

between classes.

1.4.2 Temporal Analysis

At most landfill sites, monitoring of the leachate collection system was performed
quarterly, biannually, or yearly and generally data are available for 8 to 25 sampling events
per site. Linear regression analyses were conducted on the data from each cell to
determine if statistically significant trends existed in VOC concentration over time (i.e., to
determine if the VOC concentration increased, decreased, or stayed the same). The
analyses were conducted in two ways, with VOC concentration (C) regressed on elapsed
time and the natural logarithm of VOC concentration (InC) regressed on elapsed time.
Analyses were conducted with logarithmically transformed data because InC is more closely
normally distributed than C (an implicit assumption when conducting trend analysis using
linear regression). Samples that were below the LOD were not included in the regression
analysis. In several cases, outliers (defined as a concentration 5 times greater than the
average that does not follow a trend in the data) were excluded.

Significance of the trend was evaluated by determining if the slope of the regression
line was statistically different from zero (if the slope is not different from zero, then the data

do not exhibit temporal trend). Under the null-hypothesis of the slope being zero, the slope
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follows a t-distribution with n-1 degrees of freedom. When the probability of falsely rejecting

the null hypothesis (the p-value) is greater then the significance level a, the slope is
statistically no different from zero and the data have no linear temporal trend (Berthouex and
Brown 2002). For all analyses, o was set at 0.05, which is the significance level most
commonly used in hypothesis tests. Examples of representative trends corresponding to
increasing concentration, no significant trend in concentration, and decreasing concentration
are showed in terms of C in Fig. 1.4.6 and InC in Fig. 1.4.7. P-dichlorobenzene was chosen
for creating Figs. 1.4.6 and 1.4.7 because p-dichlorobenzene had the highest percentage of
detections exhibiting all three trends (increasing trend-10%, decreasing trend-14%, and no
significant trend-76%) for both C and InC.

Results of the regression analyses are summarized in Table 1.4.5. Most of the
regression analyses (72% based on C and 70% based on InC) showed no significant trend
in C or InC. Of the cases where the trend in C was significant, 17 of 569 (3%) had an
increasing trend and 141 of 569 (25%) had a decreasing trend. When the analyses were
based on InC, 15 of 569 (2.6%) had an increasing trend and 169 of 569 (30%) had a
decreasing trend (regression based on InC resulted in approximately 5% more sites with a
statistically significant trend than regression based on C).

When results of the C and InC regression analyses conflicted, an additional
examination was conducted. This involved examining the conflicting data to determine if
any of the concentration data were “near” outliers (i.e. near 5 times the average
concentration, but not defined as an outlier), or if there was a particularly wide range in VOC
concentration. These examinations suggested that approximately 53% of the conflicting
regression analyses resulted in a statistically significant trend based on InC, but resulted in
no significant trend based on the C. Of the conflicting analyses examined, 25% had a

concentration from a sampling event that was near the definition of an outlier, but was within
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Figure 1.4.6. Data for showing an increasing trend (a), no trend (b), or a decreasing trend (c)
for p-dichlorobenzene using C.



28

2.6

24

22

2.0

Ln (concentration(ug/l))

[o]e}

o
(&3
N
o
N
(9]

20

25

35 ———————————————————

3.0 - o

20 -

Ln(concentration(ug/l))

25 \
F o
r o

Elapsed Time (yrs)

25

3.5 T

20 -

Ln(concentration(ug/l))

0 5 10 15

Elapsed Time (yrs)

25

38

Figure 1.4.7 Data for showing an increasing trend (a), no trend (b), or a decreasing trend (c)

for p-dichlorobenzene using InC.
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Table 1.4.5. Results from regression analysis for all compounds detected in leachate at

landfills in Wisconsin.

Analysis Based on C

Analysis Based on In C

Landfill
Cells ‘{"ith Number Number Number Number Number Number
Parameter Detections| sites With |  Sites | Sites With | Sites With | Sites | Sites With
n Increasing | With No |Decreasing | Increasing | with No | Decreasing
Leachate |  Treng Trend Trend Trend Trend Trend
1,1,1-trichloroethane 10 0 8 2 0 7 3
1,1-dichloroethane 33 0 17 16 0 15 18
1,2-dichloroethane 4 0 4 0 0 4 0
1,2-dichloropropane 3 0 2 1 0 2 1
Acetone 31 1 25 5 1 25 5
Benzene 43 0 34 9 0 35 8
Chlorobenzene 9 1 7 1 1 7 1
Chloroethane 15 0 13 2 0 13 2
Chloromethane 3 0 3 0 0 3 0
1,2-dichloroethylene (cis) 14 0 12 2 0 11 3
Dichlorodifluoromethane 5 0 5 0 0 5 0
Dichloromethane 34 0 20 14 0 18 16
Ethylbenzene 44 3 7 34 3 7 34
Methyl ethyl ketone 27 0 23 4 1 21 5
Methyl tertiary butyl ether 17 1 15 1 0 16 1
Naphthalene 36 2 29 5 2 30 4
p-dichlorobenzene 29 3 22 4 3 22 4
Trichloroethylene 15 0 12 3 0 12 3
Tetrachloroethylene 7 0 6 1 0 6 1
Tetrahydrofuran 32 3 24 5 2 24 6
Toluene 49 0 32 17 0 31 18
Vinyl chloride 13 0 13 0 0 10 3
Xylene (total) 25 0 18 7 0 19 6
Xylene, M&P 22 1 18 3 1 18 3
Xylene, O 20 1 15 4 1 14 5
Styrene 13 0 12 1 0 12 1
Carbon disulfide 10 0 10 0 0 10 0
Bromomethane 1 0 1 0 0 1 0
zt}i-r:isl’c):hloroethylene 1 0 0 1 0 0 1
o-dichlorobenzene 2 1 1 0 0 2 0
Chloroform 2 0 2 0 0 1 1
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4 times the average and thus was included. However, these “near” outliers appeared to

control the trend. Finally, 22% of the conflicting analyses were found to have concentrations
that ranged over two to three orders of magnitude from different sampling events at a single
site. Overall, when the concentration data with high variability or “near” outliers were
logarithmically transformed, more trends (increasing or decreasing) were statistically
significant.

Examination of the aromatic hydrocarbons (e.g. toluene, ethylbenzene, benzene,
naphthalene, and xylenes) from all sites suggests that these compounds tend to exhibit
decreasing trends more frequently (79 of 569) when compared with the alkanes (e.g.,
dichloromethane or 1,1,1-trichloroethane) and the alkenes (e.g., tetrachloroethylene and
trichloroethylene), of which had 44 of 569 analyses showed decreasing trends (based on C).
Examination of the increasing trends suggests similar results in that the aromatic
hydrocarbons exhibit increasing trends more frequently than the alkenes and alkanes (i.e. of
the 569 regression analyses based on C, 10 were statistically significant increasing trends
for aromatic hydrocarbons compared to no statistically significant increasing trends for

halogenated hydrocarbons).

1.4.3 Effect of Waste Stream

Data were examined to determine the type of waste accepted at each site. The
number of compounds detected, range in VOC concentration (max and min), number of
detections above the ES, and type of waste stream are summarized in Table 1.4.6. Two
categories of waste stream were considered: MSW (19 landfills) and co-disposal of MSW
and ISW (noted henceforth as MSW-ISW, 15 landfills). Data for each VOC were pooled into

two groups for the analysis: MSW and MSW-ISW. An analysis of variance (ANOVA) was



Table 1.4.6 VOC summary statistics and waste stream accepted at landfills in Wisconsin.
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e Number of Number of Min Max
Landf|IIl8|tes VOCs Waste Stream VOQ VOC VOC
Examined Detections Conc. Conc.
detected
> ES (mg/l) (mg/l)
Site A 8 MSW 3 0.3 120
Site B 25 MSW 265 0.4 53000
Site C 15 MSW 7 0.3 298
Site D 9 MSW 19 0.47 15000
Site E 14 MSW 41 0.69 5040
Site F 1 MSW-ISW 0 0.12 11
Site G 14 MSW 11 0.47 724
Site H 13 MSW 24 1.2 7700
Site | 13 MSW-ISW 9 1 900
Site J 15 MSW 52 0.83 2800
Site K 14 MSW 4 0.6 382
Site L 5 MSW-ISW 0 0.1 250
Site M 10 MSW-ISW 22 0.96 3100
Site N 1 MSW 14 0.26 760
Site O 11 MSW 21 1 2400
Site P 15 MSW-ISW 28 0.5 37000
Site Q 21 MSW 142 0.8 26000
Site R 2 MSW-ISW 0 54 410
Site S 17 MSW-ISW 117 0.7 28000
Site T 8 MSW 4 0.33 450
Site U 20 MSW 61 0.6 25000
Site V 1 MSW-ISW 13 3.2 540
Site W 16 MSW 93 0.3 8900
Site X 15 MSW 38 0.82 2450
Site Y 9 MSW-ISW 16 1.1 3400
Site Z 16 MSW 37 1.5 11900
Site AA 14 MSW-ISW 28 0.14 1100
Site BB 6 MSW-ISW 10 0.58 820
Site CC 6 MSW 64 32 70000
Site DD 14 MSW-ISW 25 0.1 523.5
Site EE 2 MSW-ISW 0 1.5 190
Site FF 9 MSW-ISW 12 1 2000
Site GG 16 MSW-ISW 81 0.31 16000
Site HH 15 MSW 77 1.8 34000

MSW = Municipal Solid Waste and ISW = Industrial Solid Waste




42
conducted to determine if (1) the number of VOCs detected and (2) the concentration of

VOCs differed depending on the type of waste stream at each landfill.

Results of the ANOVA comparing the number of VOCs detected suggest that a
significant difference exists between the number of VOCs detected at MSW and MSW-ISW
sites. MSW sites had 14 VOCs detected in leachate, on average, compared to 9.6 VOCs
detected at the MSW-ISW sites on average. The F statistic associated with this ANOVA
was 6.49 and F = 4.15. Thus, the null hypothesis was rejected and there is a significant
difference in the number of VOCs detected at MSW versus MSW-ISW landfills.

Results of the ANOVA comparing VOC concentrations with type of waste stream are
summarized in Table 1.4.7. For this analysis, only VOCs that were detected in at least 10%
of the leachate samples were examined (21 VOCs were included in the analysis).
Significantly different concentrations exist for 13 of the 21 VOCs. For the 13 compounds
with significantly different concentrations, higher average concentrations were in the MSW
leachates and 6 of the 13 VOCs were aromatic hydrocarbons. The remaining 7 of 13 VOC
were alkanes, alkenes, ketones, and furans.

The results of the ANOVA are consistent with general characteristics of the data set.
For example, the three sites with the greatest number of VOCs in the leachate (Site B-25
detections, Site Q-21 detections, and Site U-20 detections) were MSW sites. Two of these
three sites also had the greatest number of VOC concentrations above the MCL (Site B-265,
Site Q-142). Additionally, 9 MSW sites had 15 or more VOCs detected, whereas only 3
MSW-ISW sites had 15 or more VOCs detected. VOC concentrations for the MSW sites

ranged between 0.3-70,000 ug/L, compared to 0.1-37,000 pug/L for the MSW-ISW sites.
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Table 1.4.7 Summary of results from analysis of variance (ANOVAs) comparing average
VOC concentrations from landfills accepting MSW and landfills accepting MSW
and ISW. Numbers in parentheses are the number of detections used in
calculating the average concentration.

Average Concentration

Statistically Significant

(ng/L) Difference In
Compound F Fer Concentration
MSW MSW-ISW Between Waste
Stream
1,1,1-trichloroethane 63 (48) 28 (15) 1.94 3.99 No
1,1-dichloroethane 50 (174) 19 (95) 11.60 3.88 Yes
Acetone 5200 (246) 620 (73) 22.80 3.87 Yes
Benzene 9.2 (219) 3.9 (125) 24.20 3.87 Yes
Carbon disulfide 12 (31) 23 (27) 1.12 4.01 No
Chlorobenzene 2.8 (43) 5.7 (20) 9.89 3.99 Yes
Chloroethane 54 (70) 15 (23) 0.95 3.94 No
1,2-dichloroethylene (cis) 24 (63) 7.1(22) 4.39 3.95 Yes
Dichloromethane 400 (234) 83 (86) 11.60 3.87 Yes
Ethylbenzene 42 (349) 32 (196) 7.22 3.86 Yes
Methyl ethyl ketone 7500 (189) | 3800 (86) 6.81 3.88 Yes
Methyl tertiary butyl ether 23 (84) 10 (30) 0.85 3.92 No
Naphthalene 32 (262) 20 (142) 1.64 3.86 No
p-dichlorobenzene 16 (225) 8.9 (123) 4.64 3.87 Yes
Styrene 14 (63) 14 (15) 0.01 3.97 No
Trichloroethylene 16 (84) 5.9 (10) 1.69 3.95 No
Tetrachloroethylene 11 (44) ND - - Yes
Tetrahydrofuran 1300 (223) | 890 (132) 5.61 3.87 Yes
Toluene 230 (414) 120 (228) 20.70 3.86 Yes
Vinyl chloride 15 (41) 12 (26) 0.10 3.99 No
Xylene (total) 110 (195) 74 (113) 4.41 3.87 Yes
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1.4.4 Effect of Location

ANOVAs were conducted with o = 0.05 to determine if the number of VOCs and the
concentration of VOCs in landfill leachate varies spatially within Wisconsin. The landfills
were divided into the 5 regions defined by the regional offices of the WDNR. Locations of
the landfills and the boundaries of the regions are shown in Fig. 1.3.1. The analyses were
constrained to VOCs detected in at least 10% of the landfill cells.

The ANOVA comparing the number of VOCs detected between regions resulted in F
> F,, (i.e. 3.00 > 2.70). The null hypothesis is that there is no significant difference between
sites, but since F > F the null hypothesis is rejected. The number of VOCs differed
significantly between the southeast region and the remaining regions. Landfills in the
southeast region, which consisted of 3 sites, had an average of 20.3 VOCs in their leachate,
whereas the remaining regions had averages of 9.6 to 13.6 (southern region-9.6, northern
region-11.5, central region-12.9, and northeast region-13.6) VOCs in their leachate. The
southeast region is more industrial than the other regions, and this may play a role in the
increased number of detections.

ANOVAs were conducted on the data for each of the aforementioned 21 compounds
at each site within each of the 5 regions to determine if the data could be pooled by region.
Results of these ANOVAs are summarized in Table 1.4.8. Each region averaged between
2.5 and 4.6 sites with detections of VOCs. Overall, 78% of the sites were not significantly
different. That is, on average, data from approximately 3 out of 4 sites were pooled and
used in a second ANOVA to determine if the concentration of each VOC varied significantly
between regions. When exclusion of data within a region due to significant differences
resulted in no data for a region, the ANOVA was performed without consideration of the

region with no data.
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Table 1.4.8 Analysis of variance (ANOVA) results from comparing VOC concentrations between sites within each of the five
regions in Wisconsin and the number of pooled sites.

Northern Region

Northeast Region

Central Region

Southeast Region

Southern Region

Compound  fSites| F | Fu | "% sies| F | Fu [P sites | F | R [20°0 Isies | F | R |Po%dsies | F | R, |POOC
11 A-trichloroethane | 2 | 0118 |484| 2 | 1 | NA | NA| 1 | 1 | NA [ NA| 1 | 2 [107| 43| 1 | 3 | 374 | 389 3
11-dichlorosthane | 4 | 323 |289| 3 | 4 | 178 |28 | 4 | 8 |0717 |245| 8 | 3 |142|311| 2 | 5 | 433 |271| 4
Acetone 3| 247 |329| 3 | 4 | 861 |271| 2 | 4 | 335 |277| 3 | 3 |122|312| 1 | 6 | 884 |238| 5
Benzene 5| 29 |259| 3 | 4 | 138 |275| 3 | 9 | 317 |203| 7 | 3 |537|313| 2 | 6 | 655 |243| 4
Carbon disulfide 0| NA [ NA| NA | 2 | o871 |[475| 2 | 2 |04153 [421| 2 | 1 | NA|NA| 1 | 1 | NA | NA | 1
Chiorobenzene 2 | 117 | 445 1 1 | NA | NA| 1 | 2 [ 175 [532] 2 | 1 | NA|NA| 1 | 2 |0133|532] 2
Chioroethane 4| 212 [316| 4 | 2 | 0237 [559| 2 | 2 | 0359 | 46 | 2 | 2 |103|425| 1 | 4 |0255|324| 4
gc*izs')di‘:h'omethy'e”e 1] NA | NA | 1 4 | 0689 |324| 4 | 5 | 158 |301| 5 2 | 112|418 1 1 NA | NA| 1
Dichloromethane 30611 |324| 3 | 4 | 0579 |275| 4 | 8 | 225 | 22 | 7 | 2 |557|398| 1 | 8 | 125 |213| 8
Ethylbenzene 5| 387 |251| 3 | 4 | 507 |269| 3 | 9 | 153 |198| 5 | 3 |877|309| 2 | 8 | 113 |212| 5
Methyl ethyl ketone | 2 | 268 | 438 | 2 | 4 | 774 |272| 2 | 4 | 147 [277] 4 | 8 |[172]3813| 2 | 3 | 749 [329] 1
vetwlterary bul 1 5 | 409 [532| 2 | 3 | 0578 [320| 3 | 3 | 786 |359| 2 1 | NA| NA| 1 | 4 | 268 |203| 4
Naphthalene 5|79 |264| 4 | 5 | 607 |246| 3 | 8 | 198 |209| 8 | 3 |221|314| 3 | 5 | 348 | 253| 3
o-dichlorobenzene | 3 | 453 | 335 | 2 | 4 | 175 |273| 4 | 7 | 214 |247| 7 | 3 |432|315| 1 | 4 | 183 |291| 4
Styrene 1] NA | NA | 1 1 | NA |[NA| 1 | 5 | 151 |284| 5 | 3 |144|347| 2 | 2 | 114 | 598 | 2
Trichloroethylene 40502 |312| 4 | 2 | 0206 |449| 2 | 2 | 0054 |598| 2 | 3 |673|324| 2 | 1 | NA | NA | 1
Tetrachloroethylene | 2 | 0814 | 532| 2 | 1 | NA | NA| 1 | 0 | NA [ NA| 0 | 3 |216[325| 3 | 0 | NA | NA| O
Tetrahydrofuran 2002 |428| 2 | 4 | 329 |269| 1 | 4 | 195 |271| 4 | 3 |108|315| 2 | 6 | 352 | 235| 2
Toluene 6| 753 |231| 3 | 5 | 804 |244| 3 | 10 | 227 |193| 8 | 3 |687|307| 2 | 8 | 461 |212| 5
Vinyl chloride 1] NA | NA | 1 3 | 0919 |388| 3 | 3 | 094 |352| 3 | 2 |286|445| 2 | 1 | NA | NA | 1
Xylene (total) 4| 489 |295| 3 | 4 | 139 |269| 2 | 2 | 0905|401 2 | 3 |119|311| 1 | 3 | 319 |333| 3

NA = Not Applicable
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Results of the ANOVA comparing concentrations between regions are summarized in

Table 1.4.9. A significant difference in VOC concentrations between regions was obtained
for 14 of 21 (67%) of the VOCs in the analysis. Of the 14 VOCs for which the concentration
varied significantly between regions, 7 were aromatic hydrocarbons, 4 were alkanes or
alkenes, 2 were ketones, and 1 was a furan. Twelve of the 14 analyses suggested that the
highest average concentrations were from landfills in the south (4 of 14) or southeast (8

of14) region.

1.5 SUMMARY

Concentrations of 47 VOCs in leachate from municipal solid waste (MSW) and
industrial solid waste (ISW) landfills were characterized using data from 54 cells located at
34 engineered landfills. The data were examined to identify the prevalence of compounds,
the average concentration and range of concentration for each compound, and temporal
trends in concentration (i.e., whether the concentration was increasing, decreasing, or
remaining the same over time). Analyses were also conducted to determine if the number
of detections and the concentrations of VOCs varied regionally or by the type of waste
stream.

Of the 47 VOCs monitored, 31 were detected in the leachate samples at the sites
examined. Approximately two-thirds (20 of 31) of these VOCs were aromatic hydrocarbons
(7 of 31), alkanes (9 of 31), or alkenes (4 of 31). The alkanes and alkenes typically were
halogenated hydrocarbons. Furans, ethers, and ketones were also detected. The most
prevalent are the aromatic compounds toluene, ethylbenzene, and benzene (detected in at
least 78% or 42 of the cells). The alkanes and alkenes dichloromethane and 1,1-

dichloroethane were the next most frequently detected VOCs (60% or 32 cells) followed by
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Table 1.4.9 Analysis of variance (ANOVA) results from comparing the number of VOC
detections between regions in Wisconsin. .

Number of VOC Detections Within Each Region

ANOVA Results

Compound Northern | Northeast | Central South Southeast F F
Region Region Region Region Region o
11 A-trichloroethane | 13 (53) | 5(43) | 6(44) | 15(28) | 15(28) | 0522 | 256
1 A-dichloroethane | 31(31) | 46 (21) | 73(17) | 25(27) | 65(42) | 3.88 | 2.41
35 54
Acstone (3300) | 27(880) | gy | 41(330) | 10(5000) | 128 | 242
90
Berzens 22(04) | 27(64) | g | 4065 | 481) | 288 | 241
Carbon disulfide 0 14(20) | 29(12) | 10(33) | 5(097) | 107 | 278
10
Chiorobenene 9(32) | 429) | g7, | 1045 | 1524 | 443 | 258
Chloroethane 22(14) | 11(12) | 16(11) | 20(14) | 18(13) | 0095 | 2.48
1,2-dichloroethene 21
s 732) | 2067 | 5 | 665 | 26(8) | 845 | 249
54
Dichloromethane | 42 (40) | 65(1%0) | " | 87(400) | 53 (40) | 277 | 241
Ethylbenzene 33(17) | 80(40) | 95(18) | 45(25) | 62(82) | 251 2.40
21 61 20 33
Methyl ethyl ketone | (6200) | 81 (®800) | (4300) | (23000) | (16000) | 264 | 242
Vethyltertiary Ul | 10(97) | 35(44) | 9(5.1) | 16(9) | 35(53) | 183 | 246
123
Naphthalene 34(12) | 57(25) | (1 | 68(82) | 34(84) | 583 | 241
130
o-dichiorobenzene | 2676 | 7901 | ) | 3582 | 3749 | 169 | 240
Styrene 598) | 15(18) | 26 (16) | 4(88) | 20(4.9) | 247 | 251
Trichloroethylene 23(13) | 18(73) | 8(5.8) | 4(40) | 32(11) | 102 | 249
Tetrachloroethylene | 10 (6.6) | 33 (13) 0 0 40(12) | 104 | 311
25 90
Tetrahydrofuran (1300) | 38(1100) | g0 | 32(660) | 38(660) | 541 2.41
166
Toluene 56(360) | 60(45) | (1o | 54(64) | 75(460) | 27.8 | 239
Vinyl chloride 588) | 15(3.9) | 22(14) | 6(21) | 19(22) | 0502 | 252
Xylene (total) 26 (73) | 65(130) | 59 (53) | 32(86) | 51(320) | 188 | 241

(x) = average concentration from all sites within a region
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the furan tetrahydrofuran (58% or 31 cells), the ketones acetone and methyl ethyl ketone

(49% or 26 cells), and the ether methyl tertiary butyl ether (31% or 17 cells).

The concentration of each VOC typically ranged over 2-3 orders of magnitude (0.1-
100 ug/L). Concentrations of the aromatic hydrocarbons typically ranged between 1-100
ug/L, whereas concentrations of the halogenated hydrocarbons (alkanes and alkenes)
typically ranged between 5 and 75 pg/L. One exception is the alkane dichloromethane
(DCM), which typically ranged between 1 and 1500 ug/L. The concentrations of the ketones
and furans ranged between 0.1-10,000 ug/L. The concentrations of these compounds are
generally higher and have a wider range for leachates in Wisconsin when compared to the
leachate characteristics reported in literature by other researchers.

There were 5435 VOC detections in the leachate at landfills examined of which 45%
(2457) exceeded the PAL and 26% (1412) exceeded the ES. An analysis of variance
(ANOVA) was conducted using these detections on a compound-by-compound basis to
determine if VOC concentrations differed significantly from site-to-site. Concentrations of
each VOC detected were compared to the concentrations at all other sites to determine if
concentration data could be pooled by compound. The aforementioned ANOVAs resulted in
pooling data from 48-90% of the sites for 21 VOCs. The median concentrations of the
pooled data for 1,1-dichloroethane, dichloromethane, trichloroethylene, tetrachloroethylene,
vinyl chloride, and styrene are above the MCLs and the median concentrations of acetone,
methyl ethyl ketone, naphthalene, and tetrahydrofuran exceed the Wisconsin ES. The
classes of compounds that most frequently exceed the MCL or ES are the alkanes, alkenes,
ketones, chlorinated hydrocarbons, and furans. In contrast, the aromatic hydrocarbons,
which are ubiquitous, have median concentrations below the MCL.

Trend analyses showed no significant temporal trend in concentration in a large

majority (72%) of the analyses. Increasing trends were uncommon (3% of analyses) and
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decreasing trends were common, but not typical (25% of analyses). This finding suggests

that the risk of groundwater contamination imposed by the landfills in this study was not
diminishing significantly over time, at least for the time periods that were considered.
Temporal trends were most common for the aromatic hydrocarbons, but these compounds
were also detected more frequently.

An ANOVA was conducted to determine if the number of VOCs detected and the
concentration of VOCs differed depending on the type of waste stream at each landfill.
Results of these ANOVAs suggest that a significant difference exists between the number of
VOCs detected at MSW and MSW-ISW sites (i.e., more VOCs were detected at MSW
landfills) and that higher average concentrations were in the leachates of MSW landfills.

ANOVAs were conducted to determine if the number of VOCs and the concentration
of VOCs in landfill leachate vary spatially within Wisconsin. The landfills were divided into
the 5 regions defined by the regional offices of the WDNR. The ANOVA comparing the
number of VOCs detected between regions resulted in the number of VOCs differing
significantly between the regions. Results of the ANOVA comparing concentrations
between regions suggest a significant difference in VOC concentrations between regions for
14 of 21 (67%) VOCs included in the analysis. Of the 14 VOCs for which the concentration
varied significantly between regions, 7 were aromatic hydrocarbons, 4 were alkanes or
alkenes, 2 were ketones, and 1 was a furan. Twelve of the 14 analyses suggested that the
highest average concentrations were from landfills in the south (4 of 14) or southeast (8 of
14) region. One possible explanation for this is that the southeast region is more industrial
than the other regions, and this may play a role in the increased number of detections the

highest average concentration.
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SECTION 2: MIGRATION OF VOLATILE ORGANIC COMPOUNDS(VOCS) FROM LINED
LANDFILLS IN WISCONSIN

ABSTRACT
This section examines volatile organic compound concentrations in the lysimeters of clay

and composite (compacted clay overlain by a geomembrane) lined landfills in Wisconsin.
Objectives of this study were to (1) examine VOC prevalence in lysimeters, (2) determine
typical VOC concentrations in lysimeters, (3) determine if temporal trends in VOC
concentration in lysimeters exist, (4) compare VOC concentrations between leachate and
lysimeter data, (5) compare VOC concentrations in the lysimeters of clay and composite
lined landfills, and (6) compare relative concentrations from field data with those determined
from analytical solutions. Data examined suggest that aromatics, alkanes, alkenes,
ketones, and furans are the 5 most common compound classes in lysimeters. The average
concentration range for these compound classes were between 0.1 and 100 pug/l for the
aromatics, the alkanes, and the alkenes, and between 100 and 1000 ug/l for the ketones
and furans. Results from linear regression analysis suggest that over 80% of the analyses
have no trend in concentration with time. Concentrations of the aforementioned compound
classes range between 3 and 10 times higher in the leachate as compared to the lysimeter
concentrations. Eleven VOCs were found in the lysimeters of both clay and composite lined
landfills and concentrations were compared between liner type using and analysis of
variance (ANOVA). ANOVA results suggest that the concentrations were statistically no
different between clay and composite lined landfills for 8 of the 11 VOCs. The advection
diffusion equation (ADE) derived and presented by van Genuchten 1981 was used to predict
contaminant transport through landfill liners. Results from the analytical solution under-
predicted the concentrations determined from field data for all of the compounds examined

in this paper. This study has shown that VOCs exist in the lysimeters of both clay and
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composite lined landfills and that the potential for groundwater contamination from VOC

migration remains a problem associated with both clay and composite lined landfills.

2.1 INTRODUCTION

Volatile organic compounds (VOCs) are found in many products that are disposed in
municipal solid waste (MSW) landfills (e.g. paints, personal care items, oils and greases,
carpets, adhesives, automotive care products, etc.) and are ubiquitous in MSW leachate
(Kmet and McGinley1982, McGinley and Kmet 1984, Nelson and Book 1986, Sridharan and
Didier 1988, Friedman 1988, Battista and Connelly 1989, Gibbons et al. 1992, Tedder 1992,
Oman and Hynning 1993, Battista and Connelly 1994, Rowe 1995, Krug and Ham 1995,
Hunt and Dollins 1996, Gade et al. 1996, Gron et al. 1999, Kjeldsen and Christophersen
2001, Kjeldsen et al. 2002, Frascari et al. 2004, Baun et al. 2004). VOCs commonly
detected in landfill leachate include tetrahydrofuran, chloroethane, 1,1-dichloroethane, 1,1,1-
trichloroethane, trichloroethylene, tetrachloroethylene, acetone, and BTEX compounds
(Nelson and Book 1986, Friedman 1988, Gibbons et al. 1992). Concentrations of these
VOCs in leachate vary over a broad range (~0.1 to 10,000 ug/l) and in many cases the
concentrations are near or above USEPA maximum contaminant levels (MCLs) (Friedman
1988, Gibbson et al. 1992, Tedder 1992, Krug and Ham 1995, Rowe 1995, Paxeus 2000,
Jiménez et al. 2002, Kjeldsen et al 2002).

VOCs present in MSW leachate can migrate through landfill base liners and
therefore may impact groundwater (Sangam and Rowe 2001, Kim et al. 2001, Foose et al.
2002). In fact, VOCs have been detected in ground water monitoring wells adjacent to a
lined landfill (Battista and Connelly 1994) and in lysimeters beneath seven clay-lined MSW

landfills in Wisconsin (Tilkens and Svavarsson 1995). In Wisconsin, a unique opportunity
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exists to evaluate migration of VOCs through MSW landfill liners because state regulations

required that a large pan lysimeter be placed directly beneath the liner of all MSW landfill
cells constructed between 1988-1997. These lysimeters have been sampled regularly
(some for nearly 20 yr) and analyzed for concentration of 47 VOCs, volume of liquid
discharged, indicators of water quality, and a variety of other regulated compounds. Similar
measurements were made on samples of leachate and groundwater from adjacent
monitoring wells. The objective of this study was to use the leachate and lysimeter data
collected in Wisconsin to assess migration of VOCs from clay and composite (clay overlain

by geomembrane) liners used in Wisconsin landfills.

2.2 BACKGROUND

2.2.1 Wisconsin Liner and Lysimeter Requirements

Between 1982 and 1995, several studies were conducted to determine the adequacy
of landfill liner systems in Wisconsin and to determine the characteristics of leachates from
MSW landfills in Wisconsin (Kmet and McGinely 1982, McGinley and Kmet 1984, Friedman
1988, Sirdharan and Didier 1988, Battista and Connelly 1989, Battista and Connelly 1994,
Krug and Ham 1995, Tilkens and Svavarsson 1995). Each of these studies showed that
VOCs are common in MSW leachate and that groundwater near unlined sites was often
contaminated with VOCs and other inorganic and organic compounds. In response to these
studies and previous case-specific contamination events, the Wisconsin Department of
Natural Resources (WDNR) began requiring landfill owners to install compacted clay liners
in new landfill cells on a case-by-case basis as early as 1980, to reduce the risk for
groundwater contamination. Pan lysimeters located beneath the liner were also required on

a case-by-case basis.
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Revisions to the Wisconsin regulations in 1988 formalized these requirements. In

particular, all new MSW landfill cells were required to include a compacted clay liner at least
1.5 m thick, a leachate collection system, and an underlying collection pan lysimeter for
monitoring the quality and quantity of effluent discharged from the liner (Chapters NR 500-
520 of the Wisconsin Administrative Code). Additional revisions promulgated in 1996
required (MSW) landfill cells to be composite lined with a geomembrane at least 1.5-mm
thick overlying a clay liner at least 1.2 m thick. The 1996 revisions also eliminated the
requirement for a lysimeter. However, some landfill cells approved and constructed in
Wisconsin between 1995 and 1997 were constructed with a composite liner and a lysimeter.

Other investigators have also detected VOCs in groundwater around landfills (Nelson
and Book 1986, Josephson et al. 1988, Friedman 1988, Battista and Connelly 1989,
Hallbourg et al. 1992, Battista and Connelly 1994). The difficulty with using analysis results
from groundwater monitoring is that many of the landfills examined have several cells which
may include unlined, clay lined, and composite lined cells. If results from groundwater
monitoring wells suggest that contamination exists at a landfill with multiple cells
implementing various liner systems (unlined, compacted clay, or composite designs) the
source of contamination (e.g. from unlined, clay lined, or composite lined cells) may be
difficult to define. Therefore, this study will not examine results based on VOCs found in
groundwater and will focus on VOCs found in lysimeters directly beneath the liner system

(compacted clay or composite).

2.2.2VOCs in Leachate and Lysimeters

Despite the presence of a liner, MSW landfills still pose a risk for groundwater

contamination by VOCs because VOCs are ubiquitous in landfill leachates, even at sites
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that receive no hazardous wastes. Section 1 of this paper provides a comprehensive review

of VOC concentrations in leachates of MSW landfills in Wisconsin that were lined with
compacted clay or composite liners. Data from a database compiled by WDNR were used
for the analysis along with data reported by other investigators (Kmet and McGinley 1982,
Sridharan and Didier 1988, Friedman 1988, Forst et al. 1989, Gibbons et al. 1992, Tedder
1992, Krug and Ham 1995, Rowe 1995, Hunt and Dollins 1996, Townsend et al. 2000,
Weber et al. 2002, Kjeldsen et al. 2002). A summary of the data reported in Klett et al.
(2005a) is in Table 2.1. Toluene and ethylbenzene, which are both aromatic hydrocarbons,
were the only two compounds found in all studies. Toluene was above the USEPA MCL in
46% of the studies and ethylbenzene was above the USEPA MCL in 36% of the studies.
Other commonly detected compounds include dichloromethane and benzene (both found at
82% of studies), tetrachloroethylene (PCE), TCE, and vinyl chloride (all three found at 73%
of studies), and 1,1-dichloroethane, 1,2-dichloroethylene (trans), and xylene (total) (all at
64% of studies). The highest concentrations for these ten compounds generally were from
Wisconsin leachates. Overall, the most frequently detected VOCs are the aromatic
hydrocarbons (e.g. toluene, ethylbenzene, benzene, naphthalene, and xylenes) and
halogenated hydrocarbons (e.g. dichloromethane, 1,1-dichloroethane, tetrachloroethylene,
and trichloroethylene), both of which had concentrations ranging between 0.1 nug/l and
10,000 ng/l. One common aspect among all studies reviewed is that the concentration of
each VOC varies over a broad range. The widest range in concentration was for 1,1,1-
trichloroethane (between 0.01 and 10,000 nug/l). However, the lower limit of 0.01 pg/l, from
the study by Kjeldsen et al. (2002) seems unreasonably low and no discussion about
analysis method used was provided by Kjeldsen et al. (2002). A more realistic range may

be 0.1-10,000 pg/l based on other studies examined.
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Concentration (ug/l)

Gibbson et al.
. (1992) Krug Hunt .
Parameter USEPA },fﬂr:gt“izd aSnr<I:|dB?drie:er: Friedman Z:)rasl,t Old New Tedder and Rowe and Townsend Kjgldasien This Overall
MCL (1982)y (1988) (1988) (1989) landfills | landfills | (1992) Ham (1995) | Dollins |et al. (2000) (2002') Study Range
(pre- (post- (1995) (1996)
1985) | 1985)
Acotone - - - - - - - - - - 50- - 60- | 3.4- 31
2100 440 | 59000 | 59000
- 221- KR - - - - 1.0- - - ) - 0.6- ) 0.6-
Phenol 5790 | 2170 6090 1200 6090
106- | 27.6- 1A- ND- 10- | 06 0.6-
Dichloromethane 5 20000 | 58200 - 6 | 8% | 1390 | g ND | g399 | 170 | 1628 | g5 | 8200 | 58200
280- 12- | 36 20- | 27- | 20 1 0.1- 0.1-
Toulene 1000 | 4509 | 1100 | gig | 48 | 983 | 406 | g70 | 12300 | 7000 | 1087 | 1267 | 42300 | 1900 | 12300
510- 3.7 6.0- 0.1- 0.1-
1,1-dichloroethane Y 6300 - 190 - 400 16| 2112 | 415 - 5.0-20 - 0646 | 599 6300
1,2-dichloroethylene 96- 3.6- ND- 1.6- 1.6-
(trans) 1001 5500 - 310 | 16 | 492 | 104 - 558 | 5080 - - 6582 | 21210 | 6582
100- 14- | 17- 48 | 27.1- 02- | 02- 0.2-
Ethylbenzene 700 250 | 11680 | 4go | 20 | 198 60 | 2393 | 4280 | 1400 | 7020 | 11108 | 5359 | 450 | 2329
14.6- 6.6- 0.7- 0.7-
Chloroform - 1300 | 4416 | 3432 | 45 - - [ 1021 72 - - - - 620 1300
13- 212~ | ND-
1,2-dichloroethane 5 11000 | 1710000 | - - - - 1.0-4 1 1030 | <86 - - <6 | 0.4-37 | 1-10000
5.4- 0.1-
Diethylphthalate - 43-300 - - - - - 12.9 - - - - 660 - | 0.1-660
Dibutylphthalate - 12-150 | 13-540 - - - - 10-12 - - - 105 | 01-70 - 0.1-540
T4 | 11- 22- | ND- 0.2- 0.1-
Benzene 5 19| 110000 | 55y | 572 | 65 7 1130 | 4630 | 590 - - 1630 | %185 | 40000
Bromodichloromethane - - 2490 - - - - - - - - - - - 2490
125-
Butylbenzylphthalate - 150 | 10-641 - - - - - - - - - 02-8 - | 02150
Carbon tetrachloride 5 - 3-995 - - - - - - - - - 4.0-9.0 - 3-995
Chiorobenzen 100 ; 3188 | 2358 | - 736 - | 1394 8'101' ; ; ; ?'116 0421 | 0.1-911
Chlorodibromomethane - - 31 - - - - - - - - - - 31
56 0.8 0.8
Chioroethane - 170 | 2730 | 43, - - - | 1565 9410 - 1117 - - 1300 | 1300
1,3-dichloropropene (cis)| - - 25 - - - - - - - - - - - 2.5
Di-n-octyl phthalate - - 16.1-542 - - - - - - - - - - - 16.1-542




Table 2.2.1 Range in concentration of VOCs characteristic of MSW, ISW, C&D landfill leachates and the USEPA MCL

(continued).

56

Concentration (ug/l)

Gibbson et al.
. (1992) Krug Hunt .
Parameter usgpa| Kmetand Sridharan g0, Forst New | Tedder | and Rowe and | Townsend | <I€19SeN | Tpig
McGinley |and Didier etal. ) ) ) etal. Overall Range
MCL (1982) (1988) (1988) (1989) landfills | landfills | (1992) Ham (1995) | Dollins |et al. (2000) (2002) Study
(pre- (post- (1995) (1996)
1985) | 1985)
Dibromochloromethane - - 22-160 - - - - - - - - - - - 22-160
2.0- 0.2-
Dichlorodifluoromethane | - 180 | 100-242 1 - - - - - 1030 - - - - 140 | 021030
Fluoranthene - - 9.5-723 - - - - - - - - - - - 9.5-723
3.2-
Fluorotrichloromethane - - 1.0-183 | 5 - - - - - - - - - - 1.0-200
Isophorone - - 3.2-520 - - - - 9.4-28 - - - - - - 3.2-520
lospropylbenzene - - 1 - - - - - - - - - - - 1
- - ol any - - - - 86 - - - 10- 1 18- 1 4 870000
Methyl ethyl ketone 37000 37000 36000 6600 70000 )
0.1-
Naphthalene - 19 4.6-186 - - - - 4.5-29 - - - 1.2 260 0.3-62 0.1-260
0.5-
p-dichlorobenzene 5 ) 2-250 ) ) ) } 1-39.8 ) ) ) ) 0.1-16 350 0.5-350
Pentachlorophenol 1 3 25 - - - - 63-540 - - - - - - 3-540
Styrene 100 - 2 28 - - - - - - - - 0.5-1.6 - 0.5-28
5 2660 | 1232 | 1469 | 2.8 - - 12 | 0844 | ND- ; 3.2 0.05- | 679 | 0.05-2000
Tetrachloroethylene ) ) ) 2000 ) 250 ) )
410- 270- 3.0-
Tetrahydrofuran - - 1400 | 11000 | ° - - - - - - - 9-430 | 49009 | 3:0-19000
1,3-dichloropropene _ _ 25 _ _ _ _ - _ _ - - - - 25
(trans)
1.9- 0.3- 0.01- 0.7-
1,1,1-trichloroethane 200 | 2400 | 1-10000 | - 45 - - [ M1 3810 - 3 - 3810 | 430 | 00110000
2.4- 2.3- ND- 0.05- 0.5-
Trichloroethylene 5 | 160-600 | 1-372 | o8y | 79 | O o2 - 230 - - 750 | 202 | 905780
0.3- ND- 0.4-
Vinyl chloride 2 61 10-3000 | 11-150 - 107 51 1-19.6 5570 2010 10-12 - - 304 0.3-5570
25- | 3.7- 44- 10- 08 | 04
Xylene (total) 10000 ; 30-2000 | S| e . . av> | 2010 . 3338 | 1352 | g0 | su0p | 04-3010
1.5- 0.5-
1,1,2-trichloroethane 5 500 10000 - - - - - 7130 - - - 2516 | - 0.5-10000
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Studies have also illustrated that VOCs can migrate through landfill liners

(Josephson et al. 1988, Friedman 1988, Battista and Connelly 1989, Hallbourg et al. 1992,
Battista and Connelly 1994, Rugge et al. 1995, Tilkens and Savavarsson 1995,). Friedman
(1988) examined lysimeter data from 7 landfills (5 MSW and 2 industrial solid waste (ISW)
landfills) in Wisconsin. The landfills that were examined employed 3 different liner
configurations, which included 5 landfills constructed with compacted clay liners and 2
landfills having cells that were constructed with either no lining system (natural attenuation),
or were classified by the WDNR as retarder landfills (e.g. a landfill constructed with a
reworked, fine-grained material base that does not meet the specifications for a clay liner)
(Friedman 1988) Vinyl chloride, toluene, and tetrahydrofuran were the only VOCs detected
in the lysimeters and a summary of the results from Friedman (1988) is in Table 2.2.
Tetrahydrofuran (a furan) was the compound most frequently detected in lysimeters (3 of 7
landfills) and was detected in the lysimeter at one of the clay lined landfills. Toluene (an
aromatic hydrocarbon) and vinyl chloride (a chlorinated hydrocarbon) were each detected
once at separate landfills employing natural attenuation or retarder liner configurations.
Tilkens and Svavarsson (1995) examined lysimeter data from 10 landfills in
Wisconsin that were lined with 1.5 m of compacted clay and monitored for VOCs in the
lysimeter. At least one VOC was detected in at least one lysimeter at 7 of the landfills. Of
the 47 VOCs typically monitored in Wisconsin, 27 were detected in the lysimeters of these 7
landfills. However, due to different regulatory requirements, not all 47 VOCs were evaluated
at each landfill. Alkanes and alkenes (trichloroethene, 1,1-dichloroethane, tetrachloroethene,
dichloromethane, and 1,1,1-trichloroethane) were the most commonly detected VOCs, with
concentrations ranging between 0.2 pg/l and 2500 pg/l. Other classes of compounds that
were detected were aromatic compounds, furans, and chlorinated hydrocarbons. Summary

statistics for the concentrations of VOCs found in lysimeters are in Table 2.3.
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Table 2.2.2 Range in concentration of VOCs found in leachate, lysimeters, and groundwater

monitoring wells in Wisconsin (adopted from Friedman 1988).

Groundwater
Leachate Lysimeter Monitoring
0, 0, (o)
Parameter Lan{;fills Concentrati Lan{;fills Concentrati Lan{;fills Concentrati
. on Range . on Range . on Range
with (ppb) with (ppb) with (ppb)
detects PP detects PP detects PP
Chloroethane 58 5.6-730 - - 19 4.8-420
1,1-dichloroethane 63 3.7-190 - - 42 1.0-360
1,2-dichloroethane 42 1.3-600 - - 15 1.8-8.5
1,1,1-trichloroethane 47 3.1-130 - - 30 1.3-130
vinyl chloride 16 11-150 5 1.5 15 2.0-190
1,2-dichloroethylene 42 3.6-310 - - 19 1.0-3900
trichloroethylene 63 2.4-280 - - 30 1.2-480
tertachloroethylene 58 1.4-69 - - 30 1.2-1300
Benzene 63 1.4-220 - - 27 1.0-32
chlorobenzene 16 2.3-5.8 - - 11 2.0-110
ethylbenzene 84 1.4-180 - - 19 1.3-74
1,4-dichlorobenzene 42 3.0-21 - - 11 2.7-6.2
Toluene 95 1.2-610 5 1.2 23 1.1-3500
xylene, (total) 84 2.5-240 - - 23 3.3-160
trichlorofluoromethane 26 3.2-200 - - 23 3.7-66
methyl ethyl ketone 37 640-37000 - - 8 120-5100
Styrene 5 28 - - - -
tetrahydrofuran 58 270-2600 16 800-11000 11 520-3400
chloroform 26 3.4-32 - - 4 1.0-19.0
1,1-dichloroethylene - - - - 11 1.6-4.9
1,2-dichlorobenzene - - - - 4 2.8
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Concentration Range (ng/l)

Parameter Site A Site B Site C Site D Site E Site F Site G
Lys1 | Lys2 |Lys3| Lys1 Lys 1 Lys 2 Lys 1 Lys 1 Lys 2 Lys 1 Lys2| Lys3 Lys 1 Lys 2 Lys 3
dichloromethane 5.7 - - 7 11.-14 - 2.4 2500 4.6 - - - 1.5 1 1.2-25
toluene - - - 0.1 2.2-2.7 24 - 5.1-740 - 1.6 - - - - -
1,1-dichloroethane 10.3 | 5-8.24 - 3.6-9.9 17 12 7.4 10-430 | 3.1-3.9 2.6-4.4 - - - - -
g;ﬁc;:éi-thylene 57 "5 ) ) - 1.3 - - - na na na 0.5 0.8 1.2
ethylbenzene - - - - 0.78-0.8 - - 84 - 3.2 - 1.2-2.9 - - -
1,2-dichloroethane - - - - 1.8 1.3 - - - - - - - - -
benzene - - - 0.1 0.7-1.8 5.5 0.41 25 - 0.2 - 0.4 - - -
chloroform - - - - - 0.12 1.3 - - - - - - - -
methyl ethyl ketone - - - - 1.2-76 | 0.51-3.4 na 23-900 450 - - - na - 9.9
naphthalene - - - 0.22 na na - - - - - - na na na
tetrachloroethene - - - 3-3.2 3.6-5.5 - 0.96 2.2-32 - - 0.8 - 1 2.-11 -
1,1,1-trichloroethane - - - 3.1-4.7 - - 0.84-9.1 31 1.5-4 - - - 1.3-5.8 - -
trichloroethene - - - 0.7 2.1-17 - 0.62-1.7 2.-58 0.6 0.3 0.4 0.2 5.4 11-155 -
vinyl chloride - - - 1.6 1.7-5.5 - 2.4-3 - - - - - - - -
xylene (total) - - - - 5-7.3 41 - 8-202 - - - - - 3 -
tetrahydrofuran - - 240 - 80-100 70-160 - - 1000 - - - 30-170 14 63-91
chloroethane - - - 3.3 2.2 - 1.8-2.9 - - - - 1.8 - - -
chloromethane - - - 0.16 na na 4.1 4.4-71 - - - - na na na
dichlorodifluoromethane - - - 12.-17 1.2 1.5 1.1-1.9 - - - - - na na na
cis-1,2-dichloroethene - - - 2.3 40-120 - - - - - - 14-2.2 na na na
p-dichlorobenzene - - - 0.1 0.56-1.6 2.2 - - - - - - - - _
1,1-dichloroethene - - - - - - 2.8 - - - - - 1.1 - -
acetone - - - - - - - 20 - - - - na na na
freon - - - 2-8.2 na na 2.1-55 - - - - - - - -
isopropyltoluene na na na 0.09 - - na na na na na na na na na
1,2-dichloropropane - - - - 4.8-8 6 - - - - - - na na na
Methyl tertiary butyl ether - - - - - - - - - 1.1 1.6 21 na na na

"-" compound was not detected

na = not analyzed
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Tilkens and Svavarsson (1995) suggested that the presence of VOCs in the lysimeters can

not be linked to breakthrough of leachate through the liner. Rather, they speculate that
construction or cross contamination is the source of VOCs in landfill lysimeters in Wisconsin.
The aforementioned conclusion was based on the observation that detections of VOCs does
not correlate to elevated inorganic data. That is, inorganic contaminant transport through
the liner systems is not exhibited and thus VOC detections are believed to be caused by
construction or cross contamination.

Workman (1993) examined a MSW landfills which had a primary liner consisting of a
geomembrane on the side slopes and a geomembrane and compacted clay liner on the
base. The average flow rates found in the leak detection system ranged from 50-700 Iphd.
Workman (1993) also found that after approximately one year of monitoring, several of the
cells began having VOC detects. The most frequently detected compounds were
chloroethene, 1,1-dichloroethane, ethylbenzene, dichloromethane, toluene, 1,1,1-
trichloroethane, trichloroethane, and xylene. Specific concentrations were not reported, but

were explained to be in the low parts per billion range.

2.2.3VOC Transportin Liners

Analytical solutions such as the advection diffusion equation (ADE) have been used
to describe contaminant transport through compacted clay liners (Ogata and Banks 1961,
Van Genuchten 1981, Shackelford 1990, Shackelford and Daniel 1991, Kim et al. 2001,
Sangam and Rowe 2001, Foose et al. 2001). The ADE equation can also be used to
estimate contaminant transport through composite liners by reducing the hydraulic
conductivity term to essentially zero. The analytical solutions have been used to predict

contaminant transport in laboratory studies and experimentally controlled field scale
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compacted clay liners, but limited information has been found in literature that describes

assessing the ADE against field data directly above and below a landfill liner system (i.e.
clay and/or composite) (Van Genuchten 1981, Johnson et. al 1989, Foose et al 2001, Edil
2003, Willingham et. al 2004).

Sangam and Rowe (2001) conducted laboratory diffusion tests simulating VOC
transport in compacted clay and composite liners. The tests were performed in double
compartment cells (closed systems) with source and receptor reservoirs separated by either
a layer of compacted clay or a layer over compacted clay overlain by a geomembrane (i.e. a
composite liner). The initial concentration of DCM was 4.7 for the compacted clay tests and
10 mg/l for the composite liner tests. The initial concentration of TCE was 3.3 for the
compacted clay tests and 4.3 mg/l for the composite liner tests. The maximum flux of DCM
was 75 pg/cm?/s for the compacted clay and 17 pg/cm?/s for the composite liner. For TCE,
the maximum flux was 5 pg/cm?/s for the compacted clay and was undetectable for the clay-
geomembrane composite liner systems. In addition, the concentration of DCM diffusing into
the receptor below the compacted clay was approximately 5 times greater than the
concentration of DCM found in the receptor of the clay-geomembrane composite.

Sangam and Rowe (2001) explain that the rate of migration depends on the chemical
being examined and the affinity of the geomembrane for the chemical. Both diffusion and
partition processes should be considered in the migration of VOCs through high density
polyethylene (HDPE) geomembranes. Partitioning coefficients are important, because
varying the partitioning coefficients effects the permeation rate of HDPE geomembranes.

Kim et al. (2001) examined VOC transport through compacted clay liners in the
laboratory using bench-scale columns and large tank tests. The influent was spiked with
aromatic hydrocarbons (toluene and m-xylene), halogenated hydrocarbons (methylene

chloride, 1,1,1-trichloroethane, trichloroethene), and a chlorinated hydrocarbon (chloroform).
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The total influent concentration for each compound was16 mg/l for the tank tests and 20

mg/I for the column tests to represent typical VOC concentrations in MSW leachate. The
data were analyzed using a one-dimensional mass transport equation which accounted for
first order degradation during transport. They found that that the clay-water partition
coefficients (K;) for VOCs can be estimated from the organic carbon fraction (f,c) and the

organic carbon partition coefficients (Koc):

Kp = focKoc (1)

with K, estimated from the octanol-water partition coefficient (Kow) using the relationship

reported by (Kim et al. 2001):

log Koc = 0.92 + 0.36log Ko (2)

Kim et al. (2001) also emphasized the importance of accounting for degradation during
laboratory tests. Ignoring degradation may result in under-estimated dispersion coefficients
and over-estimated partition coefficients. They also found that the half-lives of all
compounds examined ranged from 2 to 116 days and that molecular diffusion coefficients
and apparent tortuosities generally decreased with decreasing aqueous solubility.

Foose et al. (2002) examined methods for analyzing advective and diffusive
transport through composite liners and compared flow and transport through composite
liners with geomembranes containing defects and those with intact geomembranes. They
found that the mass flux of VOCs through an intact liner is 4 to 6 orders of magnitude
greater than through a defect. Thus, transport of organic compounds through defects can

be ignored if a high level of quality control quality assurance is followed during
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geomembrane installation. Transport through intact composite liners was analyzed using a

one dimensional finite-difference model, which accounted for the thickness of the
geomembrane and the soil liner, the “equivalent” steady-state diffusion coefficient for the
composite liner, the difference in concentration between the source at the top of the
geomembrane and the base of the liner, and the sorptive capacity of the underlain soil. The
numerical model converged to the Ogata and Banks (1961) solution of the advection
diffusion equation for the case of diffusion in a thick soil liner without a geomembrane
(Foose 1997). A limitation to this analysis method is that the method can only be used to
analyze one chemical at a time. Some of the mechanisms included in the analysis of
composite liners include diffusion, advection (if defects are present), and sorption (in the
clay portion of the liner). Diffusion through intact geomembranes occurs at appreciable
rates (Park and Nibras 1993) and is the dominant mode of VOC transport through
composite liners reported by Foose (2002) and Foose et al. (2002).

Previous research on field-scale liner systems suggests that VOCs transport through
compacted clay liners, but data from field-scale composite lined landfills is limited and VOC
transport through composite lined landfills has not been clearly established. However,
analytical studies have suggested that significant diffusion based transport is possible, but
this is based only on laboratory determined parameters. Therefore, this study will examine
field-scale data from landfills in Wisconsin to determine if VOC transport is pervasive or not
in clay and especially composite lined landfill systems and if observations from field data are

consistent with the diffusive transport models.

2.3 DATA SOURCES

See Section 1.3 Data Sources.
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2.4 DATA ANALYSIS

2.4.1 General Characteristics

The lysimeter data set consists of 2738 samples analyzed for VOCs that were
obtained from 94 lysimeters at 34 landfills (some landfills had multiple cells, each with a
lysimeter). At least one VOC with a concentration above the limit of detection (LOD),
referred to henceforth as a detection, was detected in 1356 of these samples. Moreover, at
least one VOC was detected during one sampling event in each of the 94 lysimeters in the
study. The fraction of lysimeters having a least one detection of a particular VOC is shown
in Fig. 2.4.1a (the number above each bar is the fraction of lysimeters with a detection of the
VOC). Toluene was detected most frequently (60% of the lysimeters) and ten VOCs
(toluene, tetrahydrofuran, dichloromethane, benzene, acetone, chloromethane, xylene
(total), ethylbenzene, trichloroethylene, and 1,1-dichloroethane) were detected in more than
25% of the lysimeters. The most prevalent compounds are aromatic hydrocarbons (toluene
and benzene), furans (tetrhydrofuran), and the alkanes (dichloromethane and 1,1-
dichloroethane).

In approximately 45% of the lysimeters examined, a particular VOC was detected
during only one or two sampling events. These detections potentially could be attributed to
random events such as sample contamination or analytical error. Thus, an analysis was
also conducted considering only cases where a given VOC was detected at least three
times in a given lysimeter. Three or more detections of a given VOC occurred in 45 of the
94 lysimeters in the study. The fraction of lysimeters having three detections of a particular
VOC is shown in Fig. 2.4.1b in terms of the total number of lysimeters (94) and in Fig. 2.4.1c
in terms of the total number of lysimeters with a least three detections of a particular VOC

(45 lysimeters). There were 27 VOCs detected at least three times in a lysimeter, and
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detections (b) based on sites with 3 or more detections (c) based on sites with 3

or more detections and only lysimeters (45) with three or more detections used to

calculate fraction.
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toluene was the most frequently detected compound that was detected at least three times

(22% of the lysimeters). Also, 8 of the 10 most frequently detected compounds detected at
least once were also detected at least three times (e.g., toluene, tetrahydrofuran,
dichloromethane, benzene, xylene (total), ethylbenzene, ftrichloroethylene, and 1,1-
dichloroethane). Tetrachloroethylene and dichlorodifluoromethane were the other two
VOCs in the top 10 compounds detected at least three times (acetone and chloromethane
were in the top ten VOCs with at least one detection, but were not in the top ten when at
least three detections were considered).

Concentration records for four VOCs detected in different lysimeters are shown in
Fig. 2.4.2 (219 similar graphs were prepared, one for each compound in each lysimeter; all
graphs are presented in Appendix E; data used to create each of the VOC concentration
records is given in a summary table (Table B.1) in Appendix F.). These concentration
records are typical of those evaluated in this study. The Wisconsin ES and PAL as well as
the limit of detection (LOD) are also shown in each graph in Fig. 2.4.2 (the LODs shown in
Fig. 2.4.2, and reported elsewhere in this section, correspond to the highest LOD reported
for each compound). VOC concentration is shown on a logarithmic scale in Fig. 2.4.2
because of the large ranges in concentration (orders of magnitude) for each VOC. Data
points corresponding to concentrations below the LOD were assigned a “concentration” of
0.01 ug/L so that the data could be displayed on a logarithmic scale. Inclusion of data below
the LOD provides a visual record of the sampling history from the date refuse was first
accepted at the site. The minimum reported LOD was at least 5 times greater than 0.01
ug/L. A different symbol was used for these data points to avoid confusion with data falling
above the LOD.

The graphs in Fig. 2.4.2 represent 4 of the 6 classes of compounds that were

detected (e.g., aromatic hydrocarbons, alkanes, furans, and ketones). Data from the
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Figure 2.4.2 Typical concentration record for VOCs along with the LOD, PAL, and ES: (a)
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alkenes are not graphed in Fig. 2.4.2, but data pertaining to compounds in this class exhibit

variability similar to that of the alkanes. The data in Fig. 2.4.2 indicate that VOC
concentrations frequently exceed the Wisconsin PAL and in some cases exceed the USEPA
MCL. Trends with time as measured from the date refuse was first placed in the landfill exist
in some, but not all of the data (e.g., the benzene concentration is increasing at Site G,
whereas the acetone concentration at Site J shows no trend), and at essentially all sites
some non-detections periodically occur even when detections are commonplace (open
symbols in Figs. 2.4.2a, c, and d). The data in Fig. 2.4.2 also illustrate that VOCs are
present in lysimeters in as little as 6 yrs from the date when refuse was first placed in the
landfill (e.g. dichloromethane at Site Y). Even earlier arrivals are possible, given that VOC
monitoring was not required at all sites until the mid-1990s. The lag between fill date and
VOC detection in the lysimeter is believed to be a result of monitoring start date because
other data examined have VOC detections arriving as early as one year.

Summary statistics are provided in Table 2.4.1 for the concentrations of the 27 VOCs
with three or more detections in a lysimeter. Also included in Table 2.4.1 is the number of
lysimeters for which each VOC was detected, the Wisconsin PAL and ES and the USEPA
MCL for each VOC, the average minimum concentration, the average maximum
concentration, the overall arithmetic mean concentration for each VOC (computed using
concentrations above the LOD), the average number of detections above the PAL, the
average number of detections above the ES, the average number of detections above the
LOD, and the average number of samples analyzed. The averages were based on all
lysimeters with 3 or more detections. Of the 1356 detections, 37% (495) exceeded the
Wisconsin PAL and 15% (202) exceeded the Wisconsin ES or the USEPA MCL. The

average concentrations range between 0.1 and 100 ug/l for the aromatics, the alkanes, and
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Table 2.4.1 Summary statistics for VOCs in lysimeters in Wisconsin along with the Wisconsin ES and PAL and the USEPA MCL.

Avg.

Avg.

Overall

Avg.

Number 2 3 US EPA S . Avg. Number| Avg. Avg.
Parameter Sites with PAL ES McCL* Minimum | Maximum |- Avg. Dgetections Numper Num%er Num%er
Detections (ng/) (ng/) (ngl) Cone. Cone. Cone. >PAL Detections Detections |Samples
(ngfl) (ngfl) (ngfl) >ES

1,1,1-trichloroethane 5 40 200 200 0.8 52.2 10.5 0.4 0.0 7.0 14.0
1,1-dichloroethane 16 85 850 - 1.2 30.8 8.5 0.1 0.0 71 13.6
1,2-dichloroethane 0 0.5 5 5 - - - - - - -
1,2-dichloropropane 2 0.5 5 5 0.4 5.0 1.9 6.0 1.0 7.5 10.5
Acetone 8 200 1000 - 5.2 811 268 0.5 0.1 4.9 8.4
Benzene 16 0.5 5 5 0.7 7.7 2.7 4.5 1.1 6.6 12.4
Chlorobenzene 2 20 100 100 5.6 58.5 19.9 3.0 0.0 14.5 16.0
Chloroethane 5 80 400 - 3.8 54.6 21.7 0.6 0.0 5.6 16.4
Chloroform 1 0.6 6 - 0.4 5.9 2.1 5.0 0.0 9.0 13.0
Chloromethane 6 0.3 3 - 0.7 2.7 1.7 3.2 1.0 4.3 13.7
1,2-dichloroethylene (cis) 8 7 70 70 0.4 95.8 20.3 2.3 0.5 71 12.5
Dichlorodifluoromethane 10 200 1000 - 7.0 24.3 13.3 0.0 0.0 5.3 10.8
Dichloromethane 17 0.5 5 5 0.8 87.4 15.4 3.0 0.7 4.2 114
Ethylbenzene 14 140 700 700 1.0 19.8 6.8 0.0 0.0 5.1 13.2
Fluorotrichloromethane 2 698 3490 - 1.7 171 6.4 0.0 0.0 7.0 9.0
Methyl Ethyl Ketone 2 90 460 - 0.6 9.4 3.2 0.0 0.0 9.0 14.5
Methyl Tertiary Butyl Ether 1 12 60 - 0.9 30.0 10.8 3.0 0.0 9.0 16.0
Naphthalene 5 8 40 - 0.5 5.0 2.2 0.0 0.0 3.4 21.0
p-dichlorobenzene 7 15 75 75 0.7 11.7 3.8 0.6 0.0 8.3 17.4
1,2-dichloroethylene (trans) 3 20 100 100 0.4 2.5 1.2 0.0 0.0 4.7 12.3
Trichloroethylene 13 0.5 5 5 1.6 42.8 10.5 6.2 2.1 7.2 11.4
Tetrachloroethylene 10 0.5 5 5 3.3 44.5 21.9 6.1 1.9 6.6 13.1
Tetrahydrofuran 18 10 50 - 323 1130 638 4.7 2.9 6.3 8.1
Toluene 21 200 1000 1000 0.9 74.7 15.9 0.2 0.0 5.9 12.5
Vinyl Chloride 9 0.02 0.2 2 0.6 11.5 4.3 7.0 6.9 7.0 12.8
Xylene (total) 11 1000 10,000 | 10,000’ 8.5 233 50.2 0.1 0.0 4.8 12.2
Xylene, M&P 5 1000 10,000 | 10,000’ 0.7 4.2 2.1 0.0 0.0 5.6 9.0
Xylene, O- 6 1000 10,000 | 10,000’ 0.4 4.9 2.6 0.0 0.0 5.0 8.7

' = USEPA MCL is based on xylene (total) in sample

2
3
4

= PAL: Preventative Action Limit
= ES: Enforcement Standard
= MCL: Maximum Contaminant Level




70
the alkenes, and between 100 and 1000 ug/l for the furan tetrahydrofuran (the only furan

detected).

2.4.2 Analysis of Temporal Trends

Trend analyses were conducted on the VOC data from each lysimeter using linear
regression to determine if statistically significant trends existed in VOC concentration over
time (i.e. to determine if the VOC concentration in the lysimeter was increasing, decreasing,
or staying the same over time). The analyses were conducted by regressing concentration
(C) on time and the natural logarithm concentration (InC) on time. Analyses were conducted
with logarithmically transformed data because InC is more closely normally distributed than
C (an implicit assumption when conducting trend analysis using linear regression). Samples
that were below the LOD were not included in the regression analysis. In 4% of the cases,
outliers (defined as a concentration 5 times greater then the average) were excluded. For
most analyses, at least 10 data points were available for the regression analysis.

Significance of the trend was evaluated by determining if the slope of the regression
line was statistically different from zero (if the slope is not different from zero, the data do not
exhibit temporal trend). Under the null-hypothesis of the slope being zero, the slope follows
a t-distribution with n-1 degrees of freedom. When the probability of falsely rejecting the null
hypothesis (i.e. the p-value) is greater then the significance level a, the slope is statistically
no different from zero and the data have no linear temporal trend (Berthouex and Brown
2002). For all analyses, a was set at 0.05, which is the common significance level used in
hypothesis testing (Berthouex and Brown 2002).

Graphs illustrating cases of increasing concentration, no trend, and decreasing

concentration are reported in terms of C in Fig. 2.4.3 and InC in Fig. 2.4.4. Benzene was
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Figure 2.4.3. Representative trends for benzene from regression analysis using the natural
logarithm of the concentration: (a) increasing, (b) no trend and (c) decreasing.
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chosen for creating Figs. 2.4.3 and 2.4.4 because benzene was the only VOC that exhibited

all three trends for analyses based on C and InC.

Results of the regression analyses are summarized in Table 2.4.2. Of the 223
regression analyses performed, three (1%) had a statistically significant increasing trend
based on C and 4 (2%) had a statistically significant increasing trend based on InC, 25
(11%) had a decreasing trend based on C and 36 (16%) analyses had a decreasing trend
based on InC. The aromatic hydrocarbons more frequently had an increasing trend (1%
based on C), whereas the alkanes and alkenes more frequently exhibit a decreasing trend
(7% based on C).

There were 22 individual regression analyses that had conflicting results (e.g.
analysis based on InC indicated a particular trend and the analysis based on C indicated a
different trend). Of the 22 conflicting analyses, 17 (77%) indicated a statistically significant
trend based on InC, but no trend based on C and 5 (23%) had opposite results (i.e., a
statistically significant trend based on C, but no statistically significant trend based on InC).
When results of the C and InC regression analyses conflicted, an additional examination
was conducted. This involved examining the conflicting data from each lysimeter for each
compound to determine if any of the concentration data were near-outliers (i.e. data with a
concentration more than three, but less than five times the average concentration), if there
was a particularly wide range in VOC concentration, or if there were relatively few VOC
detections. This additional examination suggested that 9% of the conflicting analyses had
detections between three and five times the average concentration, 27% had concentrations
ranging at least two orders of magnitude, and 23% had only 3 or 4 detections.

Contrary to what might be expected, concentration data generally do not exhibit a
temporal trend over the range of times during which data were collected (4 to 20 yr). In fact,

most analyses (88% based on C and 82% based on InC) had no statistically significant
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Table 2.4.2. Results from regression analysis for all compounds detected in leachate at

landfills in Wisconsin.

Analysis based on C

Analysis based on Ln C

Number | Number [Number, Number Number | Number| Number
Parameter Sites with | Sites With | Sites | Sites With | Sites With | Sites | Sites With
Detections| Increasing |With No| Decreasing | Increasing | With No | Decreasing
Trend Trend Trend Trend Trend Trend
1,1,1-trichloroethane 5 0 3 2 0 3 2
1,1-dichloroethane 16 0 14 2 0 13 3
1,2-dichloroethane - - - - - - -
1,2-dichloropropane 2 0 1 1 0 1 1
Acetone 8 0 8 0 0 8 0
Benzene 16 1 13 2 1 14 1
Chlorobenzene 2 1 1 0 1 1 0
Chloroethane 5 0 4 1 0 4 1
Chloroform 1 0 1 0 0 0 1
Chloromethane 6 0 6 0 0 6 0
1,2-dichloroethylene (cis) 8 0 7 1 0 7 1
Dichlorodifluoromethane 10 0 9 1 0 8 2
Dichloromethane 17 0 15 2 1 14 2
Ethylbenzene 14 0 14 0 0 13 1
Fluorotrichloromethane 2 0 1 1 0 1 1
Methyl Ethyl Ketone 2 0 2 0 0 2 0
Methyl Tertiary Butyl Ether 1 0 1 0 0 1 0
Naphthalene 5 0 5 0 1 4 0
p-dichlorobenzene 7 0 6 1 0 5 2
1,2-dichloroethylene (trans) 3 0 3 0 0 3 0
[Trichloroethylene 13 0 9 4 0 10 3
[Tetrachloroethylene 10 0 9 1 0 10 0
[Tetrahydrofuran 18 0 17 1 0 15 3
[Toluene 21 0 20 1 0 17 4
\Vinyl Chloride 9 0 8 1 0 7 2
Xylene (total) 11 0 11 0 0 8 3
Xylene, M&P 5 1 3 1 0 4 1
Xylene, O- 6 0 4 2 0 4 2
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temporal trends (for approximately 25 yrs of concentration data). This suggests that

landfills may present a relatively constant contaminant source for an extended period of

time.

2.4.3 Comparison of VOC Concentrations with Regulatory Standards

Data pertaining to VOC concentrations in the lysimeter were collected and pooled on
a VOC specific basis for comparison with the concentration from many sites and the USEPA
MCL or Wisconsin ES. The VOC concentrations in the lysimeters were pooled to provide a
larger data set from which general observations could be made. However, before data were
pooled, the data for each VOC were examined on a site-by-site basis to determine if there
were statistical differences in concentration data between sites. To determine if the data
could be pooled on a VOC specific basis, 2 criteria were established. One criterion was that
a particular VOC needed to be detected at least three times in at least 5 lysimeters, to
ensure that adequate data were available and so that data from one lysimeter did not
dominate the overall pooled data set. Additionally, an analysis of variance (ANOVA) was
conducted using the data pertaining to each VOC satisfying the first criterion (i.e. separate
ANOVAs were conducted comparing concentrations from all lysimeters on a compound-by-
compound basis). The criterion used for the ANOVA was that F < F., suggesting that
differences between the data for each lysimeter are not statistically significant. Data that
met these criteria were considered statistically similar and were pooled.

Of the 27 VOCs detected in lysimeters, 7 were detected three or more times in less
than 5 lysimeters and were thus not included in the ANOVA. The remaining 20 VOCs
(1,1,1-trichloroethane, 1,1-dichloroethane, acetone, benzene, chloroethane, chloromethane,

1,2-dichloroethylene (cis), dichlorodifluoromethane, dichloromethane, ethylbenzene,
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naphthalene, p-dichlorobenzene, ftrichloroethylene, tetrachloroethylene, tetrahydrofuran,

toluene, vinyl chloride, xylene (total), m&p-xylene, o-xylene) were detected three or more
times (in each lysimeter) in 5 or more lysimeters and were thus included in the ANOVA.
Each ANOVA compared concentrations of a given VOC between all lysimeters. That is, 20
ANOVAs were conducted, with each ANOVA comparing concentrations of a given VOC in a
given lysimeter to concentrations of the same VOC in all other lysimeters meeting the
previously stated criterion.

Results of these ANOVAs are summarized in Table 2.4.3. Ten of the VOCs (1,1,1-
trichloroethane, 1,1-dichloroethane, cis-1,2-dichloroethene, dichloromethane, ethylbenzene,
naphthalene, trichloroethylene, toluene, xylene (total), and o-xylene) showed no significant
difference in concentration between any of the lysimeters. A pooled concentration data set
was formed for each of these VOCs. For the other 10 VOCs, significant differences existed
between data sets for some of the lysimeters. For these VOCs, only those data sets that
were not statistically different were included in the pool. For these VOCs, the pooled data
sets excluded data from 14% (acetone) to 60% (chloromethane) of the lysimeters.

An example of a pooled data set (73 detections of dichloromethane (DCM) from 11
sites) is shown in Fig. 2.4.5. The data fall within a band having an upper bound of 20 ug/L
and a lower bound of 0.2 ug/L. Of the detections shown in Fig. 2.4.5, 16% exceed the MCL
and 69% exceed the PAL. The geometric and arithmetic mean concentrations are also
shown in Fig. 2.4.5. Parkhurst (1998) suggests that geometric means are biased low and
do not represent components of mass balance properly, whereas arithmetic means are
unbiased and more consistent with mass balance. Nevertheless, both are provided here.
The arithmetic mean is 43 times greater than the PAL and the geometric means is 2.5 times

greater than the PAL for DCM. When comparing the geometric and arithmetic means to the



Table 2.4.3 ANOVA results from sites where VOCs were detected and
the percentage of sites where the concentrations were not
significantly different.

Degrees %_Sites
voC F Fer of S‘.’V't.h. no
Freedom |'gn|f|cant
Difference

1,1,1-trichloroethane 1.04 2.67 4 100
1,1-dichloroethane 1.34 1.91 12 100
Acetone 2.41 2.68 4 83
Benzene 1.72 1.92 11 86
Chloroethane 1.98 3.16 3 80
Chloromethane 3.88 4.75 1 40
1,2-dichloroethylene

(cis) 1.32 2.20 6 100
Dichlorodifluoromethane | 2.98 3.03 3 50
Dichloromethane 0.76 1.99 10 100
Ethylbenzene 1.12 1.92 12 100
Naphthalene 0.15 3.41 3 100
p-dichlorobenzene 0.77 2.68 4 83
Trichloroethylene 1.26 1.95 10 100
Tetrachloroethylene 2.06 3.16 3 44
Tetrahydrofuran 1.31 2.31 6 64
Toluene 0.76 1.78 14 100
Vinyl Chloride 0.99 2.83 3 57
Xylene (total) 0.57 2.11 9 100
Xylene, M&P 0.08 3.52 2 75
Xylene, O- 0.62 2.76 4 100
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Figure 2.4.5.Typical concentration of dichloromethane in lysimeters at landfills in Wisconsin,
including the MCL, PAL, arithmetic mean, and geometric mean.
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MCL, the geometric mean is 4.1 times less than the MCL whereas the arithmetic mean is

4.3 times greater than the MCL for DCM.

Examination of the overall average VOC concentrations in the pooled lysimeter data
sets suggests that 5 VOCs (dichloromethane, trichloroethylene, tetrachloroethylene,
tetrahydrofuran, and vinyl chloride), representing three compound classes (alkanes,
alkenes, and furans), have overall average concentrations exceeding the MCL. The percent
of detections of these VOCs with concentrations exceeding the MCL are as follows:
dichloromethane (DCM)-17%, trichloroethylene (TCE)-29%, tetrachloroethylene (PCE)-29%,
tetrahydrofuran-46%, and vinyl chloride-98%. The overall average concentration appears to
be controlled by fewer detections significantly above the MCL for DCM, TCE, and PCE since

these compounds have a low (<30%) percentage of detections above the MCL.

2.4.4 Comparison of Leachate and Lysimeter Data

VOC concentrations in the lysimeters (i.e. the lysimeters at the 34 landfills discussed
in section 2.4.1) were compared with corresponding concentrations in the leachate for all
lysimeters with three or more detections of a given VOC. Results of the comparison are
summarized in Table 2.4.4. A ‘Y’ indicates that a VOC was detected in both the leachate
and the lysimeter at the landfill and a hyphen indicates that a VOC was not detected in both
the leachate and the lysimeter. Of the 34 landfills included in the comparison (i.e. those with
a VOC detected three or more times in either the leachate or lysimeter), 28 landfills had at
least one VOC detected three or more times in both the leachate and the lysimeter. Of
these 28 landfills with at least one particular VOC detected on three or more occasions in

the leachate and the lysimeter, 6 landfills were lined (Site Q, Site V, Site CC, Site DD, Site
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Table 2.4.4. Landfills in Wisconsin with VOC detections in leachate and lysimeters reported on a compound-by-compound basis.

Number of

. Landfills with VOCs detected in leachate and lysimeters
landfills
with
detections
in leachate | A E|{G|H| I |J M O QS U XY BB | CC | DD | GG | HH
and
Compounds lysimeters

1,1,1-trichloroethane 2 - O R N I - - -] - - Y | - - - - - -
1,1-dichloroethane 11 - Y|Y|Y|-|Y - Y - Y Y -lY - - Y -
1,2-dichloroethane 0 I T I - - -] - - |- - - N N N
1,2-dichloropropane 0 - - - -] - - - - - |- - -1 - B - R R R
Acetone 5 - Y| -1-1-1]1- - Y -lY - - - - Y - - -
Benzene 14 Y Y Y|Y]|Y Y - Y|Y Y -lY - - Y - -
Chlorobenzene 1 - -l - - 1Y |- - - -] - - |- - - - - _
Chloroethane 2 Y - - Y| - - - - - - - -] - - B _ _ _
Chloromethane 0 - -l - - - - - - -] - - |- - - - - _
1,2-dichloroethylene (cis) 5 - -lY|[-1Y]- - Y - 1Y Y - | - - - - - -
Dichlorodifluoromethane 3 - -lY | -|Y|Y - - -] - - -] - _ - _ N N
Dichloromethane 8 - Y[ -]1Y[]-1Y - Y - - Y - |- - Y - Y -
Ethylbenzene 13 Y Y|Y]|-|Y]Y - Y YI|Y Y - 1Y - - Y - -
Methyl Ethyl Ketone 1 - -l -l -1Y]| - - - - | - - |- R R N N N
Methyl Teriary Butyl Ether 1 Y - - -] - - - - - - - |- - R - N N
Naphthalene 4 - -lY |l -1Y]- - - - |- -] - - - Y - -
p-dichlorobenzene 5 - -lY|-]- - - - | - - -] - - - Y R R
Trichloroethylene 4 - lY | -]- - Y - |- Y Y | - - - - - -
Tetrachloroethylene 1 - - - - - - - | - Y - - - B B B N
Tetrahydrofuran 11 - -1l -1l-1-1Y Y - Y|Y - - lY Y Y - - -
Toluene 15 Y Y|Y|Y|Y]|Y Y Y Y|Y - -lY - - Y - Y
Vinyl Chloride 1 - -l -l -1-1- - Y - | - - - - - - - - N
Xylene (total) 9 - Y|Y]|-1-]- - Y Y|Y - - 1Y - - Y - Y
Xylene, M&P 3 Y -l -1-1Y|Y - - -] - - |- - - - _ -
Xylene, O- 4 Y -l -1-1Y|Y - - - - - |- - N - - -
Styrene 0 - - -] - - - - - - - - -
Carbon Disulfide 0 - -l -1 -1-1- - - - - - - - R - N N N
Bromomethane 0 - - - - - - - - - - - -1 - - - _ _ _
1,2-dichlorethylene (trans) 0 - -l -l -1 -]- - - - |- - -] - - - - - -
o-dichlorobenzene 0 - - - - - - - - - - - -] - - - _ _ _
Chloroform 0 - -l - -1 - - - - -] - B |- N _ _ - N

"-" = not detected in leachate and lysimeter

"Y" = detected in leachate and lysimeter
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GG, and Site HH) with a composite liner (geomembrane over 1.22 m of clay) and 22 landfills

were lined with a clay liner (thicknesses ranging between 1.22 and 1.52 m).

There were 22 VOCs detected in both leachate and lysimeter samples of the 28
landfills with VOC detections during three or more monitoring occasions. The VOCs
detected most frequently in both the leachate and lysimeters on a site-by-site basis are the
aromatic hydrocarbons [toluene (15 sites), benzene (14 sites), and ethylbenzene (13 sites)],
the alkane 1,1-dichloroethane (11 sites), and the furan tetrahydrofuran (11 sites). For 20
(91%) of the VOCs, detections were more frequent in the leachate than in the lysimeters.
Sixteen (73%) VOCs were detected in leachate in at least twice as many cells as they were
detected in lysimeters. However, in some cases, VOCs were detected in the lysimeters in
more cells than in the leachate. Fluorotrichloromethane was detected in three lysimeters,
but was not detected in any leachate samples. Also, chloromethane,
dichlorodifluoromethane, 1,2-dichloroethylene (trans), and tetrachloroethylene were
detected in leachate from fewer cells than lysimeters. One possible reason why some
VOCs may be detected more frequently in the lysimeters as compared to the leachate is
that some VOCs may degrade and thus the degradation products are detected more
frequently in the lysimeters (e.g. a degradation product of trichloroethylene is 1,2-
dichloroethylene (trans) or degradation products of refrigerants). Another possible reason is
that some “parent” VOCs may not be monitored (i.e. not detected in leachate), but the
degradation products are monitored and thus these VOCs are found more frequently in the
lysimeters.

Overall arithmetic mean VOC concentrations in leachate and the lysimeters are
compared in Table 2.4.5. The arithmetic means for VOCs in leachate are from Section 1.
The arithmetic means for the lysimeters are based on the data in Sec. 2.4.1. For 19 (86%) of

the VOCs detected in both leachate and Ilysimeters, the arithmetic mean
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Table 2.4.5 Comparison of the overall average VOC concentration in leachate and
lysimeters and the concentration detected in lysimeters relative to leachate

(as a percentage).

Overall Avg. | Overall Avg. Lysimeter
Parameter Leachatg Lysimete_r Concentration as a
Concentration | Concentration % of Leachate
(ngfl) (ngfl) Conc.
1,1,1-trichloroethane 48.8 10.5 22
1,1-dichloroethane 31.5 8.53 27
1,2-dichloroethane 4.3 - -
1,2-dichloropropane 5.97 1.9 32
Acetone 3430 268 8
Benzene 6.16 2.69 44
Chlorobenzene 4.1 19.9 485
Chloroethane 36.6 21.7 59
Chloroform 103 2.07 2
Chloromethane 3.71 1.71 46
1,2-dichloroethylene (cis) 17.5 20.3 116
Dichlorodifluoromethane 15.9 13.3 84
Dichloromethane 238 154 6
Ethylbenzene 35.9 6.78 19
Methyl Ethyl Ketone 5240 3.15 0
Methyl Tertiary Butyl Ether 24.9 10.8 43
Naphthalene 20.3 2.18 11
p-dichlorobenzene 11.4 3.77 33
Trichloroethylene 14.7 10.5 71
Tetrachloroethylene 8.1 21.9 270
Tetrahydrofuran 1194 638 53
Toluene 168 15.9 9
Vinyl Chloride 12.5 4.28 34
Xylene O, M, and P- 102 50.2 49
Xylene, M&P 84 2.09 2
Xylene, O- 194 2.56 1
trans-1,2-dichlorethene 63.4 1.19 2
Styrene 10.7 - -
Carbon Disulfide 15.1 - -
Bromomethane 324 - -
o-dichlorobenzene 10.7 - -
Fluorotrichloromethane - 6.39 -

"-" Indicates compound was not detected and thus no % is calculated
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concentration in the leachate is higher than the arithmetic mean concentration in the

lysimeter, with arithmetic mean concentrations in the lysimeters ranging from <1% (methyl
ethyl ketone) to 84% (dichlorodifluoromethane) of the arithmetic mean concentrations in the
leachate. The higher concentrations observed in the leachate compared to the lysimeters
indicates that the liners at the sites in this study are functioning as transport retarders. A
comparison of leachate and lysimeter concentrations for each of the five VOCs most
frequently detected in leachate and lysimeters is in Figure 2.4.6 using box plots. The
median leachate concentration exceeds the median lysimeter concentration by a factor of
2.8 for 1,1-dichloroethane (1,1-DCA), 4.3 for benzene, 17.2 for ethylbenzene, 16.1 for
tetrahydrofuran, and 49 for toluene.

Comparison on a VOC class basis also indicates that concentrations in the leachate
are higher than those in the lysimeters. The concentrations reported in Section 1 show that
the aromatic compounds are in the range of 1-100 ug/L in the leachate and between 1 and
10 pg/L in the lysimeters. The alkanes and alkenes range between 5 and 75 pg/L in the
leachate and between 1 and 25 ug/L in the lysimeters. The ketones and furans range
between 1 and 10,000 pg/L in the leachate where as the ketones are in the range of 1-800
ug/L and the furans are in the range of 100-1000 ug/L in the lysimeters. Given that each of
the sites in the analysis was lined with at least 1.22 m of compacted clay overlain, in some
cases, by a geomembrane, higher concentrations were anticipated in the leachate than in

the lysimeters.

2.4.5 Effect of Liner Type

An analysis was conducted to determine if VOC concentrations in the lysimeters

differed depending on the type of liner (clay liner vs. composite liner). Twenty-two VOCs
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Figure 2.4.6. Box plots of concentration in pooled data for the 5 most frequently detected
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were detected in both leachate and lysimeters in cells lined with compacted clay and 11

VOCs (1,1-dichloroethane, acetone, benzene, dichloromethane, ethylbenzene, p-
dichlorobenzene, tetrahydrofuran, toluene, trichloroethylene, xylene (total), and
naphthalene) were detected in both the leachate and lysimeters in cells with composite
liners. All of the VOCs detected in both the leachate and lysimeters in cells with composite
liners were also detected in the cells with clay liners.

VOC data were pooled into data sets for composite-lined and clay-lined landfills., To
determine those data sets that could be included in each pool, ANOVAs were conducted to
compare concentrations of the 11 aforementioned VOCs (i.e., those VOCs detected in both
the leachate and lysimeters) in the lysimeters on a site-by-site basis. The data were
separated into two groups based on liner type (i.e. concentration data for a particular VOC
pertaining to composite lined landfills in one group and concentration data pertaining to clay
lined landfills in another) and an ANOVA was conducted on each group to determine if
significant differences existed between VOC concentrations in each of the lysimeters. Data
that were not significantly different were pooled. The criterion used for this first analysis was
that F < F., with F. defined for a 5% significance level. On average, there were
approximately 3 times more concentration measurements pertaining to the clay lined
landfills, as compared to the composite lined landfills in these ANOVAs.

Results of these ANOVAs are summarized in Table 2.4.6. For 8 of the 11 VOCs
(1,1-dichloroethane, acetone, benzene, dichloromethane, ethylbenzene, naphthalene, p-
dichlorobenzene, ftrichloroethylene, tetrahydrofuran, toluene, and xylene, (total)) with
detections in both leachate and lysimeters, there was no statistically significant difference
between VOC concentrations at the sites being considered for the pool. Therefore, the
concentration data for all clay-lined sites were pooled and all composite-lined sites were

pooled for these 8 VOCs. Examination of the data for the other 3 VOCs (benzene,



Table 2.4.6 ANOVA results for the number of clay-lined and composite-lined sites
included in each pool on a compound-by-compound basis.

Clay Composite
Number Number
voc of Sites F Feor of Sites F Fer
Pooled Pooled
1,1-
dichloroethane 10 1.62 2.01 1 NA NA
Acetone 4 2.85 4.26 1 NA NA
Benzene 11(12) 1.84 1.97 2 1.01 4.84
Dichloromethane 7 0.79 2.3 2 3.19 6.61
Ethylbenzene 11 1.97 2.03 2 0.01 4.84
Naphthalene 3 0.23 4.46 1 NA NA
p_
dichlorobenzene 4 1.59 2.3 1 NA NA
Trichloroethylene 3 0.82 3.68 1 NA NA
Tetrahydrofuran 5(9) 2.51 2.52 2 143 512
Toluene 11 1.39 1.96 4 0.69 2.98
Xylene (total) 6 1.97 2.64 3 0.61 3.59

NA = not applicable when data from only one site available
(x) = number of sites originally considered for pooling
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trichloroethylene, and tetrahydrofuran) indicated that several sites with particularly high

concentrations were controlling the ANOVA. These “outlier” sites were removed, and
ANOVAs were conducted on the trimmed data sets. After conducting this ANOVA,
statistically similar concentrations were obtained for benzene at 92% (11 of 12) of the clay-
lined sites and all (2 of 2) of the composite-lined sites, trichloroethylene at 75% (3 of 4) of
the clay-lined sites and the only composite-lined site, and tetrahydrofuran at 56% (5 of 9) of
the clay-lined sites and all (2 of 2) of the composite-lined sites. When a significant
difference in concentration existed at a particular site for a particular VOC, a visual
examination was performed and site(s) with significantly different concentrations were
removed and an additional ANOVA was conducted on the trimmed data set.

ANOVAs were then conducted with the pooled data to determine if there was a
statistically significant difference in VOC concentration in the lysimeters beneath clay-lined
landfills and composite-lined landfills. A significance level o = 0.05 was used. Findings from
this ANOVA are summarized in Table 2.4.7. Arithmetic mean concentrations and the
number of sites with detections of a particular VOC are also reported in Table 2.4.7. Only
two VOCs (acetone and benzene) had significantly different concentrations in the lysimeters
beneath the sites with clay and composite liners. For both compounds, the average
concentration was higher in the lysimeter beneath composite-lined landfills. However,
acetone had an outlier, which when removed, resulted in no significant difference in
concentration between liner types. Additionally, the data set used to determine the average
benzene concentration in the lysimeters of clay-lined landfills was much larger than the data

set for the composite-lined landfills.



Table 2.4.7 The average concentration of VOCs detected in lysimeters and results from ANOVA

comparing concentrations in lysimeters between clay and composite lined landfills.

Number Number of Average
P of Clay . concentration in Statistical
arameter L Composite . F For
ined Li . lysimeter (mg/L) Inference
Sites ined Sites Clay 1C it
y |[Composite

1,1-dichloroethane 10 (83) 1(3) 19 8.5 0.54 | 3.95 | No Difference

1 Significant

Acetone 3(12) 1(3) 7.6 1900 5.22 | 4.67 Difference

Significant

Benzene 11 (83) 2(13) 1.9 54 7.67 | 3.94 Difference
Dichloromethane 7 (54) 2(7) 8.2 9.1 0.002 | 4.01 | No Difference
Ethylbenzene 11 (61) 2 (13) 5.7 8.9 0.66 | 3.97 | No Difference
Naphthalene 3 (11) 1(6) 2 2.5 0.18 | 4.54 | No Difference
p-dichlorobenzene 4 (36) 1(17) 6.2 2.7 3.87 | 4.03 | No Difference
Trichloroethylene 3 (18) 1(3) 4.9 1.5 0.84 | 4.38 | No Difference
Tetrachloroethylene 1(4) 1(5) 7.7 31 1.56 | 5.59 | No Difference
Tetrahydrofuran 5 (67) 2 (11) 56 73 0.36 | 3.97 | No Difference
Toluene 11 (88) 4 (30) 17 27 0.46 | 3.92 | No Difference
Xylene (total) 6 (29) 3 (20) 10 120 1.86 | 4.05 | No Difference

«Tn

= outlier was not removed when average was calculated

“(x)” = indicated the number of concentration measurements for calculating the average concentration

88
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2.5VOC TRANSPORT ANALYSIS

2.5.1 Objectives

Concentration data pertaining to VOCs found in the leachate and lysimeters have
been examined. The data presented and summarized have shown which VOCs are most
frequently detected in the leachate and lysimeters and the type of temporal trends in VOC
concentration in the leachate and lysimeters (increasing, decreasing, or no trend). |In
particular, 82% of the temporal trend analyses for lysimeters and 71% of the temporal trend
analyses have shown that there were no statistically significant increasing or decreasing
trends. The ANOVAs previously described provide information as to which VOC
concentration data can be pooled (by compound). Concentration data that were (1)
detected in at least 10% of the landfills, (2) had no temporal trends within each site, and (3)
had no statistically significant difference in concentration (for a particular VOC) between
landfills were pooled. In general, twice as many VOC detection data are from leachate and
lysimeters at clay lined landfills as compared to composite lined landfills. The following
investigation of contaminant transport will consider both clay and composite lined landfills.

There are analytical solutions and solute transport models which have been
developed to describe contaminant transport (diffusive and advective) through soils and
other materials (e.g., geomembranes and geosynthetic clay liners (GCLs)) used for landfill
liner systems (Ogata and Banks 1961, Freeze and Cherry 1979, van Genuchten 1981,
Zheng 1992, Sangam and Rowe 2001, Kim et al. 2001, Foose et al. 2002). Analytical
solutions such as those presented by Ogata and Banks (1961), van Genuchten (1981), and
Shackelford (1990) were examined. Additionally, more complex models, such as those

presented by Foose et al. (1999) and Foose et al. (2002) that used a multiple-layer, finite-
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difference model and a three-dimensional flow and solute transport model to simulate

diffusion and solute transport for various liner configurations (clay, composite using clay and
a geomembrane, composite using a geosynthetic clay liner (GCL) and a geomembrane,
etc.) were considered. Foose et al. (2001) also examined analytical equations that can be
used for solute transport and are less numerically intensive than the aforementioned
models, but were shown to provide results similar to the more complex models. They
showed that these analytical solutions can be used to evaluate solute transport through clay
and composite liners provided proper boundary conditions are applied.

A special case of the three dimensional solute transport equation, examined by
Foose et al. 2001, for one dimensional solute transport in a saturated, homogenous, and
semi-infinitely thick porous medium, is used to describe contaminant transport through
landfill liners. The special case of the three dimensional solute transport equation derived
and presented by van Genuchten 1981 is given in Eq 3. Equation 3 was used to model
contaminant transport at the landfills in Wisconsin and comparisons were made to assess if
the transport through the liners could be explained by this model of advective-diffusive
transport. These comparisons involved examining VOC concentration data from field
samples from landfills in Wisconsin and comparing these data with the results from the

analytical solutions described in Eq.3 which is given below:

v (v—u)x RX —ut v (v+u)x} RX + Ut i [ﬂ_ﬂj RX + vt
c/ic, = (V+u)exp{ ) }erfCL(DRt)UZ}r (V_u)exp{ ) erfc 2(DRt)U2 + 2D expl 5 R erfc 2(DRt)1/2 (3)
where V= seepage velocity; D = diffusion coefficient; R = retardation factor; x= general

first-order decay constant; and U= v[1+ 4yD/v2]“2. Leachate concentration data are

considered source concentration (Cy) and the concentration in the lysimeter are the

breakthrough concentration (C) for the field data. Equation 3 accounts for advection,
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diffusion, and reactions (i.e., degradation) and was used to predict the expected relative

VOC concentration for each particular VOC at sites where VOCs were detected in both the
leachate and lysimeters at the examined Wisconsin landfills.

Pathways for VOC migration from the leachate on top of the liner to the lysimeter
beneath the liner are via advection and diffusion for clay liners and via advection (through
defects in the geomembrane) and diffusion through the entire footprint of the landfill for
composite liners (Park et al. 1996). Advective transport in clay liners generally occurs as a
result of poorly constructed liners with inter-clod pores or where lifts are not keyed together
properly resulting in voids that allow advective transport. The amount of contaminant mass
transported via advection is proportional to the seepage velocity and the concentration of
contaminant. Since the seepage velocity for well constructed liners is on the order of
approximately 10® cm/s (Benson et al. 1999) diffusive transport is believed to be the
dominant mode of VOC transport through landfill liners. Foose et al. 2001, explains that
diffusion of organic solutes through geomembranes occurs at the molecular level and can
be described as a three step process, which includes partitioning between leachate and
geomembrane, diffusion through the geomembrane, and partitioning between the

geomembrane and pore water in the clay component of the landfill liner (Figure 2.5.1).

2.5.2 Required Transport Parameters

The hydraulic conductivity, decay constant, diffusion coefficient, effective porosity,
and partition coefficients are required input parameters in Eq.3. They were varied within
published ranges for each compound to determine the sensitivity of the solution results
(Benson et al. 1999, Howard et al. 1991, Kim et al. 1997). This process is described in the

following paragraphs.
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Figure 2.5.1 Schematic diagram of diffusion through composite liners (adopted from Foose
et al. 2001)
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The hydraulic conductivity (K) of compacted clay liner was varied to determine what

effect variations in K had on the results from the analytical solution and to determine the
hydraulic conductivity required to “best fit” the field data. The hydraulic conductivity of the
liners was determined using data found in GEMS on the volume of liquid pumped from the
lysimeters and construction documentation from each landfill. This information is used to
determine the average hydraulic conductivity at clay lined landfills. The volume of liquid
pumped is generally recorded in GEMS on a monthly or quarterly basis. The construction
documentation was used to determine the area of each lysimeter. Using the difference in
time (At) between lysimeter fluid extraction, the volume removed, the area of the lysimeter,
and the hydraulic gradient (liner thickness plus 30 cm head divided by liner thickness) the
hydraulic conductivity of the liner could be calculated. The hydraulic conductivities from
sites with adequate data (from GEMS) are plotted in Figure 2.5.2. The average hydraulic
conductivity is (5.19x10® cm/s), which is nearly the same as the results found by Benson et
al. (1999) (average K = 4.37x10® cm/s) for landfills with well built compacted soil liners and
well within the allowable regulatory level (K=1.0x10" cm/s or lower). Based on these
results, C/Co was calculated with K = 1.0x107 cm/s (corresponding to the regulatory
maximum K for clay liners) and with K = 5.19x10® cm/s (corresponding to the average K for
the clay liners examined in this paper). It is noted that hydraulic conductivities within the
aforementioned range represent the likely field hydraulic conductivities. The average
leakage rate from composite lined landfills was also considered, but could not be accurately
determined because adequate data were not available.

The decay constants published by Howard et al. 1991, and shown in Table 2.5.1,
were used in Eq 3. Generally, the lower decay constants (longer half life) were used
because higher decay constants (shorter half life) caused the results from the analytical

solution to further underestimate the field data. Furthermore, results from the analytical
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Figure 2.5.2 Hydraulic conductivity of five clay lined landfills in Wisconsin calculated based

on field data.
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Table 2.5.1 Input parameters used in the analytical solution for transport analysis.

. High Low Diffusion
Compounds Solubility Rate Rate log K Coefficient
(mg/l) | Constant | Constant ow 2
(days™) | (days™) (em*/sec)

Alkanes
Chloromethane 4000 | 2.5x10? | 6.2 x10 0.91| 1.49x10°
Dichloromethane 20000 | 2.5x10” | 6.2 x107 1.31| 1.26 x10°
Chloroform 8000 | 9.9x10? | 2.5x10” 1.95| 1.08 x10°
Dichlorodifluoromethane 280 6.2 x10” | 1.0 x10 216 | 1.11x10°
Chloroethane 5740 | 2.5x10% | 6.2 x10° 1.20 x10°
1,1-Dichloroethane 5500 | 5.4x10° | 1.1 x10° 1.79 | 1.05x10°
1,2-Dichloroethane 8690 | 1.7 x10° | 9.6 x10™ 1.46 | 1.08 x10°
1,1,1-Trichloroethane 4400 | 1.2x10° | 6.3x10™ 2.49 | 9.36 x10°
1,2-Dichloropropane 2700 | 1.0x10° | 1.3x10™ 1.99 | 9.33x10°
Alkenes
Vinyl Chloride 1100 | 6.2x10° | 9.6 x10™ 1.27 | 1.34x10°
Cis-1,2-Dichloroethene 800 6.2 x10° | 9.6 x10™ 1.86 | 1.12x10°
Trichloroethylene (TCE) 1100 | 1.8 x107 | 4.2 x10™ 2.42 | 9.93x10°
Tetrachloroethylene (PCE) 150 1.8 x10% | 4.2 x10™ 2.88 | 8.99 x10°
Arenes (Aromatic hydrocarbons)
Benzene 1780 | 2.5x10? | 6.2 x10° 217 | 1.16x10°
Chlorobenzene 500 2.5x10° | 1.2 x10° 2.78 | 8.97x10°
p-Dichlorobenzene 79 6.2 x10° | 9.6 x10™ 3.45| 8.15x10°
Toluene 515 1.4 x10% | 3.3 x10° 2.69 | 9.68x10°
Ethylbenzene 152 3.9x10° | 3.0 x107 3.20 | 9.16 x10°
Xylene O- 175 [ 3.9x10° [ 1.9x10° 3.16 | 8.00 x10°
Xylene M- 146 2.5x10° | 1.3x10° 3.30 | 7.91x10°
Xylene P- 198 2.5x10” | 6.2 x10° 3.27 | 7.89x10°
Naphthalene 30 2.8 x107 | 2.7 x10° 3.33| 7.63x10°
Ketones
Acetone miscible | 1.7 x10™ | 2.5 x10™ -0.24 | 1.28x10°
Methyl Ethyl Ketone 136000 | 1.7 x10™" | 2.5 x10” 0.29 | 9.91x10°
Ethers
Methyl Tertiary Butyl Ether 48000 | 6.2x10° | 9.6 x10™ 0.94 | 8.48 x10°
Furans
Tetrahydrofuran miscible 1.07 x10°

Note: The effective diffusion coefficient (D*) used in the analytical solution was calculated by
multiplying the diffusion coefficient by a tortousity of 0.25.
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solution were obtained with extremely low decay constants (i.e. half lives of 1x10° days) to

simulate a solution with advection, diffusion, and retardation, but essentially no decay.

Manassero and Shackelford 1994, explain that for low permeability soils used in liner
construction, the contribution of mechanical dispersion to total dispersion is negligible, thus
the total dispersion can be reduced to the effective diffusion for compacted clay liners. To
determine the effective diffusion coefficient, first the molecular diffusion coefficient in water
for each compound was obtained from data published by various researchers (Kim et al.
2001, Yaws 1995) as summarized in Table 2.5.1. The effective diffusion coefficient was
then determined by multiplying the diffusion coefficient in water by a tortuosity of 0.25. A
tortuosity factor of 0.25 was reported by Toupiol et al 2002 for a clay liner and is within 8%
of the results (1 = 0.27) found by Willingham et al. (2004). The soil for which this tortuosity
was reported was classified as a loam to clay-loam using the USDA classification system.
Other studies examined by Willingham et al. 2004 provide similar results for tortuosity.

The effective porosity (n) used in the calculation of seepage velocity and retardation
factor was adopted as the total porosity based on the findings of Kim et al. 1997. Kim et al.
1997 performed column and tank tests in order to determine the effective porosity of
compacted clay materials. They found that the effective porosity from the column and tank
tests ranged from 89 to 104% of the total porosity calculated from the weight-volume phase
relationship. Considering the errors involved in measurement, they concluded that the
effective porosity is essentially equal to the total porosity. The estimated effective porosities
reported by Kim et al. 1997 ranged between 0.17 and 0.35 with an average effective
porosity of 0.29. The effective porosity used to determine the parameters in Eq 3 was
varied within the range reported by Kim et al. 1997 to determine the effect on the maximum
relative concentration of benzene. This variation resulted in a 9% difference in maximum

relative concentration when comparing n = 0.17 and n = 0.35. Because of this relatively
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small effect, the aforementioned average effective porosity (n = 0.29) was used to determine

the seepage velocity and retardation factor in Eq.3.

The soil-water partition coefficient (K;) was determined using the organic carbon-
organic compound partition coefficient (K,:), of the organic compound and the organic
carbon fraction (f,c) (Briggs 1981, Chiou et al. 1983, Piwoni and Banerjee 1989, Kile et al.
1995). The organic carbon fraction was varied between 0.1-6%, which is the same range
found in typical clays that meet the liner requirements (Kim et al. 2001). With K, and f,. the

soil-water partition coefficient (K;) was calculated using Equation 4.

K,=f_K (4)

If Ko could not be found in the literature, the equation published by Kim et al. 2001
(Eq.5), which relates the octonal-water partition coefficient (K.,) and the organic carbon-

organic compound partition coefficient (K,.) was used.

logK,, =0.92+0.36log K, (R* =0.93) (5)

Once K, was determined, the retardation factor was calculated using Equation 6.

de
R=1+{pn j (6)

The seepage velocity (vs), in Equation 3, was calculated using the hydraulic

conductivity (K), the hydraulic gradient (i), and the porosity (n). The hydraulic head on the
base of the liner was assumed to be 30 cm, which is conservative since WDNR regulations
require the maximum mound height on the landfill liner not exceed 30 cm. The hydraulic
gradient was 1.19 for liners with a thickness of 1.52 m and 1.25 for liners with a thickness of
1.22 m. The remaining terms used in Eq. 3 are defined in the notations section.

Figures 2.5.3 and 2.5.4 provide examples of the effect of varying the hydraulic

conductivity and decay constants of benzene. As expected, a decrease in K (while
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maintaining a constant decay constant 9.6x10* d') resulted in the solution of Eq.3 shifting

along the x-axis (increased time until a detectable relative concentration resulted) and thus
decreasing the maximum relative concentration after 25 years (in Fig. 2.5.3). Similarly, a
decrease in the decay constant (while maintaining a constant hydraulic conductivity K =
1x107 cm/s) resulted in a decrease of the maximum relative concentration (Fig. 2.5.4).
However, results using a high K and slow decay constant and low K and rapid decay do not

bracket the relative concentration exhibited by field data (Figure 2.5.5).

2.5.3 Data Pooling and Compound Selection

The compounds pooled and examined in this study represent the VOCs that were
most frequently detected in leachate and are considered to pose a potential threat to
groundwater quality. Data were pooled, as discussed in Section 2.4.3 and in Section
1.4.1.2, following criteria based on the frequency of detection (in at least 10% of the
leachate and 10% of the lysimeter samples). An additional criterion that was adopted was
that each compound must be detected in both the leachate and the lysimeter of a landfill. If
these criteria were met, the data were pooled. The compounds for which data were pooled
include acetone, benzene, cis-1,2-dichloroethylene, dichloromethane, ethylbenzene, p-
dichlorobenzene, trichloroethylene, tetrachloroethylene, tetrahydrofuran, toluene, and xylene
(total). These compounds represent the compound classes (alkanes, alkenes, aromatic
hydrocarbons, ketones, and furans) found both in leachate and lysimeters of landfills in

Wisconsin.
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Figure 2.5.3 Results from the analytical solution with three different hydraulic conductivities

with the same decay constant for benzene.
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2.5.4 Comparison of Analytical Solution Results with Field Data

Field data from the leachate and lysimeter samplings were used to determine C/C,
for a given date when samples were collected at each site with adequate data (i.e.
concentration data from both leachate and lysimeters sampled during the same time period).
As previously mentioned, concentrations in the leachate were taken as C, and
concentrations in the lysimeters were C. The relative concentrations (C/C,) from the pooled
field data and C/C, calculated from Eq. 3 for dichloromethane are shown in Fig. 2.5.6.
Similar figures for the 11 compounds with adequate leachate and lysimeter data (i.e. in the
leachate and lysimeter of 10% or more landfills) are given in Appendix G. Three solutions
for clay lined landfills shown in Fig 2.5.6 represent (1) the solution with the required
hydraulic conductivity (K = 1x107 cm/s) without decay, (2) the solution with the average
hydraulic conductivity (K = 5.19x10® cm/s) without decay, and (3) the solution with the
average hydraulic conductivity (K = 5.19x10® cm/s) and a decay constant (decay constant =
2.25 yrs™) for dichloromethane. The third solution has a maximum relative concentration of
3.74x107"® ug/L and thus does not appear on the graph, but is noted in the lower right hand
corner. All three solutions under-predict the maximum relative concentration after 25 years
and do not capture the initial time of first detection (e.g. the relative concentration from field
data after 2.5 years is on the order of 1x10° whereas the relative concentration from the
solution with K = 1x107 cm/s is on the order of 1x10* after 12 years).

When reasonable decay constants were included in Eq. 3, Eq. 3 under-predicted the
relative concentrations determined from field data for all of the compounds. The relative
concentrations of xylene (total), p-dichlorobenzene, toluene, and trichloroethylene were
under-predicted with a decay constant of 6.93x107 (to simulate essentially no decay) and K

= 1x107 cm/s (i.e. the case resulting in the highest maximum relative concentration). The
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solution to Eq. 3 (with K = 1x10” cm/s and K = 5.19x10® cm/s) was representative (i.e. the

solution passed through the plotted field data) of the relative concentrations from the field
data for tetrahydrofuran, benzene, acetone, and cis-1,2-dichloroethene for the case with a
decay constant of 6.93x10? (to simulate no decay).

The transport at clay lined sites appears to be diffusion controlled because variations
of K (within the regulated limit) do not result in a solution that describes the field data.
However, if the tortuosity is varied (and thus the effective diffusion coefficient) the solution to
the analytical equation provides a result that reasonably captures the field data in most
cases, but the tortuosity factors necessary (in excess of 0.9) to produce these results are
unrealistic for compacted clay soils (Willingham et al. 2004).

The seepage velocity (vs) was decreased to 1 x 10 cm/s when comparing Eq. 3
with field data from sites with composite liners so the advection term in Eq.3 would
essentially drop out and transport would be diffusion controlled. By decreasing the hydraulic
conductivity to essentially zero, the solution to Eq. 3 suggests that there should be a
difference in the VOC concentration at clay versus composite sites. However, results from
examining the concentration of VOCs from landfills in Wisconsin at both clay and composite
lined sites do not suggest that there is a significant difference in concentration (within the
lysimeter).  Analytical solution results and field data in Fig 2.5.7 are from clay (closed
symbols) and composite (open symboils) lined landfills with detections of toluene.

The aforementioned results from examination of VOC concentrations from field data
and the results from analytical solutions using widely accepted parameters suggests that the
solutions do not accurately represent field relative concentrations. This poses potential
problems to designers to assess the effectiveness of current liner systems (i.e. composite
liners) and suggests that composite liner systems may not perform any better than the

thicker compacted clay liners. Another potential threat is contamination of ground water
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around landfills if VOCs continue to migrate through the liner systems. This investigation
has shown that VOCs exist in the lysimeters of both clay and composite lined landfills
and as additional data become available further investigation is warranted. The potential
for ground water contamination remains to be a problem associated with both clay and
composite lined landfills. Additionally, models used and/or parameters used in these

models do not accurately predict contaminant transport and thus must be re-considered.

2.6 SUMMARY

Data presented in this paper were obtained from a comprehensive search of the
GEMS database at the Wisconsin DNR. In particular, VOC concentrations in the
lysimeters beneath clay and composite lined landfills were examined to determine which
compounds and classes were most frequently detected in landfill lysimeters.
Examination of concentration data showed that the most frequently detected classes of
compounds are aromatic hydrocarbons, alkanes, alkenes, furans, and ketones. The
average concentration range for these compound classes were between 0.1 and 100
ug/l for the aromatics, the alkanes, and the alkenes, and between 100 and 1000 ng/I for
the furan and ketones. Additionally, of the 1356 VOC detections, 37% (495) exceeded
the Wisconsin PAL and 15% (202) exceeded the Wisconsin ES or the USEPA MCL.

Temporal trend analyses were conducted using the VOC concentration data from
each of the lysimeters examined to determine if concentrations tend to increase,
decrease, or remain constant with time. VOC concentration data generally do not exhibit
a temporal trend over the range of times during which data were collected (4 to 20 yr).
In fact, most analyses (88% based on C and 82% based on InC) had no statistically
significant temporal trends. This suggests that landfills may present a relatively constant

contaminant source for an extended period of time.
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A comparison was made between the VOC concentrations found in leachate and
the concentrations in the corresponding lysimeters for 34 engineered landfills in
Wisconsin to determine how VOC concentrations compare above and beneath the
landfill liners. The aromatic hydrocarbons, alkanes, and furans were the compound
classes most frequently detected in both leachate and lysimeter samples. For 86% of
the VOCs detected in both leachate and lysimeters, the arithmetic mean concentration in
the leachate is higher than the arithmetic mean concentration in the lysimeter. The
higher concentrations observed in the leachate compared to the lysimeters indicates that
the liners at the sites in this study are functioning as transport retarders.

An analysis was conducted to determine if VOC concentrations in the lysimeters
differed depending on the type of liner (clay liner vs. composite liner). Results of this
analysis suggest that, on a compound-by-compound basis, there is generally not a
significant difference in concentrations in the lysimeters beneath the sites with clay and
composite liners.

A special case of the three dimensional solute transport equation, examined by
Foose et al. 2001, for one dimensional solute transport in a saturated, homogenous, and
semi-infinitely thick porous medium, is used to describe contaminant transport through
landfill liners. The special case of the three dimensional solute transport equation
derived and presented by van Genuchten 1981 used to model contaminant transport at
the landfills in Wisconsin. Comparisons were made to assess if transport through the
liners could be explained by this model of advective-diffusive transport, which involved
examining VOC concentration data from field samples from landfills in Wisconsin and
comparing these data with the results from the analytical solutions.

When widely accepted parameters were used, the analytical solution under-
predicted the concentrations determined from field data for all of the compounds

examined in this paper. This investigation has shown that VOCs exist in the lysimeters
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of both clay and composite lined landfills and as additional data become available further
investigation is warranted. The potential for ground water contamination remains to be a
problem associated with both clay and composite lined landfills. Additionally, models
used and/or parameters used in these models do not accurately predict contaminant

transport and thus must be re-considered.



109

REFERENCES

Alker, S. C., Sarsby, R. W., and Howell, R., (1993). “The Composition of Leachate from
Waste Disposal Sites”. Waste Disposal by Landfill, Sarsby, R. W., Editor,
Balkema, 1995, Proceedings of the Symposium Green '93-Geotechnics Related
to the Environment, Bolton, United Kingdom, June/July 1993, pp. 215-223.

Battista, J. R., and Connelly, J.P. (1994). “VOCs at Wisconsin landfills: Recent findings.”
Proc., 17" Int. Madison Waste Conf., Madison, Wis., 67-86.

Battista, J. R., and Connelly, J.P. (1989). “WOC Contamination at Selected Landfills-
Sampling Results and Policy Implications”, Bureau of Solid Waste Management,
Wisconsin Department of Natural Resources, Madison, WI, 74p.

Baun, A., Ledin, A., Reitzel, L. A., Bjerg, P. L., and Christensen, T. H. (2004).
"Xenobiotic organic compounds in leachates from ten Danish MSW landfills -
chemical analysis and toxicity tests." Water Research, 38(18), 3845-3858.

Benson, C. H., Daniel, D. E., and Boutwell, G. P. (1999). “Field performance of
compacted clay liners.” J. Geotech. Geoenviron. Eng., ASCE 125(5), 390-403.

Berthouex, P. and Brown, L. (2002). Statistics for Environmental Engineers, 2" Ed.,
CRC Press, Boca Raton, FL, USA.

Briggs, G. G. (1981). “Theoretical and experimental relationships between soil
adsorption, octanol-water partition coefficients, water solubilities,
bioconcentration factors, and the parachor.“J. Agric. And Food Chemistry, 29(5),
1050-1059.

Challa, J., Skoff, D., and Quirus, F. J. (1997). “Landfill Gas as Source of VOCs in
Ground Water.” Practice Periodical of Hazardous, Toxic, and Radioactive Waste
Management, 1(2), 61-75.

Chiou, C. T., Porter, P. P., and Schmedding, D. W. (1983). “Partition equilibria of
nonpolar organic compounds between soil organic matter and water.” Environ.
Sci. and Technol., 17(4), 227-231.

Connelly, J. P. and Stocks, D. (1999). “Can Wisconsin’s One-of-a-Kind Environmental
Monitoring System Adequately Evaluate Its Old, Closed landfills?” Bureau of
Solid Waste Management, Wisconsin Department of Natural Resources,
Madison, WI, 33p.

Cook, C. M., Grefe, R. P., Kuehling, H. H. (1991). “The role of active gas extraction
systems in capturing VOCs from municipal landfill waste and leachate: a
preliminary assessment. Proc., 14™ Ann. Madison Waste Conf., University of
Wisconsin-Madison, pp. 191-220.

Edil, T. B. (2003). "A review of aqueous-phase VOC transport in modern landfill liners."
Waste Management 23(7): 561-571.



110

Foose, G.J. (1997). “Leakage rates and chemical transport through composite landfill
liners.” PhD thesis, Dept. of Civil and Environmental Engineering, University of
Wisconsin-Madison, WI.

Foose, G. J., Benson, C. H., and Edil T. B. (1999). “Equivalency of Composite
Geosynthetic Clay Liners as a Barrier to Volatile Organic Compounds”.
Proceedings of Geosynthetics 99, IFAI, Vol. 1, Boston, Massachusetts, USA,
April 1999, pp. 321-334.

Foose, G. J., Benson, C. H., and Edil T. B. (2001). “Analytical Equations for Predicting
Concentration and Mass Flux from Composite Landfill Liners, Geosynthetics
International, 8(6), 551-575.

Foose, G. J., (2002). “Transit-Time Design for Diffusion through Composite Liners”.
Journal of Geotechnical and Geoenvironmental Engineering, 128(7), 590-601.

Foose, G. J., Benson, C. H., and Edil, T. B. (2002). "Comparison of solute transport in
three composite liners." Journal of Geotechnical and Geoenvironmental
Engineering, 128(5), 391-403.

Forst, C., Stieglitz, L., Roth, W., and Kuhnmunch, S. (1989). "Quantitative-Analysis of
Volatile Organic-Compounds in Landfill Leachates." International Journal of
Environmental Analytical Chemistry, 37(4), 287-293.

Frascari, D., Bronzini, F., Giordano, G., Tedioli, G., and Nocentini, A. (2004). "Long-term
characterization, lagoon treatment and migration potential of landfill leachate: a
case study in an active Italian landfill." Chemosphere, 54(3), 335-343.

Freeze, R.A., and Cherry, J.A. (1979). Groundwater, Prentice-Hall, Englewood Cliffs,
N.J.

Friedman, M.I. (1988). “Volatile organic compounds in groundwater and leachate at
Wisconsin landfills.” Rep. PUBL-WR-192-88, Wisconsin Department of Natural
Resources, Madison Wis.

Gade, B., Layh, M., Westermann, H., and Amsoneit, N. (1996). "Determination of
organic parameters in waste and leachates from the hazardous waste landfill of
Raindorf Germany." Waste Management & Research, 14(6), 553-569.

Gibbons, R.D., Dolan, D., Keough, H., O’Leary, K.,and O’Hara, R. (1992). “A
comparison of chemical constituents in leachate from industrial hazardous waste
and municipal solid waste landfills.” Proc., 15" Ann. Madison Waste Conf.,
Department of Engineering Professional Development, University of Wisconsin,
Madison, WI., 251-276.

Gron, C., Christensen, J. B., Jensen, D. L., Kjeldsen, P., and Ostfeldt, P. (2000).
"Organic halogens in landfill leachates." Water Air and Soil Pollution, 120(3-4),
331-345.

Hallbourg, R. R., Delfino, J. J., and Miller, W. L. (1992). "Organic Priority Pollutants in
Groundwater and Surface-Water at 3 Landfills in North Central Florida." Water
Air and Soil Pollution, 65(3-4), 307-322.



111

Howard, P. H., Boethling, R. S., Jarvis, W. F., Meylan, W. M., Michalenko, E. M., (1991).
Handbook of Environmental Degradation Rates. Lewis Publishers, Chelsea, MI.

Huebner, P. M. and Gordon, M. E. (1995). “Estimating Contaminant Breakthrough for a
Clay-Lined Municipal Solid Waste Landfill’, Bureau of Solid Waste Management,
Wisconsin Department of Natural Resources, Madison, WI, 14p.

Hunt, W.C. and Dollins, M. (1996). “Continuation of the Study of Leachate Quality
Generation Data Obtained From a Subtitle D Landfill Cell”, Proceedings Texas
Solid Waste Management Conference, Austin, TX, pp. 97-107.

Jimenez, L., Alzaga, R., and Bayona, J. M. (2002). "Determination of organic
contaminants in landfill leachates: A review." International Journal Of
Environmental Analytical Chemistry, 82(7), 415-430.

Johnson, R. L., Cherry, J. A, and Pankow, J. F. (1989). “Diffusive Contaminant
Transport in Natural Clay: A Field Example and Implications for Clay-Lined
Waster Disposal Sites” Env. Sci. & Tech., 23(3), 340-348.

Kerfoot, H. B. (1994). "Landfill Gas Effects On Groundwater Samples At A Municipal
Solid-Waste Facility." Journal Of The Air & Waste Management Association,
44(11), 1293-1298.

Kile, D. E., Chiou, C. T., Zhou, H., Li, H., and Xu, O. (1995). “Partitioning of nonpolar
organic pollutants from water to soil and sediment organic matters.” Envir. Sci.
and Technol., 29(5), 1401-1406.

Kim, J. Y., Edil, T. B., and Park, J. K. (1997). “Effective porosity and seepage velocity in
column tests on compacted clay.” J. Geotech. Geoenviron. Eng., ASCE 123(12),
1135-1142.

Kim, J. Y., Edil, T. B., and Park, J. K. (2001). “Volatile organic compound (VOC)
transport through compacted clay”. J. Geotech. Geoenviron. Eng., ASCE 127(2),
126-134.

Kjeldsen, P., Barlaz, M. A., Rooker, A. P., Baun, A., Ledin, A., and Christensen, T. H.
(2002). "Present and long-term composition of MSW landfill leachate: A review."
Critical Reviews in Environmental Science and Technology, 32(4), 297-336.

Kjeldsen, P. and Christophersen, M. (2001). “Composition of leachate from old landfills
in Denmark”, Waste Manag. Res., 19, 249-256.

Kmet, P. and McGinley, P. M. (1982). “Chemical Characteristics of Leachate from
Municipal Waste Landfills in Wisconsin”, Bureau of Solid Waste Management,
Wisconsin Department of Natural Resources, Madison, WI, 33p.

Krug, M. N., and Ham, R. K. (1995). “Analysis of long-term leachate characteristics in
Wisconsin landfills.” Proc., 18" Int. Madison Waste Conf., Department of
Engineering Professional Development, University of Wisconsin, Madison,
Wis.,168-177.



112

Kylefors, K., Ecke, H., and Lagerkvist, A. (2003). “Accuracy of COD test for landfill
leachates.” Water, Air, and Soil Pollution 146: 153-169.

Manassero, M., and Shackelford, C. D. (1994). “The role of diffusion in contaminant
migration through soil barriers.” Riv. Ital. Geotec., 28(1), 5-31.

Massachusetts Department of Environmental Quality. (1986). “Compounds detected
most frequently in Massachusetts Solid Waste Landfill Leachate and in
Groundwater at Massachusetts Solid Waste Landfills”, Unpublished Report.

McGinley, P. M. and Kmet, P. (1984). “Formation, Characteristics, Treatment and
Disposal of Leachate from Municipal Solid Waste Landfills”, Bureau of Solid
Waste Management, Wisconsin Department of Natural Resources, Madison, WI,
228p.

Melba, K. K., Sridharan, L., O’Leary, P., Connelly, J. P. and Colby, B. (1991). “Water
Quality at Selected Wisconsin Municipal Solid Waste Landfills: An Update”,
Bureau of Solid Waste Management, Wisconsin Department of Natural
Resources, Madison, WI, 10p.

Nelson, B.R., and Book, P.R. (1986). “Monitoring for Volatile organic hydrocarbons at
Minnesota sanitary landfills.” Proc., 9" Ann. Madison Waste Conf., Madison,
Wis., 72-84.

Ogata, A., and Banks, R. B. (1961). “A solution of the differential equation of longitudinal
dispersion in porous media.” U.S. Geological Survey Profl. Paper 411-A, U.S.
Geological Survey, Washington, D.C.

Oman, C., and Hynning, P. A. (1993). "Identification of Organic-Compounds in Municipal
Landfill Leachates." Environmental Pollution, 80(3), 265-271.

Park, J. K., and Nibras, M. (1993). “Mass flux of organic chemicals through polyethylene
geomembranes.” Water Envir. Res., 65(3), 227-237.

Park, J. K., Sakti, J. P., and Hoopes, J. A. (1996). “Transport of Organic Compounds in
Thremoplastic Geomembranes |: Mathematical Model”. Journal of Environmental
Engineering, 122(9), 800-806.

Parker, L. V. (1994), “The effects of ground water sampling devices on ground water
quality: a literature review.” Ground Water Monit. Rem., 14(2), 130p.

Parkhurst, D. F. (1998). “Arithmetic Versus Geometric Means for Environmental
Concentration Data.” Environmental Science and Technology, pp.92-98.

Paxeus, N. (2000). “Organic compounds in municipal landfill leachates”. Water Science
Technol., 41, 7-8, 323.

Piwoni, M., and Banjerjee, P. (1989). “Sorption of volatile organic solvents from aqueous
solution onto subsurface solids.” J. Contaminant Hydrogeology, 4(2), 163-179.

Ragle, N., Kissel, J., Ongerth, J. E., and Dewalle, F. B. (1995). "Composition and



113

Variability of Leachate from Recent and Aged Areas within a Municipal Landfill."
Water Environment Research, 67(2), 238-243.

Reitzel, S., Faquhar, G., and McBean, E. (1992). “Temporal characterization of
municipal solid waste leachate.” Can. J. Civ. Eng., 19, 668-679.

Rowe, R. K. (1995). “Leachate Characteristics for MSW Landfills", Geotechnical
Research Centre Report GEOT-8-95, Department of Civil Engineering, The
University of Western Ontario, London, Ont., 19p.

Rowe, R. K., Hrapovic, L., Kosaric, N., and Cullimore, D. R. (1997). "Anaerobic
degradation of DCM diffusing through clay." Journal Of Geotechnical And
Geoenvironmental Engineering, 123(12), 1085-1095.

Rugge, K., Bjerg, P. L., and Christensen, T. H. (1995). “Distribution of organic
compounds from municipal solid waste in the groundwater downgradient of a
landfill (Grindsted, Denmark).” Envir. Sci. and Technol., 29(5), 1395-1400.

Sabel, G. V. and Clark, T. P. (1984). “Volatile Organic Compounds as Indicators of
Municipal Solid Waste Leachate Contamination”, Waste Management &
Research, No. 2, pp. 119-130.

Sangam, H. P., and Rowe, R. K. (2001). "The Role of HDPE Geomembranes in
Retarding the Diffusive Migration of Organic Contaminants Through Composite
Liner Systems." Sardinia 2001, Eighth International Waste Management and
Landfill Symposium, ltaly, 245-254.

Shackelford, C. D., (1990). “Transit-Time Design of Earthen Barriers”. Engineering
Geology. 29, 79-94.

Shackelford, C. D., and Daniel, D.E. (1991). “Diffusion in the saturated soil I:
Background.” J. Geotech. Engrg., ASCE, 117(3), 467-484.

Sridharan, L. and Didier, P. (1988). “Leachate Quality from Containment Landfills in
Wisconsin” , Bureau of Solid Waste Management, Wisconsin Department of
Natural Resources, Madison, WI, 6p.

Statom, R. A,, Thyne, G. D., and McCray, J. E. (2004). "Temporal changes in leachate
chemistry of a municipal solid waste landfill cell in Florida, USA." Environmental
Geology, 45(7), 982-991.

Tedder, R.B. (1992). “A Comparison of Florida Landfill Leachate with Regulatory
Standards and EPA Landfill Leachate”, Florida Department of Environmental
Regulation.

Tilkens, G. and Svavarsson, G. (1995). “Evaluation of Landfill Lysimeter Liquid Chemical
Data”, Bureau of Solid Waste Management, Wisconsin Department of Natural
Resources, Madison, WI, 31p.

Toupiol, C., Willingham, T. W., Valocchi, A. J., Werth, C. J., Krapac, I. G., Stark, T. D.,
and Daniel, D. E. (2002). "Long-term tritium transport through field-scale



114

compacted soil liner." Journal Of Geotechnical And Geoenvironmental
Engineering, 128(8), 640-650.

Townsend, T. G., Jang, Y., and Weber, W. (2000). “Continued research into
characterization of leachate from construction and demolition debris.” A final
report for the Florida Center for Solid and Hazardous Waste Management.
Gainesville, FL.

Van Genuchten, M. (1981). “Analytical solutions for chemical transport with
simultaneous adsorption, zero-order production and first order decay”. J. Hydrol.
(Amsterdam) 49:213-233.

Ward, M. L., Bitton, G., Townsend, T., and Booth, M. (2002). “Determining Toxicity of
Leachates from Florida Municipal Solid Waste Landfills Using a Battery-of-Tests
Approach” Env. Toxicol. 17: 258-266.

Weber, W. J., Jang, Y. C., Townsend, T. G., and Laux, S. (2002). "Leachate from land
disposed residential construction waste." Journal of Environmental Engineering-
ASCE, 128(3), 237-245.

Willingham, T. W., Werth, C. J., Valocchi, A. J., Krapac, I. G., Toupiol, C., Stark, T. D.,
and Daniel, D. E. (2004). "Evaluation of multidimensional transport through a
field-scale compacted soil liner." Journal Of Geotechnical And Geoenvironmental
Engineering, 130(9), 887-895.

Workman, J.P. (1993). “Interpretation of Leakage Rates in Double-Lined Systems”,
Proceedings, 7 Geosynthetic Research Institute Seminar, Drexel University,
Philadelphia, PA, pp. 91-108.

Yaws, C. L. (1992). Handbook of transport property data, Gulf, Houston.
Zheng, C. (1992). “MT3D, a modular three-dimensional transport model for simulations

of advection, dispersion, and chemical reactions of contaminant transport in
groundwater systems.” S. S. Papadopulos & Associates, Inc., Bethesda, MD.



115

APPENDICES

Appendix A: Supplemental Tables from studies examined in Section 1.2

Table A.1. Range and median concentrations of organics

found in leachate at landfills in Wisconsin
(Adopted from Kmet and McGinley (1982)).

Concentrati| Median
Parameter on Range | Concentrati
(Ppb) on (ppb)
Acid Organics
|Phenol 221-5790 293
Volatile Organics
Dichloromethane 106-20000 2650
Toluene 280-1600 420
1,1-dichloroethane 510-6300 570
trans-1,2- 96-2200 1300
dichloroethene
Ethylbenzene 100-250 150
Chloroform 14.8-1300 71
Base-Neutral Organics
Bis(2- 34-150 110
ethylhexyl)phthalate
Diethylphthalate 43-300 175
Dibutylphthalate 12-150 100
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Table A.2. Range in concentration and median concentration of VOC detected
in leachate samples in Wisconsin (adopted from Sirdharan and

Didier (1988)).
Number Number Concentration Median
of Samples > Range Concentration

Parameter Samples |detection limit (ppb) (ppb)
Benzene 35 14 1-10000 11.1
Bromodichloromethane 39 1 2490 2490
Butylbenzylphthalate 27 2 10-64.1 371
Carbon tetrachloride 50 3 3-995 28
Chlorobenzene 50 7 3-188 25.2
Chlorodibromomethane 36 1 31 31
Chloroethane 50 11 2-730 17
Chloroform 50 7 4.4-16 714
cis-1,3-dichloropropene 40 1 25 2.5
di-n-butyl phthalate 26 4 13-540 28.7
di-n-octyl phthalate 26 5 16.1-542 110
Dibromochloromethane 24 2 22-160 91
Dichlorodifluoromethane 37 2 100-242.1 171.1
Dichloromethane 41 25 27.6-58200 483
Ethylbenzene 52 30 1-1680 43.5
Fluoranthene 27 4 9.56-723 391
Fluorotrichloromethane 50 7 1-183 34
Isophorone 26 13 3.18-520 76
lospropylbenzene 1 1 1 1
methyl ethyl ketone 11 2 2100-37000 19550
Naphthalene 21 10 4.6-186 33.75
p-dichlorobenzene 37 12 2-250 14
Pentachlorophenol 25 1 25 25
Phenol 27 16 1.1-2170 174
Styrene 11 1 2 2
Tetrachloroethylene 52 10 1-232 16.3
Tetrahydrofuran 12 6 410-1400 730
Toluene 53 42 1-11800 360
trans-1,3-dichloropropene 38 1 2.5 2.5
Tribromomethane 50 1 47 47
Trichloroethylene 53 12 1-372.2 19
vinyl chloride 42 12 10-3000 230
xylene (total) 13 10 30-2000 210
1,1,2-trichloroethane 53 NA 1.5-10000 10




Table A.3. Range in VOC concentration found in leachate

samples in Wisconsin (adopted from Friedman

(1988)).

%

. landfills

Parameter Con;zggztlon with VOC

detected
(Ppb) -

leachate
methyl ethyl ketone 640-37000 37
Ethylbenzene 1.4-180 84
Toluene 1.2-610 95
Benzene 1.4-220 63
Xylene, (total) 2.5-240 84
Tetrahydrofuran 270-2600 58
Styrene 28 5
Vinyl chloride 11-150 16
Chloroethane 5.6-730 58
Chlorobenzene 2.3-5.8 16
1,1-dichloroethane 3.7-190 63
1,2-dichloroethane 1.3-600 42
1,2-dichloroethylene 3.6-310 42
1,1,1-trichloroethane 3.1-130 47
1,4-dichlorobenzene 3.0-21 42
Trichloroethylene 2.4-280 63
Chloroform 3.4-32 26
Trichlorofluoromethane 3.2-200 26
Tertachloroethylene 1.4-69 58
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Table A.4. VOC concentrations in sanitary landfills

determined by Forst et al. (1989)

Concentration
Parameter Range
(ppb)
Dichloromethane 6.0
trans-1,2-dichloroethylene 1.6
cis-1,2-dichloroethylene 1.9-14.2
Chloroform 6.6-8.5
1,1,1-trichloroethane 1.9-4.5
Trichloroethylene 2.3-7.9
Tetrachloroethylene 2.8
Benzene 1.1-572
Toluene 3.6-48
Ethylbenzene 1.7-20
xylene, m & p 3.7-8.3
xylene, o- 4.2-38
1,3,5-trimethylbenzene 2.6-4.8
1,2,4-trimethylbenzene 0.94-8.1
1,2,3-trimethylbenzene 1.0-9.1
1,2,4,5-tetramethylbenzene 1.2
1,2,3,5-tetramethylbenzene 3.7-51

Table A.5. Concentration arithmetic mean of VOCs found at old and
new MSW landfills (adopted from Gibbons et al. 1992)).

Proportion of Concentration
MSW landfills arithmetic mean
Parameter with detects (ppb)

Old New Old New
Benzene 0.60 0.29 65 7
Chlorobenzene 0.44 0.15 736 NA
Ethylbenzene 0.78 0.50 198 60
Dichloromethane 0.84 1.00 898 1390
Toluene 0.86 1.00 583 406
trans-1,2-dichloroethene 0.64 0.79 492 104
Trichloroethene 0.44 0.64 51 71
vinyl chloride 0.37 0.43 107 51
1,1,1-trichloroethane 0.09 0.64 NA 178
1,1-dichloroethane 0.44 0.79 400 116
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Table A.6. VOC concentration data in
leachate from MSW in Florida
(adopted from Tedder 1992)

Concentration
Parameter Arithmetic
mean (ppb)

Dichloromethane 34.8
Toluene 84
1,1-dichloroethane 5.9
Ethylbenzene 27
1,2-dichloroethane 2
Benzene 9.9
Chlorobenzene 3.9
Naphthalene 10
tetrachloroethylene 1
1,1,1-trichloroethane 12
Trichloroethylene 67
vinyl chloride 19
xylene (total) 38

Table A7. VOC concentration data from 8 MSW or ISW and 2 co-disposal (MSW and HW)
landfills in Wisconsin (adopted from Krug and Ham 1995)).

Sites
with
Detects | Concentration | Average
Parameter in Range (ppb) (ppb)
Leachate
(10 sites)

toulene 10 2.75-12300 417
1,1-dichloroethane 9 6.0-4120 210
trans-1,2-
dichloroethene 1 5.58 5.58
ethylbenzene 10 4.8-1280 110
chloroform 4 7.14 714
1,2-dichloroethane 1 212-1030 612
benzene 7 2.2-1630 123
chlorobenzene 4 6.0-911 172
chloroethane 4 9-410 112
dichlorodifluoromethane 4 2.0-1030 219
methyl ethyl ketone 4 8.6-36000 7556
tetrachloroethylene 4 0.8-44 19
1,1,1-trichloroethane 8 0.3-3810 538
vinyl chloride 6 0.3-5570 613
xylene (total) 7 10.2-3010 461
1,1,2-trichloroethane 4 0.5-7130 1487
dichloromethane 0 0 0
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Table A.8. Variation in VOC concentration at five sites in Ontario, Canada (adopted from
Rowe (1995).

Site 1 Site 2 Site 3 Site 4 Site 5 Overall
Conc. Conc. Conc. Conc. Conc. Conc.
Parameter Range Range Range Range Range Range
(ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Benzene Nd-57 nd-3.1 7-238 <0.1-25 | 1.8-590 nd-590
Ethylbenzene 42-310 | 27.1-134 | 36-790 | 30-1400 | 52-1300 | 27.1-1400
<0.4- 0.3- 215-
Dichloromethane 3700 nd 2300 7100 | "d9-8300 | nd-8300
485- 350-
Toluene 3.15-1600 | 120-600 | 2-7000 1821 5900 2-7000
21860 | 196 | 19 1263900 | nd-1400 | nd-3900
Xylene, m&p ' 1230 2350
19.5-400 | 93/~ | 57-1290 | 30-1450 | nd-670 | nd-1450
Xylene, o- 1110
vinyl chloride nd nd-23.1 2-2010 nd-70 nd-13.6 nd-2010
1,1-
dichloroethylene nd ) <1-<100 | nd-60 ) nd-<100
1.2- nd-230 i 11-2080 | nd-900 - nd-2080
dichloroethylene
Trichloroethylene <1.9-79 nd 1-80 nd-<230 | nd-110 nd-230
tetracholroethylene 6.7-23 nd 6-582 nd-<86 | nd-2000 | nd-2000
1.4- 122 | nd-390 | <1-18 | nd<86 | nd4 | nd-390
dichlorobenzene
1,2-dichloroethane nd-<40 nd 0.9-<16 | nd-<86 nd nd-<86

Table A.9. Range in concentration of VOCs detected in leachate from a MSW landfill cell in

North Central Texas (adopted from Hunt and Dollins 1996)).

Range in
Parameter concentration
(ppb)

chloroethane 11-17
dichloromethane 170
1,1-dichloroethane 5-20
ethylbenzene 7-20
toulene 10-87
1,1,1-trichloroethane 33
vinyl chloride 10-12
xylene (total) 33-38
carbon disulfide 54
acetone 59-2100
4-methyl-2-pentanone 71-85
1,1-dichloroethene 5-80
cis-1,2-dichloroethene 12-28
2-butanone 75




Table A.10. VOC concentrations detected in leachate of C&D landfills (adopted
from Townsend et al. (2000)).

Number Number Minimum Maximum
Parameter Analyzed D Concentration | Concentration
etects

Samples (ppb) (ppb)
Ethylbenzene 26 15 1.1 10.8
1,1-
dichloropropene 26 1 2.1
1,2,4-
trimethylbenzene 26 1 9.7
1,3,5-
trimethylbenzene 26 ! 3
4-isopropyltoluene 26 5 1.1 | 1.7
Xylene-m & p 26 1 2.7
Dichloromethane 26 4 1.6 \ 2.8
Naphthalene 26 1 1.2
Xylene-o 26 2 1.3 \ 5.2
tert-butylbenzene 26 1 3
tetrachloroethane 26 1 3.2
Toluene 26 6 1.2 | 6.7
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Appendix B: Supplemental data pertaining to GEMS

Each licensed landfill has a unique site identification number which is used to locate
data pertaining to a particular landfill site within GEMS. Data is sorted within GEMS based
on landfill site ID, monitoring point ID, sample date, and parameter (e.g. acetone, toluene,
etc.). Each monitoring point is given a unique identification number (within a site) so that
records can be tracked temporally. Data collected on a given sampling date, are separated
into individual parameters and are assigned a parameter code. Some example parameter
codes include total suspended solids, chemical oxygen demand, pH, ethylbenzene, etc.

GEMS allows users to search the database by first entering a specific site ID
number. Once the user has entered the site ID a sample extraction point must be selected.
With a known sampling date and parameter code of interest, the following information can
generally be determined:

o the result amount, (i.e. the measured parameter concentration (mg/l or ug/l
depending on the parameter of interest),
o if the sample exceeded the preventative action limit (PAL)
limit of detection (i.e. the lowest concentration level that can be determined to
be statistically different from a blank),
¢ limit of quantitation (i.e. the level above which quantitative results may be
obtained with a specified degree of confidence typically 10/3 times the limit of
detection),
if the sample passed or failed the three quality control flags,
the method used to analyze the sample,

the lab identification number, and
the entity responsible for collecting samples.

Approximately 90% of the data stored in GEMS, which was collected and entered
prior to 1996, does not contain information as to the entity responsible for collecting the
sample, the laboratory responsible for analyzing the sample, and the analysis method used.
Currently, GEMS stores over 8 million sample results for 675 licensed landfills, which

include unlined sites as well as clay and composite lined sites.



Appendix C: Temporal Concentration Variation: Representative Figures
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Site GG: Toluene

—e—Site GG LCS 1
— - PAL
— —MCL

1.0E+04

1.0E+03 -

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02

Elapsed Time (yrs)

Conc. (ug/L)

1.0E+04

Site GG: Toluene

—e— Site GG LCS 2
— - PAL
— —MCL

1.0E+03 -

1.0E+02 -

1.0E+01 A

1.0E+00 -

1.0E-01 -

1.0E-02

Elapsed Time (yrs)
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—e—Site HHLCS 1

Elapsed Time (yrs)

) — - PAL
Site HH: Toluene — —MCL
1.0E+04
10E+03 — —m — — — — — — — — — — ey — A ——— —.
W |
1.0E+02 - y
-
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= 1.0E+01
(8]
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Conc. (ug/L)

1.0E+04

1.0E+03 -

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02

Site B: Vinyl Chloride

—e—Site BLCS 2
— - PAL
— —McL

No Data: 85-89

Nondetect: 89-94, 96-00, & 02-present

Elapsed Time (yrs)

Conc. (ug/L)

1.0E+04

1.0E+03

1.0E+02

1.0E+01

1.0E+00

1.0E-01

1.0E-02

Site C: Vinyl Chloride

—e—Site CLCS 1
— - PAL
— —MCL

No data: 91-92

Nondetects: 97-98 & 00-present

Elapsed Time (yrs)
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—e—Site ILCS 1
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—e—Site QLCS 1

Elapsed Time (yrs)

. . . — = PAL
Site Q: Vinyl Cholride — —MCL
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No data: 85-86 & 88-92
Nondetects: 98-present
1.0E+03
1.0E+02
)
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Nondetects: 98-present
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Conc. (ug/L)

Site S: Vinyl Cholride
1.0E+02

—e—Site SLCS 2
— - PAL
— —MCL

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02 ‘ ‘ ‘ ‘ ‘

Elapsed Time (yrs)

Conc. (ug/L)

Site U: Vinyl Chloride
1.0E+04

—e—Site ULCS 1
— - PAL
— —MCL

Nondetects: 87-9 & 94-97

1.0E+03 -

1.0E+02 -

1.0E+01

1.0E+00 -

1.0E-01 A

1.0E-02

Elapsed Time (yrs)
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Conc. (ug/L)

1.0E+05

——Site AALCS 1

_ ) ) — - PAL
Site AA: Vinyl Chloride — —MCL

1.0E+04 -

1.0E+03 -

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02

No data: 89-92
Nondetects: 00-present

Elapsed Time (yrs)

Conc. (ug/L)

1.0E+04

—e— Site DD LCS 1
— - PAL

Site DD: Vinyl Chloride — ML

1.0E+03 A

1.0E+02 A

1.0E+01 A

1.0E+00 -

1.0E-01 4

Nondetects: 98-present

1.0E-02

Elapsed Time (yrs)
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Conc. (ug/L)

Site DD: Vinyl Chloride

—e—Site DD LCS 2

— - PAL
— —MCL

1.0E+04

Nondetects: 93-95 & 98-present

1.0E+03 -

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02

Elapsed Time (yrs)

Conc. (ug/L)

Site GG: Vinyl Chloride — —MCL

—e—Site GG LCS 2
— - PAL

1.0E+05

Nondetects: 99-01

1.0E+04 -

1.0E+03 -

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02 T *

Elapsed Time (yrs)
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Conc. (ug/L)

1.0E+05

Site B: Xylene (total)

—e—Site BLCS 1
— - PAL
— —McL

10E+04 = — — — = — . — — — — — — — — — — — —

1'°E+03_'_'_'_'_'_'_'_'_'_'T\ﬂ;\j\'_
4
4

1.0E+02 -

1.0E+01 A

1.0E+00 -

1.0E-01 4

1.0E-02

0 5 10 15

Elapsed Time (yrs)
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Conc. (ug/L)

Site B: Xylene (total)

—+—Site BLCS 2
— - PAL
— —MCL

1.0E+05

T0E+04 — — — — — — — — — — o — —

1.0E+03 -

1.0E+02 A

1.0E+01 A

1.0E+00 -

1.0E-01 4

1.0E-02

No data 85-92 & 97-98

0 5 10 15

Elapsed Time (yrs)
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Conc. (ug/L)

1.0E+05

—e—Site CLCS 1
— - PAL

Site C: Xylene (total) — —MCL

1.0E+04 -

1.0E+03 -

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02

No data: 91-92 & 97-02

4 6 8 10 12 14 16 18
Elapsed Time (yrs)

Conc. (ug/L)

1.0E+05

—+—Site ELCS 1
— - PAL
— —MCL

Site E: Xylene (total)

1.0E+04 —

1.0E+03 =

1.0E+02 -

1.0E+01 A

1.0E+00 -

1.0E-01 4

No data: 82-84 & 86-94

1.0E-02

5 10 15 20
Elapsed Time (yrs)
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Conc. (ug/L)

Site E: Xylene (total)

—+—Site ELCS 2
— - PAL
— —McL

1.0E+05

T0E+04 = — — — — — — — — o — — — — — — —

TOE+03 = = — = —— s m e e e e e ke — - — - —

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02

No data: 87-94

10
Elapsed Time (yrs)

Conc. (ug/L)

1.0E+05

Site G: Xylene (total)

—e—Site GLCS 1
— - PAL
— —McCL

10E+04 = — — — — — — — — o — — — — — — — — — — — -

TOE+03 f— = — = —— = — r s s e —— — - —

1.0E+02 -

1.0E+01 A

1.0E+00 -

1.0E-01 4

°®

1.0E-02

8 10 12

Elapsed Time (yrs)
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Conc. (ug/L)

1.0E+05

Site M: Xylene (total)

—e—Site MLCS 113
— - PAL
— —MCL

10E+04 = — — — — — — — — . — — — — — — — — — .

TOE+03 4= = = = = m e e e — s — - — - —

1.0E+02 A

1.0E+01 A

1.0E+00 -

1.0E-01 4

1.0E-02

No data: 83-92, & 94-96

10 15
Elapsed Time (yrs)

20

Conc. (ug/L)

Site N: Xylene (total)

—e—Site NLCS 1
— - PAL
— —MCL

1.0E+05

10E+04 = — — — — — — — — . — — — — — — — — — — — — —

1.0E+03 +—

1.0E+02

1.0E+01 A

1.0E+00 -

1.0E-01 4

1.0E-02

No data: 83-85, 88-94
Nondetects: 00-02

8 10 12
Elapsed Time (yrs)
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Conc. (ug/L)

1.0E+05

Site O: Xylene (total)

—+—Site OLCS 1
— - PAL
— —McCL

No data: 83-85, 88-94
Nondetects: 00-02

10E+04 1= — — — — — — — — . — — — — — — — — — — — — -

TOE+03 = = — = — = f e e e s — e — - — - —

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02

8 10
Elapsed Time (yrs)

12

Conc. (ug/L)

1.0E+05

Site Q: Xylene (total)

—+—Site QLCS 1
— - PAL
— —McL

10E+04 = — — — — — — — — o — — — — —

TOE+03 — = — = m e e - —

1.0E+02 A

1.0E+01 ~

1.0E+00 -

1.0E-01 4

1.0E-02

No data: 83-85, 88-94
Nondetects: 00-02

(<]

8 10
Elapsed Time (yrs)
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Conc. (ug/L)

1.0E+05

Site Q: Xylene (total)

—e—Site QLCS 2
— - PAL
— —MCL

1.0E+04 -

1.0E+03 -

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 -

1.0E-02

0 2 4 6 8 10 12

Elapsed Time (yrs)

14 16 18

Conc. (ug/L)

1.0E+05

Site Q: Xylene (total)

—e—Site QLCS 3
— - PAL
— —MCL

1.0E+04 -

1.0E+03 -

1.0E+02

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02

0 2 4 6 8 10 12

Elapsed Time (yrs)

14 16 18
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Conc. (ug/L)

1.0E+05

Site S: Xylene (total)

—e—Site SLCS 1

— - PAL
— —MCL

10E+04 f— — — — — — — — e — — — — —

JOE403 4= = — = = m e e e e — - — - — - —

1.0E+02 A

1.0E+01 A

1.0E+00 -

1.0E-01 4

1.0E-02

0 2 4 6 8 10

Elapsed Time (yrs)

Conc. (ug/L)

Site S: Xylene (total)

—e—Site SLCS 2

— - PAL
— —MCL

1.0E+05

1.0E+04 -

1.0E+03 +

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02

0 2 4 6 8 10

Elapsed Time (yrs)
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Conc. (ug/L)

1.0E+05

Site U: Xylene (total)

—e—Site ULCS 1
— - PAL
— —McL

TOE404 1= = — = e e e — — — — — — — — — — — — -

1.0E+03 =

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02

No data: 83-85, 88-94
Nondetects: 00-02

6 8
Elapsed Time (yrs)

10

12

14

16

Conc. (ug/L)

Site W: Xylene (tot

al)

—e—Site W LCS 1
— - PAL
— —MCL

1.0E+05

No data: 90-92

10E+04 = — — — — — — — — o — — — — — — — — —

TOE+03 = = m= = = m o m e e ik sk — s — s — s — s — - —

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02

6 8
Elapsed Time (yrs)
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Conc. (ug/L)

Site W: Xylene (total)

—e—Site W LCS 2
— - PAL
— —MCL

1.0E+05

No data: 88-92

10E404 = — — — — — — — — o — — — — — — — — —

TOE+03 = = — = = m e r e e e s — - — - —

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02

6 8
Elapsed Time (yrs)

Conc. (ug/L)

1.0E+05

Site X: Xylene (total)

—e—Site X LCS 1
— - PAL
— —McL

1.0E+04 -

1.0E+03 -

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02

No data: 97-present

4

Elapsed Time (yrs)
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Conc. (ug/L)

1.0E+05

Site Y: Xylene (total)

—+—Site YLCS 2
— - PAL
— —McCL

No data: 93-95, 97, & 01

TOE+04 = — — — — — — e — —

TOE+03 4 = — = m e e - —

1.0E+02 A

1.0E+01 A

1.0E+00 -

1.0E-01 4

1.0E-02

*
>

Elapsed Time (yrs)

12 14

Conc. (ug/L)

1.0E+05

Site AA: Xylene (total)

—e—Site AALCS 1
— - PAL
— —McL

1.0E+04 -

1.0E+03 -

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02

No data: 89-95

Elapsed Time (yrs)
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—+—Site AALCS 2
_ — - PAL
Site AA: Xylene (total) — —MCL
1.0E+05
No data: 89-97
10E+04 — — — — — — — — — e — — — — — — —
10E+03 = = — = — m — s s e — s — - — - —
S 1.0E+02
2
g
S 1.0E+01 |
O
1.0E+00
1.0E-01
1.0E-02 ; ; ; ¢ — ; —
0 2 4 6 8 10 12 14
Elapsed Time (yrs)
—e—Site AALCS 3
‘ — - PAL
Site AA: Xylene (total) — —MCL
1.0E+05
10E+04 = — — — — — — = —
10E+03 f= = — = = s — i f — e f e f s s — - — - —
S 1.0E+02
2 /W
X 4
e
S 1.0E+01 A
O
1.0E+00 -
1.0E-01 -
1.0E-02 ; ; ; ; ; ; ;
0 2 4 6 8 10 12 14

Elapsed Time (yrs)




379

Conc. (ug/L)

—e— Site DD LCS 1
— - PAL

Site DD: Xylene (total) — —MCL

1.0E+05

10E+04 — — — — — — — —

1.0E+03 -

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 -

No data: 99-present

1.0E-02

4 5 6 7 8
Elapsed Time (yrs)

Conc. (ug/L)

1.0E+05

—e—Site DD LCS 2
— - PAL
— —McL

Site DD: Xylene (total)

T0E+04 = — — — — — — — — — o — — — — — — —

TOE+03 = = == = s e f e e e sk sk — s — e — - — - —

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 4

1.0E-02

No data: 00-present

Elapsed Time (yrs)
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—e—Site HHLCS 1

Elapsed Time (yrs)

. — - PAL
Site HH: Xylene (total) — —MCL
1.0E+05
10E+04 — — — — — — — — — — — — — — — — — — — — — — — — — — — -
10E403 1= = — = — = — = m o h i h ks — ke — s — - — - —
=
S 1.0E+02 | </*"\
=) y
g
S 1.0E+01 |
@)
1.0E+00
1.0E-01 |
1.0E-02 : : $ : ‘
0 1 2 3 5 7 8
Elapsed Time (yrs)
—+—Site BLCS 2
. ) — - PAL
Site B: Styrene
— —MCL
1.0E+03
10E+02 —m — — — — — — — — — — — — — — — — — — — — — — — — — —
TAOE+0] fm s s e e e s s s s s e - —
o N
2
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S
8 1.0E+00 |
1.0E-01
1.0E-02 ; ; o0 —voe oo
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Conc. (ug/L)

1.0E+03

Site G: Styrene

—+—Site GLCS 1
— - PAL
— —MCL

TOE+02 1= — — — — — — — — — o — — — — — — — — — — — — — -

1.0E+01 —

1.0E+00 -

1.0E-01 A

° ©606—0—&

1.0E-02

5 10 15
Elapsed Time (yrs)

Conc. (ug/L)

1.0E+03

Site K: Styrene

—+—Site KLCS 1
— - PAL
— —MCL

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02

5 10
Elapsed Time (yrs)

15 20
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Conc. (ug/L)

Site O: Styrene

—e—Site O LCS 1
— - PAL
— —MCL

1.0E+03

1.0E+02

1.0E+01

1.0E+00

1.0E-01

1.0E-02

Elapsed Time (yrs)

Conc. (ug/L)

Site P: Styrene

—e—Site P LCS 1
— - PAL
— —McL

1.0E+03

TOE+02 1= — — — — — — — — — o — — — — — — — — — — — — — —,

1.0E+01 =

1.0E+00 -

1.0E-01 A

1.0E-02

5 10
Elapsed Time (yrs)
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Conc. (ug/L)

Site Q: Styrene

—+—Site QLCS 1
— - PAL
— —MCL

1.0E+03

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02

0 10

Elapsed Time (yrs)

Conc. (ug/L)

Site Q: Styrene

—+—SiteQLCS 2
— - PAL
— —MCL

1.0E+03

1.0E+02 +

1.0E+01 -

1.0E+00 -

1.0E-01 A

AAAAAAAA

1.0E-02

0 5 10 15

Elapsed Time (yrs)
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——Site ULCS 1

Elapsed Time (yrs)

; — - PAL
Site U: Styrene
- =MCL
1.0E+03
10EH02 = == = e e e e e e = = = = = — o
T10E+01 +— = —m = —m = — = s, s — s =\t - — s — f — f — s — f — - — - — - — - —
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Site U: Styrene
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——Site VLCS 1
. — - PAL
Site V: Styrene
- =MCL
1.0E+03
1.0E+02 fmm = = o o o o o e e e = = —— —
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S
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S
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——Site W LCS 2

. — - PAL
Site W: Styrene — —MCL
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S
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——Site DD LCS 1

. — - PAL
Site DD: Styrene — —MOL
1.0E+03
10E+02 = — = = o o e — — — — — — — — — — — — — — — —
T 10E+0] +— = —m = —m = — s — s f — s — s = s = e e f s = f =k — - — - — - —
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Elapsed Time (yrs)
——Site HHLCS 1
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Conc. (ug/L)

1.0E+03

1.0E+02

1.0E+01

1.0E+00

1.0E-01

1.0E-02

Site B: 1,2-dichloroethylene (trans)

—e—Site BLCS 1
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Appendix D: Summary Data used to create each of the VOC concentration records
1,1,1-Trichloroethane
Leachate . . Statistically
Landfill Sites Collection Min | Max | Avg | Number | Number Number | Number St.atls.t|cally Significant
Points Conc. | Conc.|Conc.| Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ug/l) | (ug/l) | > PAL >ES Trend (Ln C)
. LCSPT 1 - - - - - - - - -
Site A LCSPT2 | - : - : : - - : -
Site B LCSPT1 3 6 |433 0 0 6 27 NS NS
LCS PT2 0.9 144 143.53 4 0 9 40 NS NS
Site C LCSPT1 - - - - - - - - -
Site D LCSPT1 - - - - - - - - -
. LCS PT1 - - - - - - - - -
Site E cspr2 | - [ - | - - - - - - -
. LCSPT1 - - - - - - - - -
Site F Lcspr2 | - | - [ - - - - - - -
Site G LCSPT1 - - - - - - - - -
Site H LCSPT1 - - - - - - - - -
Site | LCSPT 1 - - - - - - - - -
LCSPT1 - - - - - - - - -
Site J LCSPT2 - - - - - - - - -
LCSPT3 - - - - - - - - -
Site K LCSPT1 - - - - - - - - -
. LCSPT1 - - - - - - - - -
Site L LCSPT2 - - - - - - - - -
Site M LCSPT 1 - - - - -
Site N LCSPT1 - - - - - - - - -
Site O LCSPT1 - - - - - - - - -
Site P LCS PT1 4 130 [ 62.6 3 0 5 13 NS NS
LCS PT 1 1 201 [ 42.6 1 1 5 18 Decreasing | Decreasing
Site Q LCSPT2 - - - - - - - - -
LCSPT3 - - - - - - - -
. LCS PT 1 - - - - - - - - -
SiteR cspr2 | - | - | - - - - - - -
. LCS PT1 - - - - - - - - -
Site S LCSPT2 | - - - - - - - - -
Site T LCSPT1 - - - - - - - - -
Site U LCS PT1 0.71 | 430 |159.3 7 3 9 17 Decreasing | Decreasing
Site V LCS PT1 - - - - - - - - -
. LCS PT1 - - - - - - - - -
Site W csprz | - | - | - - - - - - -
Site X LCS PT1 3.1 217 |61.22 2 1 5 23 NS NS
. LCS PT1 - - - - - - - - -
Site Y cspr2 | - | - | - - - - - - -
Site Z LCS PT1 75 160 [43.58 2 0 6 15 NS NS
LCSPT1 - - - - - - - - -
Site AA LCSPT2 - - - - - - - - -
LCSPT3 - - - - - - - - -
Site BB LCS PT1 0.78 | 2.3 | 1.64 0 0 5 14 NS NS
. LCS PT1 - - - - - - - - -
Site CC LCSPT2 - - - - - - - - -
LCS PT1 - - - - - - - - -
Site DD LCSPT2 - - - - - - - - -
LCSPT3 - - - - - - - - -
Site EE LCS PT1 - - - - - - - - -
Site FF LCS PT1 2.5 72 | 20.7 1 0 5 15 NS Decreasing
. LCSPT1 - - - - - - - - -
Site GG LCSPT2 - - - - - - - - -
Site HH LCS PT1 7 140 | 48.4 3 0 8 16 NS NS

410



411

1,1-Dichloroethane

Leachate . - Statisticall
Landfill Sites Collection Min | Max | Avg | Number | Number Number | Number St_ahs_tlcally Signiﬂcanty
Points Conc. [ Conc. | Conc.| Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ug/l) | (ug/l) | > PAL >ES Trend
(Ln C)
. LCS PT 1 - - - - - - - - -
Site A cspPr2 | - | - | - - - - - - -
Site B LCS PT 1 10 120 | 55.2 4 0 23 26 Decreasing | Decreasing
LCS PT 2 0.66 | 149 [ 32.8 3 0 21 42 Decreasing | Decreasing
Site C LCS PT 1 0.3 30 | 0.35 0 0 6 19 NS NS
Site D LCS PT 1 - - - - - - - - -
Site E LCS PT1 1 76 | 144 0 0 4 14 Decreasing | Decreasing
LCSPT2 [087]| 11 5.6 0 0 6 13 NS NS
. LCS PT 1 - - - - - - - - -
Site F LCS PT 2 - - - - - - - - -
Site G LCS PT1 0.81 ] 122 | 27.8 1 0 4 33 Decreasing*| Decreasing*
Site H LCS PT1 3.1 90 | 49.6 1 0 6 19 NS NS
Site | LCS PT 1 2 17 8.7 0 0 4 14 NS NS
LCS PT1 3.1 29 | 131 0 0 3 12 NS NS
Site J LCS PT 2 - - - - - - - - -
LCS PT3 1.4 2.4 2 0 0 4 16 Decreasing | Decreasing
Site K LCS PT 1 1 85 [ 35 0 0 5 12 NS NS
. LCS PT 1 - - - - - - - - -
Site L LCS PT 2 - - - - - - - - -
Site M LCS PT 1 - - - - - - - - -
Site N LCS PT1 1.2 | 100 | 36.5 1 0 4 18 NS Decreasing
Site O LCS PT 1 1.8 | 290 [132.5 5 0 8 13 Decreasing | Decreasing
Site P LCS PT 1 3.1 170 | 67.4 2 0 5 13 NS NS
LCS PT 1 8 218 | 484 1 0 11 18 Decreasing | Decreasing
Site Q LCS PT 2 2 23 [ 10.8 0 0 6 17 NS NS
LCS PT3 - - - - - - - - -
. LCS PT 1 - - - - - - - - -
SiteR cspr2 | - | - | - - - - - - -
Site S LCS PT 1 2 98.6 | 31.5 1 0 5 21 Decreasing | Decreasing
LCS PT 2 2 29 [ 155 0 0 6 13 NS NS
Site T LCS PT 1 - - - - - - - - -
Site U LCS PT 1 1.7 | 590 | 184 8 0 15 17 Decreasing | Decreasing
Site V LCS PT1 9.5 31 18 0 0 5 11 NS NS
Site W LCS PT1 0.6 | 170 | 26.5 2 0 15 19 Decreasing | Decreasing
LCS PT 2 2 309 | 64.1 2 0 7 20 Decreasing | Decreasing
Site X LCS PT 1 1.5 | 125 | 20.9 1 0 12 24 Decreasing | Decreasing
Site Y LCS PT 1 2.1 48 | 13.9 0 0 4 8 NS NS
LCS PT 2 - - - - - - - - -
Site Z LCS PT 1 1.5 68 | 21.2 0 0 13 15 Decreasing | Decreasing
LCS PT 1 0.53 6 2.2 0 0 6 15 Decreasing | Decreasing
Site AA LCS PT 2 - - - - - - - - -
LCS PT3 - - - - - - - - -
Site BB LCS PT 1 4.2 39 | 12.2 0 0 10 14 NS NS
. LCS PT 1 - - - - - - - - -
Site CC LCSPT2 - - - - - - - - -
LCS PT 1 3.2 | 122 | 25.8 1 0 9 39 NS NS
Site DD LCS PT 2 - - - - - - - - -
LCSPT3 [0.12 412 | 81 0 0 8 34 NS NS
Site EE LCS PT 1 - - - - - - - - -
Site FF LCS PT1 1.4 20 | 10.2 0 0 6 16 Decreasing | Decreasing
Site GG LCS PT 1 2.3 71 18.6 0 0 10 19 Decreasing | Decreasing
LCS PT 2 1.9 46 | 19.7 0 0 5 15 NS Decreasing
Site HH LCS PT 1 9.2 63 | 37.8 0 0 9 16 NS NS
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1,2-Dichloroethane

Leachate . _r Statisticall
Landfill Sites Collection Min | Max | Avg | Number | Number Number| Number St'atls.tlcally Signiﬁcanty
Points Conc. | Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(g | (ug/ | gy | >PAL | >Es Trend
(Ln C)

) LCSPT1 | - : ; ; : : : : ;
Site A [CSPT2 | - : ; ; : : ; : ;
Sie B LCSPT1 | 3 | 11 | 67 9 7 9 27 NS NS

LCSPT2 | 04 | 1 |079]| 4 0 5 40 NS NS
Site C LCSPT1 | - - - - - - - - -
Site D LCSPT1 | - - - - - - - - -

: LCSPT1 | - : ; ; ; : ; : ;
Site E LCSPT2 | - . : : : : : . :

. LCSPT1 | - : : : : : : : :
Site F tcspr2 | - | - | - - - - - - -
Site G LCSPT1 | - ; ; ; } ; ; ; ;
Site H LCSPT1 | - . : : : : ; . :
Site | LCSPT1 | - : : : : : : : :

LCSPT1 | - : ; ; : : ; : ;
Site J LCSPT2 | - _ } } } ; } _ }
LCSPT3 | - _ } } } ; } _ }
Site K LCSPT1 | - : : : : : : : :

) LCSPT1 | - _ } } } ; } _ }
Site L (CSPT2 | - : : : : : : : :
Site M LCSPT1 | - : ; ; : : - : ;
Site N LCSPT1 | - 5 - - : 5 - 5 -
Site O LCSPT1 | - 5 ; ; : : ; 5 ;
Site P LCSPT1 | - : : : : : ; : ;

LCSPT1 | 1 | 37 | 84 7 4 7 18 NS NS
Site Q LCSPT2 | - : : : : : : : ;
LCSPT3 | - 5 ; ; - - ; 5 ;

) LCSPT1 | - : } } ; ; ; : }
Site R LCSPT2 | - : ; ; ; : ; : ;

) LCSPT1 | - : ; ; ; ; ; : ;
Site S LCSPT2 | - : ; ; ; ; ; : ;
Site T LCSPT1 | - : : : : : : : :
Site U LCSPT1 | - : : : : : : : :
Site V LCSPT1 | - : : : : : : : :

. LCSPT1 | - ; ; ; ; ; ; : ;
Site W LCSPT2 | 05| 2 | 1.3 4 0 Z 21 NS NS
Site X LCSPT1 | - ] } ; } ; ; - }

) LCSPT1 | - _ ; ; ; ; ; _ ;
Site Y LcsPT2 | - - - - - - - - -
Site Z LCSPT1 | - . : : : : : . :

LCSPT1 | - : ; ; : : ; : ;
Site AA LCSPT2 | - _ } } } ; } _ }
LCSPT3 | - _ } } } ; } _ }
Site BB LCSPT1 | - : : : : : : : :

) LCSPT1 | - _ } } } ; } _ }

Site CC et - - - - - - - -
LCSPT1 | - : ; ; : : ; 5 ;

Site DD LCSPT2 | - : : : : : : : :
LCSPT3 | - : - - : : - : -

Site EE LCSPT1 | - 5 : : : : : 5 :
Site FF LCSPT1 | - 5 : ; : : : 5 :
: LCSPT1 | - : ; ; : : : : ;
Site GG e : - - - - - : -
Site AH LCSPT1 | - . : : : : : : :
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1,2-Dichloropropane

Leachate . - Statisticall
Landfill Sites Collection Min | Max | Avg | Number) Number Number | Number St.atls.tlcally Signiﬁcanty
Points Conc. [ Conc. [ Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ua/l) | (ng/l)y| >PAL | >ES Trend
(Ln C)

. LCS PT1 - - - - - - - - -
Site A LCSPT2 | - : 5 . : : : : :
Site B LCS PT1 5 12 9.3 4 4 4 27 NS NS

LCSPT2 - - - - - - - - -
Site C LCSPT1 - - - - - - - - -
Site D LCSPT1 - - - - - - - - -

. LCSPT1 - - - - - - - - -
Site E LCSPT2 | - ; _ : : : : : :
Site F LCSPT1 - - - - - - - - -

LCSPT2 - - - - - - - - -
Site G LCS PT1 - - - - - - - - -
Site H LCS PT1 - - - - - - - - -
Site | LCSPT1 - - - - - - - - -
LCS PT1 - - - - - - - - -
Site J LCSPT2 - - - - - - - - -
LCS PT3 - - - - - - - - -
Site K LCS PT1 - - - - - - - - -

. LCS PT1 - - - - - - - - -
Site L LCSPT2 | - : : : : : : : :
Site M LCS PT1 - - - - - - - - -
Site N LCSPT1 - - - - - - - - -
Site O LCSPT1 - - - - - - - - -
Site P LCSPT1 - - - - - - - - -

LCSPT1 - - - - - - - - -
Site Q LCSPT2 - - - - - - - - -
LCS PT3 - - - - - - - - -

. LCSPT1 - - - - - - - - -
Site R LCSPT2 | - - - - - - - - -

. LCS PT1 - - - - - - - - -
Site S LCSPT2 | - : : : : : : : :
Site T LCS PT1 - - - - - - - - -
Site U LCS PT1 - - - - - - - - -
Site V LCS PT1 - - - - - - - - -
Site W LCS PT1 1 6 2.6 6 1 6 19 NS NS

LCS PT 2 1 21 6 5 1 5 21 Decreasing | Decreasing
Site X LCSPT1 - - - - - - - -

. LCSPT1 - - - - - - - - -
Site Y cspr2 | - | - | - - - - - - -
Site Z LCSPT1 - - - - - - - - -

LCSPT1 - - - - - - - - -

Site AA LCSPT2 - - - - - - - - -
LCS PT3 - - - - - - - - -

Site BB LCS PT1 - - - - - - - - -
. LCS PT1 - - - - - - - - -
Site CC LCSPT2 - - - - - - - - -
LCS PT1 - - - - - - - - -

Site DD LCSPT2 - - - - - - - - -
LCSPT3 - - - - - - - - -

Site EE LCS PT1 - - - - - - - - -
Site FF LCS PT1 - - - - - - - - -
. LCSPT1 - - - - - - - - -
Site GG LCSPT2 - - - - - - - - -
Site HH LCSPT1 - - - - - - - - -




Acetone
Leachate . - Statistically
Landfill Sites Collection Min | Max | Avg | Number | Number Number | Number St.atls.,tlcally Significant
Points Conc. [ Conc. [ Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/l) | (uo/l) | (ug/ly| >PAL | >ES Trend
(Ln C)
. LCS PT1 - - - - - - - - -
Site A cspr2| - | - [ - - - - - - -
Site B LCS PT1 | 5900 |37000/18925[ 16 16 16 16 NS NS
LCS PT2 | 920 | 8400 [ 3213 17 16 17 19 NS NS
Site C LCSPT1 - - - - - - - - -
Site D LCSPT 1 15 |15000| 4553 3 3 4 9 NS NS
Site E LCS PT1 38 [3230]| 758 3 2 8 10 NS NS
LCSPT2 | 22 |5040]| 1182 5 3 8 10 Decreasing | Decreasing
. LCS PT 1 - - - - - - - - -
Site F Lcspr2| - | - | - - - - - - -
Site G LCS PT 1 - - - - - - - - -
Site H LCSPT1 | 200 | 7700 | 2116 16 9 16 16 Decreasing | Decreasing
Site | LCS PT1 - - - - - - - - -
LCS PT 1 - - - - - - - - -
Site J LCSPT2 | 57 | 870 [364.8 8 0 12 15 NS NS
LCSPT3 | 27 | 230 | 74.7 1 0 6 15 Increasing | Increasing
Site K LCSPT1 - - - - - - - - -
Site L LCSPT1 | 23 100 | 56.8 0 0 11 13 NS NS
LCSPT2 | 56 94 | 284 0 0 6 13 NS NS
Site M LCS PT 1 72 13100) 716 1 1 5 8 NS NS
Site N LCSPT1 | 20 | 760 | 383 3 0 5 13 NS NS
Site O LCS PT 1 - - - - - - - - -
Site P LCSPT1 | 120 | 1200 | 533 8 1 8 8 NS NS
LCSPT1 | 280 | 7200 | 2041 15 7 15 17 NS NS
Site Q LCSPT2 | 48 | 7800|2816 8 6 12 17 NS Decreasing
LCS PT3 | 640 |24000/10168 5 4 5 5 NS NS
. LCS PT1 - - - - - - - - -
SiteR cspr2| - | - | - - - - - - -
Site S LCS PT1 | 690 |18000| 7870 17 16 17 19 NS NS
LCSPT2 | 62 |17000f 4734 12 9 13 13 NS NS
Site T LCS PT 1 - - - - - - - - -
Site U LCS PT 1 25 114800] 5919 7 6 10 11 Decreasing | Decreasing
Site V LCS PT 1 - - - - - - - - -
Site W LCS PT 1 53 [4800 | 1169 13 6 16 18 NS NS
LCSPT2 | 110 | 8900 | 2068 15 9 17 18 Decreasing | Decreasing
Site X LCS PT 1 - - - - - - - - -
. LCS PT 1 - - - - - - - - -
Site Y
LCSPT2 | 410 | 3400 [ 1353 4 1 4 7 NS NS
Site Z LCS PT 1 54 [8580 ]| 1395 8 6 13 15 NS NS
LCS PT 1 16 | 360 | 173 2 0 5 8 NS NS
Site AA LCSPT2 | 3.1 | 1100 [260.2 2 1 6 8 NS NS
LCS PT3 - - - - - - - - -
Site BB LCSPT1 - - - - - - - - -
Site CC LCS PT 1 | 6200 |59000({22107( 14 14 14 14 NS NS
LCS PT2 | 360 | 8200 | 3463 6 4 6 6 Decreasing NS
LCS PT 1 - - - - - - - -
Site DD LCS PT2 - - - - - - - - -
LCS PT3 - - - - - - - - -
Site EE LCSPT1 - - - - - - - - -
Site FF LCS PT 1 15 | 2000 | 464 2 1 5 15 NS NS
Site GG LCS PT1 38 [2000| 644 7 3 11 18 NS NS
LCSPT2 | 98 |11000{ 1736 9 4 11 14 NS NS
Site HH LCS PT1 | 210 |24000| 5080 15 14 15 16 NS NS
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Benzene
Leachate . - Statisticall
Landfill Sites Collection Min | Max | Avg | Number | Number Number | Number St_at|§t|cally Signiﬁcanty
Points Conc. | Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ug/l) | (ug/l) | >PAL | >ES Trend
(Ln C)
Site A LCSPT1| 14 | 56 | 3.8 3 1 3 4 NS NS
LCSPT2| 0.3 | 641 3.7 7 2 8 9 NS NS
Site B LCSPT1| 15 61 | 31.1 22 22 22 27 NS NS
LCSPT2]| 0.7 13 4.3 17 4 17 40 NS NS
Site C LCSPT1]| 08 | 9.2 4 18 5 18 18 NS NS
Site D LCSPT1| 15 | 113 | 5.8 6 3 6 14 NS NS
Site E LCSPT1| 24 | 95 | 47 6 3 6 13 NS NS
LCS PT 2 3 79 | 45 6 2 6 13 NS NS
. LCS PT 1 - - - - - - - - -
Site F Lcspr2| - | - | - - - - - - -
Site G LCSPT1| 047 ] 105 | 34 12 2 13 19 NS NS
Site H LCSPT1 | 3.1 41 11.9 5 3 5 19 NS NS
Site | LCSPT1]| 12 | 91 5.6 12 9 12 14 NS NS
LCSPT1]| 22 14 6.1 5 2 5 13 NS NS
Site J LCSPT2]| 0.83 4 2.1 5 0 5 16 NS NS
LCSPT3]| 2.8 5 4 9 2 3 4 NS NS
Site K LCSPT1| 2.1 49 | 34 7 0 7 13 NS NS
Site L LCSPT1]0.16 | 1.3 | 042 1 0 6 14 NS NS
LCSPT2| 0.1 2 0.77 3 0 3 13 NS NS
Site M LCSPT1| 1.2 12 4.8 8 3 8 16 Decreasing | Decreasing
Site N LCSPT1[0.26 | 8.9 3 7 2 9 17 Decreasing | Decreasing
Site O LCSPT1| 14 25 [ 11.2 9 4 9 13 Decreasing | Decreasing
Site P LCS PT 1 2 17 8.8 7 5 7 13 NS NS
LCSPT1]| 0.8 26 | 14.8 9 8 9 18 NS NS
Site Q LCS PT 2 3 9 5.7 7 4 7 13 NS NS
LCS PT 3 7 16 [ 12.3 3 3 3 5 NS NS
. LCS PT 1 - - - - - - - - -
Site R Lcspr2| - | - | - - - - - - -
Site S LCS PT 1 3 8 5.2 7 4 7 21 NS NS
LCSPT2| 41 11 6.9 8 6 8 13 NS NS
Site T LCSPT1] 0.33 4 24 4 5 18 NS NS
Site U LCSPT1| 24 85 [ 26.5 9 7 9 17 Decreasing | Decreasing
Site V LCSPT1| 4.1 9.8 [ 55 7 4 7 11 NS NS
Site W LCSPT1] 0.9 16 5.3 7 3 7 19 NS NS
LCS PT2 2 23 7.2 6 4 6 20 Decreasing | Decreasing
Site X LCS PT1 4 13 8.2 13 12 13 23 Decreasing NS
Site Y LCSPT1| 1.1 16 | 14 3 0 3 6 NS NS
LCSPT2| 1.7 7.8 3.5 4 1 4 8 Decreasing [ Decreasing
Site Z LCS PT 1 2 7.8 | 49 8 3 8 15 NS NS
LCSPT1[ 058 11 4.2 9 2 9 15 Decreasing | Decreasing
Site AA LCSPT2]| 0.25]| 1.3 | 0.65 5 0 9 15 Decreasing [ Decreasing
LCSPT3| 1.7 | 47 | 3.2 4 0 4 6 NS NS
Site BB LCS PT 1 - - - - - - - - -
. LCS PT 1 - - - - - - - - -
Site CC LGS PT 2 - - - - - - - - -
LCSPT1]|042] 59 | 3.3 11 4 12 38 NS NS
Site DD LCSPT2| 0.1 1.3 1 07 4 0 8 34 NS NS
LCS PT 3 - - - - - - - - -
Site EE LCS PT 1 - - - - - - - - -
Site FF LCS PT 1 - - - - - - - - -
. LCSPT1]| 14 6 3.9 14 3 14 19 NS NS
Site GG
LCSPT2| 25 | 49 | 3.6 4 0 4 15 NS NS
Site HH LCS PT1 3 21 8.3 4 2 4 16 NS NS
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Chlorobenzene

Leachate . - Statisticall
Landfill Sites Collection Min | Max | Avg | Number| Number Number [ Number St.atls.tlcally Signiﬂcanty
Points Conc. | Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ug/l) | (ug/l) | > PAL >ES Trend
(Ln C)

. LCS PT 1 - - - - - - - - -
Site A Lcspr2| - | - | - - - - - - -
Site B LCS PT 1 2 6 3.1 0 0 7 27 NS NS

LCSPT2| 04 7 1.9 0 0 8 39 NS NS
Site C LCSPT1| 0.9 | 33 1.5 0 0 10 19 NS NS
Site D LCS PT 1 - - - - - - - - -
Site E LCSPT1| 16 | 47 | 29 0 0 4 13 NS NS

LCSPT2 - - - - - - - - -

. LCS PT 1 - - - - - - - - -
Site F LcspT2| - | - | - - - - - - -
Site G LCS PT 1 - - - - - - - - -
Site H LCS PT 1 - - - - - - - - -
Site | LCS PT 1 3 21 ]110.2 1 0 6 14 NS NS

LCS PT 1 - - - - - - - - -
Site J LCSPT2 - - - - - - - - -

LCSPT3 - - - - - - - - -
Site K LCSPT1| 16 | 7.2 5 0 0 4 12 NS NS

. LCS PT 1 - - - - - - - - -
Site L Lcspr2| - | - - - - - - - -
Site M LCSPT1] 096 | 11 4.9 0 0 5 16 Decreasing | Decreasing
Site N LCSPT1[ 064 | 71 4.1 0 0 5 17 NS NS
Site O LCS PT 1 - - - - - - - - -
Site P LCS PT 1 - - - - - - - - -

LCS PT 1 - - - - - - - - -
Site Q LCSPT2 - - - - - - - - -
LCS PT3 - - - - - - - - -

. LCS PT 1 - - - - - - - - -
Site R Lcspr2| - | - | - - - - - - -

. LCS PT 1 - - - - - - - - -
Site S Lcspr2| - | - | - - - - - - -
Site T LCS PT 1 - - - - - - - - -
Site U LCS PT 1 - - - - - - - - -
Site V LCS PT 1 - - - - - - - - -

. LCS PT 1 - - - - - - - - -
Site W LcspPr2| - | - - - - - - - -
Site X LCSPT1] 1.1 4.9 3.2 0 0 9 22 Increasing | Increasing

. LCS PT 1 - - - - - - - - -
Site’Y LCSPT2| - - . : : . . . .
Site Z LCS PT 1 - - - - - - - - -

LCS PT 1 - - - - - - - - -

Site AA LCSPT2 - - - - - - - - -
LCS PT3 - - - - - - - - -

Site BB LCS PT 1 - - - - - - - - -
. LCS PT 1 - - - - - - - - -
Site CC LCSPT2 - - - - - - - - -
LCS PT 1 - - - - - - - - -

Site DD LCSPT2 - - - - - - - - -
LCSPT3 - - - - - - - - -

Site EE LCS PT 1 - - - - - - - - -
Site FF LCS PT 1 - - - - - - - - -
. LCS PT 1 - - - - - - - - -
Site GG LCSPT2 - - - - - - - - -
Site HH LCS PT 1 - - - - - - - - -
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Chloroethane

Leachate . - Statisticall
Landfill Sites Collection Min | Max | Avg | Number| Number Number | Number St.atls.,hcally Signiﬁcan’(y
Points Conc. [ Conc. [ Conc. | Detects | Detects Detects | Samples Significant Trend
(ng/l) | (ua/l) | (ngfl) | > PAL >ES Trend (Ln C)
Site A LCS PT 1 1.2 10 6.6 0 0 4 4 NS NS
LCS PT 2 - - - - - - - - -
Site B LCS PT1 4 36 13 0 0 8 27 NS NS
LCSPT2 | 0.8 72 | 14.3 0 0 10 37 NS NS
Site C LCS PT 1 1.7 [ 35.1 [ 10.3 0 0 5 19 NS NS
Site D LCS PT 1 - - - - - - - - -

. LCS PT 1 - - - - - - - - -
Site E Lcspr2 | - | - | - - - - - - -

. LCS PT1 - - - - - - - -
Stte F Lcspr2 | - | - | - - - - - - -
Site G LCS PT 1 - - - - - - - - -
Site H LCS PT 1 11 14 | 12.7 0 0 3 19 NS NS
Site | LCS PT 1 1.3 24 10.7 0 0 8 14 NS NS

LCS PT 1 - - - - - - - - -
Site J LCS PT 2 - - - - - - - - -
LCS PT3 - - - - - - - - -
Site K LCS PT 1 - - - - - - - - -

. LCS PT 1 - - - - - - - - -
Site L LCSPT2 | - ; . ; . : : ; :
Site M LCS PT 1 - - - - - - - - -
Site N LCS PT 1 21 30 10.4 0 0 4 17 NS NS
Site O LCS PT 1 - - - - - - - - -
Site P LCS PT 1 - - - - - - - - -

LCS PT 1 2 118 [ 23.5 1 0 6 18 NS NS
Site Q LCS PT 2 - - - - - - - - -
LCSPT3 - - - - - - - - -

. LCS PT 1 - - - - - - - - -
Site R lcspr2 | - | - | - - - - - - -

. LCS PT1 - - - - - - - - -
Site S LCSPT2 | 6 | 14 | 10 0 0 3 13 NS NS
Site T LCS PT 1 - - - - - - - - -
Site U LCS PT 1 1.6 [ 1300 359 4 3 8 17 Decreasing | Decreasing
Site V LCS PT1 - - - - - - - -

. LCS PT 1 - - - - - - - - -
Site W LCSPT2 - - - - - - - - -
Site X LCS PT 1 2.4 12 5.6 0 0 6 23 NS NS

. LCS PT 1 - - - - - - - - -
Site Y LcspPT2 | - | - - - - - - - -
Site Z LCS PT 1 4.6 21 [ 12.6 0 0 8 15 NS NS

LCS PT 1 - - - - - - - - -
Site AA LCSPT2 - - - - - - - - -
LCS PT 3 - - - - - - - - -
Site BB LCS PT1 1 110 20 1 0 6 14 NS NS
. LCS PT1 - - - - - - - - -
Site CC LCSPT2 - - - - - - - - -
LCS PT 1 - - - - - - - - -
Site DD LCS PT 2 - - - - - - - - -
LCS PT 3 - - - - - - - - -
Site EE LCS PT1 - - - - - - - - -
Site FF LCS PT 1 29 35 [ 16.5 0 0 6 16 Decreasing | Decreasing
. LCS PT 1 - - - - - - - - -
Site GG LCS PT 2 - - - - - - - - -
Site HH LCS PT 1 10 69 | 23.8 0 0 8 16 NS NS
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Chloromethane

418

Leachate . - Statistically

Landfill Sites Collection Min | Max | Avg | Number | Number Number | Number St.at|s.t|cally Significant
Points Conc. [ Conc. [ Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/) | (ua/l) | (ug/) | >PAL | >ES Trend (Ln C)

. LCS PT1 - - - - - - - - -
Site A LCSPT2 - - - - - - - - -

. LCS PT1 - - - - - - - - -
Site B LCSPT2 | - : ; : ; : : ; ;
Site C LCS PT 1 - - - - - - - - -
Site D LCS PT1 - - - - - - - - -

. LCS PT1 - - - - - - - - -
Site E LCSPT2 - - - - - - - - -

. LCS PT 1 - - - - - - - - -
Site F Lcspr2 | - | - | - - - - - - -
Site G LCS PT 1 - - - - - - - - -
Site H LCS PT1 - - - - - - - - -
Site | LCS PT1 - - - - - - - - -

LCS PT1 - - - - - - - - -
Site J LCSPT2 - - - - - - - - -
LCS PT 3 - - - - - - - - -
Site K LCS PT1 - - - - - - - - -
Site L LCSPT1 | 041 09 | 0.73 9 0 9 14 NS NS
LCSPT2 | 027 | 26 | 7.1 3 1 4 13 NS NS
Site M LCS PT 1 - - - - - - - - -
Site N LCS PT 1 - - - - - - - - -
Site O LCS PT1 - - - - - - - - -
Site P LCS PT 1 - - - - - - - - -
LCS PT 1 - - - - - - - - -
Site Q LCS PT2 - - - - - - - - -
LCSPT3 - - - - - - - - -

. LCS PT1 - - - - - - - - -
Site R LCSPT2 | - : ; : ; : : ; ;

. LCS PT 1 - - - - - - - - -
Site S LcSPT2 | 2 | 5 | 33| 3 2 3 13 NS NS
Site T LCS PT1 - - - - - - - - -
Site U LCS PT 1 - - - - - - - - -
Site V LCS PT1 - - - - - - - - -

. LCS PT 1 - - - - - - - - -
Site W LCSPT2 | - : : : : : : ; ;
Site X LCS PT1 - - - - - - - - -

. LCS PT1 - - - - - - - - -
Site Y LCSPT2 | - : : : : : : : ;
Site Z LCS PT1 - - - - - - - - -

LCS PT 1 - - - - - - - - -

Site AA LCS PT2 - - - - - - - - -
LCS PT3 - - - - - - - - -

Site BB LCS PT 1 - - - - - - - - -
. LCS PT1 - - - - - - - - -
Site CC LGS PT 2 - - - - - - - - -
LCS PT 1 - - - - - - - - -

Site DD LCSPT2 | - - - - - - - - -
LCS PT3 - - - - - - - - -

Site EE LCS PT 1 - - - - - - - - -
Site FF LCS PT 1 - - - - - - - - -
. LCS PT 1 - - - - - - - - -
Site GG LCSPT2 - - - - - - - - -
Site HH LCS PT1 - - - - - - - - -
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cis-1,2-Dichloroethene
Leachate . - Statisticall
Landfill Sites Collection Min | Max | Avg | Number) Number Number | Number St.atls.tlcally Signiﬁcanty
Points Conc. [ Conc. [ Conc. | Detects | Detects Detects | Samples Significant Trend
(ua/l) | (ua/l) | (ug/l)y | >PAL | >ES Trend
(Ln C)

. LCS PT1 - - - - - - - - -
Site A LcspPr2 | - | - - - - - - - -
Site B LCS PT1 7 71 [ 32.2 17 1 17 27 NS NS

LCSPT2 | 04 11 4.5 0 9 31 NS NS
Site C LCSPT1 | 049 [ 89 3.2 1 0 7 15 Decreasing | Decreasing
Site D LCSPT1 - - - - - - - - -
Site E LCS PT 1 - - - - - - - - -
LCSPT2 [ 089 | 76.1[143 1 1 6 13 NS NS
Site F LCS PT1 - - - - - - - - -
LCSPT2 - - - - - - - - -
Site G LCSPT1 [ 248 16 9.6 2 0 4 32 NS NS
Site H LCS PT1 - - - - - - - - -
Site | LCS PT1 3 28 16 2 0 4 14 NS NS
LCS PT1 - - - - - - - - -
Site J LCSPT2 - - - - - - - - -
LCSPT3 [ 11 29 | 17 0 0 3 16 NS NS
Site K LCS PT1 - - - - - - - - -

. LCS PT1 - - - - - - - - -
Site L LCSPT2 | - : : : : : : : :
Site M LCS PT1 - - - - - - - - -
Site N LCSPT1 - - - - - - - - -
Site O LCS PT 1 1.6 | 200 | 65.5 4 2 6 13 NS Decreasing
Site P LCSPT1 - - - - - - - - -

LCS PT 1 3 10 6.3 3 0 6 17 Decreasing | Decreasing
Site Q LCSPT2 - - - - - - - - -
LCS PT3 - - - - - - - - -

. LCSPT1 - - - - - - - - -
SiteR cspr2 | - | - | - - - - - - -
Site S LCS PT1 1 2 1.67 0 0 3 18 NS NS

LCSPT2 - - - - - - - - -
Site T LCS PT1 - - - - - - - - -
Site U LCS PT1 7.6 | 160 | 71.5 5 2 5 11 NS NS
Site V LCS PT1 5.4 15 9.6 2 0 4 10 NS NS

. LCS PT1 - - - - - - - - -
Site W LcspPr2 | - | - - - - - - - -
Site X LCSPT1 - - - - - - - - -

. LCSPT1 - - - - - - - - -
Site Y cspr2 | - | - | - - - - - - -
Site Z LCSPT1 - - - - - - - - -

LCSPT1 [ 0.64 1 0.88 0 0 5 15 NS NS
Site AA LCSPT2 - - - - - - - - -
LCSPT3 - - - - - - - - -
Site BB LCS PT1 - - - - - - - - -
. LCS PT1 - - - - - - - - -
Site CC LGS PT2 - - - - - - - - -
LCS PT1 - - - - - - - - -
Site DD LCSPT2 - - - - - - - - -
LCSPT3 - - - - - - - - -
Site EE LCS PT1 - - - - - - - - -
Site FF LCS PT1 - - - - - - - - -
. LCSPT1 1 18 7.4 3 0 6 19 NS NS
Site GG LCSPT2 - - - - - - - - -
Site HH LCS PT 1 - - - - - - - - -




Dichlorodifluoromethane

Leachate . - Statistically

Landfill Sites Collection Min | Max | Avg | Number | Number Number | Number St.at|s.t|cally Significant
Points Conc. [ Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
o | (g | (g | >PAL | >ES Trend o)

: LCSPT1]| - ; ; - - - - - -
Site A LCSPT2 | - : : : N N 5 : -

) LCSPT1 | - : : N N 5 5 5 -
Site B [CSPT2 | - : N N N : : 5 -
Site C LCSPT1]| - . - N - 5 : 5 -
Site D LCSPT1| - ; - N - 5 5 5 -

) LCSPT1 | - : : n N 5 5 - -
Site E LCSPT2 | - : 5 N N - 5 : -

LCSPT1 | - : : N N 5 5 5 -
Site F

e Lcspr2| - | - | - - - - - - -
Site G LCSPT1| 07 | 435 117| 0 0 8 31 NS NS
Site H LCSPT1| - » - N - i : : -
Site | LCSPT1| 1 | 140 | 296| 0 0 6 14 NS NS

LCSPT1 | - : ; n N ) 5 » -
Site J LCSPT2 | 2.8 | 7.9 | 51 0 0 6 16 NS NS

LCSPT3 | - : - N 5 ) 5 : :
Site K LCSPT1 | - . N N 5 5 5 5 -

: LCSPT1 | - . 5 N N 5 : 5 -
Site L LCSPT2 | - : 5 N 5 5 : 5 -
Site M LCSPT1| - ; : N N - 5 5 -
Site N LCSPT1| - : - n - 5 5 : -
Site O LCSPT1 | - 5 N N 5 5 5 5 -
Site P LCSPT1 | - . N N 5 5 5 5 -

LCSPT1]| - . : N N N : 5 -
Site Q LCSPT2 | - : : n N 5 5 5 -
LCSPT3 | - : ; N 5 5 5 5 -

) LCSPT1 | - : : N : : 5 : -
Site R [CSPT2 | - : N N N : : 5 -

: LCSPT1 | - : 5 N N 5 5 5 -
Site S LCSPT2 | - ; ; N 5 N : 5 -
Site T LCSPT1 | - : 5 n N 5 5 5 -
Site U LCSPT1| - ; - N N 5 5 : .
Site V LCSPT1 | - : 5 N 5 5 5 5 -

. LCSPT1| - : ; - - - - - -
Site W LCSPT2 | - . N N N 5 : 5 -
Site X LCSPT1| - ; ; n N 5 5 - -

) LCSPT1]| - ; ; - - - - - -
Site Y LCSPT2 | - : 5 n N : 5 : -
Site Z LCSPT1 | - : n N 5 5 : 5 -

LCSPT1 | - . 5 N N 5 : 5 -

Site AA LCSPT2 | - . 5 N N 5 5 5 -

LCSPT3 | - : : n N 5 5 5 -

Site BB LCSPT1 | - : 5 N N - 5 5 -

) LCSPT1 | - : ; N N : 5 : -

Site CC [CSPT2 | - : N N 5 5 5 5 -
LCSPT1] 093|974 |251| 0O 0 11 34 NS NS

Site DD LCSPT2 | - : ; N 3 5 : : -
LCSPT3 | 023 ] 42 | 84 0 0 6 29 NS NS

Site EE LCSPT1 | - : 5 n 3 3 - : -

Site FF LCSPT1 | - : 5 N 5 - 5 5 -

. LCSPT1| - : - - - - - - -

Site GG LCSPT2 | - . N N N 5 5 5 -

Site HH LCSPT1]| - 5 5 5 5 3 5 5 -
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Dichloromethane
Leachate . - Statisticall
Landfill Sites Collection Min | Max | Avg | Number | Number Number | Number St.atls'tlcally Signiﬁcanty
Points Conc. | Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ug/l) | (ug/l)| >PAL | >ES Trend
(Ln C)
. LCS PT 1 - - - - - - - - -
Site A cspr2 | - | - | - - - - - - -
Site B LCS PT1 47 | 1300 | 385 24 24 24 27 Decreasing | Decreasing
LCS PT 2 2.2 | 3170 |584.7 29 26 29 40 Decreasing | Decreasing
Site C LCS PT 1 - - - - - - - - -
Site D LCS PT 1 14 | 163 | 42.2 5 4 5 14 NS NS
Site E LCS PT 1 1.4 15 6.4 6 4 6 13 NS NS
LCS PT 2 11 148 |62.25 4 4 4 13 NS NS
. LCS PT 1 - - - - - - - - -
Site F tcspr2 | - | - | - - - - - - -
Site G LCSPT1 | 48.7 [ 676 [299.3 4 4 4 33 NS NS
Site H LCS PT1 6.8 [ 10253274 10 10 10 19 NS Decreasing
Site | LCS PT1 - - - - - - - - -
LCS PT1 5.9 [ 500 [165.7 4 4 4 13 NS NS
Site J LCSPT2 | 14 | 72 | 42 4 2 4 16 NS NS
LCS PT 3 - - - - - - - - -
Site K LCS PT1 49 | 129 [ 405 4 3 4 12 NS NS
. LCS PT1 - - - - - - - - -
Site L cspr2 | - | - | - - - - - - -
Site M LCS PT 1 1 200 | 48.9 10 7 10 16 NS NS
Site N LCS PT1 - - - - - - - - -
Site O LCS PT1 2.1 | 2400]676.9 13 11 13 13 Decreasing | Decreasing
Site P LCS PT 1 10 | 640 | 157 5 5 5 10 NS NS
LCS PT1 12 | 5530 1417.9 16 16 16 18 Decreasing | Decreasing
Site Q LCSPT2 3 500 |113.9 10 8 10 17 NS NS
LCS PT 3 28 | 1100 | 339 4 4 4 5 NS NS
. LCS PT 1 - - - - - - - - -
Site R cspr2 | - | - | - - - - - - -
Site S LCS PT 1 0.8 | 560 | 267 11 9 11 22 Decreasing | Decreasing
LCS PT 2 8 470 |186.1 9 9 9 13 NS NS
Site T LCS PT 1 8.2 44 | 26.3 4 4 4 18 NS NS
Site U LCS PT 1 1.2 | 8200 ] 1016 13 11 13 15 Decreasing | Decreasing
Site V LCSPT1 | 34.7 [ 540 [193.6 6 6 6 11 NS NS
Site W LCS PT 1 0.9 | 724 | 66.3 15 9 15 19 Decreasing | Decreasing
LCS PT 2 1 2940 [ 344 13 8 13 21 Decreasing | Decreasing
Site X LCS PT 1 1.3 [ 2450 | 547 17 16 17 23 Decreasing | Decreasing
. LCS PT1 - - - - - - - - -
Site Y cspr2 | - | - | - - - - - - -
Site Z LCS PT1 11 [1200311.3 7 7 7 15 NS Decreasing
LCS PT1 0.7 16 5.4 5 2 5 15 NS NS
Site AA LCS PT 2 - - - - - - - - -
LCS PT 3 - - - - - - - - -
Site BB LCSPT1 | 058 | 18 5.4 8 3 8 14 Decreasing | Decreasing
Site CC LCS PT1 36 | 3700 770 9 9 9 16 Decreasing | Decreasing
LCS PT 2 33 | 210 | 102 4 4 4 6 NS NS
LCS PT1 6.6 [144.7]| 53.4 9 9 9 35 Decreasing | Decreasing
Site DD LCS PT2 - - - - - - - - -
LCS PT 3 - - - - - - - - -
Site EE LCS PT1 - - - - - - - - -
Site FF LCS PT1 2 190 | 29.9 8 5 8 16 NS NS
Site GG LCS PT1 1.3 | 150 49 9 6 9 19 Decreasing | Decreasing
LCSPT2 | 52 [ 230 | 57.9 6 6 6 15 NS NS
Site HH LCS PT1 1.8 | 1900 | 390 15 13 15 16 Decreasing | Decreasing




422

Ethylbenzene
Leachate . - Statisticall
Landfill Sites Collection Min | Max | Avg | Number | Number Number | Number St§t|§tlcally Signiﬁcanty
Points Conc. [Conc. | Conc.| Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ug/l) | (ug/l) | > PAL >ES Trend
(Ln C)
Site A LCSPT1 | 1.6 37 [ 15.2 0 0 3 4 Increasing [ Increasing
LCSPT2 | 1.2 60 31 0 0 8 9 NS NS
Site B LCS PT 1 54 | 450 [149.8 13 0 25 25 NS NS
LCS PT 2 1 222 | 23 1 0 25 40 NS NS
Site C LCSPT1 ]| 89 48 | 254 0 0 19 19 NS NS
Site D LCSPT1[047 | 40 | 122 0 0 10 14 NS NS
Site E LCSPT1 ]| 069 | 120 | 24.8 0 0 10 14 NS NS
LCSPT2 | 13 57 [ 33.8 0 0 9 13 NS NS
. LCS PT1 - - - - - - - - -
Site F lcspr2| - | - | - - - - - - -
Site G LCSPT1 ]| 45 53 22 0 0 27 33 NS NS
Site H LCSPT1 | 47 62 | 15.3 0 0 13 19 NS NS
Site | LCSPT1]| 6.7 79 [ 40.1 0 0 12 14 NS NS
LCSPT1 | 20 93 [ 405 0 0 10 13 NS NS
Site J LCSPT2 | 12 | 340 | 71.3 2 0 15 16 NS* NS*
LCSPT3 | 27 | 120 | 66.2 0 0 16 16 NS NS
Site K LCS PT1 3 68 [ 33.6 0 0 12 13 NS NS
. LCS PT1 - - - - - - - - -
Site L LCSPT2| - - - - - - - - -
Site M LCSPT1 | 1.1 120 | 41.3 0 0 15 16 NS NS
Site N LCSPT1]| 14 | 339]20.2 0 0 9 18 NS NS
Site O LCSPT1 | 8.6 75 | 36.9 0 0 9 13 Decreasing | Decreasing
Site P LCSPT1] 05 49 1243 0 0 12 13 NS NS
LCSPT1 5 140 [ 63.5 1 0 14 18 Decreasing NS
Site Q LCS PT 2 7 46 | 26.6 0 0 15 17 NS NS
LCSPT3 | 23 80 [ 60.3 0 0 4 5 NS NS
. LCS PT1 - - - - - - - - -
Site R LCS PT 2 - - - - - - - - -
Site S LCS PT 1 10 107 | 43.7 0 0 15 22 NS NS
LCSPT2 | 14 77 [ 329 0 0 13 13 NS NS
Site T LCSPT1 4 79 [21.7 0 0 15 18 NS NS
Site U LCSPT1 [ 061 ]| 130 | 61.4 0 0 12 17 NS NS
Site V LCS PT1 12 26 [ 213 0 0 8 11 NS NS
Site W LCS PT1 1 68 | 13.8 0 0 15 19 Decreasing | Decreasing
LCSPT2 | 0.5 | 100 22 0 0 16 21 Decreasing | Decreasing
Site X LCS PT 1 31 120 [ 78.5 0 0 19 23 NS NS
Site Y LCSPT1]| 6.8 14 | 115 0 0 4 8 NS NS
LCS PT 2 3 21 | 15.6 0 0 6 8 NS NS
Site Z LCSPT1 ]| 83 37 [ 16.9 0 0 10 15 NS NS
LCSPT1 ]| 21 56 | 27.6 0 0 8 15 Decreasing | Decreasing
Site AA LCSPT2 | 078 | 1.5 1.1 0 0 6 15 Decreasing | Decreasing
LCSPT3 | 83 32 | 21.2 0 0 6 6 Increasing | Increasing
Site BB LCS PT 1 - - - - - - - - -
Site CC LCS PT1 65 240 | 127 4 0 9 16 Decreasing | Decreasing
LCSPT2 [ 32 130 | 70 0 0 5 6 NS NS
LCSPT1 | 1.9 72 [ 18.8 0 0 30 38 NS NS
Site DD LCS PT 2 - - - - - - - - -
LCSPT3 | 0.16 | 31 6.5 0 0 9 30 NS NS
Site EE LCS PT 1 - - - - - - - - -
Site FF LCS PT1 1 42 |1 11.9 0 0 4 16 NS NS
Site GG LCS PT1 2 56 | 33.6 0 0 17 18 Increasing | Increasing
LCSPT2 [ 031 68 | 23.5 0 0 15 15 NS NS
Site HH LCS PT 1 9 39 | 21.2 0 0 6 10 NS NS




Styrene
Leachate . Statistically
Landfill Sites Collection [ Min Conc. Max Avg Number | Number Number [ Number St‘atls_hcally Significant
Points (ugll) Conc. Conc. Detects Detects Detects | Samples Significant Trend
(ng/) (ug/) > PAL >ES Trend
(LnC)

. LCS PT 1
Site A LCSPT2
Site B LCS PT 1

LCS PT2 0.4 13 4.71 2 0 9 33 NS NS
Site C LCS PT 1
Site D LCS PT 1
. LCS PT1
Site E LCSPT2
. LCS PT1
Site F LCSPT2

Site G LCS PT1 8.51 65.5 26.2 4 0 5 28 NS NS
Site H LCSPT1
Site | LCS PT 1
LCS PT 1
Site J LCS PT2
LCSPT3

Site K LCS PT 1 1.3 63.6 12.3 1 0 7 12 NS NS
. LCS PT 1
Site L LCSPT2
Site M LCS PT1
Site N LCS PT1

Site O LCS PT1 16 30 23.3 4 0 4 8 NS NS

Site P LCSPT1 3 14 8.75 2 0 4 12 NS NS
LCS PT 1

Site Q LCS PT 2 2 18 6.8 0 5 21 NS NS
LCSPT3
. LCS PT 1
SiteR LCSPT2
. LCS PT 1
Site S LCSPT2
Site T LCS PT 1

Site U LCS PT 1 1.8 64 40.2 3 0 4 14 NS NS

Site V LCS PT 1 3.8 7.4 5.65 0 0 5 12 NS NS

Site W LCSPT1 0.3 11 3.68 1 0 6 20 NS NS

LCSPT2 1 14 6.6 2 0 5 20 NS NS
Site X LCS PT1
. LCSPT1
Site Y LCSPT2

Site Z LCS PT 1 2.5 5 4.03 0 0 3 17 NS NS
LCS PT 1
Site AA LCS PT2
LCSPT3
Site BB LCS PT 1
. LCS PT 1
Site CC CSPT2

LCS PT1 2.28 65.1 26.3 4 0 6 30 Decreasing [Decreasing

Site DD LCS PT2
LCSPT3
Site EE LCSPT1
Site FF LCSPT1
. LCS PT 1
Site GG CSPT2

Site HH LCS PT 1 2 27 9.78 1 0 5 20 NS NS
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Styrene
Leachate - Statisticall
Landfill Sites | Collection | Min Conc.| &% Avg | Number | Number |\ oo | Number | Statistically Signiﬁcanty
Points (ug/) Conc. Conc. Detects Detects Detects | Samples Significant Trend
(ugl) (wgh) | >PAL | >ES Trend
(Ln C)

. LCSPT 1
Site A LCSPT2
Site B LCS PT 1

LCSPT2 04 13 2.71 2 0 9 33 NS NS
Site C LCS PT 1
Site D LCS PT 1
. LCS PT 1
Site E LCSPT2
StoF LCS PT 1
LCS PT2

Site G LCSPT1 | 851 655 26.2 2 0 5 28 NS NS
Site H LCS PT 1
Site | LCS PT 1
LCS PT 1
Site J LCSPT2
LCSPT3

Site K LCS PT 1 13 63.6 123 1 0 7 12 NS NS
. LCS PT 1
Site L LCSPT2
Site M LCS PT 1
Site N LCS PT 1

Site O LCS PT 1 16 30 233 2 0 2 8 NS NS

Site P LCSPT 1 3 14 8.75 2 0 4 12 NS NS
LCS PT 1

Site @ LCSPT2 2 18 6.8 1 0 5 21 NS NS
LCSPT3
. LCS PT 1
Site R LCSPT2
. LCS PT 1
Site S LCSPT2
Site T LCS PT 1

Site U LCS PT 1 1.8 64 20.2 3 0 4 12 NS NS

Site V LCS PT 1 3.8 74 5.65 0 0 5 12 NS NS

Site W LCS PT 1 0.3 11 3.68 1 0 6 20 NS NS

LCSPT2 1 12 6.6 2 0 5 20 NS NS
Site X LCS PT 1
. LCS PT 1
Site Y LCSPT2

Site Z LCS PT 1 25 5 2.03 0 0 3 17 NS NS
LCS PT 1
Site AA LCSPT2
LCSPT3
Site BB LCS PT 1
. LCS PT 1
Site CC CSPT2

LCS PT 1 2.28 65.1 26.3 4 0 6 30 Decreasing | Decreasing

Site DD LCSPT2
LCSPT 3
Site EE LCS PT 1
Site FF LCSPT1
. LCS PT 1
Site GG CSPT2

Site HH LCS PT 1 2 27 978 1 0 5 20 NS NS
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Carbon Disulfide

Leachate . Statisticall
Landfill Sites Collection [ Min Conc. Max Avg Number | Number Number | Number Stlatlsl,ncally Signiﬁcanty
Points (ughl) Conc. Conc. Detects Detects Detects | Samples Significant Trend
(ng/l) (ng/l) > PAL >ES Trend
(Ln C)

. LCS PT1
Site A LCSPT2
. LCS PT1
Site B LCSPT2
Site C LCS PT1
Site D LCS PT 1
. LCS PT1
Site E LCSPT2
. LCS PT1
Site F LCS PT2
Site G LCS PT1
Site H LCS PT1
Site | LCS PT1
LCS PT1

Site J LCS PT 2 2 15 7.45 0 0 6 18 NS NS

LCSPT3 2.3 150 234 0 0 9 18 NS NS

Site K LCS PT 1 1.58 6 3.41 0 0 5 6 NS NS
Site L LCS PT1

LCSPT2 0.94 250 33.2 1 0 10 15 NS NS
Site M LCS PT 1
Site N LCS PT1
Site O LCS PT1
Site P LCS PT1
LCS PT1

Site Q LCSPT2 9 22 14.8 0 0 6 21 NS NS
LCSPT3
. LCS PT 1
Site R LCSPT2
. LCS PT1
Site S LCSPT2
Site T LCS PT1

Site U LCSPT1 0.65 1.8 0.97 0 0 5 11 NS NS
Site V LCSPT1
. LCS PT1
Site W LCSPT2
Site X LCS PT1
. LCS PT1
Site Y LCSPT2
Site Z LCS PT1

LCS PT1 34 61 44.3 0 0 4 11 NS NS
Site AA LCS PT 2

LCSPT3 2 5.5 3.5 0 0 4 8 NS NS
Site BB LCS PT1
. LCS PT1
Site CC LGS PT2
LCS PT1
Site DD LCSPT2
LCSPT3
Site EE LCS PT1
Site FF LCS PT1

Site GG LCS PT1 2.1 18 7.57 0 0 6 20 NS NS

LCS PT 2 5.1 22 12.7 0 0 3 16 NS NS
Site HH LCS PT 1
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Bromomethane
Leachate . Statistically
Landfill Sites Collection | Min Conc. Max Avg Number | Number Number | Number St.atls.tlcally Significant
Points (ug/) Conc. Conc. Detects Detects Detects | Samples Significant Trend
(ug/) (gl > PAL >ES Trend
(Ln C)
. LCS PT 1
Site A LCSPT2
. LCS PT 1
Site B LCSPT2
Site C LCS PT 1
Site D LCS PT 1
. LCS PT 1
Site £ LCSPT2
. LCS PT 1
Site F

e LCS PT2
Site G LCS PT 1
Site H LCS PT 1
Site | LCS PT 1
LCS PT 1
Site J LCS PT2
LCSPT3
Site K LCSPT1
. LCS PT 1
Site L LCSPT2
Site M LCS PT 1
Site N LCS PT 1
Site O LCS PT 1
Site P LCS PT 1
LCSPT1
Site Q LCSPT2
LCSPT3
. LCS PT 1
SiteR LCSPT2
. LCS PT 1
Site S LCSPT2
Site T LCS PT 1
Site U LCSPT1
Site V LCS PT 1
. LCS PT 1
Site W LCSPT2
Site X LCS PT 1
. LCS PT 1
Site Y LCSPT2
Site Z LCSPT1
LCS PT 1
Site AA LCSPT2
LCSPT3
Site BB LCS PT 1
. LCS PT 1
Site CC LGS PT2

LCS PT 1 0.47 160 324 14 10 16 40 NS NS
Site DD LCS PT2
LCSPT3
Site EE LCS PT 1
Site FF LCS PT 1
. LCS PT 1
Site GG CSPT2
Site HH LCS PT 1




427

Methyl Ethyl Ketone
Leachate . e Statisticall
Landfill Sites Collection Min | Max | Avg | Number | Number Number | Number St.atls.,tlcally Signiﬁcanty
Points Conc.|Conc.[Conc.| Detects | Detects Detects | Samples Significant Trend
(ng/l) | (ng/l) | (ng/l) | > PAL >ES Trend (Ln C)
. LCS PT1 - - - - - - - - -
Site A cspr2 | - | - - - - - - - -
Site B LCS PT1 4900 |53000({25618 16 16 16 16 NS NS
LCS PT2 | 2200 |13000( 6047 17 17 17 18 NS NS
Site C LCS PT1 - - - - - - - - -
Site D LCS PT1 1.8 4000 | 2225 3 3 4 9 NS NS
Site E LCS PT1 18 | 541 | 168 2 1 6 11 NS NS
LCS PT 2 28 | 789 | 208 3 1 6 10 Decreasing NS
. LCS PT1 - - - - - - - - -
Site F LCSPT2 | - - - - - - - - -
Site G LCS PT1 - - - - - - - -
Site H LCS PT1 - - - - - - - - -
Site | LCS PT1 - - - - - - - - -
LCS PT1 8.6 [ 1100 ] 369 2 1 4 5 NS NS
Site J LCS PT 2 34 | 1200 | 402 9 5 12 16 NS NS
LCS PT 3 20 | 210 [ 755 1 0 4 16 NS NS
Site K LCS PT1 - - - - - - - - -
Site L LCS PT1 3 6.9 | 52 0 0 7 13 NS NS
LCS PT 2 - - - - - - - - -
Site M LCS PT1 - - - - - - - - -
Site N LCS PT1 - - - - - - - -
Site O LCS PT 1 - - - - - - - - -
Site P LCS PT1 130 |37000| 4909 8 2 8 10 NS NS
LCS PT1 440 | 7700 | 2123 15 14 15 17 NS NS
Site Q LCS PT 2 64 | 9500 | 3528 9 7 11 17 NS Decreasing
LCSPT3 | 1600 |26000{16320 5 5 5 5 NS NS
. LCS PT1 - - - - - - - - -
SiteR csprz | - | - | - - - - - - -
Site S LCS PT 1 750 |25000( 8673 17 17 17 17 NS NS
LCS PT 2 150 |28000| 7709 13 12 13 13 NS NS
Site T LCS PT1 - - - - - - - - -
Site U LCS PT1 29 25000 6987 6 6 8 12 Decreasing | Decreasing
Site V LCS PT1 - - - - - - - - -
Site W LCS PT1 68 | 5000 | 1352 16 10 17 20 NS NS
LCS PT 2 98 | 8000 | 2140 17 11 17 18 Decreasing | Decreasing
Site X LCS PT1 - - - - - - - - -
Site Y LCS PT1 - - - - - - - - -
LCS PT 2 340 | 3000 | 1628 5 4 5 7 NS NS
Site Z LCS PT1 32 11900 2086 9 7 12 14 NS NS
LCS PT1 3.5 [ 180 | 79.7 2 0 5 8 NS NS
Site AA LCS PT 2 3.6 87 | 23.6 0 0 6 8 NS NS
LCS PT 3 - - - - - - - - -
Site BB LCS PT1 - - - - - - - - -
Site CC LCS PT1 7800 [70000|30057 14 14 14 14 NS Decreasing
LCS PT 2 340 |20000] 8080 6 5 6 6 Decreasing | Decreasing
LCS PT1 - - - - - - - - -
Site DD LCS PT2 - - - - - - - - -
LCS PT3 - - - - - - - - -
Site EE LCS PT1 - - - - - - - - -
Site FF LCS PT1 - - - - - - - - -
Site GG LCS PT 1 12 [ 2700 ) 865.8 8 6 12 18 NS NS
LCS PT 2 35 |16000| 2132 9 6 13 14 NS NS
Site HH LCS PT1 500 |34000( 7650 16 16 16 16 NS Increasing




428

Methyl Teriary Butyl Ester
Leachate . . Statisticall
Landfill Sites Collection Min | Max | Avg | Number | Number Number | Number Stgt|§t|cally Signiﬁcanty
Points Conc. [Conc.|Conc.| Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ua/l) | (ug/l) | >PAL >ES Trend
(Ln C)
Site A LCS PT1 05 | 6.7 | 4.1 0 0 3 4 NS NS
LCSPT2 | 0.31 ] 4.7 3.8 0 0 6 9 NS NS
Site B LCS PT 1 4 22 12 4 0 8 18 Increasing NS
LCS PT2 1 13 6 1 0 8 14 NS NS
Site C LCS PT1 1 1 1.25 0 0 4 NS NS
Site D LCS PT1 - - - - - - - - -
Site E LCS PT1 - - - - - - - - -
LCS PT2 1.3 24 7.3 1 0 4 13 NS NS

. LCS PT1 - - - - - - - - -
SiteF LCsPT2 | - : : : : ; ; : :
Site G LCS PT1 - - - - - - - - -
Site H LCS PT1 4.3 35 | 15.3 2 0 6 17 NS NS
Site | LCS PT1 17 35 | 27.8 7 0 7 10 NS NS

LCS PT1 - - - - - - - - -
Site J LCS PT2 - - - - - - - - -

LCSPT3 - - - - - - - - -
Site K LCS PT1 06 | 24 1.5 0 0 4 10 NS NS

. LCS PT1 - - - - - - - - -
SiteL LCsPT2 | - : : : : : : : :
Site M LCS PT1 - - - - - - - - -
Site N LCS PT1 - - - - - - - - -
Site O LCS PT1 - - - - - - - - -
Site P LCS PT1 - - - - - - - - -

LCS PT1 4 18 11 4 0 9 17 Decreasing | Decreasing
Site Q LCS PT 2 6 45 |1 19.8 11 0 13 17 NS NS
LCS PT3 47 620 [ 279 4 4 4 5 NS NS

. LCS PT1 - - - - - - - - -
Site R LCS PT2 - - - - - - - - -

. LCS PT1 - - - - - - - - -
Site S LCSPT2 | 6 | 17 | 94 1 0 5 13 NS NS
Site T LCS PT1 1.9 55 | 14.3 1 0 6 14 NS NS
Site U LCS PT1 - - - - - - - - -
Site V LCS PT1 - - - - - - - - -

. LCS PT1 - - - - - - - - -
Site W LCsPT2 | - - - - - - - - -
Site X LCS PT1 - - - - - - - - -

. LCS PT1 - - - - - - - - -
Site Y LCS PT2 - - - - - - - - -
Site Z LCS PT1 3.4 6.6 5.1 0 0 9 14 NS NS

LCS PT1 - - - - - - - - -
Site AA LCS PT2 - - - - - - - - -
LCS PT3 - - - - - - - - -
Site BB LCS PT1 1.2 7.1 3.2 0 0 7 11 NS NS
) LCS PT1 - - - - - - - - -
Site CC LCSPT2 - - - - - - - - -
LCS PT1 - - - - - - - - -
Site DD LCS PT2 - - - - - - - - -
LCSPT3 - - - - - - - - -
Site EE LCS PT1 - - - - - - - - -
Site FF LCS PT1 2 5.1 3.8 0 0 7 14 NS NS
. LCS PT1 - - - - - - - - -
Site GG LGS PT2 - - - - - - - - -
Site HH LCS PT1 - - - - - - - - -
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Naphthalene
Leachate . I Statistically
. . Min | Max | Avg [ Number| Number Statistically L
Landfil Sites C;”;ﬁ?:n Conc. [ Conc. | Conc. | Detects | Detects ’;Z?;Eg g:gpﬁgg Significant Slgrr:éf;c:nt
(ug/l) | (ug/l) | (ug/t)y | >PAL | >ES Trend
(Ln C)
Site A LCSPT1 | 058 | 11 | 452 1 0 4 4 NS NS
LCS PT 2 1.7 18 | 10.5 9 0 11 13 Increasing | Increasing
Site B LCS PT1 37 11600 ] 216 24 23 24 28 NS NS
LCS PT 2 1.1 33 | 8.33 5 0 20 35 NS NS
Site C LCSPT1 | 376 | 19 | 8.19 6 0 11 11 NS NS
Site D LCS PT 1 - - - - - - - - -
Site E LCS PT1 4.8 17 [ 10.7 14 0 16 23 NS NS
LCSPT2 | 3.8 25 | 9.64 8 0 15 23 NS NS
. LCS PT1 - - - - - - - - -
Site Lcspr2 | - | - | - - - - - - -
Site G LCSPT1 [434 | 72 25 19 5 24 28 NS NS
Site H LCS PT1 3.4 62 | 14.5 1 0 6 17 NS NS
Site | LCS PT1 14 | 88 | 547 3 0 10 27 NS NS
LCS PT1 - - - - - - - - -
Site J LCS PT2 5 17 1 10.9 9 0 12 20 NS NS
LCS PT 3 10 27 | 16.9 17 0 17 20 NS NS
Site K LCS PT1 4.7 | 183 | 231 7 1 12 18 NS NS
. LCS PT 1 - - - - - - - - -
Site L csprz | - | - | - - - - - - -
Site M LCS PT1 1.3 [ 100 | 29.9 11 3 14 25 Decreasing | Decreasing
Site N LCSPT1 | 0.85| 28 | 9.16 3 0 10 20 NS NS
Site O LCS PT1 - - - - - - - - -
Site P LCS PT1 23 [ 110 [ 26.6 10 2 14 19 NS NS
LCS PT1 2 12 [ 6.78 3 0 9 23 Decreasing | Decreasing
Site Q LCS PT 2 2 9 5.78 1 0 9 22 NS NS
LCS PT 3 - - - - - - - - -
. LCS PT 1 - - - - - - - - -
Site R LCS PT 2 - - - - - - - - -
Site S LCS PT 1 1 100 | 27.7 20 3 22 37 Increasing | Increasing
LCSPT2 | 48 24 |1 10.9 4 0 7 27 NS NS
Site T LCSPT1 | 082 20 6.8 2 0 9 25 NS NS
Site U LCS PT1 1.3 | 83 | 3.87 0 0 3 16 NS NS
Site V LCSPT1 | 842 13 | 115 4 0 4 16 NS NS
Site W LCS PT1 1 774 11 3 1 10 24 NS* NS*
LCS PT 2 0.4 26 | 9.18 5 0 11 24 Decreasing | Decreasing
Site X LCS PT1 2 65 | 10.9 1 1 9 24 NS NS
Site Y LCS PT1 - - - - - - - - -
LCSPT2 | 44 44 [ 185 7 1 8 12 NS NS
Site Z LCS PT 1 2.6 28 | 1041 8 0 14 31 Decreasing | Decreasing
LCS PT1 52 [83.3 (498 13 10 14 20 NS NS
Site AA LCS PT 2 0.4 3.8 | 2.28 0 0 10 20 Decreasing NS
LCS PT 3 16 | 39 | 29 0 0 4 9 NS NS
Site BB LCS PT 1 - - - - - - - - -
. LCSPT1 - - - - - - - - -
Site CC LGS PT 2 - - - - - - - - -
LCSPT1 | 3.17 [ 57.1 | 18.6 11 2 15 37 NS NS
Site DD LCS PT2 - - - - - - - - -
LCSPT3 | 128 | 7.15| 4.18 0 0 7 31 NS NS
Site EE LCS PT1 15 | 44 | 2.81 0 0 5 11 NS NS
Site FF LCS PT1 - - - - - - - - -
. LCSPT1 1.2 25 6.5 1 0 8 19 NS NS
Site GG CSPT2 - - - - - - - - -
Site HH LCS PT1 8 160 | 79.5 6 4 6 26 NS NS




p-Dichlorobenzene

Leachate . - Statisticall
Landfill Sites Collection Min | Max | Avg | Number| Number Number | Number St'atls.,tlcally Signiﬂcanty
Points Conc. [ Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ug/l) | (uo/ly| >PAL | >ES Trend
(Ln C)
. LCS PT 1 - - - - - - - - -
Site A cspr2| - | - | - - - - - - -
Site B LCS PT 1 32 | 350 | 83 2 4 20 27 NS NS
LCSPT2 | 2.7 30 8.8 3 0 17 38 NS NS
Site C LCS PT1 1.5 13 8 0 0 17 19 NS NS
Site D LCSPT 1 - - - - - - - - -
Site E LCS PT 1 1.7 17 8.6 1 0 8 15 NS NS
LCSPT2 | 34 | 75 6 0 0 7 14 NS NS
. LCS PT1 - - - - - - - - -
Site F cspr2| - | - | - - - - - - -
Site G LCS PT 1 2 57 [15.7 6 0 20 33 NS NS
Site H LCS PT 1 3 6.1 4.2 0 0 4 19 NS NS
Site | LCS PT 1 3 12 8 0 0 13 14 NS NS
LCSPT1 | 6.2 41 18.3 2 0 7 13 NS NS
Site J LCSPT2 | 54 17 9.9 1 0 13 20 NS NS
LCSPT3 | 6.6 18 | 10.3 1 0 12 20 NS NS
Site K LCSPT1 | 3.2 31 13.8 3 0 7 15 NS NS
. LCS PT1 - - - - - - - - -
Site L cspr2| - | - | - - - - - - -
Site M LCS PT 1 2.8 22 8.3 1 0 9 15 Decreasing | Decreasing
Site N LCS PT1 2.3 8.2 5.2 0 0 9 18 Decreasing | Decreasing
Site O LCSPT1 | 3.6 30 [ 11.8 1 0 7 13 NS NS
Site P LCSPT1 | 43 17 8.4 2 0 10 15 NS NS
LCS PT1 4 20 | 104 3 0 14 19 NS NS
Site Q LCS PT2 3 12 7.2 0 0 13 18 NS NS
LCSPT3 - - - - - - - - -
. LCS PT 1 - - - - - - - - -
SiteR cspr2 | - | - | - - - - - - -
Site S LCS PT1 2 27 1125 4 0 13 20 Increasing | Increasing
LCS PT2 4 14 8.5 0 0 11 14 Increasing | Increasing
Site T LCS PT 1 - - - - - - - - -
Site U LCSPT1 | 0.6 32 (114 3 0 6 14 NS NS
Site V LCS PT 1 - - - - - - - - -
Site W LCS PT 1 0.9 10 4 0 0 11 19 NS Decreasing
LCSPT2 | 0.6 14 5.6 0 0 11 21 Decreasing | Decreasing
Site X LCSPT1 | 44 | 85 | 6.8 0 0 9 25 NS NS
. LCS PT 1 - - - - - - - - -
Site ¥ cspr2 | - | - | - - - - - - -
Site Z LCSPT1 [ 3.5 17 6.4 1 0 13 15 NS NS
LCS PT 1 3.8 13 8.6 0 0 13 17 Decreasing NS
Site AA LCS PT2 - - - - - - - -
LCSPT3 - - - - - - - - -
Site BB LCS PT1 - - - - - - - - -
. LCS PT 1 - - - - - - - - -
Site CC LCSPT2 - - - - - - - - -
LCS PT 1 1.5 55 [ 13.6 6 0 23 44 NS NS
Site DD LCS PT2 - - - - - - - - -
LCSPT3 | 05 | 84 | 23 0 0 10 38 NS NS
Site EE LCS PT1 - - - - - - - - -
Site FF LCS PT 1 - - - - - - - - -
. LCSPT1 [ 0.92 8 4.9 0 0 12 20 Increasing | Increasing
Site GG LGS PT2 - - - - - - - - -
Site HH LCS PT 1 - - - - - - - - -
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Trichloroethylene

Leachate . - Statisticall
Landfill Sites Collection Min | Max | Avg | Number | Number Number | Number St.atls_tlcally Signiﬂcanty
Points Conc. [ Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ua/l) | (ug/l) | > PAL >ES Trend
(Ln C)

. LCS PT1 - - - - - - - - -
Site A cspPr2 | - | - | - - - - - - -
Site B LCS PT1 5.5 30 [ 13.8 19 19 19 27 NS NS

LCSPT2 0.5 15 5,3 8 5 8 42 NS NS
Site C LCS PT1 0.9 43 | 18.3 4 2 4 19 NS NS
Site D LCS PT1 - - - - - - - - -

. LCS PT1 - - - - - - - - -
Site E LCSPT2 | - : ; : ; : ; ; .

. LCS PT1 - - - - - - - - -
Site F LCSPT2 | - : ; : ; : ; ; .
Site G LCS PT1 - - - - - - - - -
Site H LCS PT1 1.2 53 15 5 2 5 19 NS NS
Site | LCS PT1 - - - - - - - - -

LCSPT1 - - - - - - - - -
Site J LCSPT2 - - - - - - - - -
LCS PT 3 - - - - - - - - -
Site K LCS PT1 - - - - - - - - -

. LCS PT1 - - - - - - - - -
Site L LCSPT2 | - : : : : : : : :
Site M LCS PT1 - - - - - - - - -
Site N LCSPT1 - - - - - - - - -
Site O LCS PT1 27 48 | 39.8 4 4 4 13 NS NS
Site P LCS PT1 - - - - - - - - -

LCS PT1 3 316 [ 9.7 8 7 8 18 NS NS
Site Q LCSPT2 1 7 4.3 4 2 4 17 NS NS
LCS PT 3 - - - - - - - - -

. LCS PT1 - - - - - - - - -
Site R cspr2 | - | - | - - - - - - -
Site S LCS PT1 0.7 6 2.5 3 1 3 22 Decreasing | Decreasing

LCSPT2 7 15 10 3 3 3 13 NS NS
Site T LCS PT1 - - - - - - - - -
Site U LCS PT 1 0.6 | 202 | 51.9 9 7 9 17 Decreasing | Decreasing
Site V LCS PT1 32 | 86 6 4 3 4 11 NS NS
Site W LCS PT1 - - - - - - - - -
LCS PT 2 0.8 | 38.2 9 5 1 5 21 Decreasing | Decreasing
Site X LCS PT 1 3.2 13 8 6 4 6 23 NS NS

. LCS PT1 - - - - - - - -
Site Y cspPr2 | - | - | - - - - - - -
Site Z LCS PT1 - - - - - - - - -

LCS PT1 - - - - - - - - -

Site AA LCSPT2 - - - - - - - - -

LCS PT 3 - - - - - - - - -

Site BB LCS PT1 - - - - - - - - -

. LCS PT1 - - - - - - - - -

Site CC LGS PT 2 - - - - - - - - -

LCS PT1 - - - - - - - - -

Site DD LCS PT2 - - - - - - - - -

LCS PT 3 - - - - - - - - -

Site EE LCS PT1 - - - - - - - - -

Site FF LCS PT1 - - - - - - - - -
. LCS PT1 1.6 | 8.1 5.6 4 2 4 19 NS NS

Site GG CSPT2 - - - - - - - - -
Site HH LCS PT 1 5 22 [ 125 8 8 8 17 NS NS
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Tetrachloroethylene

Leachate . _ Statisticall
Landfill Sites Collection Min | Max | Avg | Number| Number Number [ Number St'atls'tlcally Signiﬁcanty
Points Conc. | Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ng/l) | (ug/l) | (ug/l) | >PAL | >ES Trend
(Ln C)

. LCS PT 1 - - - - - - - - -
Site A LCSPT2 | - - - - - - - - -
Site B LCSPT1 | 65 55 16 20 20 20 25 NS NS

LCSPT2 | 0.77 6 3 7 1 7 42 NS NS
Site C LCSPT 1 - - - - - - - - -
Site D LCS PT 1 - - - - - - - - -

. LCS PT1 - - - - - - - - -
Site E LCSPT2 | - - - - - - - - -

. LCS PT 1 - - - - - - - - -
Site F cspr2 | - | - | - - - - - - -
Site G LCS PT 1 - - - - - - - - -
Site H LCS PT 1 - - - - - - - - -
Site | LCS PT1 - - - - - - - - -

LCS PT 1 - - - - - - - - -
Site J LCS PT 2 - - - - - - - - -
LCSPT3 - - - - - - - - -
Site K LCS PT 1 - - - - - - - - -

. LCS PT 1 - - - - - - - - -
Site L LCSPT2 | - - - - - - - - -
Site M LCS PT 1 - - - - - - - - -
Site N LCS PT 1 - - - - - - - - -
Site O LCSPT 1 - - - - - - - - -
Site P LCS PT 1 - - - - - - - - -

LCS PT1 1 20 5.3 6 1 6 18 NS NS
Site Q LCSPT 2 - - - - - - - - -
LCSPT3 - - - - - - - - -

. LCS PT1 - - - - - - - - -
SiteR cspr2 | - | - | - - - - - - -

. LCS PT 1 - - - - - - - - -
Site S tcspr2 | - | - [ - - - - - - -
Site T LCSPT 1 - - - - - - - - -
Site U LCS PT 1 0.6 79 [ 184 8 8 17 Decreasing | Decreasing
Site V LCS PT1 - - - - - - - -

. LCS PT 1 - - - - - - - - -
Site W LCSPT2 | 08| 3 |13 | 5 0 5 21 NS NS
Site X LCSPT1 | 0.82] 19 7.9 6 4 6 23 NS NS

. LCS PT 1 - - - - - - - - -
Site Y LCS PT 2 - - - - - - - - -
Site Z LCS PT 1 - - - - - - -

LCS PT 1 - - - - - - - - -

Site AA LCS PT 2 - - - - - - - - -

LCSPT3 - - - - - - - - -

Site BB LCS PT 1 - - - - - - - - -

. LCS PT1 - - - - - - - - -

Site CC LCSPT2 - - - - - - - - -

LCS PT 1 - - - - - - - - -

Site DD LCS PT2 - - - - - - - - -

LCSPT3 - - - - - - - - -

Site EE LCS PT 1 - - - - - - - - -

Site FF LCS PT1 - - - - - - - - -

. LCSPT 1 - - - - - - - - -

Site GG LCSPT2 - - - - - - - - -
Site HH LCS PT 1 3 7 4.8 4 2 4 16 NS NS
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Tetrahydrofuran
Leachate . - Statisticall
Landfill Sites Collection Min | Max | Avg | Number | Number Number | Number St.atls.tlcally Signiﬂcanty
Points Conc. [ Conc. [ Conc. | Detects | Detects Detects | Samples Significant Trend
(uo/l) | (ua/ly | (ug/l) | >PAL | >ES Trend
(Ln C)
. LCS PT1 - - - - - - - - -
Site A LCSPT2 - - - - - - - - -
Site B LCS PT1 | 1300 |19000] 7142 14 14 14 18 Increasing NS
LCSPT2 | 370 | 2300 | 896 13 13 13 18 NS NS
Site C LCS PT 1 - - - - - - - - -
Site D LCSPT1 | 8.3 | 6400 | 1248 5 5 5 8 NS NS
Site E LCSPT1 | 360 | 837 | 535 11 11 11 11 NS NS
LCSPT2 | 540 | 930 [ 704 9 9 9 10 NS NS
. LCS PT1 - - - - - - - - -
Site F cspr2 | - | - | - - - - - - -
Site G LCS PT 1 - - - - - - - - -
Site H LCS PT1 - - - - - - - - -
Site | LCS PT1 - - - - - - - - -
LCSPT1 | 440 | 870 [ 652 9 9 9 9 NS NS
Site J LCSPT2 | 89 |2800]| 899 16 16 16 16 NS NS
LCSPT3 [ 180 | 890 | 541 15 15 15 16 Decreasing | Decreasing
Site K LCS PT1 - - - - - - - - -
. LCS PT1 - - - - - - - - -
Site L LCSPT2 - - - - - - - - -
Site M LCSPT1 | 580 | 2000 | 1247 8 8 8 8 NS NS
Site N LCSPT1 | 140 | 490 | 285 12 12 12 14 NS NS
Site O LCS PT 1 - - - - - - - - -
Site P LCS PT1 30 [ 1400 807 11 10 11 11 NS NS
LCSPT1 | 160 | 3100 ] 1160 17 17 17 17 Decreasing | Decreasing
Site Q LCSPT2 | 230 | 2000 [ 890 15 15 15 16 NS NS
LCSPT3 | 180 | 2400 | 1536 5 5 5 5 NS NS
. LCS PT1 - - - - - - - - -
Site R Lcspr2 | - | - | - - - - - - -
Site S LCSPT1 | 600 | 3700 | 2166 15 15 15 17 Increasing | Increasing
LCSPT2 | 660 | 3800 | 2004 13 13 13 13 NS NS
Site T LCS PT1 - - - - - - - - -
Site U LCS PT1 22 | 1700 | 666 6 5 6 9 NS NS
Site V LCS PT 1 - - - - - - - - -
Site W LCS PT 1 80 |2800] 710 16 16 16 16 NS Decreasing
LCS PT2 24 11600 | 600 16 12 16 16 Decreasing | Decreasing
Site X LCS PT1 - - - - - - - - -
Site Y LCSPT1 | 900 | 1400 | 1077 4 4 4 4 NS NS
LCSPT2 | 55 | 2600 1391 5 5 5 7 NS NS
Site Z LCSPT1 | 140 | 771 | 452 14 14 14 14 NS NS
LCSPT1 | 370 | 771 | 575 8 8 8 8 Decreasing [ Decreasing
Site AA LCS PT2 3 77 1 52 0 0 5 8 NS NS
LCSPT3 | 130 | 670 [ 382 5 5 5 5 NS NS
Site BB LCS PT 1 6.8 | 820 | 290 8 7 9 11 Decreasing | Decreasing
Site CC LCS PT1 | 3500 | 7600 | 4500 7 7 7 7 NS NS
LCSPT2 | 500 | 4200 | 2366 6 6 6 6 NS NS
LCS PT1 - - - - - - - - -
Site DD LCS PT2 - - - - - - - - -
LCS PT3 - - - - - - - - -
Site EE LCSPT1 - - - - - - - - -
Site FF LCS PT1 17 | 280 [ 103 9 6 9 15 NS NS
Site GG LCS PT 1 78 |1200] 617 18 18 18 18 NS NS
LCSPT2 | 31 |1000 |546.8 12 11 12 14 NS NS
Site HH LCSPT1 | 220 | 2700 | 1203 16 16 16 16 Increasing | Increasing




Toluene
Leachate . - Statisticall
Landfill Sites Collection CMm Max | Avg | Number| Number Number | Number St.atls.tlcally Signiﬁcanty
Points onc. | Conc. | Conc. | Detects | Detects Detects |Samples Significant Trend
(ug/l) | (ug/l) | (ug/l)y | >PAL | >ES Trend
(Ln C)
Site A LCS PT 1 3.4 23 | 141 0 0 4 4 NS NS
LCS PT2 24 | 42 | 3.1 0 0 5 5 NS NS
Site B LCS PT 1 280 | 1900 | 963 25 10 25 27 NS NS
LCS PT2 0.6 | 410 | 87.3 3 0 35 40 NS NS
Site C LCS PT 1 21 | 298 | 59.7 2 0 18 19 Decreasing | Decreasing
Site D LCS PT 1 2 1300 [ 332.6 3 1 8 15 NS NS
Site E LCS PT 1 4.7 | 360 [ 57.7 1 0 11 14 NS* NS*
LCS PT2 36 103 | 56 0 0 10 13 NS NS
Site F LCSPT1 | 0.12] 0.25 | 0.19 0 0 4 7 NS NS
LCS PT 2 4.4 11 7 0 0 4 7 NS NS
Site G LCS PT 1 21 | 724 [ 76.3 2 0 20 33 NS* NS*
Site H LCS PT 1 7.2 | 700 |197.8 5 0 17 19 NS Decreasing
Site | LCS PT 1 1.2 | 900 |164.7 3 0 12 14 Decreasing*| Decreasing*
LCS PT 1 6.6 | 734 [222.3 4 0 11 13 NS NS
Site J LCS PT2 6.1 | 130 [ 39.6 0 0 14 16 NS NS
LCS PT3 6.2 85 36 0 0 14 16 NS NS
Site K LCS PT 1 4.9 | 382 |160.4 2 0 12 13 NS NS
. LCS PT 1 - - - - - - - - -
Site L cspr2 | - | - | - - - - - - -
Site M LCS PT 1 3.6 | 150 | 48.7 0 0 13 16 NS Decreasing
Site N LCS PT 1 1.7 | 360 | 69.5 1 0 9 18 Decreasing | Decreasing
Site O LCS PT 1 22 800 | 338 7 0 12 13 Decreasing | Decreasing
Site P LCS PT 1 5 580 | 156 4 0 12 13 Decreasing | Decreasing
LCS PT 1 7 510 | 220 8 0 16 18 Decreasing NS
Site Q LCS PT 2 6 240 | 75.5 1 0 15 17 Decreasing | Decreasing
LCSPT3 | 270 | 520 | 426 5 0 5 5 NS NS
Site R LCS PT 1 6.1 43 [ 205 0 0 4 10 NS NS
LCS PT2 64 | 410 | 210 5 0 8 8 NS NS
Site S LCS PT 1 23 854 | 188 4 0 20 22 Decreasing | Decreasing
LCS PT 2 50 320 [178.8 7 0 13 13 Decreasing | Decreasing
Site T LCS PT 1 5.1 | 450 |113.8 4 0 16 17 NS NS
Site U LCS PT 1 1.8 | 1600 | 508 10 2 15 17 NS NS
Site V LCS PT 1 7.8 | 350 | 194 6 0 10 11 Decreasing | Decreasing
Site W LCS PT 1 6 560 [111.2 3 0 19 19 Decreasing | Decreasing
LCS PT 2 0.9 | 1040 ]180.2 5 1 20 21 Decreasing | Decreasing
Site X LCS PT 1 31 870 | 420 16 0 23 23 Decreasing | Decreasing
Site Y LCS PT 1 28 170 | 73 0 0 6 8 NS NS
LCS PT2 3.2 43 | 20.7 0 0 6 8 NS NS
Site Z LCS PT 1 21 600 [215.5 4 0 11 14 NS NS
LCSPT1 | 0.76 | 300 | 34.3 1 0 12 15 Decreasing | Decreasing
Site AA LCSPT2 | 0.14 | 120 | 17.9 0 0 12 15 Decreasing | Decreasing
LCS PT 3 2 330 | 61.6 1 0 6 6 NS NS
Site BB LCS PT 1 - - - - - - - - -
Site CC LCS PT1 39 | 360 | 263 10 0 12 16 NS NS
LCS PT2 76 [ 1800 | 558 2 1 5 6 NS NS
LCS PT 1 1.6 [523.5] 100 4 0 29 37 Decreasing | Decreasing
Site DD LCS PT2 - - - - - - - - -
LCSPT3 | 0.71 | 433 [ 63.9 1 0 13 34 NS NS
Site EE LCS PT 1 2 190 [ 53.9 0 0 9 11 NS NS
Site FF LCS PT 1 1 160 [ 28.7 0 0 6 14 NS NS
Site GG LCS PT 1 1.5 | 1500 | 263.1 6 1 17 19 Decreasing | Decreasing
LCSPT2 [ 097 ] 560 | 118 15 15 15 15 Decreasing NS
Site HH LCS PT 1 43 | 1400 |433.3 8 2 16 17 NS NS
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Vinyl Chioride
Leachate . L Statisticall
Landfill Sites Collection Min || Max | Avg | Number| Number Number | Number St'atls.,tlcally Signiﬂcanty
Points Conc. [ Conc. [ Conc. | Detects | Detects Detects | Samples Significant Trend
o) | (ua | (ugm | >PAL | >ES Trend
(Ln C)

) LCSPT1 | - } ; ; ; } } ; ;
Site A LCSPT2 | - : ; : ; ; ; : :
Site B LCS PT 1 2.5 10 5.3 7 7 7 27 NS Decreasing

LCSPT2 | 1 8 | 3.1 6 6 6 40 NS NS
Site C LCSPT1 098] 33 | 8.8 5 5 5 19 NS NS
Site D LCSPT1 | - ; ; ; ; } ; ; ;

. LCSPT1 | - ; ; ; ; ; ; ; ;
Site E LCSPT2 | - ; ; : : ; ; : :

) LCSPT1 | - } ; ; ; } } ; ;
Site F LCSPT2 | - ; ; : ; ; ; : :
Site G LCSPT1 | - } } } } } } } -
Site H LCSPT1 | - ; ; ; ; ; ; ; ;
Site | LCSPT1 | 3 | 22 |114]| 4 4 4 14 NS NS

LCSPT1 | - ; ; } ; ; ; ; :
Site J LCSPT2 | - ; ; ; ; ; ; ; ;
LCSPT3 | - : ; : - - - : :
Site K LCSPT1 | - } N ; } N N } ;

) LCSPT1 | - ; ; ; ; ; ; ; _
Site L LCSPT2 | - ; ; : ; ; ; : :
Site M LCSPT1 | - } } } } } } } N
Site N LCSPT1 | - ; ; ; } ; ; ; ;
Site O LCS PT 1 1 53 [ 21.8 6 6 6 13 NS Decreasing
Site P LCSPT1 | - ; ; ; ; ; : : -

LCSPT1 | 2 5 | 37 2 4 2 18 NS NS
Site Q [CSPT2 | 2 9 5 2 4 2 17 NS NS
LCSPT3 | - ; } ; ; ; ; ; ;

. LCSPT1 | - } } ) ; } } ; }
Site R LCSPT2 | - : ; : : ; ; : :

) LCSPT1 | - - - - - - - - 3
Site S [CSPT2 | 2 6 | 43 3 3 3 13 NS NS
Site T LCSPT1 | - ; ; ; } ; ; ; -
Site U LCSPT1 | 0.73 | 304 | 58.8| 6 6 6 17 NS NS
Site V LCSPT1 | - ; - - - - - - -

) LCSPT1 | - } } } } ; ; } _
Site W LCSPT2 | - : : : : ; ; : :
Site X LCSPT1 | - } ; ) } } } } -

) LCSPT1 | - - - - - - - - -
Site Y (CSPT2 | - ; ; : : ; ; : :
Site Z LCSPT1 | - ; ; ; ; ; ; ; -

LCSPT1 | 1 | 59 | 26 4 4 4 15 NS NS
Site AA LCSPT2 | - ; } ; ; ; } ; _
LCSPT3 | - } } } } ; ; } _
Site BB LCSPT1 | - } N } } N N } _
) LCSPT1 | - } } } } } } } ;
Site CC LCSPT2 - - - - - - - - -
LCSPT1 | - } ; ; } ; ; : :
Site DD LCSPT2 | 23 | 525 | 24 ) ) 8 38 NS NS
LCSPT3 | 04 | 435]| 85 6 6 6 34 NS NS
Site EE LCSPT1 | - ; N } } N N ; ;
Site FF LCSPT1 | - ; ; ; ; ; } ; N
) LCSPT1 | - ; } } } } } } ;
Site GG LCSPT2 | 13 | 11 | 49 2 4 4 15 NS Decreasing
Site HH LCSPT1 | - ; ; ; ; ; ; ; ;
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Xylene O, M, and P-

Leachate . " Statisticall
Landfill Sites Collection Min | Max | Avg | Number| Number Number | Number St.atlgtlcally Signiﬁcanty
Points Conc. [ Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ug/l) | (ng/ly| >PAL | >ES Trend
(Ln C)
. LCS PT 1 - - - - - - - - -
Site A LCSPT2 - - - - - - - - -
Site B LCSPT1 | 290 | 2000 |599.2 2 0 24 26 NS NS
LCSPT2 3 168 | 55.6 0 0 18 28 NS NS
Site C LCSPT1 | 24 | 140 | 73.6 0 0 8 8 NS NS
Site D LCS PT 1 - - - - - - - - -
Site E LCS PT 1 14 | 119 | 53.3 0 0 14 14 NS NS
LCSPT2 | 25 | 122 | 75 0 0 10 13 NS NS
. LCS PT1 - - - - - - - - -
Site F cspr2| - | - | - - - - - - -
Site G LCSPT1 ]| 10.3 | 215 | 62.6 0 0 21 24 Decreasing | Decreasing
Site H LCS PT 1 - - - - - - - - -
Site | LCS PT 1 - - - - - - - - -
LCS PT1 - - - - - - - - -
Site J LCSPT2 - - - - - - - - -
LCS PT 3 - - - - - - - - -
Site K LCS PT1 - - - - - - - - -
. LCS PT 1 - - - - - - - - -
Site L LCSPT2 - - - - - - - - -
Site M LCS PT 1 11 240 | 92.6 0 0 14 14 Decreasing | Decreasing
Site N LCSPT1 | 5.2 91 50 0 0 10 17 NS NS
Site O LCS PT 1 27 220 | 119 0 0 8 11 Decreasing | Decreasing
Site P LCS PT 1 - - - - - - - - -
LCS PT 1 17 346 [152.4 0 0 14 17 Decreasing | Decreasing
Site Q LCSPT2 | 25 | 170 | 76.5 0 0 16 16 NS NS
LCSPT3 | 99 | 210 [151.8 0 0 5 5 NS NS
. LCS PT1 - - - - - - - - -
Site R Lcspr2| - | - | - - - - - - -
Site S LCS PT1 36 [ 260 |146.6 0 0 17 18 NS NS
LCSPT2 | 41 410 [120.2 0 0 13 13 NS NS
Site T LCS PT 1 - - - - - - - - -
Site U LCSPT1 | 1.9 | 250 [125.5 0 0 9 9 NS NS
Site V LCS PT 1 - - - - - - - - -
Site W LCS PT 1 4 170 | 46.1 0 0 15 18 NS NS
LCS PT2 2 250 | 57.3 0 0 16 18 Decreasing | Decreasing
Site X LCSPT1 | 1.2 | 380 [185.5 0 0 6 11 NS NS
Site Y LCS PT 1 - - - - - - - - -
LCSPT2 | 15 62 | 46.8 0 0 5 7 NS NS
Site Z LCS PT 1 - - - - - - - - -
LCSPT1 | 88 | 130 | 67.2 0 0 11 14 Decreasing | Decreasing
Site AA LCSPT2 | 037 ] 2.2 1.4 0 0 9 14 NS NS
LCSPT3 | 26 46 | 36.7 0 0 6 6 NS NS
Site BB LCS PT1 - - - - - - - - -
. LCS PT1 - - - - - - - - -
Site CC LCSPT2 - - - - - - - - -
LCSPT1 | 55 | 300 | 62.7 0 0 26 28 NS* NS*
Site DD LCSPT2 - - - - - - - - -
LCSPT3 | 037 | 67 | 146 0 0 12 26 NS NS
Site EE LCS PT1 - - - - - - - - -
Site FF LCS PT1 - - - - - - - - -
. LCS PT 1 - - - - - - - - -
Site GG LCSPT2 - - - - - - - - -
Site HH LCSPT1 | 2.6 | 190 | 82 0 0 13 17 NS NS
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Xylene, M&P
Leachate . - Statisticall
Landfill Sites Collection Min | Max | Avg | Number | Number Number| Number St§t|§t|cally Signiﬁcanty
Points Conc. | Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/ly | (ug/M) | (ug/)y | >PAL | >ES Trend
(Ln C)
Site A LCS PT1 2.7 53 | 31.2 0 0 3 3 NS NS
LCS PT 2 1.9 [ 120 54 0 0 8 8 Increasing | Increasing
Site B LCS PT1 120 [ 900 [397.8 0 0 9 9 NS NS
LCSPT2 24 | 120 | 37.6 0 0 10 12 NS* NS*
Site C LCSPT1 | 154 | 63 | 433 0 0 11 11 NS NS
Site D LCS PT1 1.4 37 | 13.8 0 0 6 6 NS NS

. LCS PT1 - - - - - - - - -
Site E cspr2 | - | - | - - - - - - -

. LCS PT1 - - - - - - - - -
Site F csprz | - | - | - - - - - - -
Site G LCSPT1 | 144 | 558 | 245 0 0 7 9 NS NS
Site H LCS PT1 14 | 140 | 39.9 0 0 13 18 NS NS
Site | LCS PT 1 31 270 [117.3 0 0 14 14 Decreasing | Decreasing

LCS PT1 52 | 250 [ 112 0 0 4 4 NS NS
Site J LCSPT2 32 11300 |205.1 1 0 15 16 NS Decreasing

LCS PT 3 47 | 370 |158.8 0 0 16 16 NS NS
Site K LCS PT1 76 | 120 71 0 0 8 8 Decreasing NS

. LCS PT1 - - - - - - - - -
Site L Lcspr2 | - | - | - - - - - - -
Site M LCSPT1 - - - - - - - - -
Site N LCSPT1 - - - - - - - - -
Site O LCS PT1 - - - - - - - - -
Site P LCS PT1 2.6 89 [ 544 0 0 9 9 NS NS

LCS PT1 - - - - - - - - -
Site Q LCSPT2 - - - - - - - - -
LCS PT3 - - - - - - - - -

. LCS PT1 - - - - - - - - -
Site R LCSPT2 | 54 | 33 | 165 0 0 5 8 NS NS

. LCS PT1 - - - - - - - - -
Site S csprz | - | - | - - - - - - -
Site T LCS PT1 10 | 190 | 48.6 0 0 12 14 NS NS
Site U LCS PT1 - - - - - - - - -
Site V LCS PT1 24 72 52 0 0 8 10 NS NS

. LCS PT1 - - - - - - - - -
Site W cspr2 | - | - | - - - - - - -
Site X LCS PT1 100 | 290 [177.4 0 0 16 17 NS NS

. LCS PT1 - - - - - - - - -
Site Y cspr2 | - | - | - - - - - - -
Site Z LCS PT1 3.2 47 [ 293 0 0 13 13 Decreasing | Decreasing

LCSPT1 - - - - - - - - -

Site AA LCSPT2 - - - - - - - - -

LCS PT 3 - - - - - - - - -

Site BB LCS PT1 - - - - - - - - -

. LCS PT1 - - - - - - - - -

Site CC LCSPT2 - - - - - - - - -
LCS PT1 7.5 | 786 | 24.8 0 0 5 10 NS NS

Site DD LCSPT2 - - - - - - - - -

LCS PT3 - - - - - - - - -

Site EE LCS PT1 - - - - - - - - -

Site FF LCS PT1 - - - - - - - - -
Site GG LCS PT1 6.5 | 150 | 78.1 0 0 19 19 NS NS
LCSPT2 1 150 [ 59.5 0 0 15 15 NS NS

Site HH LCS PT1 - - - - - - - - -
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Xylene, O-
Leachate . _ Statisticall
Landfill Sites Collection Min | Max | Avg | Number| Number Number | Number St‘atls.tlcally Signiﬁcanty
Points Conc. | Conc.|Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/) | (ug/l) | (ng/l)| >PAL | >ES Trend
(Ln C)
Site A LCS PT1 1 19 13 0 0 3 3 NS NS
LCS PT 2 1.8 43 21 0 0 8 8 Increasing | Increasing
Site B LCS PT1 59 [ 180 [135.3 0 0 8 9 NS NS
LCSPT2 | 920 [ 8400 | 3212 17 0 17 19 NS NS
Site C LCS PT 1 17 31 23.6 0 0 10 10 Decreasing | Decreasing
Site D LCSPT1 0.9 26 6.9 0 0 5 6 NS NS
. LCS PT1 - - - - - - - - -
Site £ cspr2 | - | - | - - - - - - -
. LCS PT1 - - - - - - - - -
Site F cspr2 | - | - | - - - - - - -
Site G LCS PT 1 71 14 9.7 0 0 7 7 NS Decreasing
Site H LCS PT1 5.1 22 8.2 0 0 9 9 NS NS
Site | LCS PT1 21 84 |[45.9 0 0 14 14 NS NS
LCS PT1 18 | 110 | 485 0 0 4 4 NS NS
Site J LCS PT 2 12 540 [ 70.3 0 0 15 15 Decreasing*| Decreasing
LCS PT 3 18 150 | 63.1 0 0 16 16 Decreasing | Decreasing
Site K LCS PT 1 5.7 | 46.3 | 27.7 0 0 9 9 Decreasing | Decreasing
Site L LCS PT1 - - - - - - - - -
LCSPT2 - - - - - - - - -
Site M LCS PT1 - - - - - - - - -
Site N LCS PT1 - - - - - - - - -
Site O LCS PT1 - - - - - - - - -
Site P LCS PT1 15 39 24 0 0 9 9 NS NS
LCS PT1 - - - - - - - - -
Site Q LCS PT 2 - - - - - - - - -
LCS PT 3 - - - - - - - - -
. LCS PT1 - - - - - - - - -
Site R cspr2| - | - | - - - - - - -
. LCS PT1 - - - - - - - - -
Site S cspr2| - | - | - - - - - - -
Site T LCS PT1 5 58 [ 17.6 0 0 13 13 NS NS
Site U LCS PT1 - - - - - - - - -
Site V LCSPT1 [ 117 28 | 20.7 0 0 8 8 NS NS
. LCS PT1 - - - - - - - - -
Site W cspr2 | - | - | - - - - - - -
Site X LCS PT1 40 | 120 | 69.1 0 0 16 16 NS NS
. LCS PT1 - - - - - - - - -
Site Y LCSPT2 | - : : : : : : : :
Site Z LCS PT1 34 19 |10.7 0 0 12 12 NS NS
LCS PT1 - - - - - - - - -
Site AA LCS PT2 - - - - - - - - -
LCS PT 3 - - - - - - - - -
Site BB LCS PT1 - - - - - - - - -
. LCS PT1 - - - - - - - - -
Site CC LCS PT 2 - - - - - - - - -
LCS PT 1 - - - - - - - - -
Site DD LCS PT 2 - - - - - - - - -
LCS PT 3 - - - - - - - - -
Site EE LCS PT1 - - - - - - - - -
Site FF LCS PT1 - - - - - - - - -
Site GG LCS PT1 2.1 46 27 0 0 19 19 NS NS
LCSPT2 | 032 49 | 222 0 0 14 14 NS NS
Site HH LCS PT1 - - - - - - - - -
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trans-1,2-dichloroethene

Leachate . _r Statisticall
Landfill Sites | Collection CM'” Max | Avg | Number | Number |\ o | \ymper | Statistically Signiﬁcanty
Points onc. [ Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(uaM | g/ | gty | >PAL | >ES Trend
(Ln C)

) LCS PT 1
Site A LCSPT2

Site B LCS PT1 21 210 | 63.4 19 3 19 28 Decreasing | Decreasing
LCS PT 2
Site C LCS PT 1
Site D LCS PT1
) LCS PT 1
Site E LCS PT 2
. LCS PT1
Site F LCSPT2
Site G LCS PT 1
Site H LCS PT 1
Site | LCS PT1
LCS PT 1
Site J LCS PT2
LCS PT 3
Site K LCS PT1
) LCS PT 1
Site L LCS PT 2
Site M LCS PT1
Site N LCS PT 1
Site O LCS PT 1
Site P LCS PT1
LCS PT 1
Site Q LCS PT 2
LCS PT 3
. LCS PT1
Site R LCS PT 2
. LCS PT1
Site S LCSPT2
Site T LCS PT 1
Site U LCS PT 1
Site V LCS PT1
) LCS PT 1
Site W LCS PT 2
Site X LCS PT1
. LCS PT1
Site Y LCS PT 2
Site Z LCS PT1
LCS PT1
Site AA LCS PT 2
LCS PT 3
Site BB LCS PT1
) LCS PT 1
Site CC LCSPT2
LCS PT1
Site DD LCS PT 2
LCSPT3
Site EE LCS PT1
Site FF LCS PT1
) LCS PT 1
Site GG LCS PT2
Site HH LCS PT1




o-dichlorobenzene

Leachate - Statisticall
Landfill Sites Collection | Min Conc. Max Avg Number | Number Number | Number St.at|slt|cally Signiﬂcanty
Points (ug/) Conc. Conc. Detects Detects Detects | Samples Significant Trend
(ng/l) (ug/l) > PAL >ES Trend
(LnC)

. LCSPT1
Site A LCSPT2
. LCS PT 1
Site B LCSPT2
Site C LCSPT1
Site D LCS PT 1
. LCS PT 1
Site E LCSPT2
. LCSPT1
Site F LCSPT2
Site G LCSPT 1
Site H LCS PT 1
Site | LCSPT1
LCSPT1
Site J LCS PT2
LCS PT3

Site K LCS PT 1 0.9 3.8 2.59 0 0 7 19 Increasing NS
. LCSPT1
Site L LCSPT2
Site M LCS PT 1
Site N LCS PT 1
Site O LCSPT1
Site P LCSPT1
LCS PT 1
Site Q LCS PT2
LCSPT3
. LCSPT1
SiteR LCSPT2
. LCS PT 1
Site S LCSPT2
Site T LCSPT1
Site U LCS PT 1
Site V LCS PT 1
. LCS PT 1
Site W LCSPT2
Site X LCSPT1
. LCS PT 1
Site Y LCSPT2
Site Z LCSPT1
LCS PT 1
Site AA LCS PT2
LCSPT3
Site BB LCSPT1
. LCS PT1
Site CC LCSPT2

LCS PT 1 1 44.3 18.8 0 0 4 47 NS NS
Site DD LCS PT2
LCSPT3
Site EE LCS PT 1
Site FF LCS PT 1
. LCS PT 1
Site GG LCSPT2
Site HH LCS PT1
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Chloroform
Leachate - Statistically
Landfill Sites Collection | Min Conc. Max Avg Number | Number Number | Number St.at|s't|cally Significant
Points (ug/) Conc. Conc. Detects Detects Detects | Samples Significant Trend
o (ugll) (ugll) > PAL >ES P Trend
(LnC)
. LCS PT1
Site A LCSPT2
. LCS PT1
Site B LCSPT2
Site C LCS PT1
Site D LCS PT1
. LCS PT1
Site E LCSPT2
. LCS PT1
Site F LCSPT2
Site G LCS PT1
Site H LCS PT1
Site | LCS PT1
LCS PT1
Site J LCS PT 2
LCSPT3
Site K LCS PT1
. LCS PT1
SiteL LCSPT2
Site M LCS PT1
Site N LCS PT1
Site O LCS PT1
Site P LCS PT1 4 620 159 4 3 4 15 NS NS

LCS PT1
Site Q LCSPT2
LCS PT3
. LCS PT1
SiteR LCSPT2
. LCS PT1
Site S LCSPT2
Site T LCS PT1

Site U LCS PT1 0.67 160 47 6 3 6 18 NS Decreasing
Site V LCSPT1
. LCS PT1
Site W LCSPT2
Site X LCS PT1
. LCS PT1
Site Y LCSPT2
Site Z LCS PT1
LCS PT1
Site AA LCS PT2
LCS PT3
Site BB LCS PT1
. LCS PT1
Site CC CSPT2
LCS PT1
Site DD LCS PT2
LCSPT3
Site EE LCS PT 1
Site FF LCS PT1
. LCS PT1
Site GG CSPT2
Site HH LCS PT 1
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Appendix E: Temporal Concentration Variation: Representative Lysimeter Figures

Elapsed Time (yrs)

—+—Site CLYS 1
. . — —PAL
Site C: 1,1,1-Trichloroethane — —MCL
1.0E+03
Lysimeter Dry: 91-92 & 99-02
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T 1.0E+01
)
2
9
c
8 1.0E+00 -
1.0E-01 -
1.0E-02 ‘ ‘ ‘ ‘ * ‘ ‘
0 2 4 6 8 10 12
Elapsed Time (yrs)
——Site OLYS 2
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Site O: 1,1,1-Trichloroethane — —MCL
1.0E+03
1.0E+02
L 3
T 1.0E+01
(@]
2
o‘ >
c
8 1.0E+00 |
1.0E-01 4
1.0E-02 T T T T ———¢ —& T - T - T
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—e—Site HLYS 1

Elapsed Time (yrs)

. . — —PAL
Site H: 1,1,1-Trichloroethane — ML
1.0E+03
1.0E+02 -
3 1.0E+01
)
2
S 4
c
8 1.0E+00 -
1.0E-01 +
1.0E-02 1 +— ————o—0
0 10 15 20
Elapsed Time (yrs)
—e—Site PLYS 1
. . — = PAL
Site P: 1,1,1-Trichloroethane — —MCL
1.0E+03
1.0E+02 -
3 1.0E+01
)
2
%]
< 4
G 1.0E+00 -
1.0E-01 -
1.0E-02 T T T T T T T
0 6 8 10 12 14 16 18
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—e—Site XLYS 1
) . — - PAL
Site X: 1,1,1-Trichloroethane — —MCL
1.0E+03
1.0E+02 -
< 1.0E+01 -
Fe)
=)
o
C
8 1.0E+00 -
1.0E-01 -
1.0E-02 * - *e ——o oo > *>— *>
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Elapsed Time (yrs)
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—e—Site ELYS 1
_ _ — - PAL
Site E: 1,1-Dichloroethane — —McCL
1.0E+04
Lysimeter Dry: 85-90 (5 yrs)
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Conc. (ug/L)
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Conc. (ug/L)
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—e—Site OLYS 2
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—e—Site PLYS 1
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Conc. (ug/L)
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Site U: 1,1-Dichloroethane
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—e—Site CCLYS 1
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—e—Site JLYS 1
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—+—Site NLYS 2
— - PAL
Site N: Tetrahydrofuran — —ES
1.0E+03
1.0E+02 1
S 0] = A R e - — - — /= -
>
2
S
c
8 1.0E+00 -
1.0E-01 A
1.0E-02 ‘ ‘ ‘ ‘ ‘ ‘ : : :
0 2 4 6 12 14 16 18
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Conc. (ug/L)

1.0E+03

Site P: Tetrahydrofuran

—e—Site PLYS 1
— - PAL
— —ES

1.0E+02 A

1.0E+01 -

1.0E+00 -

1.0E-01 4

1.0E-02 <

0 2 4 6 8 10 12

Elapsed Time (yrs)

14 16 18

Conc. (ug/L)

Site Q: Tetrahydrofuran

—e—Site QLYS 1
— - PAL
— —ES

1.0E+03

1.0E+02 -

1.0E+01

1.0E+00 -

1.0E-01 4

1.0E-02 4

8 10 12
Elapsed Time (yrs)
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——SiteQLYS 3

— - PAL
Site Q: Tetrahydrofuran — —ES
1.0E+03
1.0E+02 -
T A0E+0] fm = = m e i — —  —h — k — s = — S P
)
2
J
c
8 1.0E+00 -
1.0E-01
1.0E-02 T T T *——o- * T g T
0 6 8 10 12 14 16 18
Elapsed Time (yrs)
—e—Site SLYS 1
_ — - PAL
Site S: Tetrahydrofuran — —ES
1.0E+04
1.0E+03 -
1.0E+02
g
(@]
=]
~ 1.0E+01 -
[S]
c
o
O
1.0E+00 -
1.0E-01 -
1.0E-02 T T T T T * T

6 12 14 16

8 10
Elapsed Time (yrs)
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Conc. (ug/L)

1.0E+04

Site S: Tetrahydrofuran

—e—Site SLYS 2
— - PAL
— —ES

1.0E+03 -

1.0E+02 -

1.0E+01 +

1.0E+00 -

1.0E-01 A

1.0E-02

8 10 12
Elapsed Time (yrs)

14 16

Conc. (ug/L)

1.0E+04

Site Y: Tetrahydrofuran

—e—Site YLYS 1
— - PAL
— —ES

1.0E+03 -

1.0E+02 -

TOEH01 = = — = — & — s — s — s — h e e — - —

1.0E+00 -

1.0E-01 A

1.0E-02

6 8
Elapsed Time (yrs)
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Conc. (ug/L)

1.0E+03

Site Z: Tetrahydrofuran

—+—Site ZLYS 2
— - PAL
— —ES

1.0E+02 A

1.0E+01 —

1.0E+00 -

1.0E-01 4

1.0E-02 +

T 7 T

6 8
Elapsed Time (yrs)

Conc. (ug/L)

Site AA: Tetrahydrofuran

—e—Site AALYS 1
— - PAL
— —ES

1.0E+03

1.0E+02 -

1.0E+01 —

1.0E+00 -

1.0E-01 4

1.0E-02 4 T

6 8
Elapsed Time (yrs)

10
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6 8
Elapsed Time (yrs)

—+—Site AALYS 2
_ — - PAL
Site AA: Tetrahydrofuran — —Es
1.0E+03
1.0E+02 1
3 10E+0] fm = == m e h e m e - — - — — — -
>
2
J
c
8 1.0E+00 -
1.0E-01
1.0E-02 4 : : : :
0 2 4 6 8 10
Elapsed Time (yrs)
—+—Site BBLYS 1
: . — - PAL
Site BB: Tetrahydrofuran — —Es
1.0E+05
1.0E+04 - 0—/"'\.‘\’___‘\‘
1.0E+03 |
S, 1.0E+02
5 Sy S
%)
S 10E+01 — - — - — = — - — - — f — h — ks — s — s s — - — - — - — - — - —
O
1.0E+00 1
1.0E-01
1.0E-02 + T T T T T T
0 2 10 12
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Conc. (ug/L)

Site CC: Tetrahydrofuran — —ES

—e—Site CC LYS 1
— - PAL

1.0E+03

1.0E+02 A

1.0E+01 —

1.0E+00 -

1.0E-01 4

1.0E-02 +

4 5 6
Elapsed Time (yrs)

Conc. (ug/L)

Site A:Toluene

—+—Site ALYS 1
— - PAL
— - MCL

1.0E+04

1.0E+03 —

1.0E+02 A

1.0E+01 -

1.0E+00 -

1.0E-01 4

1.0E-02

5 10 15
Elapsed Time (yrs)

20 25
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Conc. (ug/L)

Site E: Toluene

—e—Site ELYS
— - PAL
— —McCL

1

1.0E+04

TOE+03 = — — — — — — — — —

1.0E+02 A

1.0E+01 A

1.0E+00 -

1.0E-01 A

1.0E-02

o

5 10
Elapsed Time (yrs)

15

20

Conc. (ug/L)

1.0E+04

Site G: Toluene

—+—Site GLYS 1
— - PAL
— —MCL

TOEH03 = — — — — — — —

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 A

1.0E-02

6-66060—0—6—06—0—0—0—06

Elapsed Time (yrs)

20
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Conc. (ug/L)

—e—Site HLYS 1
— - PAL
— —McCL

Site H: Toluene

1.0E+04

1.0E+03 -

1.0E+02 +

1.0E+01 ~

1.0E+00 -

1.0E-01 4

1.0E-02

° o—o

0 5 10 15 20

Elapsed Time (yrs)

Conc. (ug/L)

1.0E+04

—e—Site ILYS 1
— - PAL

Site 2858: Toluene — —MCL

1OE+03 = — — — — — — — — — . — — — — — — — —.

1.0E+02 A

1.0E+01 ~

1.0E+00 -

1.0E-01 4

1.0E-02

5 10 15 20
Elapsed Time (yrs)
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—e—Site JLYS 2
] — — PAL
Site J: Toluene — — MCL
1.0E+04
10E+03 - — — — — — — — — — — -
1.0E+02 -
-
(o))
=]
= 1.0E+01 -
(8]
c
o 4
O
1.0E+00 4
1.0E-01 4
1.0E-02 T T + T T
0 5 10 15 20
Elapsed Time (yrs)
——Site JLYS 3
Site J: Tol o
ite J: Toluene — — MCL
1.0E+04
10E+083 m = = — — — e e e e e — - — —
1.0E+02 -
-
(o))
=]
= 1.0E+01 {
(8]
c
o
@)
1.0E+00 -
1.0E-01 4
1.0E-02 T T —— T +
0 5 10 15 20
Elapsed Time (yrs)




Conc. (ug/L)

Site J: Toluene

— — PAL
— — MCL

—e—SiteJLYS 4

1.0E+04

TOE+03 = — — — — — — — — —

1.0E+02

1.0E+01 4

1.0E+00 ~

1.0E-01 4

1.0E-02 +

10
Elapsed Time (yrs)

15 20

Conc. (ug/L)

1.0E+04

Site L: Toluene

— — PAL
— — MCL

——SiteLLYS 1

TOE+03 - — — — — — — — — — — e —

1.0E+02 -

1.0E+01 4

1.0E+00 -

1.0E-01 4

1.0E-02

6 8 10
Elapsed Time (yrs)

12 14 16

18
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Conc. (ug/L)

1.0E+04

Site M: Toluene

—e—Site MLYS 1
— — PAL
— — MCL

TOE+03 = — — — — — — — — — —

1.0E+02 -

1.0E+01 -

1.0E+00 -

1.0E-01 4

1.0E-02

Elapsed Time (yrs)

Conc. (ug/L)

1.0E+04

Site O: Toluene

—+—Site OLYS 2
— — PAL
— — MCL

TOEH03 1= — — = —

1.0E+02 -

1.0E+01 4

1.0E+00

1.0E-01

1.0E-02

6 8 10
Elapsed Time (yrs)

14 16 18
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531

Elapsed Time (yrs)

—e—SiteQLYS 1
. ] — — PAL
Site Q: Toluene
— — MCL
1.0E+04
10E#03 - — — — — — — — — — — — — — — e —— — —— —— -
1.0E+02 -
g
o
=]
~ 1.0E+01 -
(&]
c
o
O
1.0E+00 -
1.0E-01 A
1.0E-02 T T T T T T . . .
0 2 4 6 8 10 12 14 16 18
Elapsed Time (yrs)
—e—SiteQLYS 2
— — PAL
Site Q: Toluene — — MCL
1.0E+04
10E#H03 - — — — — — — — — — — — — — — — — — — o — —— — — —— — —— — — -
1.0E+02 -
g
(@]
=]
=~ 1.0E+01 -
(8]
c
o
O
1.0E+00 -
1.0E-01 +
1.0E-02 T T T T T g . & .
0 2 4 6 8 10 12 14 16 18




—e—Site SLYS 2
. — — PAL
Site S: Toluene
— — MCL
1.0E+04
10E#03 - — — — — — — — — — — — — — o — — -
1.0E+02 -
)
o
>
~ 1.0E+01 -
o
ey
o
(@)
1.0E+00 -
>
1.0E-01 -
1.0E-02 T T T T - —4 ' '
0 2 4 6 8 10 12 14 16
Elapsed Time (yrs)
—e—Site VLYS 1
Site V: Tol o
ite V: Toluene el
1.0E+04
10E#03 - — — — — — — — — — — — — — -
1.0E+02 -
)
(o))
>
~ 1.0E+01 -
o
c
o
(@)
1.0E+00 -
1.0E-01 -
1.0E-02 T T T - ' e
0 2 4 6 8 10 12

Elapsed Time (yrs)
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Conc. (ug/L)

1.0E+04

Site V: Toluene

—e—Site VLYS 2
— — PAL
— — MCL

TOEH03 1= — — = — o

1.0E+02 -

1.0E+01 4

1.0E+00

1.0E-01

1.0E-02

Elapsed Time (yrs)

10 12

Conc. (ug/L)

1.0E+04

Site W: Toluene

—e—Site W LYS 1
— — PAL
— — MCL

TOEH03 1= — — = — o

1.0E+02 -

1.0E+01 4

1.0E+00

1.0E-01

1.0E-02

Elapsed Time (yrs)
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534

Elapsed Time (yrs)

—e—Site WLYS 2
Site W: Tol o
ite W: loluene — — MCL
1.0E+04
10E+08 +— — — — — — — — — — — — -
1.0E+02 -
g
o
=)
~ 1.0E+01 -
(&]
c
o
O
1.0E+00 -
1.0E-01 A
1.0E-02 T T T . ¥ .
0 6 8 10 12 14
Elapsed Time (yrs)
—e—SiteYLYS 1
Site Y: Tol -
ite Y: Toluene — — ML
1.0E+04
10E+08 +— — — — — — — — — — — —
1.0E+02 -
g
o
=)
~ 1.0E+01 -
(&]
c
o
O
1.0E+00 -
1.0E-01 A
1.0E-02 T T T . .
0 4 6 8 10 12




535

—e—Site DD LYS 1
— — PAL
Site DD: Toluene — — MCL
1.0E+04
10E+08 - — — — — — — — — — — — e — -
1.0E+02 -
g
o
=]
~ 1.0E+01 -
(&]
c
o
O
1.0E+00 -
1.0E-01 A
1.0E-02 +—e—e e o R S T S
0 2 4 6 8 10 12
Elapsed Time (yrs)
—e—Site HHLYS 1
. — — PAL
Site HH: Toluene
— — MCL
1.0E+04
10E+08 +— — — — — — — — — — — — -
1.0E+02 -
g
o
=]
~ 1.0E+01 -
(&]
c
o
O
1.0E+00 -
1.0E-01 A
1.0E-02 T T T T T . .
0 1 2 3 4 5 6 7 8
Elapsed Time (yrs)




—e—Site ALYS 1

Elapsed Time (yrs)

— — PAL
Site A: 1, 2-Dichloroethylene (trans) — — MCL
1.0E+03
Lysimeter Dry: 80-89
10E+02 - — — — — — — — — — — -
T 1.0E+01 -
>
2
)
c
8 1.0E+00 -
1.0E-01
1.0E-02 ‘ : . eee —
0 5 10 15 20
Elapsed Time (yrs)
—+—Site JLYS 2
) ) — — PAL
Site J: 1, 2-Dichloroethylene (trans) — — MCL
1.0E+03
Lysimeter Dry: 80-91 & 98-01
10E+H02 - — — — — — — — — — — -
T 1.0E+01 -
>
2
)
c
8 1.0E+00 -
1.0E-01
1.0E-02 ; ; . B, ‘
0 5 10 15 20
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537

—e—SitePLYS 1

— — PAL
Site P: 1, 2-Dichloroethylene (trans) — — MCL
1.0E+03
10E+02 = — — — — — — — — -
7 1.0E+01
>
2
1)
c
8 1.0E+00 -
1.0E-01 +
1.0E-02 T T T T T T T T —e
0 2 4 6 8 10 12 14 16 18
Elapsed Time (yrs)
—e—Site ALYS 1
Site A: Vinyl Chloride - EQL
1.0E+02
Lysimeter Dry: 80-89
1.0E+01 - /\’
g
o
=]
~ 1.0E+00 -
(&]
c
o
O
1.0E-01 A
1.0E-02 T T -~ ———
0 5 10 15 20

Elapsed Time (yrs)




—+—SiteGLYS 1

Site G: Vinyl Chlorid o
Iite G: Viny oriae — — ES
1.0E+02
Lysimeter Dry: 01-Present
1.0E+01 - y
g
o
=]
~ 1.0E+00 -
(&)
c
o
O
1.0E-01 A
1.0E-02 T T o . S 3
0 5 10 15 20
Elapsed Time (yrs)
—e—SiteHLYS 1
Site H: Vinyl Chlorid -
Iite H: Viny oriae — — ES
1.0E+02
Lysimeter Dry: 80-89
1.0E+01 -
g
o
=]
~ 1.0E+00 -
(&)
c
o
O
1.0E-01 A
1.0E-02
0

Elapsed Time (yrs)
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—e—SiteJLYS 1

Site J: Vinyl Chlorid o
ite J: Viny oride — — ES
1.0E+02
Lysimeter Dry: 80-93
1.0E+01 -
4
g
o
=]
~ 1.0E+00 -
(&)
c
o
O
1.0E-01 A
1.0E-02 T T
0 5 10
Elapsed Time (yrs)
—e—SiteJLYS 2
. . . — — PAL
Site J: Vinyl Chloride s
1.0E+02
Lysimeter Dry: 80-91 & 98-01
1.0E+01 -
g
o
=]
~ 1.0E+00 -
(&)
c
o
O
1.0E-01 A
1.0E-02 T T
0 5 10

Elapsed Time (yrs)
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540

—e—Site JLYS 3
Site J: Vinyl Chlorid o
ite J: Viny oride — — Es
1.0E+02
Lysimeter Dry: 81-94
1.0E+01 -
-
> 4
=]
~ 1.0E+00 +
(&)
c
o
O
1.0E-01 A
1.0E-02 T T T T
0 5 10 15 20
Elapsed Time (yrs)
—e—SiteOLYS 1
Site O: Vinyl Chlorid o
ite O: Viny oriae — — Es
1.0E+02
Lysimeter Dry: 91 & 93
1.0E+01 -
g
o
=]
~ 1.0E+00 +
(&)
c
o
O
1.0E-01 A
1.0E-02 ‘ : : : A
0 2 4 6 8 14 16 18
Elapsed Time (yrs)




—e—SitePLYS 1

Site P: Vinyl Chlorid o
ite P: Viny oride — — Es
1.0E+02
1.0E+01 1
g
o
=)
= 1.0E+00
(&]
c
o
O
1.0E-01
1.0E-02 ; ; ; ; ; — ‘ ‘ —
0 2 4 6 8 10 12 14 16 18
Elapsed Time (yrs)
—+—SiteYLYS 1
. . . — — PAL
Site Y: Vinyl Chloride s
1.0E+02
1.0E+01 1
g
o
=)
= 1.0E+00
(&]
c
o
o
1.0E-01
1.0E-02

Elapsed Time (yrs)
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Conc. (ug/L)

Site A: Xylene (total)

—+—Site ALYS 1
— — PAL
— — MCL

1.0E+05

TOE+04 = — — — — — — -

T0E+03 — — — — — — — — — -

1.0E+02 -

1.0E+01

1.0E+00 -

1.0E-01 -

1.0E-02

Elapsed Time (yrs)

12 14

Conc. (ug/L)

1.0E+05

Site E: Xylene (total)

—e—Site E LYS1
— — PAL
— — MCL

10E+04 - — — — — — — — — — — —

TOEH03 - — — — — — — m m

1.0E+02 -

1.0E+01

1.0E+00 -

1.0E-01 ~

1.0E-02

10
Elapsed Time (yrs)

15

20
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543

Conc. (ug/L)

—+—Site GLYS 1
— — PAL

Site G: Xylene (total) el

1.0E+05

10E+04 - — — — — — — — — — — — -

TOEH03 - — — — — — — m m

1.0E+02 -

1.0E+01

1.0E+00 -

1.0E-01 ~

1.0E-02 \ ‘ ‘ ‘ ‘ oo ‘ 46—
0 2 4 6 8 10 12 14 16 18

Elapsed Time (yrs)

Conc. (ug/L)

—e—Site NLYS 2
— — PAL

Site N: Xylene (total) el

1.0E+05

10E+04 - — — — — — — — — — — — -

TOEH03 - — — — — — — m m

1.0E+02 -

1.0E+01

1.0E+00 -

1.0E-01 ~

1.0E-02 \ ‘ ‘ ‘ ‘ +o0000—0 \ \ ‘
0 2 4 6 8 10 12 14 16 18

Elapsed Time (yrs)




544

Conc. (ug/L)

—+—Site OLYS 2
— — PAL

Site O: Xylene (total) —— veL

1.0E+05

10E+04 - — — — — — — — — — — —

TOEH03 - — — — — — — m m

1.0E+02 -

1.0E+01

1.0E+00 -

1.0E-01 ~

1.0E-02 : : : ‘ 4 ‘ N
0 2 4 6 8 10 12 14 16 18

Elapsed Time (yrs)

Conc. (ug/L)

—+—Site QLYS 2
— — PAL

Site Q: Xylene (total) — — MOL

1.0E+05

10E+04 - — — — — — — — — — — —

TOEH03 - — — — = — — m

1.0E+02 -

1.0E+01

1.0E+00 -

1.0E-01 ~

1.0E-02 \ ‘ ‘ ‘ ‘
0 2 4 6 8 10 12 14 16 18

Elapsed Time (yrs)




Conc. (ug/L)

1.0E+05

—+—SiteQLYS 3
— — PAL

Site Q: Xylene (total) — — MOL

1.0E+04 +

1.0E+03 ~

1.0E+02 -

1.0E+01

1.0E+00 -

1.0E-01 ~

1.0E-02

0 2 4 6 8 10 12 14 16 18

Elapsed Time (yrs)

Conc. (ug/L)

1.0E+05

—+—Site SLYS 2
— — PAL
— — MCL

Site S: Xylene (total)

1.0E+04 -

TOEH03 4= — — = —

1.0E+02 |

1.0E+01 -

1.0E+00 -

1.0E-01 4

1.0E-02

0 2 4 6 8 10 12 14 16

Elapsed Time (yrs)
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Conc. (ug/L)

1.0E+05

Site Y: Xylene (total)

—e—Site YLYS 1
— — PAL
— — MCL

T0E+04 - — — — — — — — — — — — .

TOEH03 = — — — — — — — —

1.0E+02 -

1.0E+01

1.0E+00 -

1.0E-01 ~

1.0E-02

Elapsed Time (yrs)

Conc. (ug/L)

1.0E+05

Site DD: Xylene (total)

—+—Site DDLYS 1
— - -PAL
— — MCL

10E+04 - — — — — — — — — — — — -

TOEH03 1=« — ol v

1.0E+02 -

1.0E+01

1.0E+00 -

1.0E-01 ~

1.0E-02

Elapsed Time (yrs)
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Conc. (ug/L)

1.0E+05

Site HH: Xylene (total)

—e—Site HHLYS 1
— — PAL
— — MCL

10E+04 - — — — — — — — — — — —

TOEH03 — — — — — — — m m -

1.0E+02 -

1.0E+01

1.0E+00 -

1.0E-01 ~

1.0E-02

4

Elapsed Time (yrs)

Conc. (ug/L)

1.0E+05

Site A: Xylene, M & P

—+—Site ALYS 1
— — PAL
— — MCL

10E+04 - — — — — — — — — — — —

TOEH03 - — — — = — — m m

1.0E+02 -

1.0E+01

1.0E+00 -

1.0E-01 ~

1.0E-02

Lysimeter Dry: 80-89

10 15
Elapsed Time (yrs)

20

47



Conc. (ug/L)

1.0E+05

—e—Site ILYS 1
— — PAL

Site I: Xylene, M & P — — MCL

10E+04 - — — — — — — — — — — — -

TOEH03 - — — — — — — — m

1.0E+02 -

1.0E+01

1.0E+00 -

1.0E-01 ~

1.0E-02

10 15 20
Elapsed Time (yrs)

Conc. (ug/L)

1.0E+05

—+—Site JLYS 1
— — PAL

Site J: Xylene, M & P — — MCL

Lysimeter Dry: 80-93

10E+04 - — — — — — — — — — — — o —— -

TOEH03 - — — — — — — m m

1.0E+02 -

1.0E+01

1.0E+00 -

1.0E-01 ~

1.0E-02

10 15 20
Elapsed Time (yrs)

548



Conc. (ug/L)

1.0E+05

—+—Site JLYS 2
— — PAL

Site J: Xylene, M & P — — MCL

10E+04 - — — — — — — — — — — — o —— -

TOEH03 - — — — — — — m m

1.0E+02 -

1.0E+01

1.0E+00 -

1.0E-01 ~

1.0E-02

Lysimeter Dry: 80-91 & 98-01

10 15 20
Elapsed Time (yrs)

Conc. (ug/L)

—e—Site LLYS 1
— — PAL

Site L: Xylene, M & P — — MCL

1.0E+05

10E+04 - — — — — — — — — — — — -

TOEH03 - — — — — — — — m

1.0E+02 -

1.0E+01

1.0E+00 -

1.0E-01 ~

1.0E-02

Lysimeter Dry: 87-91

6 8 10 12 14 16 18
Elapsed Time (yrs)
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Conc. (ug/L)

1.0E+05

Site A: Xylene, O-

—+—Site ALYS 1
— — PAL
— — MCL

10E+04 - — — — — — — — — — — —

TOEH03 - — — — = — — m m

1.0E+02 -

1.0E+01

1.0E+00 -

1.0E-01 ~

1.0E-02

Lysimeter Dry: 80-89

10 15
Elapsed Time (yrs)

20

Conc. (ug/L)

1.0E+05

Site I: Xylene, O-

—e—Site ILYS 1
— — PAL
— — MCL

10E+04 - — — — — — — — — — — — -

TOEH03 - — — — — — — — m

1.0E+02 -

1.0E+01

1.0E+00 -
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Appendix F: Summary Data for creating each of the lysimeter VOC conc. records

1,1,1-Trichloroethane
Lysimeter . . Statistically
Landfill Sites Monitoring Min | Max | Avg | Number | Number Number | Number St_at|s_t|cally Significant
Points Conc. |Conc.|Conc.| Detects | Detects Detects | Samples Significant Trend
(ng/l) | (ug/l) | (ug/l) | > PAL >ES Trend
(Ln C)
Site A LYS PT 1 - - - - - - - - _
Site B LYS PT 1 - - - - - - - R R
Site C LYS PT 1 0.5 4 1.8 0 0 7 10 Decreasing | Decreasing
Site E LYS PT 1
Site G LYS PT 1 - - - - - - - R R
Site H LYS PT1 04 [ 91 3.2 0 0 4 13 NS NS
Site | LYS PT 1 - - - - - - - - -
LYS PT 1 - - - - - - - - _
Site J LYS PT 2 - - - - - - - R R
LYS PT 3 - - - - - - - - -
LYS PT 4 - - - - - - - R R
Site L LYS PT 1 - - - - - - - - -
. LYS PT 1 - - - - - - - - _
Site M yspr2 | - | - | - : : : 5 5 -
. LYS PT 1 - - - - - - R R
Site N LYSPT2 | - ; ; : N - N 5 :
LYS PT1 - - - - - - - - N

Site O LYS PT 2 0.9 50 | 11.3 1 0 11 19 Decreasing | Decreasing
LYS PT 3 - - - - - - - - B

Site P LYS PT 1 0.3 24 4.4 0 0 7 9 NS NS
LYSPT 2 - - - - - - R R
LYS PT 1 - - - - - - - - B

Site Q LYS PT 2
LYS PT 3

. LYS PT 1 - - - - - - - R R
Site S LYSPT2 | - ; : : : : N 5 :

. LYS PT 1 - - - - - - - - N
Site T yspt2 | - | - | - . n N - N 5
Site U LYS PT 1 - - - - - - - - -

. LYS PT 1 - - - - - - - - _
Site v yspr2 | - | - | - : N 5 - N n

. LYS PT 1
Site W LYSPT2 | - ; : 5 5 N 5 5 :
Site X LYS PT1 1.7 | 174 | 31.9 1 0 6 19 NS* NS*
Site Y LYS PT 1 - - - - - - - R R

. LYS PT 1
Site 2 yspr2 | - | - | - 5 N - n 5 -

. LYS PT 1 - - - - - - - - R
Site AA YSPT2
Site BB LYS PT 1 - - - - - - - - _
Site CC LYS PT 1 - - - - - - - R R
. LYS PT 1 - - - - - - - - -
Site DD LYSPT 2
Site GG LYS PT 1 - - - - - - - R R
Site HH LYS PT 1 - - - - - - - - R
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1,1-Dichloroethane
Lysimeter . . Statistically
Landfill Sites Monitoring Min | Max | Avg | Number | Number Number | Number St.atls.tlcally Significant
Points Conc. [ Conc. | Conc.| Detects | Detects Detects | Samples Significant Trend
(ng/l) | (ug/l) | (ug/l) | >PAL >ES Trend
(Ln C)
Site A LYS PT 1 0.4 50 [ 17.1 0 0 11 16 Decreasing NS
Site B LYS PT 1 - - - - - - - - -
Site C LYS PT 1 04 | 73 | 3.2 0 0 6 10 NS NS
Site E LYS PT 1 0.3 | 15 | 11 0 0 4 10 NS NS
Site G LYS PT 1 0.1 1.8 | 11 0 0 4 23 NS NS
Site H LYS PT 1 05 ] 28 | 12 0 0 4 13 NS NS
Site | LYS PT 1
LYS PT 1 03] 73 | 34 0 0 9 9 NS NS

. LYS PT2 0.1 17 5.5 0 0 11 12 NS NS

Site J
LYS PT 3 - - - - - - - - -
LYSPT4

Site L LYS PT 1

. LYS PT 1
Site M .

LYS PT 2 0.5 2.4 1.2 0 0 7 11 NS Decreasing
. LYS PT 1 - - - - - - - - -
Site N LYSPT 2
LYS PT 1
Site O LYSPT2 0.4 85 [ 14.6 1 0 14 19 NS Decreasing
LYSPT 3 14 | 46 | 2.8 0 0 4 7 NS NS
Site P LYS PT 1 0.3 22 10.5 0 0 7 9 Decreasing | Decreasing
LYS PT 2
LYS PT 1
Site Q LYS PT 2
LYS PT 3
Site S LYS PT 1 0.5 ] 52 | 34 0 0 7 11 NS NS
LYSPT2 - - - - - - - - -

. LYS PT 1 - - - - - - - - -
Site T LYSPT2 | - - - - - - - - -
Site U LYS PT 1 1.1 | 180 | 39.5 1 0 6 6 NS NS

. LYS PT 1
Site v LYSPT2 | - ; : : : ; : : :

. LYS PT 1
Site W LYSPT2
Site X LYS PT 1
Site Y LYS PT 1 0.7 10 4.2 0 0 7 8 NS NS

. LYS PT 1
Site 2 LYSPT2

. LYS PT 1 - - - - - - - - -
Site AA LYSPT2
Site BB LYS PT 1
Site CC LYS PT 1 0.2 64 9.2 0 0 9 14 NS* NS*
Site DD LYS PT 1 11.2 ] 32.2 | 185 0 0 3 40 NS NS
LYS PT 2
Site GG LYS PT 1 - - - - - - - - -
Site HH LYS PT 1 - - - - - - - - -




Chloroform
Lysimeter | . - Statistically
Landfill Sites Monitoring Min | Max | Avg | Number| Number Number| Number St§t|§t|cally Significant
Points Conc. | Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ua/l) | (ug/l) | > PAL >ES Trend
(Ln C)

Site A LYS PT 1 - - - - - - R N R
Site B LYS PT 1 - - - - - - R N R
Site C LYS PT 1 - - - - - - R N R
Site E LYS PT 1 - - - - - - - - -
Site G LYS PT 1 - - - - - - - - _

Site H LYS PT 1 0.38 | 5.9 [ 2.07 5 0 9 13 NS Decreasing
Site | LYS PT 1 - - - - - - - - _
LYS PT 1 - - - - - - - - _
Site J LYS PT 2 - - - - - - - - _
LYS PT 3 - - - - - - - N _
LYS PT 4 - - - - - - - - -
Site L LYS PT 1 - - - - - - - - _
. LYS PT 1 - - - - - - - - -
Site M LYSPT2 | - : : 5 : : N 5 :
. LYS PT 1 - - - - - - - - -
Site N LYSPT2 | - . : : N - N 5 5
LYS PT 1 - - - - - - - - _
Site O LYS PT 2 - - - - - - - - _
LYS PT 3 - - - - - - R N R
. LYS PT 1 - - - - - - - - -
Site P LYspT2 | - - 5 5 : 5 . -
LYS PT 1 - - - - - - R N R
Site Q LYS PT 2 - - - - - - R N R
LYS PT 3 - - - - - - R N R
. LYS PT 1 - - - - - - - - -
Site S LYSPT2 | - : ; : N - N : 5
. LYS PT 1 - - - - - - - - _
Site T LYSPT2 | - : ; : N - N 5 5
Site U LYS PT 1 - - - - - - - - _
. LYS PT 1 - - - - - - - - _
Site Vv LYSPT2 | - : . 5 N - N . -
. LYS PT 1 - - - - - - - - _
Site W LYSPT2 | - : : : N - N 5 :
Site X LYS PT 1 - - - - - - - - -
Site Y LYS PT 1 - - - - - - - - -
. LYS PT 1 - - - - - - - - -
Site 2 LYSPT2 | - : : : N - N 5 :
. LYS PT 1 - - - - - - - - -
Site AA LYSPT2 | - . : 5 : - N 5 :
Site BB LYS PT 1 - - - - - - - - _
Site CC LYS PT 1 - - - - - - - - -
. LYS PT 1 - - - - - - - - _
Site DD LYSPT2 | - . : : N - N 5 :
Site GG LYS PT 1 - - - - - - - - N
Site HH LYS PT 1 - - - - - - - - -
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1,2-Dichloropropane

Lysimeter . . Statistically
Landfill Sites Monitoring Min | Max | Avg | Number | Number Number | Number St.atls.tlcally Significant
Points Conc. | Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ug/l) | (ug/) | >PAL | >ES Trend
(Ln C)
Site A LYS PT 1 - - - - - - - - -
Site B LYS PT 1 - - - - - - - - -
Site C LYS PT 1 - - - - - - - - R
Site E LYS PT 1 - - - - - - - - -
Site G LYS PT 1 - - - - - - - - _
Site H LYS PT 1 - - - - - - - - -

Site | LYS PT 1 - - - - - - - - -

LYS PT 1 0.1 1.9 | 0.8 3 0 6 9 NS NS

Site J LYS PT 2 0.7 8 3 9 2 9 12 Decreasing | Decreasing

LYSPT3 - - - - - - - - -
LYS PT 4 - - - - - - - - -

Site L LYS PT1 - - - - - - - - R

. LYS PT 1 - - - - - - - - -
Site M yspr2 | - | - : : . 5 n N .

. LYS PT1 - - - - - - - - -
Site N Lyspt2 | - | - | - - - - - - -

LYS PT 1 - - - - - - - - R
Site O LYSPT?2 - - - - - - - - R
LYS PT 3 - - - - - - - - _
. LYS PT 1 - - - - - - - - -
Site P Lyspt2 | - | - | - - - - - - -
LYS PT 1 - - - - - - - - N
Site Q LYSPT?2 - - - - - - - - R
LYS PT 3 - - - - - - - - _

. LYS PT 1 - - - - - - - - -
Site S Lyspt2 | - | - | - - - - - - -

. LYS PT 1 - - - - - - - - -
Site T Lyspt2 | - | - | - - - - - - -
Site U LYS PT 1 - - - - - - - - _

. LYS PT 1 - - - - - - - - -
Site V Lyspt2 | - | - | - - - - - - -

. LYS PT 1 - - - - - - - - -
Site W Lyspt2 | - | - | - - - - - - -
Site X LYS PT 1 - - - - - - - - _
Site Y LYS PT 1 - - - - - - - - -

. LYSPT 1 - - - - - - - - -
Site Z Lyspt2 | - | - | - - - - - - -

. LYS PT 1 - - - - - - R R N
SteAA Ivsprz [ - [ - . : . 5 n N .
Site BB LYS PT 1 - - - - - - - - B

Site CC LYS PT 1 - - - - - - - - -

. LYS PT 1 - - - - - - - - -
StebD  INsprz [ - [ - [ - - - - - - -
Site GG LYS PT 1 - - - - - - - - _
Site HH LYS PT 1 - - - - - - - - -
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Acetone
Lysimeter . _ Statistically
Landfill Sites Monitoring Min | Max | Avg | Number| Number Number| Number St‘atls.t|cally Significant
Points Conc. [ Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ug/) | (ug/)| >PAL | >ES Trend
(Ln C)
Site A LYS PT 1 - - - - - - - - -
Site B LYS PT 1 - - - - - - - - -
Site C LYS PT 1 - - - - - - - - -
Site E LYS PT1 1.8 | 47 | 29 0 0 3 4 NS NS
Site G LYS PT1 - - - - - - - - -
Site H LYS PT1 - - - - - - - - -
Site | LYS PT 1 - - - - - - - - -
LYS PT 1 - - - - - - - - -

. LYS PT2 23 | 96 | 49 0 0 7 9 NS NS

Site J
LYS PT3 - - - - - - - - -
LYS PT4 1.4 11 5.4 1 0 8 14 NS NS

Site L LYS PT 1 - - - - - - - - -

Site M LYS PT 1 8.1 | 220 | 735 1 0 4 8 NS NS
LYS PT2 13 | 510 |133.8 1 0 5 6 NS NS

Site N LYS PT 1 - - - - - - - - -
LYS PT2 3.1 56 | 4.1 0 0 4 6 NS NS
LYS PT1 - - - - - - - - -

Site O LYS PT2 - - - - - - - - -
LYS PT3 - - - - - - - - -

. LYS PT 1 - - - - - - - - -

Site P LYSPT2 | - - - - - - - -
LYS PT 1 - - - - - - - - -

Site Q LYS PT2 - - - - - - - - -
LYS PT3 - - - - - - - - -

Site S LYS PT 1 2.9 31 [ 134 0 0 5 10 NS NS
LYS PT2 - - - - - - - - -

. LYS PT 1 - - - - - - - - -
Site T LYSPT2 | - - - - - - - -
Site U LYS PT 1 - - - - - - - - -

. LYS PT 1 - - - - - - - - -
Site V LYSPT2 | - - - - - - - - -

. LYS PT 1 - - - - - - - - -
Site W LYSPT2 | - - - - - - - -
Site X LYS PT 1 - - - - - - - - -
Site Y LYS PT 1 - - - - - - - - -

. LYS PT 1 - - - - - - - - -
Site 2 Lyspr2 | - | - | - - - - - - -

. LYS PT1 - - - - - - - - -
Site AA YSPT2 - - - - - - - - -
Site BB LYS PT 1 - - - - - - - - -

Site CC LYS PT 1 9.2 | 5700 | 1908 1 1 3 10 NS NS

. LYS PT 1 - - - - - - - - -
Site DD YSPT2 - - - - - - - - -
Site GG LYS PT 1 - - - - - - - - -
Site HH LYS PT 1 - - - - - - - - -
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Benzene
Lysimeter . - Statistically
Landfill Sites Monitoring Min | Max | Avg | Number| Number Number| Number St.atls.tlcally Significant
Points Conc. | Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ng/l) | (ug/l) | (ng/l) | > PAL >ES Trend
(Ln C)
Site A LYS PT1 1.1 78 | 34 9 2 9 17 NS NS
Site B LYS PT 1 - - - - - - - - -
Site C LYS PT1 - - - - - - - - -
Site E LYS PT 1 0.1 0.6 | 0.3 1 0 3 10 NS NS
Site G LYS PT1 0.2 9.4 1.7 12 2 19 23 Increasing | Increasing
Site H LYS PT1 0.1 04 | 03 0 0 3 13 NS NS
Site | LYS PT1 5.1 9 6.9 6 6 6 8 Decreasing NS
LYS PT 1 0.1 1 0.6 4 0 6 9 NS NS

. LYS PT 2 02 | 55 | 1.2 4 1 9 12 NS NS

Site J
LYS PT3 - - - - - - - - -
LYS PT 4 - - - - - - - - -

Site L LYS PT 1 0.1 1.2 0.7 4 0 6 8 NS NS

Site M LYS PT 1 - - - - - - - - -
LYS PT 2 03 ] 38 | 1.1 7 0 10 11 NS NS
. LYS PT 1 - - - - - - - -
Site N LYSPT2 - - [ - - - - - - -
LYS PT 1 - - - - - - - - -
Site O LYS PT 2 - - - - - - - - -
LYS PT 3 - - - - - - - - -
Site P LYS PT 1 0.1 20 4.7 6 1 7 9 Decreasing*| Decreasing
LYS PT2 - - - - - - - - -
LYS PT 1 - - - - - - - - -
Site Q LYS PT 2 0.4 30 8.7 5 2 5 7 NS NS
LYS PT 3 2 8 4.4 5 2 5 9 NS NS
Site S LYS PT1 - - - - - - - - -
LYS PT2 06 | 32 | 15 4 0 7 10 NS NS

. LYS PT 1 - - - - - - - -
Site T LYS PT2 - [ - - - - - - -
Site U LYS PT 1 0.2 20 5.8 2 1 4 6 NS NS

. LYSPT1 - - - - - - - - -
Site V LYSPT2 : : - : : : : : :

. LYS PT 1 - - - - - - - - -
Site W LYSPT2 : : - : : : : : :
Site X LYS PT 1 - - - - - - - - -
Site Y LYS PT 1 0.1 0.5 0.4 1 0 3 8 NS NS

. LYS PT 1 - - - - - - - - -
Site Z LYSPT2 - [ - - - - - - -

. LYS PT1 - - - - - - - - -
Site AA YSPT2 - - - - - - - - -
Site BB LYS PT 1 - - - - - - - - -

Site CC LYS PT 1 - - - - - - - - -

. LYS PT 1 03 ] 25| 14 2 0 3 39 NS NS
Site DD VS PT2 - - - - - - - - -
Site GG LYS PT 1 - - - - - - - - -
Site HH LYS PT 1 - - - - - - - - -




Chlorobenzene

Lysimeter . . Statistically
Landfill Sites Monitoring CMm CMax CAvg Number | Number Number [ Number St.atls'ncally Significant
Points onc. [ Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ng/l) | (ug/l) | (ug/l) | >PAL | >ES Trend
(Ln C)
Site A LYS PT 1 - - - - - - - - B
Site B LYS PT 1 - - - - - - - - _
Site C LYS PT 1 - - - - - - - - _
Site E LYS PT 1 - - - - - - - - B
Site G LYS PT 1 0.2 46 5.1 1 0 22 23 NS* NS*
Site H LYS PT 1 - - - - - - - - _
Site | LYS PT1 11 71 [ 347 5 0 7 9 Increasing | Increasing
LYS PT 1 - - - - - - - - _

. LYS PT 2 - - - - - - - - _

Site J Lyspta | - | - | - - B - 3 - -
LYS PT 4 - - - - - - - - _
Site L LYS PT1 - - - - - - - - -

. LYS PT 1 - - - - - - - - _
Site M LYS PT 2 - - | - : . 5 - N -

. LYS PT 1 - - - - - - - - -
Site N LYSPT2 - [ - N N 5 - 5 .

LYS PT 1 - - - - - - - - B
Site O LYS PT 2 - - - - - - - - -
LYS PT 3 - - - - - - - - _
. LYS PT 1 - - - - - - - - B
Site P LYS PT 2 - - | - - - - - - -
LYS PT 1 - - - - - - - - _
Site Q LYS PT 2 - - - - - - - - B
LYS PT 3 - - - - - - - - _

. LYS PT1 - - - - - - - - _
Site S LYSPT2 - - - - - - - -

. LYS PT 1 - - - - - - - - _
Site T LYS PT 2 - | - . : 5 - N -
Site U LYS PT1 - - - - - - - - _

. LYS PT 1 - - - - - - - - _
Site V LYS PT 2 - - | - : . 5 - N -

. LYS PT 1 - - - - - - - - -
Site W LYSPT2 - [ - N N 5 - 5 .
Site X LYS PT 1 - - - - - - - - B
Site Y LYS PT1 - - - - - - - - -

. LYS PT1 - - - - - - - - _
Site 2 LYS PT 2 - | - 5 . ; - 5 -

. LYS PT1 - - - - - - - - -
Ste A Iivspr2 - | - . : 5 - N -
Site BB LYS PT 1 - - - - - - - - B
Site CC LYS PT 1 - - - - - - - - _

. LYS PT1 - - - - - - - - _
StebD  IvsPr2 - - - - - - - -

Site GG LYS PT 1 - - - - - - - - _
Site HH LYS PT 1 - - - - - - - - -
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Chloroethane

Lysimeter . - Statistically
Landfill Sites Monitoring Min | Max | Avg | Number| Number Number | Number St§t|§tlcally Significant
Points Conc. | Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(o | (g | (ugm | >PAL | >ES P Trend
(Ln C)
Site A LYS PT 1 0.4 23 7.4 0 0 5 16 NS NS
Site B LYS PT 1 - - - - - - - - -
Site C LYS PT 1 - - - - - - - - _
Site E LYS PT 1 - - - - - - - - _
Site G LYS PT 1 0.2 3.6 .9 0 0 7 23 NS NS
Site H LYS PT 1 0.6 1.8 1.3 0 0 5 13 NS NS
Site | LYS PT 1 - - - - - - - - _
LYS PT 1 - - - - - - - - _
LYS PT 2 - - - - - - - - _

Site J

e Lyspts | - | - | - - - - - - -

LYS PT 4 - - - - - - - - _

Site L LYS PT 1 - - - - - - - - B
Site M LYS PT 1 - - - - - - - - _

LYS PT 2 08 | 44 21 0 0 5 11 Decreasing | Decreasing

. LYS PT 1 - - - - - - - - _
Site N LYSPT2 | - : : . » N : N .

LYS PT 1 - - - - - - - - _
Site O LYS PT 2 17 240 96 3 0 6 19 NS NS
LYS PT 3 - - - - - - - - _
. LYS PT 1 - - - - - - - - -
Site P yspt2 | - | - | - - : : 5 5 :
LYS PT 1 - - - - - - - - -
Site Q LYS PT 2 - - - - - - - - -
LYS PT 3 - - - - - - - - -

) LYS PT 1 N - : - - - -
Site S yspt2 | - | - | - - 5 : 5 - -

. LYS PT 1 N - : - - - -
Site T Lyspt2 | - | - | - - 5 : 5 5 :
Site U LYS PT 1 - - - - - - - - _

) LYS PT 1 N - : - - - -
Site V yspt2 | - | - | - - 5 n 5 5 -

. yspr1 | - | - | - - - - - - -
Site W yspt2 | - | - | - - - - - - -
Site X LYS PT 1 - - - - - - - - _
Site Y LYS PT 1 - - - - - - - - _

. LYS PT 1 - - - - - - - - _
Site 2 yspt2 | - | - | - - - - - - -

. yspr1 | - | - | - - - - - - -
Site AA LYSPT2 | - : : N 5 N N 5 .
Site BB LYS PT 1 - - - - - - - - _
Site CC LYS PT 1 - - - - - - - - _

. LYS PT 1 - - - - - - - - _
Site DD LYSPT2 | - : : n » N : N .

Site GG LYS PT 1 - - - - - - - - _
Site HH LYS PT 1 - - - - - - - - -
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Chloromethane

Lysimeter . - Statistically
Landfill Sites Monitoring Min | Max | Avg | Number| Number Number| Number Stgtlgtlcally Significant
Points Conc. | Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(g | (ug/ | ugM | >PAL | >ES Trend
(Ln C)
Site A LYS PT 1 . : n N 5 5 5 - -
Site B LYS PT 1 : ; : N 5 5 5 - -
Site C LYS PT 1 . : : N 5 5 5 - -
Site E LYS PT 1 : ; 5 N 5 5 5 - -
Site G LYSPT1 | 21 | 45 | 34 6 3 6 23 NS NS
Site H LYSPT1 | 03 | 26 | 1 4 0 5 13 NS NS
Site | LYS PT 1 : ; » N 3 i 5 » -
LYS PT 1 : ; : - N - : - -
Site J LYSPT2 | 02 | 04 |035| 3 0 4 12 NS NS
LYSPT3 | - - ; ; ; 3 5 3 :
LYSPT4 | 01 | 07 | 03 2 0 5 18 NS NS

Site L LYS PT 1 : : 5 N : 5 » :

) LYS PT 1 : : - - - - - - -
Site M LYSPT2 | - : N - 5 : 5 : -

) LYS PT 1 : ; - - - - - - -
Site N LYSPT2 | - ; n N : N : - -

LYS PT 1 : ; 5 N N 5 5 - -
Site O LYSPT2 | - : : N N 5 5 - -
LYSPT3 | - ; . N N 5 5 - -
: LYS PT 1 : : : _ - - - - -
Site P LYSPT2 | - : N - 5 N : - -
LYS PT 1 : : n N 5 5 5 - -
Site Q LYSPT2 | - ; : N 5 5 5 5 -
LYSPT3 | - : 5 N 5 : 5 - -

) LYS PT 1 : ; - - - - - - -
Site S LYSPT2 | - ; N - 5 - N 5 -

) LYS PT 1 ; ; ; - - - - - -
Site T LYSPT2 | 16 | 74 | 5 3 3 3 4 NS NS
Site U LYS PT 1 5 : : N 3 ) 5 n -

: LYS PT 1 : : : _ - - - - -
Site V LYSPT2 | - ; n N 5 5 5 5 -

) LYS PT 1 : ; n N 5 N : - -
Site W LYSPT2 | - : N - 5 5 5 - -
Site X LYS PT 1 . : : N 5 5 5 - -
Site Y LYS PT 1 : ; 5 N 5 5 5 . -

) LYS PT 1 : ; - - - - - - -
Site Z LYSPT2 | - ; N - 5 - N 5 -

) LYS PT 1 ; ; ; - - - - - -
Site AA LYSPT2 | - ; : - 5 N : - -
Site BB LYS PT 1 : ; 5 N N 5 5 - -

Site CC LYS PT 1 . : n - 5 5 : - -

: LYS PT 1 5 : : _ ; - - - -
Site DD LYSPT2 | - : N - 5 N 5 . -
Site GG LYSPT1 | 01 | 04 | 02 1 0 3 12 NS NS
Site HH LYS PT 1 5 5 5 3 3 ) 5 N :
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cis-1,2-Dichloroethene
Lysimeter . . Statistically
Landfill Sites Monitoring CMm Max | Avg | Number | Number Number [ Number St.atls'ncally Significant
Points onc. [ Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ug/l) | (ug/l) | >PAL | >ES Trend
(Ln C)

Site A LYS PT 1 0.8 | 480 [ 75.6 4 3 13 16 NS NS

Site B LYS PT1 - - - - - - - -
Site C LYS PT1 - - - - - - - - -

Site E LYS PT 1 - - - - - - - - -
Site G LYS PT 1 0.2 | 126 | 3.8 1 0 7 19 NS NS
Site H LYS PT1 - - - - - - - - -

Site | LYS PT 1 - - - - - - - - -

LYS PT1 0.1 17 4.1 2 0 7 9 NS NS

. LYSPT 2 0.2 40 [ 11.8 2 0 8 11 NS NS

Site J
LYSPT3 - - - - - - - - -
LYSPT4 - - - - - - - - -
Site L LYS PT 1 - - - - - - - - -
. LYS PT1 - - - - - - - - -
Site M LYSPT2 - - - - - - - - -
. LYS PT 1 - - - - - - - - -
Site N LYS PT 2 - - - - - - - - -
LYS PT 1 - - - - - - - - -

Site O LYS PT 2 0.3 10 3.1 1 0 4 19 NS NS
LYSPT3 - - - - - - - - -

Site P LYS PT 1 0.2 55 | 20.6 6 0 9 9 Decreasing | Decreasing
LYS PT 2 - - - - - - - - -
LYS PT1 - - - - - - - - -

Site Q LYS PT 2 - - - - - - - - -
LYSPT3 - - - - - - - - -

Site S LYS PT1 0.8 2 1.5 0 0 5 11 NS NS
LYSPT 2 - - - - - - - - -

. LYS PT1 - - - - - - - - -
Site T LYS PT2 - - - - - - - - -
Site U LYS PT 1 0.8 | 150 [ 41.5 2 1 4 6 NS NS

. LYS PT1 - - - - - - - - -
Site V LYS PT2 - - - - - - - - -

. LYS PT 1 - - - - - - - - -
Site W LYS PT 2 - - - - - - - - -
Site X LYS PT 1 - - - - - - - - -
Site Y LYS PT 1 - - - - - - - - -

. LYS PT1 - - - - - - - - -
Site 2 LYSPT2 - - - - - - - - -

. LYS PT 1 - - - - - - - - -
Site AA YSPT2 - - - - - - - - -
Site BB LYS PT 1 - - - - - - - - -
Site CC LYS PT1 - - - - - - - - -

. LYS PT1 - - - - - - - - -
Site DD VS PT2 - - - - - - - - -

Site GG LYS PT1 - - - - - - - - -
Site HH LYS PT 1 - - - - - - - - -




Dichlorodifluoromethane

Lysimeter . - Statistically
Landfill Sites Monitoring Min | Max | Avg | Number| Number Number | Number St.atls.tlcally Significant
Points Conc. | Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(g | (g | (ugny| >PAL | >ES P Trend
(Ln C)
Site A LYS PT 1 3.1 52 19.7 0 0 3 15 NS NS
Site B LYS PT 1 - - - - - - - - -
Site C LYS PT 1 2.3 19 8.2 0 0 3 4 NS NS
Site E LYS PT 1 - - - - - - - - -
Site G LYS PT 1 06 [ 134 ] 4.7 0 0 12 16 NS NS
Site H LYS PT 1 - - - - - - - - -
Site | LYS PT 1 62 140 | 92.6 0 0 8 8 NS NS
LYS PT 1 - - - - - - - - -
Site J LYS PT 2 0.4 1.5 0.9 0 0 6 8 NS NS
LYS PT 3 0.7 1.1 0.9 0 0 3 5 NS NS
LYS PT 4 0.1 0.2 | 0.19 0 0 3 13 NS NS
Site L LYS PT 1 - - - - - - - - -

. LYS PT 1 - - - - - - - - B
Site M LYS PT 2 0.3 0.7 0.4 0 0 4 11 NS NS

. LYS PT 1 - - - - - - - - -
Site N Lyspt2 | - | - | - : : ; - n -

LYS PT 1 - - - - - - - - -
Site O LYS PT2 03 | 84 | 26 0 0 7 19 Decreasing | Decreasing
LYS PT 3 - - - - - - - - -
. LYSPT 1 - - - - - - - - -
Site P yspt2 | - | - | - - - - - - -
LYS PT 1 - - - - - - - - -
Site Q LYS PT 2 - - - - - - - - -
LYS PT 3 - - - - - - - - -

. LYSPT 1 - - - - - - - - -
Site S Lyspt2 | - | - | - : : ; - n -

. LYS PT 1 - - - - - - - - -
Site T ysprz | - | - | - N n N . - -
Site U LYS PT 1 - - - - - - - - -

. LYSPT 1 - - - - - - - - -
Site V yspr2 | - | - | - : : ; - n -

. LYS PT 1 - - - - - - - - -
Site W ysprz | - | - | - N : 5 . - -
Site X LYS PT 1 - - - - - - - - -
Site Y LYS PT 1 - - - - - - - - B

. LYS PT 1 - - - - - - - - _
Site 2 yspr2 | - | - | - N n N . - -

. LYS PT 1 - - - - - - - - -
Site AA YSPT2 - - - - - - - - -
Site BB LYS PT 1 - - - - - - B - -

Site CC LYS PT 1 0.4 7 3 0 0 4 9 NS Decreasing

. LYS PT 1 - - - - - - - - -
Site DD YSPT2 - - - - - - - - -
Site GG LYS PT 1 - - - - - - - - -
Site HH LYS PT 1 - - - - - - - - -
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Dichloromethane
Lysimeter ) - Statistically
Landfill Sites | Monitoring CM'” Max | Avg | Number| Number |\ o | Nymper | Statistically | g iaant
Points onc. [ Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ua/l) | (ug/l) | > PAL >ES Trend
(Ln C)
Site A LYS PT 1 - - - - - - - - -
Site B LYS PT 1 - - - - - - - - -
Site C LYS PT 1 2.1 53 | 3.6 4 1 4 10 NS NS
Site E LYS PT 1 06 | 47 | 24 3 0 3 10 NS NS
Site G LYS PT 1 - - - - - - - - -
Site H LYS PT 1 0.1 | 1025[147.3 5 1 7 13 Decreasing*| Decreasing*
Site | LYS PT 1 - - - - - - - - -
LYS PT 1 0.2 24 8.5 2 1 3 9 NS NS
Site J LYS PT 2 0.1 14 3.1 4 2 10 12 Decreasing | Decreasing
LYS PT 3 0.2 | 0.3 | 0.25 0 0 3 6 NS Increasing
LYS PT 4 0.1 3.7 1.4 1 0 3 18 NS NS
Site L LYS PT 1 - - - - - - - - -
Site M LYS PT 1 04 ] 14 ] 09 3 0 4 12 NS NS
LYS PT2 05 ] 1.9 1.1 4 0 4 11 NS NS

. LYS PT 1 - - - - - - - - -

Site N LYSPT2 | - - - - - - - - -
LYS PT 1 - - - - - - - - -

Site O LYSPT2 1 310 | 52.6 6 1 6 19 NS NS
LYS PT 3 1.2 | 62 | 2.7 3 1 3 7 NS NS

. LYS PT 1 - - - - - - - -

Site P LYSPT2 | - - - - - - - - -
LYS PT 1 - - - - - - - - -
Site Q LYS PT 2 - - - - - - - - -
LYS PT 3 - - - - - - - - -

. LYS PT 1 - - - - - - - - -
Site S LYSPT2 | - - - - - - - -

. LYS PT 1 - - - - - - - - -
Site T LYSPT2 | - - - - - - - - -
Site U LYS PT 1 1.4 31 | 11.3 3 1 3 6 NS NS

. LYS PT 1 - - - - - - - - -
Site V LYSPT2 | - - - - - - - -

. LYS PT 1 - - - - - - - - -
Site W LYsSpPr2 | - - - - - - - -
Site X LYS PT 1 - - - - - - - - -
Site Y LYS PT 1 0.8 9 3.5 6 2 6 8 NS NS
Site 7 LYS PT 1 0.4 1 0.7 2 0 3 13 NS NS

LYS PT 2 04 [ 1.3 | 0.9 2 0 3 13 NS NS

. LYS PT 1 - - - - - - - - -
Site AA VS PT2 - - - - - - - - -
Site BB LYS PT 1 - - - - - - - - -
Site CC LYS PT 1 34 48 | 20.8 3 2 3 14 NS NS

. LYS PT 1 - - - - - - - - -
Site DD YSPT2 - - - - - - - - -

Site GG LYSPT1 | 0.15]0.21 | 0.2 0 0 4 12 NS NS
Site HH LYS PT 1 - - - - - - - - -




Ethylbenzene
Lysimeter . - Statistically
Landfill Sites Monitoring Min | Max | Avg | Number | Number Number | Number St.at|slt|cally Significant
Points Conc. | Conc.|Conc. | Detects | Detects Detects | Samples Significant Trend
(ng/l) | (ug/l) | (ngfl) | > PAL >ES Trend
(Ln C)
Site A LYS PT 1 0.35| 39 | 13.7 0 0 7 16 NS Decreasing
Site B LYS PT 1 - - - - - - - - -
Site C LYS PT 1 - - - - - - - - -
Site E LYS PT1 1.1 52 | 27 0 0 7 10 NS NS
Site G LYS PT1 1 16 [ 14 0 0 4 23 NS NS
Site H LYS PT 1 - - - - - - - - -
Site | LYS PT1 5.4 18 11 0 0 7 8 NS NS
LYS PT 1 0.64 | 2.7 | 1.75 0 0 3 9 NS NS

. LYS PT 2 0.2 14 2.1 0 0 8 12 NS NS

Site J
LYSPT3 - - - - - - - - -
LYS PT 4 - - - - - - - - -

Site L LYS PT 1 - - - - - - - - -

. LYS PT 1 - - - - - -
Site M LYSPT2 - - - - - - - - -
Site N LYS PT 1 - - - - - - - - -

LYS PT2 06 | 29 | 1.3 0 0 5 16 NS NS

LYS PT 1 - - - - - - - - -
Site O LYS PT 2 1 11 3.1 0 0 6 19 NS NS

LYSPT3 - - - - - - - - -

. LYS PT 1 - - - - - - - -

Site P LYS PT 2 : : : : : : : : :
LYS PT 1 - - - - - - - - -
Site Q LYS PT 2 0.7 71 [ 24.2 0 0 3 7 NS NS
LYS PT3 02 ]| 08 ] 05 0 0 5 9 NS NS
Site S LYS PT 1 - - - - - - - - -
LYS PT 2 02 [ 09 ]| 05 0 0 3 7 NS NS
Site T LYS PT 1 - - - - - - - - -
LYS PT 2 0.5 | 10.8 4 0 0 3 4 NS NS
Site U LYS PT 1 0.7 71 [ 20.6 0 0 4 6 NS NS

. LYS PT 1 - - - - - - - - -
Site V LYSPT2 - - - - - - - - -

. LYS PT 1 - - - - -
Site W LYSPT2 - - - - - - - - -
Site X LYS PT 1 - - - - - - - - -
Site Y LYS PT 1 03 [ 38 ] 16 0 0 4 8 NS NS

. LYS PT 1 - - - - - - - - -
Site Z LYSPT2 - -1 - - - - - - -

. LYS PT 1 - - - - - - - - -
Site AA LYSPT2 - - - - - - - - -
Site BB LYS PT 1 - - - - - - - - -

Site CC LYS PT 1 - - - - - - - - -

. LYS PT1 1.1 27 8.2 0 0 5 40 NS NS
Site DD YSPT2 - - - - - - - - -
Site GG LYS PT 1 - - - - - - - - -
Site HH LYS PT 1 - - - - - - - - -
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Methyl Ethyl Ketone

Lysimeter . - Statistically
Landfill Sites Monitoring Min | Max | Avg | Number | Number Number | Number St.atlgtlcally Significant
Points Conc. |Conc.|Conc.| Detects | Detects Detects | Samples Significant Trend
(ual) | (ual) | wan)| >PAL | >Es P Trend (LnC)
Site A LYS PT 1 - - N - - - - N -
Site B LYS PT 1 N - - - - - - N .
Site C LYS PT 1 N - N - - - - N .
Site E LYS PT 1 - - N - - - - N -
Site G LYS PT 1 - - N - - - - N -
Site H LYS PT 1 N - - - - .
Site | LYS PT 1 - - - - - - - - -
LYS PT 1 - - - - - - - - -
Site J LYSPT2 |059] 13 | 4 0 0 9 12 NS NS
LYSPT 3 - - - - - - - N -
LYSPT4 | 051 ] 58 | 2.3 0 0 9 17 NS NS

Site L LYS PT 1 - - N - - - - - -

. LYS PT 1 N - N - - - - N .
Site M vspr2 | - | - 5 : N : N 5 -

. LYS PT 1 - - - - - - - - -
Site N LYSPT 2 : ; . : N - N 5 -

LYSPT1 - - - - - - - N -
Site O LYS PT 2 - - N - - - - - -
LYS PT 3 - - N - - - - N .
. LYS PT 1 N - - - - - - N -
Site P yspr2 | - | - : 5 5 : N 5 :
LYS PT 1 - - N - - - - N -
Site Q LYS PT 2 N - - - - - - - .
LYSPT3 - - - - - - - - -

. LYS PT 1 - - - - - - - - -
Site S LYSPT 2 : ; . : N - N 5 -

. LYS PT 1 N - - - - - - N -
Site T yspr2 | - | - : 5 5 : N 5 :
Site U LYS PT 1 N - - - - - - - .

. LYS PT 1 N - - - - - - - .
Site v yspr2 | - | - : 5 5 : N 5 :

) LYS PT 1 - - N - - - - N -
Site W LYSPT 2 : ; . : : - N 5 -
Site X LYS PT 1 - - - - - - - - -
Site Y LYS PT 1 - - N - - - - - -

. LYS PT 1 - - - - - - - - .
Site 2 LYSPT 2 : : . : : N 5 5 :

) LYS PT 1 - - - - - - - - -
Site AA yspr2 | - | - : : » N N 5 5
Site BB LYS PT 1 N - - - - - - N .

Site CC LYS PT 1 - - N - - - - N -

. LYS PT 1 - - N - - - - - -
Site DD LYSPT 2 : ; . : n - N 5 -
Site GG LYS PT 1 - - - - - - - N -
Site HH LYS PT 1 N - - - - - - - -
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Methyl Teriary Butyl Ester

Lysimeter . . Statistically
Landfill Sites Monitoring Min | Max | Avg | Number | Number Number | Number St_at|§t|cally Significant
Points Conc. [ Conc. [ Conc.| Detects | Detects Detects | Samoles Significant Trend
oy | (ug/) | ugny| >PAL | >ES P Trend
(Ln C)
Site A LYSPT1 | 093] 30 | 10.8 3 0 9 16 NS NS
Site B LYS PT 1 - - ; - - - N - -
Site C LYS PT 1 - - } - - - N - -
Site E LYS PT 1 - - } - - - N - -
Site G LYS PT 1 - - } - - - N - -
Site H LYS PT 1 - - : - - - - - -
Site | LYS PT 1 - - : - N - - - -
LYS PT 1 - - ; - - - - - -

. LYS PT 2 - - ; - - - - - -

Site J LYSPT3 | - : - n N 5 5 5 .
LYSPT 4 - - } - - - - - -

Site L LYS PT 1 - - ; - - - N - -

. LYS PT 1 - - : - - - : - -
Site M LYS PT 2 ; : 5 - N 5 5 5 -

. LYS PT 1 - - ; - - - - - -
Site N LYSPT2 | - : - N N N 5 5 -

LYS PT 1 - - } - - - - - -
Site O LYSPT 2 - - } - - - - - -
LYSPT 3 - - ; - - - - N -
. LYS PT 1 - - : - - - : - -
Site P LYS PT 2 ; : 5 - N 5 5 5 -
LYS PT 1 - - ; - - - - - -
Site Q LYS PT 2 - - ; - - - - - -
LYS PT 3 - - } - - - - - -

. LYS PT 1 - - } - - - - - -
Site S LYSPT2 | - ; - n N 5 N 5 .

. LYS PT 1 - - : - - - : - -
Ste T LYS PT 2 : : 5 - N 5 5 5 -
Site U LYS PT 1 - - ; - - - N - -

. LYS PT 1 - - ; - - - - - -
Site v LYSPT2 | - : - n N 5 5 5 .

. LYS PT 1 - - } - - - - - -
Site W LYSPT2 | - ; - n N 5 N 5 .
Site X LYS PT 1 - - : - - - N - -
Site Y LYS PT 1 - - : - - - N - -

. LYS PT 1 - - ; - - - - - -
Site Z LYSPT2 | - : - N N N 5 5 -

. LYS PT 1 - - } - - - - - -
Site AA LYSPT2 | - ; - n N 5 N 5 :

Site BB LYS PT 1 - - ; - - - N - -
Site CC LYS PT 1 - - - - - - N - -

. LYS PT 1 N N : - - - - - -
Site DD YsPT2 | - : - N N 5 5 5 -
Site GG LYS PT 1 - - ; - - - N - -
Site HH LYS PT 1 - - ; - - - - - -
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Fluorotrichloromethane

Lysimeter | . - Statistically
Landfill Sites Monitoring Min | Max | Avg | Number | Number Number| Number St.atls.tlcally Significant
Points Conc. | Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ol | (ug | (ug | >PAL | >ES P Trend
(Ln C)
Site A LYS PT 1 - N - - - - N - -
Site B LYS PT 1 - N - - - - N - -
Site C LYS PT 1 2.8 26 9.1 0 0 10 10 Decreasing | Decreasing
Site E LYS PT 1 - N - - - - - - -
Site G LYS PT 1 - N - - - - N - -
Site H LYS PT 1 - N - - - - N - -
Site | LYS PT 1 - N - - - - - - -
LYS PT 1 N - N - - - N - -

. LYS PT 2 - - - - - - - - -

Site J LYSPT3 | - . : N N 5 : - -
LYSPT 4 N N - - - - N - -

Site L LYS PT 1 - N - - - - - - -

. LYS PT 1 - - B - - - - - -
Site M LYSPT2 | - : : N N : 5 5 -

. LYS PT 1 - - B - - - - - -
Site N LYSPT2 | - : : N N - 5 5 -

LYS PT 1 - N - - - - - - -
Site O LYSPT 2 - - - - - - - - -
LYS PT 3 - N - - - - - - -
. LYS PT 1 - - B - - - - - -
Site P LYSPT2 | - . : 5 N - 5 - -
LYS PT 1 - N - - - - - - -
Site Q LYS PT 2 R R - - - - - - -
LYS PT 3 - N - - - - - - -

. LYS PT 1 - N - - - - - - -
Site S LYSPT2 | - . : 5 N 5 N 5 :

. LYS PT 1 - N - - - - - - -
Site T LYSPT2 | - . : 5 N 5 N 5 :
Site U LYS PT 1 - N - - - - N - -

. LYS PT 1 - N - - - - - - -
Site V LYSPT2 | - . : N - N : - -

. LYS PT 1 - - - - - - N - -
Site W LYSPT2 | - . : N N 5 : - -
Site X LYS PT 1 - N - - - - - - -
Site Y LYSPT1 | 049 82 | 367| O 0 4 3 NS NS

. LYS PT 1 - - - - - - - - -
Site Z LYSPT2 | - . : N N 5 : - -

. LYS PT 1 - - B - - - - - -
Site AA LYSPT2 | - : : N N : 5 5 -
Site BB LYS PT 1 - N - - - - - - -

Site CC LYS PT 1 - - - - - - - N -

. LYS PT 1 - - - - - - - - -
Site DD LYSPT2 | - : : 5 N - 5 5 -
Site GG LYS PT 1 - - - - - - - - -
Site HH LYS PT 1 N - - - - - - - -
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p-Dichlorobenzene

Lysimeter ; - Statistically
Landfill Sites Monitoring Min - Max | Avg | Number | Number Number | Number St§t|§t|cally Significant
Points Conc. | Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ng/l) | (na/l) | (ng/l) | > PAL >ES P Trend
(Ln C)
Site A LYS PT 1 - - - - - - - - -
Site B LYS PT 1 2.5 6.6 5.5 0 0 4 4 NS NS
Site C LYS PT1 0.2 | 17.2 | 3.2 1 0 6 10 NS Decreasing
Site E LYS PT 1 - - - - - - - - -
Site G LYS PT1 1.36 | 34 8 3 0 22 23 Decreasing | Decreasing
Site H LYS PT1 - - - - - - - - -
Site | LYS PT1 - - - - - - - - -
LYS PT1 - - - - - - - - -
Site J LYS PT 2 0.32 | 2.2 1.2 0 0 4 12 NS NS
LYS PT 3 - - - - - - - - -
LYSPT4 - - - - - - - - -

Site L LYS PT 1 - - - - - - - - -

. LYS PT 1 - - - - - - - - _
Site M Lyspr2 | - | - | - - 5 : N : -

. LYS PT1 - - - - - - - - -

Site N Lyspt2 | - | - | - - - - - : -
LYS PT1 - - - - - - - - _
Site O LYS PT 2 - - - - - - - - -
LYS PT3 - - - - - - - - -
. LYS PT 1 - - - - - - - - -
Site P LYSPT2 | - | - . 5 N - N .
LYS PT1 - - - - - - - - B
Site Q LYS PT 2 - - - - - - - - -
LYSPT3 - - - - - - - B _

. LYS PT 1 - - - - - - - - _
Site S Lyspr2 | - | - | - - : n N 5 -

. LYS PT 1 - - - - - - - - -
Site T Lyspt2 | - | - | - - - - - - -
Site U LYS PT 1 - - - - - - - - _

. LYS PT1 - - - - - - - - -
Site V LyspT2 | - | - | - - : : : 5 -

. LYS PT1 - - - - - - - - -
Site W LYSPT2 | - | - . 5 N - N .
Site X LYS PT1 - - - - - - - - -
Site Y LYS PT1 0.1 6.5 2.9 0 0 5 7 NS NS

. LYS PT1 - - - - - - - - -
Site Z LYSPT2 | - | - . 5 N - N .

. LYS PT1 - - - - - - - - -
SteAA Iivspre | - [ - | - : : 5 -
Site BB LYS PT1 - - - - - - - B _
Site CC LYS PT1 - - - - - - - - -
Site DD LYS PT1 012 | 7.6 2.2 0 0 11 40 NS NS

LYS PT2 046 | 75 3.4 0 0 6 26 NS NS
Site GG LYS PT1 - - - - - - - B _
Site HH LYS PT 1 - - - - - - R - B
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Trichloroethylene
Lysimeter . - Statistically
Landfill Sites Monitoring CMm Max | Avg | Number | Number Number | Number St.atls.t|cally Significant
Points onc. [ Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ug/l) | (ug/l) | >PAL | >ES Trend
(Ln C)
Site A LYS PT 1 0.81| 62 | 135 11 4 11 16 NS NS
Site B LYS PT 1 - - - - - - - - -
Site C LYS PT 1 - - - - - - - - -
Site E LYS PT 1 - - - - - - - - -
Site G LYS PT 1 0.39 | 3.35] 143 6 0 7 19 NS NS
Site H LYS PT 1 025 43 | 1.38 2 0 4 12 NS NS
Site | LYS PT 1 - - - - - - - - -
LYS PT1 022 47 | 1.24 5 0 8 9 NS NS
Site J LYSPT2 [0.082| 17 | 2.43 7 1 11 12 NS NS
LYS PT 3 - - - - - - - - -
LYS PT 4 - - - - - - - - -

Site L LYS PT1 - - - - - - - - -

. LYS PT 1 - - - - - - - - -
Site M LYSPT2 | - : : : : : : : :

. LYS PT 1 - - - - - - - - -
Site N Lyspr2 | - : : : : : : : :

LYS PT 1 9.6 25 |1 15.9 5 5 5 6 NS NS
Site O LYS PT 2 - - - - - - - - -
LYS PT3 - - - - - - - - -
Site P LYS PT 1 5.1 120 [ 49.3 9 9 9 9 Decreasing | Decreasing
LYSPT2 [052| 35 | 1.78 7 0 7 9 NS NS
LYS PT 1 - - - - - - - - -
Site Q LYS PT 2 - - - - - - - - -
LYS PT3 - - - - - - - - -

. LYS PT 1 - - - - - - - - -
Site S Lyspr2 | - | - | - - - - - - -
Site T LYS PT 1 0.88 | 2.65 | 3.54 9 2 9 10 Decreasing | Decreasing

LYS PT 2 - - - - - - - - -
Site U LYS PT 1 0.47 | 25 |6.95 5 2 6 6 NS NS

. LYS PT 1 - - - - - - - - -
Site Vv Lyspr2 | - | - | - - - - - - -

. LYS PT1 - - - - - - - - -
Site W LYSPT2 | - - - - - - - - -
Site X LYS PT1 1 285 | 36.7 9 4 9 19 Decreasing*| Decreasing™
Site Y LYS PT 1 0.51 1 0.74 4 0 4 7 NS NS

. LYS PT1 - - - - - - - - -
Site 2 LYSPT2 | - - - - - - - - -

. LYS PT 1 - - - - - - - - -
SteA Iovspre [ - [ - [ - - - - - - -
Site BB LYS PT1 - - - - - - - - -
Site CC LYS PT 1 0.44 | 34 1.5 2 0 3 14 Decreasing NS

. LYS PT 1 - - - - - - - - -
Site DD VS PT2 - - - - - - - - -

Site GG LYS PT1 - - - - - - - - -
Site HH LYS PT 1 - - - - - - - - -




Tetrachloroethylene

Lysimeter . _ Statistically
Landfill Sites Monitoring CM|n Max | Avg | Number | Number Number| Number St.atls.tlcally Significant
Points onc. | Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ug/) | (ug/l) | > PAL >ES Trend
(Ln C)

Site A LYS PT1 3.2 | 270 | 133 4 3 4 16 NS NS

Site B LYS PT 1 - - - - - - - - -

Site C LYS PT 1 0.5 [ 0.8 [0.623 6 0 6 10 NS NS

Site E LYSPT1 - - - - - - - - -

Site G LYS PT1 - - - - - - - - -
Site H LYS PT 1 - - - - - - - - -
Site | LYS PT1 - - - - - - - - -
LYS PT 1 27 | 48 | 3.72 5 0 5 9 NS NS
Site J LYS PT 2 0.14 | 55 | 1.75 4 1 9 12 NS NS
LYS PT 3 - - - - - - - - -
LYS PT4 - - - - - - - - -

Site L LYS PT1 - - - - - - - -

. LYS PT1 - - - - - - - - -
Site M LYSPT2 - - - - - - - - -

. LYS PT 1 0.75| 1.6 | 0.94 10 0 10 16 NS NS
Site N

LYSPT2 - - - - - - - - -
LYS PT1 20 39 27 5 5 5 6 NS NS
Site O LYS PT 2 - - - - - - - - -
LYS PT3 - - - - - - - - -
Site P LYS PT 1 1.3 25 | 10.3 8 4 8 9 Decreasing NS
LYS PT 2 - - - - - - - - -
LYS PT 1 - - - - - - - - -
Site Q LYS PT 2 - - - - - - - - -
LYS PT3 - - - - - - - - -

. LYS PT 1 - - - - - - - - -
Site S LYSPT 2 - - - - - - - - -
Site T LYS PT 1 194 | 6.4 3.3 10 1 10 10 NS NS

LYS PT 2 - - - - - - - - -
Site U LYS PT1 1.4 17 7.7 4 2 4 6 NS NS

. LYS PT1 - - - - - - - - -
Site v LYSPT2 - - - - - - - - -

. LYS PT1 - - - - - - - - -
Site W LYSPT2 - - - - - - - - -
Site X LYS PT1 - - - - - - - - -
Site Y LYS PT1 - - - - - - - - -

. LYS PT1 - - - - - - - - -
Site 2 LYSPT2 - - - - - - - - -

. LYS PT 1 - - - - - - - - -
Site AA YSPT2 - - - - - - - - -
Site BB LYS PT1 - - - - - - - - -

Site CC LYS PT1 - - - - - - - - -
Site DD LYS PT1 14 1753 ] 314 5 3 5 37 NS NS
LYS PT 2 - - - - - - - - -
Site GG LYS PT 1 - - - - - - - - -
Site HH LYS PT1 - - - - - - - - -
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Tetrahydrofuran
Lysimeter . L Statisticall
Landfill Sites | Monitoring | VN | Max | Avg | Number| Number |\ o | Numper | Statistically Signiﬁcanty
Points Conc. | Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ug/l) | (ug/l) | (ug/) | >PAL | >ES Trend
(Ln C)
Site A LYS PT 1 - - - - - - - - -
Site B LYS PT 1 - - - - - - - - -
Site C LYS PT1 - - - - - - - - -
Site E LYS PT 1 - - - - - - - - -
Site G LYS PT 1 - - - - - - - - -
Site H LYS PT 1 - - - - - - - - -
Site | LYS PT1 - - - - - - - - -
LYS PT 1 0.33 ] 120 | 34.2 4 1 6 8 NS NS
Site J LYS PT 2 25 | 120 | 51.4 9 6 12 12 NS NS
LYS PT 3 22 74 | 55.8 5 4 5 5 NS NS
LYS PT4 1.2 | 420 | 120 14 10 16 17 NS NS
Site L LYS PT 1 - - - - - - - - -
Site M LYS PT1 30 66 | 46.2 6 3 6 9 NS NS
LYSPT 2 24 | 570 | 143 6 4 6 6 NS NS
Site N LYS PT 1 - - - - - - - - -
LYS PT 2 6.3 | 100 | 26.7 2 1 5 6 NS NS
LYS PT1 - - - - - - - - -
Site O LYS PT 2 - - - - - - - - -
LYSPT3 - - - - - - - - -
Site P LYS PT1 3.8 | 306 | 67.7 4 2 7 8 NS NS
LYS PT 2 - - - - - - - - -
LYS PT1 22 | 440 [ 152 4 2 4 9 NS NS
Site Q LYSPT2 - - - - - - - - -
LYS PT 3 6 100 | 48 2 1 3 9 NS NS
Site S LYS PT 1 3.4 | 1600 | 492 3 2 6 8 NS Decreasing
LYS PT 2 30 |4800 [ 1990 7 5 7 7 NS Decreasing

. LYS PT1 - - - - - - - - -
Site T LYSPT2 - - - - - - - - -
Site U LYS PT1 - - - - - - - - -

. LYS PT1 - - - - - - - - -
Site V LYS PT2 - - - - - - - - -

. LYS PT 1 - - - - - - - - -
Site W LYSPT2 - | - - - - - - -
Site X LYS PT1 - - - - - - - - -
Site Y LYS PT1 69 |[2000| 672 5 5 5 6 NS NS
Site 7 LYS PT1 - - - - - - - - -

LYSPT2 1.8 10 | 4.47 1 0 6 13 NS NS

. LYS PT 1 1.4 11 | 7.04 1 0 5 5 NS NS

Site AA

LYS PT 2 2.8 41 | 13.7 2 0 5 6 NS NS
Site BB LYS PT1 5600 | 9600 [ 7550 6 6 6 6 Decreasing [ Decreasing
Site CC LYS PT1 2.6 21 | 13.7 3 0 4 5 NS NS

. LYS PT1 - - - - - - - - -
Site DD YSPT2 - - - - - - - - -

Site GG LYS PT 1 - - - - - - - - -
Site HH LYS PT 1 - - - - - - - - -
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Toluene

Lysimeter . - Statistically
Landfill Sites Monitoring CMm Max | Avg | Number| Number Number | Number St.atls.tlcally Significant
Points onc. | Conc. | Conc. | Detects | Detects Detects |Samples Significant Trend
(ug/l) | (ua/l) | (ug/l) | > PAL >ES Trend
(Ln C)
Site A LYS PT 1 0.24 | 280 | 55.5 2 0 13 16 NS Decreasing
Site B LYS PT 1 - - - - - - - - -
Site C LYS PT 1 - - - - - - - - -
Site E LYS PT 1 06 [ 34 | 1.3 0 0 7 23 NS NS
Site G LYS PT 1 1 36 | 7.98 0 0 6 23 NS NS
Site H LYS PT 1 0.17 | 0.69 [0.483 0 0 6 12 NS NS
Site | LYS PT 1 0.86 2 1.44 0 0 4 8 NS NS
LYS PT 1 - - - - - - - - -
Site J LYS PT2 023 | 24 | 3.58 0 0 9 12 NS Decreasing
LYS PT3 0.18 [ 0.71 [0.368 0 0 5 6 NS NS
LYS PT 4 0.11 [ 0.48 [0.205 0 0 4 18 NS NS
Site L LYS PT 1 0.2 | 33 |1.29 0 0 6 8 NS NS
Site M LYS PT 1 033 | 2.3 | 1.27 0 0 4 13 NS NS
LYSPT2 - - - - - - - - -
. LYS PT 1 - - - - - - - - -
Site N Lyspr2 | - | - | - - - - - - -
LYS PT 1 - - - - - - - - -
Site O LYS PT 2 0.2 | 560 | 82.6 1 0 8 19 NS Decreasing
LYS PT3 - - - - - - - - -
. LYS PT 1 - - - - - - - - -
Site P Lyspt2 | - | - | - - - - - - -
LYS PT 1 - - - - - - - - -
Site Q LYS PT2 0.5 | 290 | 514 1 0 6 7 NS NS
LYS PT 3 0.4 16 | 5.34 0 0 7 9 Decreasing | Decreasing
Site S LYS PT 1 - - - - - - - - -
LYSPT2 0.24 8 2.6 0 0 5 7 NS NS
. LYS PT 1 - - - - - - - - -
Site T LYSPT2 | - - - - - - - - -
Site U LYS PT 1 - - - - - - - - -
Site V LYS PT 1 0.52 | 712 | 3.42 0 0 4 5 NS NS
LYS PT2 4.2 | 140 | 49.8 0 0 3 8 NS NS
Site W LYS PT 1 0.4 2 0.81 0 0 7 7 NS NS
LYS PT2 0.2 3 1.1 0 0 4 7 NS NS
Site X LYS PT 1 - - - - - - - - -
Site Y LYS PT 1 0.11] 39 | 1.85 0 0 6 8 NS NS
. LYS PT 1 - - - - - - - -
Site 2 yspr2 | - | - | - - - - - - -
. LYS PT 1 - - - - - - - - -
SteAA Iivsprz [ - [ - [ - - - - - - -
Site BB LYS PT 1 - - - - - - - - -
Site CC LYS PT 1 - - - - - - - - -
. LYS PT 1 7 184 | 60.9 0 0 5 39 NS NS
Site DD YSPT2 - - - - - - - - -
Site GG LYS PT 1 - - - - - - - - -
Site HH LYS PT 1 0.37 3 1.27 0 0 5 7 NS NS




Vinyl Chloride
Lysimeter . I Statistically
Landfill Sites Monitoring Min | Max | Avg | Number | Number Number| Number St'atls.tlcally Significant
Points Conc. | Conc. | Conc. | Detects | Detects Detects | Samoles Significant Trend
(na/l) | (uafl) | (na/l) | > PAL >ES P Trend
(Ln C)

Site A LYS PT 1 0.58 | 27 [ 10.9 8 8 8 16 NS NS

Site B LYS PT 1 - - - - - - - - _

Site C LYS PT 1 - - - - - - - - _

Site E LYS PT 1 - - - - - - - - _

Site G LYS PT 1 017 | 28 | 4.12 16 15 16 23 Decreasing | Decreasing
Site H LYS PT 1 0.21 3 1.32 6 6 6 13 NS NS
Site | LYS PT 1 - - - - - - - - _

LYS PT 1 051 | 34 | 1.59 5 5 5 9 NS NS

Site J LYS PT 2 0.26 | 5.5 | 244 9 9 9 12 NS Decreasing

LYSPT3 [0.39| 19 | 138 6 6 6 6 NS NS
LYS PT 4 - - - - - - - - _

Site L LYS PT 1 - - - - - - - - _

. LYS PT 1 - - - - - - - - -
Site M Lyspr2 | - | - : : 3 N » N .

. LYS PT 1 - - - - - - - - -
Site N Lyspr2 | - | - | - - 5 - - 5 -

LYS PT 1 - - - - - - - - _
Site O LYS PT 2 1.9 22 | 9.65 4 4 4 19 NS NS
LYS PT 3 - - - - - - - - B
Site P LYS PT 1 041 | 7.8 | 4.46 5 5 5 9 NS NS
LYS PT2 - - - - - - - - _
LYS PT 1 - - - - - - - - _
Site Q LYS PT2 - - - - - - - - _
LYS PT 3 - - - - - - - - _

. LYS PT 1 - - - - - - - - -
Site S Lyspr2 | - | - : : 3 N » N .

. LYS PT 1 - - - - - - - - _
Site T Lyspr2 | - | - | - - » - - 5 -
Site U LYS PT 1 - - - - - - - - -

. LYS PT 1 - - - - - - - - -
Site V LyspT2 | - | - | - - 3 - - 5 -

. LYS PT 1 - - - - - - - - -
Site W LyspT2 | - | - | - - - - - - -
Site X LYS PT 1 - - - - - - - R _
Site Y LYS PT 1 1.3 4.6 | 2.63 4 4 4 8 NS NS

. LYS PT 1 - - - - - - - - -
Site 2 Lyspr2 | - | - | - - 5 - - 5 -

. LYS PT 1 - - - - - - - - _
SteAd Ivserz [ - - [ - - » - - 5 -
Site BB LYS PT 1 - - - - - - - - -

Site CC LYS PT 1 - - - - - - - - -

. LYS PT 1 - - - - - - - - -
StebD ISPtz [ - [ - [ - - - - - - -
Site GG LYS PT 1 - - - - - - - R _
Site HH LYS PT 1 - - - - - - R - B
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575

Xylene O, M, and P-
Lysimeter . _ Statistically
Landfill Sites Monitoring CMm Max | Avg | Number | Number Number| Number St.at|s.t|ca||y Significant
Points onc. | Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ng/l) | (ug/l) | (ng/l)y | >PAL | >ES Trend
(Ln C)
Site A LYS PT 1 75 170 | 121 0 0 4 5 NS Decreasing
Site B LYS PT1 - - - - - - - - -
Site C LYS PT1 - - - - - - - - -
Site E LYS PT 1 1.67 | 10.5 | 6.23 0 0 6 10 NS NS
Site G LYS PT1 0.33 | 45 | 3.36 0 0 6 20 NS NS
Site H LYS PT 1 - - - - - - - - -
Site | LYS PT 1 - - - - - - - - -
LYS PT1 - - - - - - - - -

. LYS PT 2 - - - - - - - - -

Site J LYS PT 3 - - - - - - - - -
LYS PT4 - - - - - - - - -
Site L LYS PT 1 - - - - - - - - -
. LYS PT1 - - - - - - - - -
Site M LYS PT 2 . : : : : . : . :
Site N LYS PT1 - - - - - - - - -
LYS PT 2 7.4 22 | 141 0 0 4 14 NS NS
LYS PT 1 - - - - - - - - -

Site O LYS PT 2 0.3 40 | 11.6 0 0 5 17 NS Decreasing
LYS PT 3 - - - - - - - - -

. LYS PT1 - - - - - - - - -

Site P LYS PT 2 - - - - - - - - -
LYS PT1 - - - - - - - - -
Site Q LYS PT 2 3 340 | 115 0 0 3 7 NS NS
LYS PT3 1 15 | 4.33 0 0 6 9 NS Decreasing
Site S LYS PT 1 - - - - - - - - -
LYS PT2 1 5.6 | 2.57 0 0 3 7 NS NS

. LYS PT1 - - - - - - -
Site T LYS PT 2 : : : : : : ; : :
Site U LYS PT 1 - - - - - - - - -

. LYS PT1 - - - - - - - - -
Site vV LYS PT 2 - - - - - - - - -

. LYS PT1 - - - - - - - - -
Site W LYS PT 2 - - - - - - - - -
Site X LYS PT1 - - - - - - - - -
Site Y LYS PT 1 1 60 | 24.9 0 0 5 6 NS NS

. LYS PT1 - - - - - - - - -
Site 2 LYS PT 2 - - - - - : - : -

. LYS PT1 - - - - - - - - -
Site AA YSPT2 - - - - - - - - -
Site BB LYS PT1 - - - - - - - - -

Site CC LYS PT 1 - - - - - - - - -
Site DD LYS PT1 1.51 | 1900 | 247 1 0 8 32 NS NS
LYS PT 2 - - - - - - - - -
Site GG LYS PT 1 - - - - - - - - -
Site HH LYS PT1 0.98 3 1.73 0 0 3 7 NS NS




Xylene, M&P
Lysimeter . - Statistically
Landfill Sites Monitoring Min | Max | Avg | Number| Number Number [ Number St.atls_tlcally Significant
Points Conc. | Conc. [ Conc. | Detects | Detects Detects | Samples Significant Trend
(o) | (o) | uany | >PAL | >ES P Trend
(Ln C)
Site A LYS PT 1 0.89 | 24 [ 1.36 0 0 5 11 NS NS
Site B LYS PT 1 - - - - - - - - -
Site C LYS PT 1 - - - - - - - - -
Site E LYS PT 1 - - - - - - - - -
Site G LYS PT 1 - - - - - - - - _
Site H LYS PT 1 - - - - - - - - -
Site | LYS PT 1 19 | 6.1 [ 4.03 0 0 6 8 Decreasing | Decreasing
LYS PT 1 0.14 5 2.35 0 0 5 9 Increasing NS
Site J LYS PT 2 029 | 2.2 [ 1.18 0 0 6 10 NS NS
LYS PT 3 - - - - - - - - -
LYS PT 4 - - - - - - - - -
Site L LYS PT 1 0.2 53 | 1.55 0 0 6 7 NS NS

. LYS PT1 - - - - - - - - -
Site M LYSPT2 - | - 5 : » 5 N .

. LYS PT 1 - - - - - - - - -
Site N LYSPT2 - | - . 3 N 5 N .

LYS PT 1 - - - - - - - - -
Site O LYS PT 2 - - - - - - - - -
LYS PT 3 - - - - - - - - -
. LYS PT 1 - - - - - - - - -
Site P LYSPT2 - | - . : n » N .
LYS PT 1 - - - - - - - - -
Site Q LYS PT 2 - - - - - - - - -
LYS PT 3 - - - - - - - - -

. LYS PT1 - - - - - - - - -
Site S LYSPT2 - | - 5 : N 5 N .

. LYSPT 1 - - - - - - - - -
Site T LYSPT2 - | - . : N n N .
Site U LYS PT 1 - - - - - - - - -

. LYS PT1 - - - - - - - - -
Site V LYSPT2 - | - 5 : N 5 N .

. LYSPT 1 - - - - - - - - -
Site W LYSPT2 - | - . : N n N .
Site X LYS PT 1 - - - - - - - - -
Site Y LYS PT 1 - - - - - - - - -

. LYSPT 1 - - - - - - - - -
Site 2 LYS PT 2 - | - - - - - 5 -

. LYS PT 1 - - - - - - - - -
SteAA ILyspr2 - - - - - - n -
Site BB LYS PT 1 - - - - - - - - -

Site CC LYS PT 1 - - - - - - - - -

. LYSPT 1 - - - - - - - - -
StebD  IvsPT2 - | - . : N n N .
Site GG LYS PT 1 - - - - - - - - -
Site HH LYS PT 1 - - - - - - - - -
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Xylene, O-
Lysimeter . L Statistically
Landfill Sites Monitoring Min | Max | Avg | Number| Number Number [ Number St.atls'tlcally Significant
Points Conc. | Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(ual) | (ualy | (ugiy | >PAL | >ES P Trend (LnO)

Site A LYS PT1 0.39 | 1.2 ]10.794 0 0 5 9 Decreasing [ Decreasing

Site B LYS PT1 - - - - - - R R

Site C LYS PT 1 - - - - - - - - R

Site E LYS PT1 - - - - R R
Site G LYS PT1 - - - - - - - R R

Site H LYS PT 1 - - - - - - - R N

Site | LYS PT1 1.2 | 3.8 [ 1.98 0 0 4 8 Decreasing [ Decreasing

LYS PT1 031 36 | 1.9 0 0 4 9 NS NS

Site J LYS PT 2 0.27 [ 15 | 3.11 0 0 7 11 NS NS

LYSPT 3 - - - - - - - R R
LYS PT4 - - - - - - - R R

Site L LYS PT 1 0.17 5 1.37 0 0 6 7 NS NS

. LYS PT1 - - - - - - - R R
Site M ysptz | - | - | - - 5 ; n N :

. LYS PT 1 - - - - - - - - -
Site N yspt2 | - | - | - - : 5 n N -

LYS PT 1 - - - - - - - - -
Site O LYSPT 2 - - - - - - - - N
LYSPT 3 - - - - - - - R R
Site P LYS PT 1 0.27 1 6.18 0 0 4 8 NS NS
LYSPT 2 - - - - - R N
LYS PT1 - - - - - - - R R
Site Q LYS PT 2 - - - - - - - - N
LYSPT 3 - - - - - - - R R

. LYS PT1 - - - - - - - R R
Site S Lyspt2 | - | - | - 5 - - - - -

. LYS PT1 - - - - - - - R R
Site T yspt2 | - | - | - - 5 5 n N -
Site U LYS PT 1 - - - - - - - R R

. LYS PT1 - - - - - - - R R
Site V Lyspt2 | - | - | - - 5 : : 5 :

. LYS PT 1 - - - - - - - - -
Site W Lyspt2 | - | - | - : n : : N -
Site X LYS PT 1 - - - - - - - R R
Site Y LYS PT 1 - - - - - - - - N

. LYS PT1 - - - - - - - R R
Site 2 Lyspr2 | - | - | - - - - - - -

. LYS PT1 - - - - - - - R N
SteAA Ivserz | - [ - [ - : n 5 n N -
Site BB LYS PT1 - - - - - - - - R
Site CC LYS PT1 - - - - - - - R R

. LYS PT1 - - - - - - - R R
StebD Ivsere [ - [ - [ - - - - - - -

Site GG LYS PT1 - - - - - - - R R
Site HH LYS PT1 - - - - - - - R R
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Trans-1,2-dichloroethene

Lysimeter . L Statistically
Landfill Sites Monitoring Min | Max | Avg | Number | Number Number | Number St_at|s_t|cally Significant
Points Conc. [Conc. | Conc. | Detects | Detects Detects | Samples Significant Trend
(o) | (uaM | (ugy | >PAL | >ES P Trend
(Ln C)

Site A LYSPT1 | 035 4.3 | 1.63 0 0 5 16 NS NS
Site B LYS PT 1
Site C LYS PT 1
Site E LYS PT 1
Site G LYS PT 1
Site H LYSPT 1
Site | LYS PT 1
LYS PT 1

Site J LYSPT2 | 015| 1.3 |0483] 0 0 4 12 |NS NS
LYS PT 3
LYSPT 4
Site L LYS PT 1
. LYS PT 1
Site M LYS PT 2
) LYS PT 1
Site N LYS PT 2
LYS PT 1
Site O LYS PT 2
LYS PT 3

- LYSPT1 | 06 | 2 | 1.46 0 0 5 9 NS NS
LYS PT 2
LYS PT 1
Site Q LYS PT 2
LYSPT 3
. LYS PT 1
Site S LYSPT 2
. LYSPT 1
Site T LYSPT 2
Site U LYS PT 1
. LYS PT 1
Site V LYS PT 2
. LYS PT 1
Site W LYS PT 2
Site X LYS PT 1
Site Y LYS PT 1
. LYS PT 1
Site 2 LYS PT 2
) LYS PT 1
Site AA LYSPT 2
Site BB LYS PT 1
Site CC LYS PT 1
. LYS PT 1
Site DD ST
Site GG LYS PT 1
Site HH LYS PT 1
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Naphthalene
Lysimeter - Statistically
Landfill Sites Monitoring | Min Conc. Max Avg Number | Number Number | Number Stlatls‘hcally Significant
Points I Conc. Conc. Detects Detects Detects | Samoles Significant Trend
(ug/) (ugl) (ug/l) > PAL >ES P Trend
(Ln C)

Site A LYS PT1
Site B LYS PT1
Site C LYS PT1
Site E LYS PT1

Site G LYS PT1 0.49 4.68 2.03 0 0 4 23|NS NS
Site H LYS PT1

Site | LYS PT1 0.83 5.3 2.38 0 0 4 8[NS NS
LYS PT1
. LYS PT 2
Site J LYSPT3
LYS PT4

Site L LYS PT1 0.4 2.7 1.47 0 0 3 7|NS NS
. LYS PT1
Site M LYSPT2
. LYS PT1
Site N LYS PT2
LYS PT1
Site O LYS PT 2
LYS PT3
. LYS PT1
Site P LYS PT2
LYS PT1
Site Q LYS PT 2
LYS PT3
. LYS PT1
Site S LYSPT2
. LYS PT1
Site T LYSPT2
Site U LYS PT1
. LYS PT1
Site V LYS PT2
. LYS PT1
Site W LYS PT2
Site X LYS PT1
Site Y LYS PT1
. LYS PT1
Site 2 LYSPT2
. LYS PT1
Site AA YSPT2
Site BB LYS PT1
Site CC LYS PT1

Site DD LYS PT1 0.47 6.36 2.5 0 0 3 40[NS NS

LYS PT 2 0.35 6.1 2.5 0 0 3 27|NS Increasing

Site GG LYS PT1
Site HH LYS PT1
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Appendix G: Comparison of relative concentrations (C/C,) from the pooled field data
with analytical solution results

Relative Concentration
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Figure C1. Relative concentration of acetone from field data and the results from vary
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Figure C2. Relative concentration of benzene from field data and the results from varying

parameters in the analytical solution.
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Figure C3. Relative concentration of chloroethane from field data and the results from

varying parameters in the analytical solution
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Figure C4. Relative concentration of 1,2-dichloroethene (cis) from field data and the results

from varying parameters in the analytical solution
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Figure C5. Relative concentration of dichlorodifluoromethane from field data and the
from varying parameters in the analytical solution
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Figure C6. Relative concentration of ethylbenzene from field data and the results from

varying parameters in the analytical solution
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Figure C7. Relative concentration of p-dichlorobenzene from field data and the result

varying parameters in the analytical solution

TCE
1.0E+00
e
*
* . *
1.0E-01 ¢ .
* - .
. .

c *
S 1.0E-02 1 DN
o
c
[0
[&]
S 1.0E-03 -
O
© Decay Constant = 2.5x10°® yrs™
= K =5.19x10® cm/s
T 1.0E-04 1
o

1.0E-05 - Decay Constant = 0.15x10™" yrs™

K =5.19x108 cm/s
1.0E-06 : : : : : o 7 ‘ ‘
0 2 4 6 8 10 12 14 16 18 20

Elapsed Time (yrs)

s from

Figure C8. Relative concentration of trichloroethylene (TCE) from field data and the results

from varying parameters in the analytical solution
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Figure C9. Relative concentration of tetrahydrofuran from field data and the results from
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Figure C10. Relative concentration of toluene from field data and the results from varying

parameters in the analytical solution.
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Figure C11. Relative concentration of xylene (total) from field data and the results from

varying parameters in the analytical solution
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