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LEACHATE CHARACTERISTICS FOR MSW LANDFILLS

R. Kerry Rowe
Geotechnical Research Centre, Dept. of Civil Engineering
University of Western Ontario .
London, Ontario, Canada N6A 5B9

SUMMARY: Leachate characteristics from five Ontario landfills are compared with typical
values for both European and U.S. landfills. The time history of key constituents are
examined and the half-life for first order decay is estimated based on the available data.
An examination of the mass of chloride in North America’s MSW indicates that it likely
represents about 0.18% of the total in place mass of MSW.

INTRODUCTION

The potential long term environmental impact of a landfill on groundwater quality will
depend on the leachate characteristics, the mass of contaminant in the facility, the
percolation of fluid through the waste, the nature of the leachate containment system and
the site hydrogeology. The objective of this paper is to discuss the characteristics of modern
MSW landfill leachate as identified in a number of Ontario landfills in terms of
concentration and potential for degradation. In a companion paper (Rowe, 1995), the
potential impact of this landfill leachate on groundwater quality will be discussed with
particular emphasis being placed on the implications for long term maintenance after
closure of the facility.

LEACHATE CHARACTERISTICS

Any assessment of the potential impact of a landfill on groundwater quality requires
consideration of the components of the leachate most likely to cause an environmental
impact as well as the source of concentration of those components. Leachate characteristics
may be expected to evolve over time, increasing from initial values to a peak (ie. maximum
value) and then subsequently decreasing as the potential contaminants are either flushed
out of the system (ie. are collected as leachate), biodegraded or precipitated. To illustrate
the dynamics of leachate characteristics, consideration will be given to the leachate
characteristics of a number of Ontario (Canada) landfills.

Keele Vallevy Landfill

The Keele Valley Landfill (KVL) near Toronto, Canada covers an area of approximately
99 ha and has a current planned capacity of about 20 Mt (million tonnes). Based on 1991
data, the waste stream consists of approximately 69% residential/municipal waste, 14%
industrial waste, 10% commercial waste, 4% construction/demolition waste and 3%
contaminated soil with a total of 1.6 Mt being landfilled in 1991.
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The KVL has a compacted clayey liner and a leachate underdrain system as
described by King et al. (1993). It has been developed in four stages, commencing with
Stage 1 in 1983. The landfill is still operational and the final cover has not yet been
constructed. The leachate which is a mix of leachate generated from waste of different ages
(up to 10 years old), has been monitored on a regular basis each year since landfilling
began. As is usually the case for leachate, the data can vary quite considerably from one
sampling event to the next, even over short periods of elapsed time. For example, in 1993
20 sampling events gave a variation in chloride concentration between 1230 mg/L and 3480
mg/L, with an arithmetic mean of 2332 mg/L (standard deviation, s.d. = 622 mg/L) and a
geometric mean of 2247 mg/L (s.d. log ¢ = 0.12). The geometric mean of the data
collected in a given year will be taken as representative of the leachate characteristics in a
given year. Thus for 1993, the "annual mean" leachate concentration for chloride was
2247 mg/L.

It may be expected that the leachate characteristics will change with time. That this
is the case is evident from Table 1 which summarizes the annual (geometric) mean values
for a number of leachate constituents over a 10 year period (1984-1993). In general, the
concentrations of chloride, DOC, BOD, COD and BOD/COD are still increasing with time
although the trend is not monotonic from year to year. This is illustrated for chloride in
Figure 1. There is an evident trend of increasing concentrations with time with a peak
concentration of between 1500 mg/L and 2500 mg/L being projected based on the available
data. The average of the annual (geometric) mean values from 1989 to 1993 (inclusive) is
1646 mg/L.. Based on available data, the representative peak chloride concentration, c,, is
taken to be 2247 mg/L.. Values of 2500 mg/L and 1600 mg/L would appear to be reason-
able upper and lower limits for use in calculating potential impact. The range of data
values and the representative peak annual average concentrations are summarized in
Table 2.
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Figure 1. Variation in annual geometric mean chloride concentration
with time - Keele Valley Landfill
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The ratio of BOD/COD and the pH (Tables 1 and 2) of the KVL leachate are
indicative of acetogenic leachate (eg. Robinson & Gronow, 1993; Ehrig & Scheelhaase,
1993). The concentrations of iron and zinc in the KVL leachate are less than typically
found in European leachate (Table 2). For 1986, 1989, 1991 and 1992 the annual mean
concentration of calcium in the KVL leachate was between the values reported by Ehrig
and Scheelhaase (1993) and Robinson and Gronow (1993). The averages over the last 5
and 10 year periods (1234 mg/L and 1147 mg/L respectively) are close to, or less than, the
value of 1200 mg/L reported by Ehrig and Scheelhaase (1993) and well below the value of
2241 mg/L reported by Robinson and Gronow (1993). Calcium and iron are of particular
significance due to the contribution that they make to clogging of leachate collection systems
(Brune et al., 1991). :

The concentration of volatile organic compounds (VOCs) has been monitored with
increasing frequency with elapsed time. The range of values and maximum geometrical
mean values for some of the most commonly detected organic compounds of concern to the
public are summarized in Table 2. PCBs were below the detection limit of 20 ng/L and are
not listed. Of the compounds that were most commonly detected, dichloromethane (DCM,
methylene chloride) was the most prevalent having a representative peak concentration of
about 3272 ug/l. (obtained over the period 5/85-4/88; 5 data points) however the
concentration had decreased to 1266 pg/L in 1993 (6 data points; Figure 2) despite the fact
that the chloride concentration was still increasing over this period (Figure 1). This is
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Figure 2. Variation in geometric mean dichloromethane
concentration with time - Keel Valley Landfill
(n=number of data points)
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considered to imply that there has been degradation of DCM in the waste as will be
discussed subsequently. Similarly, there was an apparent decrease in the concentration of
toluene, xylene (m&p, 0), trichloroethylene, tetrachloroethylene and ethylbenzene over the
period monitored. The representative peak concentration, c,, of these organic compounds
and a number of others are given in Table 2 together with the range of values observed.

Data from Landfill 1.1

Landfill L1 is also located near Toronto. It was opened in 1980 and is still operating. The
landfill covers an area of approximately 80 ha and has an underdrain leachate collection
system underlain by up to 18 m of clay. The waste stream is reported to be approximately
40% residential, 37% industrial, 6% commercial, 6% construction/ demolition, 7%
contaminated soil and 4% other. Although some leachate data has been collected since
1982, the data are quite limited until 1988/89. Table 2 summarizes the range of data values
and the representative peak concentration. There are insufficient data to identify a trend
and the peak annual concentration may have been, or may still be, greater than that
reported. Notwithstanding this, it is notable that the annual (geometric) mean, Cpr
concentration for DCM is 2436 pg/L and hence quite high. For some of the organic
compounds the annual mean value was controlled by the detection limit used in the
chemical analysis (usually due to the dilutions used) and these are expressed as "<" (ie. less
than) values.

Landfill L2

Landfill L2 was opened in 1975 and is still operating. It is understood to have a limited
underdrain leachate collection system over a 0.15 m - 0.3 m thick compacted bentonite-sand
liner. There is evidence to suggest that the underdrain system has been affected by
clogging. In 1986, the leachate mound began to build and stabilized at an average level of
23 m above the liner in 1988. Unlike the other landfills discussed, landfill L2 is known to
have accepted significant quantities of sewage sludge which contributed to the fluid input
of the landfill (Dames & Moore, 1992).

Table 3 summarizes leachate data for Landfill L2 for the same parameters
considered for the KVL in Table 1.

Inspection of these two tables shows a distinct difference in several respects. Firstly,
the chloride concentration increased significantly from an average value of 686 mg/L in the
five years of monitoring from years 4 to 8, to an average of 3218 mg/L over the last five
years (13-18). Similarly, there was a change in pH and the ratio of BOD/COD between
years 5-8 and years 13-16 with the landfill leachate changing its characteristics (ie. increased
pH; substantial drop in BOD/COD) during this period. This change appears to correspond
to the mounding of leachate in the landfill which can be expected to have increased the
level of anaerobic biological activity which increases pH and reduces BOD, DOC and the
concentration of metals. These changes are all beneficial (reducing the undesirable
characteristics of the leachate) except for the increased chloride concentration which is
attributed to the longer contact time between fluid and waste in the extensively saturated
portion of the landfill. Thus it would appear that impaired performance of the primary
leachate collection system and consequent leachate mounding may increase chloride
concentration.

There is limited organic data available for Landfill L2 except phenolics. Although
limited, the data for phenols suggests that the peak concentration was reached in the 1986-
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1988 period (ie. as the leachate mound developed). Subsequent to 1988, the phenolic
concentration has dropped significantly as time has progressed implying a half-life for
phenolics of about 1 year over the period 1988-1991. There are insufficient data to detect
trends for the VOCs, however the representative concentrations (as recorded in Table 2)
of VOCs are well below those observed in the KVL suggesting that there is a significant
decrease in the concentration of organics in the leachate when the landfill is in the
methanogenic phase of decomposition.

Landfill L3

Landfill L3 is interesting because it is a closed landfill and the monitoring of organic
compounds has been more systematic than at most other closed landfills. Thus it has the
potential of providing some insight concerning post-closure concentration trends. In
addition, there is a leachate underdrain beneath a significant portion of the site. The
analyses of leachate from the collection system provide an "average" of the overall
characteristics of the waste rather than a value at a specific point. This underdrain also
provides a means of flushing contaminants out of the system and hence if there is going to
be a concentration reduction due to leaching it would be expected to be more evident at
Landfill L3 than at other landfills where there is no underdrain system.

The concentrations of a number of leachate constituents are summarized in Table 2.
Landfill L3 arguably shows some decrease in chloride concentration with time (Figure 3),
however because of the scatter of data and the relatively short monitoring period (1985-
92), it is not possible to clearly establish the rate of decrease in concentration (note that
insufficient chloride data was gathered in 1988 and 1989 to allow calculation of a meaningful
geometric mean).

Of the VOCs, dichloromethane (DCM) had the highest annual average value (for
the years where there are data) in 1985 and exhibited a significant decrease in concentration
in subsequent years. Based on the decrease from 1985 to the 1993 values, the half-life is
approximately 2 years assuming some dilution (q/H, = 0.1, see Figure 4) and about 1.5
years if one assumes no dilution.
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Figure 3. Variation in annual geometric mean chloride
concentration with time - Landfill L3
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Figure 4. Variation in annual geometric mean dichloromethane
concentration with time - Landfill L3

The toluene concentration increased to a maximum value in 1986, then decreased
with an estimated half-life of between 1.8 to 5.7 years. Xylene concentrations also peaked
in 1986 and have decreased erratically since then.

Landfill 14

Opened in 1972, and still operating, the Landfill L4 covers an area reported to be 71 ha
and represents an evolution in landfill technology with older portions of the landfill not
having any leachate collectors while newer portions do. Some of the leachate chemistry has
been obtained from wells in the old waste, while other chemistry is also available based on
analyses of the data from the more recent leachate collection system. There is a wide
disparity in the data. Two wells consistently appear to be "hot spots" with very high annual
geometric mean concentrations of chloride (3064 mg/L), phenol (37.7 mg/L) and zinc (50
mg/L). The representative concentrations given in Table 2 are for the entire landfill and
incorporate data from both the "hot spot" wells and the other wells. Based on all the data,
the representative peak concentration for chloride is less than at Keele Valley. Calcium is
similar to that for the KVL.

The representative concentrations of some organic compounds are also summarized
in Table 2. The concentrations are generally of the same order of magnitude to those
obtained from Keele Valley, with dichloromethane, toluene and xylenes (mé&p, 0) again
being the most abundant.

Comparison of Ontario Data With Literature Values

‘Table 2 summarizes both the peak annual values for the five Ontario landfills examined
together with published U.S. and European data. Inspection of this data indicates that

chloride concentrations at the KVL and Landfill L4 are generally consistent with
European data.” The concentrations at Landfills L1 and L3 are considerably lower
and this may be due to the fact that the peak concentration was missed due to
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limited early time data. Landfill L2 is notable for the high chloride concentration
since the development of the leachate mound. This is attributed to longer leachate
retention times in the waste due to the degraded leachate collection system.

calcium concentrations in both Landfill L4 and KVL fall between the values reported
by Robinson and Gronow (1993) and Ehrig and Scheelhaase (1993) in the acetogenic
phase. At Landfill L2, the peak observed annual mean concentration (322 mg/L in
1988 when the leachate mound stabilized) is greater than reported for European
data in the methanogenic phase, however the concentration has subsequently
dropped to values only marginally above that reported by Robinson and Gronow
(1993).

BOD and COD concentrations for KVL are marginally below those reported by
Ehrig and Scheelhaase in the acetogenic phase and well below the values reported
by Robinson and Gronow (1993). However, since the concentration still appears to
be rising at KVL, the results are regarded as being generally consistent with
European leachate. The peak assumed mean value at all other landfills is well
below that reported for European leachate. In the methanogenic phase, the BOD
and COD concentrations in Landfill L2 (1992) are reasonably consistent with the
range of values from European data.

the concentration of dichloromethane is considerably higher than the values reported
for modern U.S. landfills (Gibbons et al., 1992) at Landfills L1, L4 and the KVL.
The peak value may have been missed at Landfill L3.

the concentrations of toluene and ethyl benzene are all also generally elevated
compared to the U.S. data. The concentrations of vinyl chioride (VC) and
trichloroethylene (TCE) are comparable to, or less than, the U.S. data.

In summary, although there are some differences (eg. as noted above), the Ontario
MSW leachate appears to be reasonably consistent with what would be expected based on
existing European and U.S. data for recent (post 1984) landfills.

DECREASE IN LEACHATE STRENGTH WITH TIME

There is considerable evidence to suggest that the strength of leachate decreases with time
(e.g. see Figure 2; also Lu et al,, 1981; Ehrig & Scheelhaase, 1993). This decrease may be
the result of biological breakdown of organic compounds to simpler compounds/elements
or precipitation of soluble elements (e.g. heavy metals). It can also occur due to dilution
effects. It has long been recognized that the decline in concentration, c, with time, t, can
often be empirically approximated by a first-order rate equation (e.g. Lu et al., 1951) of the
form

¢ = ¢, exp [kt] [1]

where ¢, is the representative peak source concentration
k is the first order constant = ¢n2/(half-life)

Based on empirical observations relating to a collection of (essentially U.S.) landfill leachate
data Lu et al. (1981) established a number of values of c, and k as summarized in Table



12
Table 4. Decline of Constants Based on Lu et al. (1981) with Inferred
Biological/Chemical Half-Life Added

Parameter ¢, (mg/L) k (at) Inferred Biological/
Chemical Half-Life
(years - a)*
BOD; 35,000 0.225 4.3
COD 89,000 0.192 ' 5.5
TOC 14,000 0.260 | 3.6
NH;-N 12,000 0.100 19.8
Cl 2,470 0.065 ©
SO, 15,000 0.079 49.5
Cd 0.160 0.125 11.6
Cu 10 0.200 5.1
Cr 0.330 0.900 0.8

* ty, = tn2/[k[parameter of interest]-k[Cl]]

Chloride considered non degradable; decrease in concentration attributed to dilution.

4. This approach which lumps together data from many landfills without consideration of
the size of landfill (ie. mass of contaminant) or the infiltration represents "average"

conditions for the range of cases considered in the study used to derive the values of ¢, and
k

Rowe (1991) examined the issue of leachate strength decrease for conservative
contaminant species (e.g. chloride) where the decrease in strength is essentially due to
dilution (i.e. no biological breakdown or precipitation) as water infiltrated through the waste
with time. Assuming that the decrease is due to dilution and first order degradation, the
variation in concentration at any time t is given by

do
¢ =c_exp [-(E + A)t] 2]
r

where q, is the volume of leachate generated per unit area of landfill
H, is referred to as the reference height of leachate, given by

pm

Hr= Aco | B3]
00
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m, is the total mass of waste (i.e. excluding daily, intermediate and final cover)
p is the proportion of total mass of waste that is contributed by the chemical of
interest
A, is the area of the landfill, and
A is the first order decay constant
= m2/(half-life of the contaminant).

Comparing Egs. [1] and [2], it is evident that the theoretically derived Eq. [2] is of
identical form to the empirically derived Eq. [1] where, on expanding H,

qAc
k=9 0

+2 | [4]
pm

and the theoretically derived equation indicates that the empirical decay constant k should
depend on the volume of leachate generated per unit time (qo A), the mass of waste (m,)
or, more specifically, mass of contaminant (p m,), and the representative peak
concentration, c,,

MASS OF CHLORIDE

As discussed in the preceding section, the mass of contaminant in the waste is an important
consideration in assessing the decline in leachate strength with time and hence the
contaminating lifespan of a landfill. The mass of contaminant can be characterized in terms
of the mass of waste and the proportion of that mass which is the chemical of interest.

Data on the mass of contaminants in waste are relatively sparse. Published data by
Hughes et al. (1971) indicate that chloride represents 0.097% of the dry mass of refuse.
(This would be about 0.07% of the in-situ or wet mass of waste.) Based on Fungaroli and
Steiner (1979), leachable chloride represents 0.15-0.2% of the in-situ (wet) mass of refuse
while a range of 0.07%-0.21% of the initial refuse mass can be inferred from the data of
Wigh and Brunner (1979). A value of about 0.18% can be inferred for the largest test cells
examined by Wigh and Brunner (1979). The leaching data collated by Reitzel (1990) can
also be used to estimate the mass of chloride in waste and yield a value of 0.18% of the dry
mass of refuse (ie. about 0.13% of wet mass for 28% moisture content).

Based on these sources, it would appear that chioride represents between about
0.07% and 0.21% of the in situ mass of refuse; with a value of 0.18% being the anticipated
leachable chloride mass and 0.2% (je. p = 0.002 = 2x10%) being a reasonable value for
leachable chloride mass in North America that may be used for sensitivity analyses (ie. it
errs on the side of overestimating the values deduced from all sources examined except for
one small cell (2.6 m?) which gave a value of about 0.21%.

There are limited data concerning the mass of contaminants other than chloride in
waste. For non-conservative contaminants which experience first-order decay due to
biological/chemical processes, the rate of decrease in concentration is given by Eq. 2 and
the empirical constant k (see Eq. 4) will have two components: namely, the decrease due
to dilution (q.A.c/p m,) which depends on the mass of contaminant (p m,) and the
chemical/biological decay, 1. If one assumes that the mass of contaminant is proportional
to the representative peak concentration, then the decrease due to dilution will be the same
for all contaminant species. Based on this assumption, it is possible to estimate the
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chemical/biological half-life (in2/4) implied by the Lu et al. (1981) decay constants as given

in Table 4.
HALF-LIFE OF ORGANIC CONTAMINANTS

As discussed in the previous sections, many components of landfill leachate experience a
decrease in concentration due to biological/chemical processes. The inferred half-life of the
components examined by Lu et al (1981) have been given in Table 4. This section will
examine the half-life of a number of organic contaminants identified as being potentially
significant. '

Dichloromethane

Dichloromethane (DCM) appears to be the most prevalent volatile organic compound
found in the landfills examined, having an anticipated peak concentration of about 3300

pg/L (Table 2). This is 66 times the drinking water objective. Dichloromethane is a soluble
compound (=20000 mg/L at 25°C) which has been reported to biodegrade completely under

aerobic conditions, with sludge seed, in 6-7 hours. Until recently, there appears to have
been little known concerning the biodegradation of dichloromethane under anaerobic
conditions. It used to be accepted that biodegradation was unlikely and that DCM and
related chlorinated solvents were only likely to be susceptible to abiotic degradation (ie.
transformations that are not biologically mediated). This opinion was based on negligible
oxygen consumption over 20 days during standard biochemical oxygen demand (BOD) tests
performed for dichloromethane. Potential mechanisms for removal of dichloromethane
from solution in landfill applications include evaporation, sorption onto soil, chemical
reaction (most likely hydrolysis) and biodegradation. The reported half-life for DCM due
to hydrolysis varies widely with estimates ranging from as little as 1.5 years to 704 years.
However, there is growing evidence to suggest that, in fact, DCM can be readily
biodegraded at concentrations comparable to that in leachate.

Freedman and Gossett (1991) have demonstrated that DCM can be anaerobically
degraded to predominantly non-toxic products by a mixed bacterial culture isolated from
anaerobic digester. Only trace levels of chloromethane were detected as a breakdown
product. In these tests, performed at 35°C, the degradation process typically involved two
stages; a lag phase of about 10 days or less when there was relatively slow degradation
followed by a second stage where there was relatively rapid degradation over a period of
5 days (or less). Including both stages, essentially complete degradation typically occurred
in less than 16 days. These general findings have been confirmed by the work of Braus-
Stromeyer et al. (1993) who also demonstrated relatively rapid biodegradation of DCM
under a range of anaerobic conditions.

Rowe et al. (1994) undertook an applied research project to examine the potential
for anaerobic degradation of dichloromethane. The tests conducted as part of this study
demonstrated that degradation of dichloromethane can occur under anaerobic conditions
both in leachate (and hence in the landfill) and as it diffuses through clayey soil into a
receptor solution similar to groundwater. Typically the degradation occurs in two stages.
The first stage or lag period involves relatively slow degradation. After the bacterial
population has acclimated to the DCM the second stage of degradation is quite fast. At
24°C the degradation in leachate typically corresponds to a half-life of 2-5 days with a
maximum of less than 19 days being observed. In the second stage the half-life is typically
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less than 1 day. The presence of soil appears to slow the rate of degradation. In the
diffusion tests, the lag period was typically 40-60 days after which the second stage half-life
was about 20 days or less. Based on these results and including the lag time the half-life
for DCM degradation at 24°C is between 2 and 3 months.

Batch tests conducted at 10°C indicate that a reduction in temperature increases the
lag time by up to an order of magnitude and increases the second stage half-life by a factor
of six. Diffusion-degradation tests were not performed at 10°C, however based on the
results of the diffusion-degradation tests at 24°C and extrapolating based on the batch test
results it is anticipated that the lag time would be less than 400-600 days and the subsequent
half-life would be less than 120 days. Including the lag time, the estimated half-life for
DCM at 10°C is less than 2 years.

The degradation process did not produce detectable levels of chloromethane. Based
on the test observations and the work of Freedman and Gossett (1991) and Braus-
Stromeyer et al. (1993), it is likely that DCM is biologically converted to acetate and
ultimately to CH, and CO,.

Although there are limited data that can be used to examine the degradation of
DCM in landfills, the concentration history observed at both the Keele Valley Landfill and
Landfill L3 can be used to obtain an independent estimate of the order of magnitude of
half-life that would be consistent with the observed decline in concentration with time.

As previously discussed, the concentration of chloride at the Keele Valley Landfill
is still rising (see Figure 1), however as shown in Figure 2, the available evidence would
suggest that the concentration of DCM is decreasing. The rate of decline in DCM
concentration can be explained in terms of a first order decay with a half-life of about 5
years based on a simple model of first order degradation. However, this represents an
upper bound value since it assumes that all the DCM was in the landfill in the May 85-April
88 period and that since then there has been a decline in this concentration with time
without any addition of DCM. In fact, the landfill is still operating and the leachate that
is analyzed represents a mixture of leachate that has been generated by passage of fluid
through waste ranging in age from recently placed to up to 10 years. Thus DCM is being
added to the landfill as new waste arrives. Thus some of the leachate collected in 1993
represents fluid that has passed through waste where there has been up to 6.9 years of
degradation since the median time when the representative concentration was reached in
the May 85-April 88 period. One would expect this leachate to have a lower strength than
in 1985/88. Another portion of this leachate collected in 1993 passes through was« ~!ich
is relatively new and there has been little time for degradation of DCM thus one would
expect the leachate to be similar to the leachate generated in the older part of the landfill
back in the 1985/88 period. Adopting this hypothesis and calculating the time weighted
average leachate strength with time T, a good fit can be obtained to the KVL data shown
in Figure 2 for a half-life of 2 years. Based on the Keele Valley Landfill data, the hzif-life
for DCM appears to be about 2 years with a worst case interpretation being 5 years.

Figures 3 and 4 show the available time history for chloride and DCM respectively
at Landfill L3. As previously noted, it could be argued that there has been some decrease
in chloride concentration since the landfill was closed (Figure 3), however there has been
a much more significant and clearer decrease in DCM concentration (Figure 4). Rused on
a simple fit to the data given in Figure 4, one would estimate a half-life of about 1.5 years.
If one assumes that part of the decrease is due to dilution, as might be implied by the
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chloride data in Figure 3, and adjust for this then the half-life implied by the data in Figure
4 is about 2 years. This value of 2 years is based on the assumption that the ratio of the
mass of DCM to the representative concentration is the same as that for chloride. If the
ratio for DCM was higher than for chloride then the half-life would be less than 2 years.

Based on all the available data, including the laboratory study reported by Rowe et
al. (1994) and the KVL and Landfill L3 data discussed above, it would appear that the
likely half-life for DCM is about 2 years with 5 years being an upper bound estimate for
Southern Ontario conditions.

Benzene

Benzene appears in relatively low concentrations in typical landfill leachate (see Table 2);
nevertheless, it appears to be a chemical of interest to the public and to hydrogeologists.
Grbi¢-Gali¢ (1990) has described a mechanism for the anaerobic transformation of benzene
(and other aromatic compounds) based on laboratory studies. The suggested pathway
involved transformation of benzene initially to phenol which subsequently degrades to
carbon dioxide and methane. In a study by Barker et al. (1988), it was found that leachate
from the North Bay landfill (which contained a mixture of benzene, toluene, xylenes etc.)
experienced significant biodegradation under anaerobic conditions. Based on their data and
correcting for dilution, the author calculated the half-life for benzene to be between 1.8
and 4.9 years.

Ethylbenzene

Ethylbenzene is more prevalent in leachate than benzene (see Table 2) and may be present
with average concentrations 70 times the drinking water objective. Based on the Barker et
al. (1988) study, a half-life (under anaerobic conditions) of 0.9-6.4 years was inferred.

Toluene

Toluene is found in landfill leachate with an anticipated source concentration (Table 2) 40
times the drinking water objective. In the Barker et al. (1988) study, the biodegradation
was relatively rapid and the inferred half-life is of 0.3-2.1 years under anaerobic conditions
in a leachate plume. The leachate data from the Keele Valley Landfill showed a significant
decline in concentration since the representative peak concentration was reached in the
1985/88 period. A simple application of first order decay to the data yields an upper bound
half-life of 12.3 years. Consideration of mixing of leachate gives a best estimate half-life of
5.7 years. :

The data for Landfill L3 provides scope for a number of different interpretations of
the data however the corresponding half-lives fall into a relatively narrow range between
1.8 and 5.7 years.

Vinyl Chloride and Trichloroethylene

It has been reported (HSDB) that viny! chloride will degrade under anaerobic conditions.
In one study quoted by HSDB, vinyl chloride was approximately 50% and 100% degraded
in 4 and 11 weeks respectively in the presence of sand, by methanogenic microorganisms,
under anaerobic conditions in laboratory scale experiments. In the absence of sand 20%
and 55% degradation occurred in 4 and 11 weeks respectively (HSDB).
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Freedman and Gossett (1989) have examined biologically reductive dechlorination
of tetrachloroethylene (PCE) and trichloroethylene (TCE). They demonstrated that under
methanogenic conditions microorganisms were able to completely dechlorinate PCE and
TCE. The breakdown of PCE and TCE involved the generation of vinyl chloride as an
intermediate product. The rate limiting step in this pathway was reported to be the
conversion of vinyl chloride to ethylene. It was indicated that methanogenes play a key role
in the biotransformation process. Results presented by Freedman and Gossett indicate that
under their laboratory conditions (35°C) trichloroethylene had a very short half-life (a few
days) and the half-life of vinyl chloride was about 30 days initially but decreased to about
165 days later in the test. Unfortunately, the tests were not carried out long enough to
examine the total breakdown of vinyl chloride, however these tests do clearly demonstrate
that vinyl chloride can be biologically degraded under methanogenic conditions. TCE has
also been seen to degrade relatively rapidly in contaminant plumes (eg. Milde et al., 1988).

The hydrolytic half-life of vinyl chloride has been estimated to be less than 10 years
at 25°C (Hill et al., 1976). While this may be dismissed as not being significant for the
aquatic fate of vinyl chloride, it is quite significant with respect to potential degradation of
vinyl chloride in groundwater applications. It is also noted that the Barker et al (1988)
study did not report the presence of vinyl chloride in the North Bay plume.

CONCLUSIONS

An examination of leachate from several MSW Ontario landfills indicates that although
there are some differences, Ontario leachate characteristics are generally consistent with
published data relating to both European and U.S. landfills. Careful examination of
leachate concentration history shows an increase in concentration to a peak value followed
by a decrease in concentration with time. This decrease is relatively slow for chloride since
the primary mechanism for a decrease is dilution. However, for organics such as
dichloromethane, toluene, phenols etc. the rate of decrease in concentration is relatively
fast. Examinations of laboratory biological degradation mechanisms and observed field
behaviour both suggest potential for anaerobic degradation of organic compounds such as
dichloromethane, benzene, ethylbenzene, toluene, vinyl chloride and trichloroethylene. An
indication is given of potential half-lives for these compounds based on available data.
Given the limitations of the half-life data, it would be prudent to use higher values than
those reported herein for any sensitivity study associated with assessing potential impact of
a proposed facility.

An examination of available data indicates that chloride represents about 0.18% of
the total, in place, mass of MSW in North America. This mass combined with the source
concentration and volume of leachate collected can be used to estimate the contamination
lifespan of a landfill (as described by Rowe, 1991; Rowe et al., 1995) and hence the
potential long term maintenance period for a landfill facility.
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