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EXECUTIVE SUMMARY 

OVERVIEW 

This report presents an update on the landfill gas testing program, 
data analysis of the landfill gas testing program results, and guideline-s 
for use by air pollution control districts (districts) in evaluating the 
landfill gas testing results. The report and the guidelines were approved 
by the California Air Resources Board at its September 13, 1990 meeting. 

State law requires testing at all active and some inactive landfills 
in the state for specified toxic contaminants in the landfill gas, the air 
immediately above the surface of the landfill, ambient air adJacent to the 
site, and underground gas migrating beyond the landfill perimeter. The law 
requires districts to evaluate the testing results to determine if the sites 
pose a public health risk or a threat to the environment and to take 
appropriate remedial action • 

. ________ _ To_J::omply_w_ith_the_requirements for test-ing~--the-ARB- -staff and a 
committee of the California Air Pollution Control Officers Association­
Technical_Review Group (CAPCOA-TRG) developed separate landfill gas testing 
guidelines for solid waste and hazardous waste sites. These guidelines were 
approved by the Board in December 1986 and January 1987 respectively •. 
Analysis was required for methane, oxygen, nitrogen, carbon dioxide, and ten 
specified contaminants: vinyl chloride, benzene, ethylene dibromide, 
ethylene dichloride, methylene chloride, perchloroethylene, carbon 
tetrachloride, 1,1,1-trichloroethane (methyl chloroform), trichloroethylene 
and chloroform. 

In some districts, landfills may already be required to control 
emissions of landfill gas. The San Diego APCD, South Coast AQMD and Bay . 
Area AQMD currently have rules which require the installation and operation 
of gas collection systems at municipal landfills. A suggested control 
measure (SCM) proposed by the CAPCOA-TRG/ARB Landfill Gas Subcommittee is 
the subject of a separate companion·report approved by the Air Resources 
Board at its September 13, 1990 meeting. The SCM is based on the existing 
district rules and can be adopted by districts wishing to reduce emissions 
of non-methane organic compounds from municipal landfills. 
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1. What is the status of the landfill gas testing progr~? 

The districts reported a total of 1,868 active and inactive landfills 
existing in California. Of the 1,868 sites, districts determined that 634 
required testing. As of _June- 1990, 438 (68 percent) landfills were tested 
and the results were forwarded to the ARB. Testing and/or review of testing 
results are in progress at 89 landfills. Of the 107 sites where test plans 
have not been submitted to the districts, enforcement actions against 35 
sites have been initiated as reported to the ARB by the districts. 
According to the survey of districts, enforcement actions include notices of 
violation to site owners/operators for failure to submit testing plans, 
placing sites on a schedule for compliance, and referring sites to County 
Counsels for further action. Facilities failing to comply are subject to 
misdemeanor penalties as provided in Health and Safety Code Section 42400. 
landfills not tested may be subject to the reporting requirements of AB 2588 
(1987) The Air Toxics Information and Assessment Act. The ARB staff is 
tracking the progress of landfill testing and will continue this effort 
until all sites are tested and evaluated. 

The ARB staff has compiled a computer database which contains all the 
landfill gas test results received from the districts. It is important to 
understand that each site is unique and generalizations often do not apply 
to a particular landfill. The database is constantly being updated as more 
results are received. The results received by the ARB to date indicate 
that: one or more of the 10 contaminants selected as indicators of 
hazardous· waste were present in up to 70 percent of the landfills tested, 
and similar constituents were found in both hazardous and non-hazardous 
waste sites. In some cases, toxic gases were measured in the ambient air 
near landfills. Methane at concentrations exceeding a federal standard 

······designed-to protect··ag·ainst·explosive·-h-a-zaras·was--found to be-migrating off­
site underground at 20 percent of the sites; ARB staff sent a letter to the 
Integrated Waste Management ·Board reflecting this information. A summary of 
the.statistical analysis of the data is a part of this status report. 
Attachment A contains an analysis of the air testing data. 

2. · How can the landfill gas testing data be used? 

The landfill gas testing data may be used by the districts in the 
evaluation guidelines to rank landfills for further testing or remediation. 
This screening level data can also be used to·determine general statewide 
trends. · 

3. Which compounds in landfill gas appear to be the most significant from 
the review of the statewide landfill gas data? 

Nine of the 10 contaminants specified for testing are generally 
considered to be carcinogenic. In order to determine which of these nine 
carcinogenic compounds appeared to be most significant, a statistical 
analysis was performed which weighted the concentrations based on their 
relative carcinogenicity. The concentration of each contaminant was 
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normalized to generate comparable toxicity-weighted concentrations. The 
results showed that on a statewide basis benzene and vinyl chloride were 
typically most significant. 

4. What is the function of the landfill evaluation guidelines? 

Air pollution control districts must evaluate the results of landfill 
testing required by state law. At the request of the CAPCOA, the ARB staff 
worked with the CAPCOA-TRG/ARB landfill Gas Subcommittee in drafting 
guidelines to assist the districts in reviewing the landfill testing data. 
The guidelines include a scoring system which provides a relative ranking of 
the sites and recommendations for further action, including further testing 
or remedial action. Further testing guidelines are also provided, which are 
based on the experience gained through the program. 

The guidelines recommend that the districts conduct quality assurance 
review on the data, evaluate the offsite gas migration test results, and 
evaluate the potenti~l chronic hazard. landfill characteristics such as 
ambient test results and landfill gas concentrations are combined with 
factors relating to exposure potential (ma~imally exposed individual, nearby 
population distribution, and surrounding land use), to arrive at a numerical 
score. The score provides districts with a mechanism to rank landfills and 
determine at which sites further actions is warranted. 

&. What action did the Board take? 

The Board approved the st~ff report as an update to the landfill gas 
testing program at its September 13, 1990, meeting. The Board directed the 
Executive Officer to transmit the data analysis and evaluation guidelines to 
the districts for their use in assessing landfills located ~n their 
jtifisdiction. 
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I. 

INTRODUCTION AND BACKGROUND 

A. INTRODUCTION 

This staff report is an update on the status of the testing required by 
State law for toxic gases in and around solid and hazardous waste disposal 
sites in California. Health and Safety Code Section 41805.5 required that 
solid and hazardous waste disposal sites ("landfills") in California be 
tested for toxic gases. It required the Air Resources Board (ARB) to report 
on the program to the legislature in 1988 and 1989, which the ARB did. The 
air pollution control districts (districts) are to evaluate the testing 
results to determine if the sites pose a health risk to human beings qr a 
threat to the environment, and if necessary, take appropriate action. This 
report provides the status of the testing at disposal sites, an overview of 
an analysis of the testing results to determine any addition~l trends, and 
landfill Evaluation Guidelines which can be used by districts to determine 

... whether remedia-l~~action is necessary based on the testing results. 

B. BACKGROUND 

State law ~equires owners or operators of all active and some inactive 
landfills to perform air quality solid waste assessment testing to 
characterize the gas within landfills and the ambient air around the 
landfills, and to determine if the landfill gas is migrating underground 
beyond the site boundaries. Ten specified air contaminants were selected to 
be tested for based on health effects associated with long term.exposure, 
particularly carcinogenicity, and the availability of sampling and analysis 
methods. The ten specified contaminants were as follows: vinyl chloride, 
benzene, ethylene dibromide, ethylene dichloride, methylene chloride, 
perchloroethylene, carbon tetrachloride, 1,1,1-trichloroethane (methyl 
chloroform), trichloroethylene, and chloroform. In addition, landfill gas 
samples were also analyzed for oxygen, nitrogen, methane, and carbon 
dioxide. 

To accomplish the testing required by state law, the ARB and the 
California Air Pollution Control Officers Association (CAPCOA) prepared 
guideline~ outlining a testing program to identify sites that pose a 
potential risk to public health. These guidelines were approved by the ARB 
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for non-hazardous waste sites in December 1986 {ARB, 1986) and for hazardous 
waste sites in January 1987 (ARB, 1987). 

State law requires landfill operators to report the testing results to 
their local district. The districts, in turn, submit summaries of the 
testing results to the ARB and determine if the sites pose a threat to human 
health or the environment. The ARB was required to summarize the data 
submitted by the districts in two reports to the Legislature, due by July 1, 
1988 and July 1, 1989. The first report described the early implementation 
of the landfill testing program. The second report, presented to the Board 
on June 9, 1989, summarized statewide results of the solid waste disposal 
site testing reported to the ARB. The report presented preliminary findings 
based on the results, and described ongoing testing and evaluation 
activities. 

The prelimfnary findings were that: 1) specified contaminants, 
selected as indicators of hazardous waste, were present in approximately 240. 
out of the 356 landfills tested, regardless of whether the site accepted 
hazardous waste or non-hazardous waste; 2) hazardous and non-hazardous 
waste sites appeared to be similar in their. ability to produce toxic gases; 
3) in some cases, toxic gases escaped from landfills and dispersed into the 
ambient air; and 4) methane at concentrations exceeding the regulatory 
standard of five percent was found to be migrating off-site underground at 
approximately 20 percent of the sites. The Board asked that tbe staff 
return in 1990 with further analysis of the data. 

Since the 1989 report was presented, further analysis has been 
conducted and additional data has been collected. In addition, in response 
to a request from the districts for assistance in evaluating the data for 
the purposes of determining the need to remediate specific sites, the 

. Landfill Evaluatlon-Guidenn-es were-developed:· This was done in cooperation 
with the CAPCOA-TRG/ARB Landfill Gas Subcommittee. Both the ARB staff's 
analysis of the data and the Landfill Evaluation Guidelines have been· 
available for public review and the Landfill Evaluation Guidelines were 
discussed at three public meetings held on March 22, May 7 and May 8. 
A final public meeting to discuss the data analysis and guidelines was held 
on August 29, 1990 prior to the Board's September 13, 1990 meeting. 
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II. 

STATUS Of TESTING AI LANDFILLS 

More than 80 percent of the landfills in California requiring testing 
have now been tested or are in the process of being tested •. A recent survey 
of the districts indicated that 1,868 landfills have been identified 
statewide. Of that number, the districts have determined that 634 sites 
must perform landfill gas testing. The 634 include both active and inactive 
solid waste landfills, including 41 landfi~ls that are known to have 
accepted hazardous waste. The remaining sites that were identified but were 
not required to test were either inactive landfills that were eliminated by 
districts based on information contained in the screening questionnaire or 
were active and inactive sites that were exempted by districts. because they 
had only accepted inert, non-decomposable waste. 

To date, testing and summary results for 438 landfills, including 41 
hazardous waste sites, have been submitted to the ARB. Testing or district 
review of test reports is still in progress at 89 sites. Testing plans have 
not been received~ from 107 sites where--testing is required. Table 1 
summarizes the status of testing in each district • 

. Non-complying landfilli are subject to the penalties provided in State 
law. In addition, landfills not complying with the testing requirements · 
become subject to AS 2588, the "Air Toxics Hot Spots Information and 
Assessment Act" which requires stationary sources (including landfills), to 
report to the districts the type and quantity of certain substances their 
facilities routinely release into the air. 

Of the 107 sites where testing must still be done, enforcement action 
against 35 of sites has been initiated as reported to the ARB by the 
districts. According to the survey of districts, enforcement actions 
include notices of viol~tion to site owners/operators for failure to submit 
testing plans, placing sites on a schedule for compliance, and referring 
sites to County Counsels for further action. ARB staff will continue to 
follow-up with districts until all sites are tested and evaluated. 
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TABLE 1 STATUS OF TESTING BY DISTRICT 

Testing Testing 
Total Complete and/or 
Sites and Review Test Plans 

Total to _be Reports in Not yet to 
District Sites Tested to ARB Progreu District 

Amador 2 2 1 1 0 
Bay Area AQMD 107 90 65 15 10 
Butte 12 3 1 0 2 
Calaveras 13 1 0 1 0 
Colusa 2 2 2 0 0 
El Dorado 7 2 2 0 0 
Fresno 47 15 11 1 3 
Glenn 8 2 1 1 0 
Great Basin Unified 41 17 16 0 1 
Imperial 25 13 2 11 0 
Kern 180 44 23 13 8 
Kings 16 7 5 2 0 
Lake 16 14 14 0 0 
Lassen 7 6 0 6 0 
Madera 5 1 1 0 0 
Mariposa 7 1 1 0 0 
Mendocino 22 6 6 0 0 
Merced 19 3 2 1 0 
Modoc 11 11 0 11 0 
Monterey Bay Unified 34 18 18 0 0 
North Coast Unified 44 3 3 0 0 '"" 

Northern Sierra AQMD 29 6 4 2 0 
Northern Sonoma 4 ·2 2 0 0 
P-lacer 11 10 10 0 0 

---sacramento - 78' 52 - 43 j 6 
San Bernardino 98 32 18 4 10 
San Diego 79 29 29 0 0 
San Joaquin 24 6 5 1 0 
San Luh Obispo 21 10 10 0 0 
Santa Barbara 15 14 14 0 0 
Shasta 6 5 5 0 0 
Shkiyou 34 14 13 1 0 
South Coast AQMD 684• 151 75 11 65 
Stanh laus 11 6 6 0 0 
Sutter 4 0 0 0 0 
Tehama 9 1 1 0 0 
Tulare 26 9 9 0 0 
Tuolumne 38 7 7 0 0 
Ventura 52 8 7 1 0 
Yolo-Solano 7 7 4 1 2 
Yuba 13 4 2 2 0 

Total 1868 634 438 89 107 

• Includes 270 sites that are not yet evaluated and for which operators 
have not been located. 
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III. 

OYERYIEW OF ANALYSIS OF TESTING RESULTS 

A. INTRODUCTION AND BACKGROUND 

This chapter provides a summary of the statewide landfill testing 
results. Additionally, statistical analyses were conducted on the data to 
to determine whether any conclusions could be drawn about the nature of 
toxic contamination of landfills. Attachment A contains a full description 
of the results and analyses. 

As discussed in Chapter II, the~e are an estimated 634 landfills in 
California which required sampling and analysis under the landfill testing 
program. The program essentially conshted of testing of: 

o gas jnside the landfill (landfill gas) either from al'l __ e!XJ!~_ing gas 
. -collect-ion--system·-or·tnsta-necrs·amfflTrig·wells;--·· -- ·-

o air at the surface of the landfill by using continuous sampling 
along a gria path over the surface (integrated surface); 

o ambient air collected at the perimeter of the site (ambient 
air); and 

o subsurface gas migrating beyond the perimeter of the site 
(offsite gas migration). 

landfill gas samples were analyzed for methane, oxygen, nitrogen and 
carbon dioxide and ten specified contaminant~: vinyl chloride, benzene, 
ethylene dibromide, ethylene dichloride, methylene chloride, 
perchloroethylene, carbon tetrachloride, 1,1,1-trichloroethane (methyl 
chloroform), trichloroethylene and chloroform. Integrated surface and 
ambient air samples were tested for the ten contaminants and offsite gas 
migration samples were tested for total organics as methane. 

The sampling protocols of the testing program were designed to generate 
screening level data on landfills and were intended to screen landfills for 
potentially adverse impacts. A screening level testing program has a 
limited type and amount of sampling. Therefore, resampling at another time 
or with another plan could produce different results. Additionally, 
conclusions about a specific landfill should not necessarily be based solely 
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on the data from this testing program. A site specific evaluation of a 
landfill should consider not only the testing results but also an 
understanding of how the testing was done, the size of the landfill, its 
location, proximity to receptors, and other factors, Further information on 
the site may also be contained in the complete testing reports submitted by 
site operators to the districts. 

Statistical analyses were conducted on each type of sampling data 
(landfill gas. integrated surface. ambient air and offsite gas migration) to 
determine the statewide statistical distributions of the contaminants and 
any trends apparent from each kind of sampling. Greater emphasis was placed 
on analysis of the statewide landfill gas data because this data was more 
comprehensive than ambient and integrated surface sampling data. A 
toxicity-weighted analysis was conducted on the landfill gas data. landfill 
gas concentrations were adjusted based on their carcinogenic potency so that 
they could be compared to determine which compounds are most likely to 
account for or contribute the most to toxicity-weighted contaminant 
concentration. Carcinogenic potency is one factor which may be implicated 
in potential risk. 

B. LANDFILL &AS DATA 

The statistical analysis of landfill gas data for this report was based 
on 340 sites; data for additional sites were received too late.for inclusion 
in the statistical analysis. For each landfill, multiple samples were 
averaged and the average sampling result was used to determine statewide 
trends. 

Table 2 shows the median, statewide average and maximum concentrations 
of methane and each of the ten contaminants. The mec:fj_an va 1 ues for many 
contaminants -in the statewide analysis were at the non-detected level, which 
shows that many contaminants were either below this level ~r were not found 
in landfill gas in at least half of landfills in this study. Benzene, 
methylene chloride, perchloroethylene, 1,1,1-trichloroethane, and 
trichloroethylene were found in landfill gas at more than half the landfills 
statewide, and vinyl chloride was found at almost half of the landfills. 
Most landfills reported relatively high concentrations of a few contaminants 
and relatively low concentrations of the remaining majority of contaminants. 
Statewide averages of each contaminant are not necessarily representative of 
the typical landfill in California. The extent of contamination at 
landfills statewide may be an indication of past disposal practices which 
may differ from present and future practices. 

Methane was detected at three quarters of the landfills statewide and 
the concentrations varied from. 0.3 percent to 73 percent. Methane 
concentration at landfills var'ies due to_parameters such as the age of the 
site, composition of refuse and environmental conditions. At about half the 
landfills, the methane concentration was relatively low, less than 10 
percent. At the remaining landfills, methane concentration varied from 11 
to 73 percent. 

-16-



-------------------------------~----------------------------TABLE 2. 
CONCENTRATION STATISTICS OF SPECIFIED CONTAMINANTS AND METHANE 

IN LANDFILL 'GAS SAMPLES 

CONCENTRATION - PPBV. EXCEPT METHANE - PERCENT 

HUMBER DE LANDEILLS 
AYEBAGEb MAXIMUMb COMPOUND CDHIAMINAHT DEIECIEDa MEDIAN 

METHANE 258 9.5 19 73 

PERCHLOROETHYLENE 241 38 1,100 45,000 

TRICHLOROETHYLENE 228 30 840 11,000 

METHYLENE CHLORIDE 197 37 4,800 160,000 

1,1,1-TRICHLOROETHANE 180 - 2uc 660 . 96,000 

BENZENE 180 132U 2,500 480,000 

VINYL CHLORIDE 160 106U 2,200 72,000 

ETHYLENE DICHLORIDE 65 5.1U 600 98,000 

CHLOROFORM 58 o.au 360 11,000 

CARBON TETRACHLORIDE 31 1.2U 11 2,100 

ETHYLENE DIBROMIDE 24 0.3U 4 660 

a. Landfill gas sampling was conducted at 340 landf i 11 s. 
b. Medians and maximums of the average sampling results from individual 
c. U - Means non-detected; the number shown is the detection limit. 

-----------------------------------------------------------

sites. 

A comparison between hazardous waste and nonhazardous waste landfills 
showed that contaminants appear in both types of sites. The hazardous w.aste 
group of landfills is a relatively small group (26) compared to the 
nonhazardous waste group (314). Conclusions about consistent trends at 
hazardous waste sites compared to non-hazardous waste sites could not be 
drawn. We did not observe consistent data patterns from hazardous waste 
sites from which we could draw firm conclusions and compare with 
nonhazardous waste sites. 

C. INTEGRATED LANDFILL SURFACE SAMPLING DATA 

The statewide overview of integrated surface sampling results was based 
on data from 251 landfills. The integrated surface sampling technique 
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measures gases immediately above the landfill surface and is used as an 
indicator of gases escaping from the landfill. Therefore, the highest 
result of integrated surface sampling from each landfill was used for the 
analysis rather than the average. Table 3 shows the statewide median and 
maximum concentration results. Since the median values for so many 
contaminants were again at the non-detected level, the statistics show that 

. many contaminants were either below this level or were not found at the 
surfaces of many landfills. Only methane and 1,1,1-trichloroethane were 
detected above the surface at one-third or more of the landfills tested. 
Methane followed by methylene chloride, vinyl chloride, perchloroethylene 
and benzene had the highest concentrations among all landfills statewide. 

-----------------------------------------------------------TABLE 3. 
CONCENTRATION STATISTICS OF SPECIFIED CONTAMINANTS IN INTEGRATED SURFACE SAMPLES 

CONCENTRATION - PPBV 

HUMBER DE LANDEILLS 
MEDIAHb MAXIMUMb COMPOUND COHTAHIKANT DETECTEDa 

METHANE 104 2.6 130,000 

1,1,1-TRICHLOROETHANE 93 0.2 52 

PERCHLOROETHYLENE 80 0.2U 540 

METHYLENE CHLORIDE 64 lUc 3,200 

BENZENE 63 2U 120 

VINYL CHLORIDE 51 2U 1,001) 

CARBON TETRACHLORIDE 32 0.2U 11 

TRICHLOROETHYLENE 27 0.6U 80 

CHLOROFORM 13 2U 10 

ETHYLENE DICHLORIDE 12 0.2U 46 

ETHYLENE DIBROMIDE 8 0.5U 6 

a. Integrated surface sampling was.co~ducted at 251 landfills. 
b. Medians and maximums of the maximum sampling result from individua·l sites. 
c. U- Means non~detected; the number shown is the detection limit. 

----------------------------------------------------------
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D. AMBIENT AIR DATA 

The statewide overview of ambient air sampling results was based on 
data from 288 landfills. The ambient air sampling technique reconmended in 
the testing guidelines was intended· to indicate whether toxic gases from a 
landfill were affecting the ambient air around the landfill. In this 
statewide analysis, it was assumed that for each landfill the highest sample 
result was downwind and was entirely contributed by the landfill. 
Therefore, the highest concentration of each contaminant from each landfill 
(rather than the average) was used in statewide statistics. However, site 
specific analysis should determine upwind and downwind and origin of 
contamination in the ambient air. Table 4 shows statistics for ambient air 
sampling. Again, since the median values for six contaminants were at the 
non-detected level, the statistics show that many contaminants were either 

TABLE 4. 
CONCENTRATION STATISTICS OF SPECIFIED CONTAMINANTS IN AMBIENT AIR SAMPLES 

CONCENTRATION - PPBY 

HUMBER DE LANDEILLS 
MEDIAHb MAXIMUMb COMPOUND CONTAMIKAHT DETECTEDa 

1,1, 1.-TRICHLOROETHANE 163 0.7 51 

PERCHLOROETHYLENE 141 0.2Uc 269 

METHYLENE CHLORIDE 132 lU 1,300 

BENZENE 116 2U 500 

TRICHLOROETHYLENE 93 0.6U 130 

CARBON TETRACHLORIDE 63 0.2U 15 

CHLOROFORM 38 o.8u 32 

ETHYLENE DICHLORIDE 36 0.2U 17 

VINYL CHLORIDE 24 2U 15 

ETHYLENE DIBROMIDE 20 0.5U 22 

~. Ambient air sampling was conducted at 288 landfills. 
b. Medians and maximums of the maximum sampling results from individual sites. 
c. U- Means non-detected; the number shown is the detection limit. 
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below this level or were not found in the ambient air at half of the 
landfills. However, benzene, methylene chloride, perchloroethylene and 
1,1,1-trichloroethane were detected at the perimeter of more than 40 percent 
of the landfills. Methylene chloride, followed by benzene and · 
perchloroethylene had the highest maximum level concentrations. Some of the 
1,1,1-trichloroethane, trichloroethylene, methylene chloride and 
perchloroethylene results may be suspect because of reported possible sample 
contamination with these compounds from extraneous sources and interference 
from common laboratory solvents. 

The ambient air sampling program was designed to generate screening 
level data, and was not intended to provide complete representation of 
ambient air contamination due to landfill gas emissions. The absence of 
contaminants in the ambient air at a landfill during this testing does not 
necessarily indicate that contaminants are not present in the ambient air 
around and due to the landfill. 

E. OFFSITE GAS MIGRATION DATA 

Migration of underground gas offsite from a landfill may constitute an 
explosive hazard. The federal standard for migration of gas offsite is five 
percent by volume in air expressed as methane (Title 40, Code of Federal 
Regulations, Part 257). This standard is enforced by the State Integrated 
Waste Management Board (IWMB). Total organic gases (quantitated as methane) 
migrating offsite from landfills were detected at 273 landfills out of 329 
tested (83S). Sixty-five landfills (20S) reported at least one sample 
result at or above five percent. In addition to the federal five percent 
standard, the significance of underground offsite gas migration at any 
individual. landfill depends on the surrounding land use. Sites where 
of-fsite gas migration above the five percent· standard was· found were 
reported to the IWMB for further investigation. 

-20-



F. TRE~D ANALYSIS OF lANDFILL GAS DATA 

A primary concern over non-methane organic compounds emitted into the 
environment is due to their toxicity and possible human exposure. Nine of 
the 10 contaminants sp~cified for testing are generally considered to be 
carcinogenic. Of these ten compounds, eight of them have been identified as 
toxic air contaminants by the ARB and one is under review for 
identification. Only 1,1,1-trichloroethane has not been scheduled for 
review as a toxic air contaminant. 

Since landfill gas data were more comprehensive than the other kinds of 
sampling data, further statistical analyses were conducted on this database 
to determine any trends in terms of potential toxicity. To accomplish this, 
the landfill gas measurements for the nine compounds were normalized. 
Normalized concentrations are comparable. The different compounds are 
compared on the basis of a combination of toxicity and concentration. A raw 
concentration was normalized by multiplying by its unit risk factor and 
dividing by the unit risk factor of ethylene dibromide. This generated an 
"ethylene dibromide equivalent concentration" in parts per billion by volume 
(EDB equivalent - ppbv ). Ethylene dibromide was used as the standard 
because it has the hign~h unit risk factor among the nine contaminants. 

The normalized concentration data are not risk assessments and do not 
represent actual human exposure to contaminants in the ambient .air at 
landfills. A risk assessment calculates site specific individual cancer 
risk lnd populatfon cancer burden and takes into account many other factors 
besides concentration and toxicity of contaminants in the landfill gas. 
Factors such as landfill size, amount of landfill gas, weather, location and 
environmental transport and fate of contaminants are considered. In 

----~o_n_trast., the no~ma-1-i.z.ed-data--analysis provides a statewide estimate of 
which compounds are most likely to account for the potential toxicity due to 
emissions from the landfills. This analysis is based solely on landfill gas 
concentrations and unit risk factors. 

Table 5 shows the median, statewide average and maximum concentrations 
of the normalized landfill gas data. It is interesting to note that in 
Table 2, methylene chloride had the highest statewide average concentration 
of 4,800 ppbv, and benzene was second with a value of 2,500 ppbv. However, 
in EDB equivalent concentration units, benzene had the highest statewide 
average value of 740 ppbvedb' and the statewide average value of methylene 
chloride dropped to fifth Wlth a value of 30 ppbv • Therefore, based on 
statewide average landfill gas concentrations, ben2~ne appeared to 
potentially contribute more significantly to the toxicity of landfill gas 
statewide than methylene chloride as well as the other seven contaminants. 

At each landfill, the per.lcent contribution of each normalized 
contaminant relative to the total of all nine contaminants at the landfill 
was calculated. The percent composition shows which contaminants are likely 
to be the most important contributors to the potential toxicity of landfill 
emissions. On a statewide basis, _all nine contaminants were about equally 

. represented at landfills at relatively low levels (zero to 20 pe~cent 
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composition). However at higher levels (21 to 100 percent), a prominent 
trend was apparent. Benzene and. vinyl chloride were present in landfills 
statewide more often than the other contaminants. 

Subsequent to the preparation of this report, the California Air 
Resources Board identified vinyl chloride as a toxic air contaminant. In 
doing so, the goard adopted5a chan9e1in the vinyl chloride unit risk factor 
from 5.4 x 10- to 20 x 10- (ppbv)- . This increase in unit risk factor 
would correspondingly increase the toxicity-weighted importance of vinyl 
chloride. This final report reflects this change. 

-----------------------------------------------------------TABLE 5. . 
CONCENTRATION STATISTICS OF NORMALIZED CONTAMINANT CONCENTRATIONS 

IN LANDFILL GAS SAMPLES 
(ETHYLENE DIBROMIDE EQUIVALENT CONCENTRATION UNITS) 

EDB EOUIVALEHI COHCEHIRAIIOH 
f.fBY 

MEDIAN AVERAGE edbMAXIMUM 

PERCHLOROETHYLENE 0.3 8 320 

TRICHLOROETHYLENE 0.03 11 140 

METHYLENE CHLORIDE 0.2 30 980 .. 

BENZENE 40U 740 150,000 

VINYL CHLORIDE lOU 210 6,800 
---------··--- --~- - ·-·---·---------- -· -- ··- -· -- -

ETHYLENE DICHLORIDE 0.80U 97 16,000 

CHLOROFORM 0.17U 76 2,300 

CARBON TETRACHLORIDE 0. 57U · 5 1,000 

ETHYLENE DIBROMIDE 0.30U 4 660 

Note: U- Means non-detected;·the number shown is the detection limit. 
--~---------------------------------------------------------
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G. CONCLUSIONS 

Statistical analyses were conducted on data representing about half the 
state's landfills that must be tested. Review of medians, averages and 
maximum sampling results for landfill gas, integrated surface sampling and 
ambient air data confirm the preliminary findings presented in the second 
report to the Legislature· and provide further information about distribution 
of the contaminants. One or more of the contaminants selected as indicators 
of hazardous waste were present in up to 70 percent of the landfills tested. 
Similar constituents were found in both hazardous and non-hazardous waste 
sites. Toxic gases were measured in the ambient air near landfills, and 
methane at concentrations exceeding the federal standard was found to be 
migrating off-site underground at 20 percent of the sites. 

From the toxicity-weighted statistical analysis of landfill gas data, 
benzene and vinyl chloride appeared to most frequently contribute to higher 
percentages of total contaminant concentration at landfills. This means 
that, based- on statewide landfill gas concentrations, these two compounds 
will most often account for most of the potential toxicity due to landfill 
gas emissions. 
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IV. 

OYERYIEW OF LANDFILL EVALUATION GUIDELINES 

A. BACKGROUND AND PURPOSE 

State law requires districts to evaluate the testing results to 
determine if the sites pose a public health.risk or a threat to the 
environment and then to take appropriate remedial action as necessary. The 
CAPCOA-TRG landfill Gas Subcommittee with the assistance of the ARB staff 
has d~veloped guidelines (Attachment 8 to this staff report) to aid the 
districts in evaluating the potential impacts of landfill gase~ on the 
public and the environment. The districts may use the guidelines, or may 
choose to develop their own procedures. Furthermore, since each landfill is 
unique, districts may wish to modify these procedures, such as adding 
additional criteria, to address the individual district needs. 

_____ The_ CAPCOA:-JRGlARB __ LandfULGas. Subcommittee rece-ived information and 
comments for the drafting of the Landfill Evaluation Guidelines at four 
public consultation meetings held on March 22 and May 7, 1990 in Sacramento, 
May 8, 1990 in Los Angeles and August 29, 1990 in Sacramento. 

The screening nature of the air quality solid waste assessment testing 
data and our limited ability to predict the fate of landfill gas necessitate 
that the evaluation procedure be conservative in order to be protective of 
~ealth. To reduce the probability that the impacts are underestimated, the 
procedure incorporates worst-case assumptions. The utility of this 
screening level procedure is that it enables districts to determine if a 
landfill site clearly does or does not pose a threat that requires remedial 
action. For the sites which fall in between these two groups, using these. 
guidelines will assist the districts to rank in priority the sites which 
require further investigation with more sophisticated measurement or · 
modeling techniques. 

In general, there are three health impacts for which compounds can be 
evaluated - potential cancer risk, chronic noncancer health effects, and 
acute noncancer health effects. The screening in the evaluation guidelines 
procedure uses potential cancer risk as the endpoint or indicator of a 
potential health threat. For the compounds examined under the air quality 
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solid waste assessment testing program (with the exception of 1,1,1-
trichloroethane}, potential cancer risk is the most sensitive criterion of 
the three. It is recognized that there may be situations where sites may 
pose not only a potential cancer health threat, but also a potential 
noncancer health threat and that the district must use this information in 
addition to the potential. cancer risk information when making risk 
management decisions. A discussion of the Department of Health Services' 
noncancer acceptable exposure levels for both chronic and acute health 
effects is appended to the evaluation guidelines. 

B. APPROACH 

There are four major steps involved in the evaluation guidelines (see 
Figure 1): 

1. determine the validity and acceptability of the sampling data and 
determine the adequacy of the sampling effort; 

2. compare underground gas migration testing results with the lower 
explosive limit standard of five percent by volume expressed as 
methane; notify the IWMB of results-above four percent; 

3. assess the potential chronic risk; and 
4. determine what further action, if any, is required. 

The first step requires quality assurance review of the analytical 
data; review of the sampling event for compliance with the ARB's testing 
~uidelines; and finally, considering all parameters to make an overall 
assessment of the adequacy of the site characterization. 

Step 2 involves reviewing the underground methane migration testing 
results. The presence of combustible gas at the site perimeter in excess of 

. the -lower exp·lO"stve~limi't- or·the g·as ,-fiv-e percent 'bj volume in air 
expressed as methane, is a violation of Title 40, Code of Federal 
Regulations (CFR) Part 257.3~8. The Integrated Waste Management Board 
(IWMB) is the primary state agency that enforces the federal regulations 
regarding solid waste disposal facilities. The.guidelines require that the 
districts notify the IWMB if the methane migration approaches or exceeds 
the lower explosive limit. The guidelines suggest four percent by volume 
expressed as methane to be the reporting limit and ·the IWMB reviews these 
sites to determine if there should be further testing or if other action is 
warranted. 

Step 3 ~nvolves assigning values to factors that are related to or 
indicative of potential risk. The factors are grouped into two categories: 
potential exposure, and population and environment at risk. The potential 
exposure category has two factors which can be evaluated for potential 
cancer risk: the ambient data and the landfill gas testing data. The 
population and environment at risk category considers three factors: the 
distance to the nearest receptor, the nearby population density, and the 
surrounding land use. These factors are

1 
ffac~ilQ1ven a numerical value which 

has been weighted according to importan~; ani~ final score for each 
landfill is then calculated by adding the scores. 
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Step 4, determining further action, involves the district evaluating 
the final score of the potential chronic risk evaluation. Based upon the 
site's relative ranking, a district can take action first at sites with the 
highest scores. The guidelines recommend certain district actions based on 
the final score, but districts assign sites to low, medium or high ranges 
based on the individual district's risk management policy. Districts may 
consider other factors if relevant in their evaluation. These other factors 
could include odor complaints, offsite subsurface gas migration, integrated 
surface sample results, confidence in landfill gas testing results, amount 
and nature of waste disposed of in the landfill, emissions of reactive 
organic gases, the existence of a gas collection system, location of 
particularly sensitive receptors, future land use, noncancer chronic and 
acute health effects and information received from other agencies including 
the Integrated Waste Management Board, local enforcement agencies, the State 
Water Resources Control Board and Regional Water Quality Control Boards~ 
Further actions ·at a site can range from further testing to remedial action 
such as installing a gas collection system. 

The guidelines include suggested guidance for further testing. A 
companion report also approved by the Board. describes in detail a·Suggested 
Control Measure to control landfill gas emissions. Districts may choose to 
adopt rules based on the Suggested Control Measure to control landfill 
emissions primarily for the purpose of reducing ozone precursors, or for 
other purposes including reduction of toxic exposures or public complaints 
due to odors. 

-2.7-
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. I. 

INTRODUCTION AND BACKGROUND 

A. INTRODUCTION 

In June 1989 the Air Resources Board (ARB) published the "The landfill 
Gas Testing Program: A Second Report to the California legislature" 
describing the preliminary results of the landfill gas testing program, as 
mandated by Health and Safety Code Section 41805.5. The Board requested a 
subsequent report to contain further analysis of the landfill_gas testing 
results. The objective of this technical document is to provide an update 
on the analysis of the statewide landfill testing data. 

B. BACKGROUND 

A comprehensive discussion of the intent of the ·landfill gas testing 
program and a description of the testing program, its scope and limitations 
can be f()iJnd irr.__~.lb.e_Landfj_]J_ Gas-!.esting Program: A Second Report-to the 

-------(eg-islature• (ARB 1989), and the testing guidelines for active sol;d and 
hazardous waste waste disposal sites (ARB, 1986 and 1987). There are an 
estimated 634 landfills in California which required sampling and analysis 
according to the testing program. The testing program intended that each 
landfill operator characterize their site according to the testing 
guidelines. The program essentially consisted of testing of: 

o landfill gas inside the landfill (landfill gas) either from the gas 
collection system or installed sampling wells; 

o Surface gas by continuous sampling along a grid path over the 
surface of the landfill (integrated surface); 

o Ambient air collected at the perimeter of the sites (.ambient 
air); and 

o Subsurface gas migrating beyond the perimeter of the site 
{offsite gas migration). 

Analysis was conducted for methane, oxygen, nitrogen and carbon 
dioxide and ten specified contaminants. The specified contaminants were: 
vinyl chloride, benzene, ethylene dibromide, ethylene dichloride, 
methylene chloride, perchloroethylene, carbon tetrachloride, 
1,1,1-trichloroethane (methyl chloroform), trichloroethylene, and 
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chloroform. These contaminants are all volatile organic compounds and 
except for 1,1,1-t~ichloroethane, are generally recognized to be potential 
carcinogens. 

Landfill operators are. required to report the testing results to their 
local air pollution control district (district). The districts must in turn 
provide summarized data to the ARB and use the data to determine whether 
each site poses a potential health or environmental threat. Where 
necessary, a district must implement remedial action to mitigate potentially 
significant impacts. · R~medial action could include further investigation 
and sampling or installation of a gas collection system. 

The sampling protocols of the testing program were designed to 
generate screening level data on landfills and consequently can only be used 
to screen landfills for potentially adverse impacts. Due to the screening 
level objective of the testing program, the type and amount of required 
testing was minimal and this is the principal limitation in the resultant· 
data. Therefore, for any given landfill, resampling at another time or 
according to a different plan could produce different results. 

The staff compiled a statewide landfill database from test reports and 
data summaries provided by the districts. As of March 1990, the ARB 
database contained results from 367 sites out of an estimated 634 sites 
which are required to conduct testing. Therefore, for the purpose of this 
analysis, the database represents about half the landfills statewide being 
tested. 

The following analyses describe the range and magnitude of landfill 
gas and ambient atmospheric contamination at landfills. Statistical 
ana lyses were conducted for each type of samp 1 i ng da~a: landfi 11 gas'~~- .... . . 

----·integrat·ecfsufface, amb1ent a1r and-ofTsite gas migration. Greater emphasis 
was placed on analysis of the landfill gas data because this data was more 
amenable for use in making conclusions for a statewide overview, whereas 
ambient and integrated surface sampling data are more applicable to site. 
specific analysis. 



II. 

STATISTICAL ANALYSES OF LANDFILL TESTING DATA 

For each kind of sampling, the Second Report to the legislature 
provided the minimum to maximum range of concentrations among all samples 
taken. In the current analysis, a single result representing each landfill 
was used so that statistics about landfills could be calculated and 
distribution plots drawn. For landfill gas data, the average result was 
used to represent the landfill, and for the- remaining kinds of sampling, the 
maximum result was used. 

A. LANDFILL GAS DATA 

1. Introduction 

Most but not all of the landfills under study conducted landfill gas 
testing. Integrated surface sampling was generally conducted where landfill 
gas testing was not. As of March 1990, sampling and analytical data for 
methane and terL!P_e_c ifJe_d_contaminants- were- av~i-lab-le- f-or-340--landfi lls. 

-~~----lfie~t-en~compounds are listed in Table 1. A total of 866 samples were 
collected among the ·340 landfills under study. 

The landfill gas testing program was intended to provide screening 
information about landfills rather than to thoroughly characterize them. A 
landfill is not homogeneous in either solid waste or landfill gas 
composition. For large landfills or landfills where there are occupied 
buildings close by, the sampling protocol of the testing guidelines divided 
a landfill into four equal sectors and required a minimum of ·one sample per 
sector, plus another one in the center. The sample was taken from either an 
existing gas extraction system or from a well drilled to a depth of six feet 
below the upper level of waste in place. This protocol used a model where 
each sample was taken from one of five equally weighted portions of the 
landfill. Therefore, where multiple samples were taken, the average· 
represents the landfill. At smaller landfills only one landfill gas sample 
was taken. Having one representative result per landfill permits 
calculation of the statewide average and subsequently allows other statewide 
interpretations. 

The .number of samples taken from each landfi 11 varied from one to 13. 
Due to the potential for variability in the composition of a landfill, the 
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data from those sites with fewer sampling locations were probably less 
reliable representations of the landfill than those with many sampling 
locations. While sampling protocols can be designed with many sampling 
sites, the sampling protocol of this data set presents an estimate of the 
extent of contamination at all the state's landfills. 

Landfill gas composition may vary with the depth of the landfill. 
Sampling close to the surface of the landfill may permit mixing with ambient 
air. Since sampling to a depth of only six feet was required, the landfill 
gas sampling results of this database could be biased low in representing 
the true average landfill gas composition. 

2. Non-Detected Results 

The "detection limit" of an analysis is the limit of an analytical 
instrument's ca~ability to distinguish between the presence of a substance 
and background noise. The "reporting limit" is higher than the "detection 
limit" and is a level where a quantitated value is precise. The term 
"detection limit" used in the testing guidelines actually means reporting 
limit. However, in keeping to the familia~ term, detection limit or 
specified detection unit is used in this document. 

In this database, many results below the specified detection limits 
were measured and reported. For each contaminant, the average within this 
group {results below the specified detection limit) was calculated. This 
average represents the "typical" value of a concentration below the 
specified detection limit. These statistical detection limits were used to 
represent the values of non-detected results in analyses of the landfill gas 
data {see Table 1). 

--------f"Or- a H---c"Dnt-am i-nant-s--,-t-h-e--st-at;-sti-c-al-det-e-cti olllimit-s-p-.--ovecr-to- be 
less than half of the respective specified detection limits. The 
differences are relatively large for vinyl chloride and benzene. The 
specified detection limit was 500 ppbv for both compounds but the 
statistical detection limits w~re 132 ppbv for benzene and 106 ppbv for 
vinyl chloride. This finding indicates that the values chosen to be the 
specified detection limits were higher than the lower levels of contaminants 
present in the landfills statewide. 

Since so many of the results were non-detected, some of the calculated 
statistics are also non-detected results. A non-detected result has the 
associated flag .. u,• in the text and tables. Since non-detected results 
contain uncertainty, this uncertainty is transferred to the result of any 
site specific calculation which uses non-detected sampling results. 

For 1,1,1-trichloroethane, vinyl chloride, chloroform, benzene, carbon 
tetrachloride, ethylene dichloride and ethylene dibromide, as many as half 
of the results were non-detected; the values of the 25th percentile and 
median were both equal to the respective detection limits. 
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For methane, perchloroethylene, trichloroethylene and methylene 
chloride, less than one-third of the results were non-detected. Except for 
methane, the values of the 25th percentile were equal to the respective 
detection limits. 

3. Statistical Results and Conclusions 

The 25th, 50th (median), 75th and 95th percentiles, statewide average, 
and maximum values for each contaminant are summarized in Table 1. Table 1 
lists the contaminants in order of decreasing frequency of detection. The 
percentage of results detected by the laboratories differs from the 
percentage of results above the statistically determined detection limit. 
However, these two percentages closely parallel each other. Methane, 
perchloroethylene, trichloroethylene, methylene chloride, 1,1,1-trichloro­
ethane and benzene were all detected at over half the landfills statewide. 
Vinyl chloride, ethylene dichloride and chloroform were detected at less 
than half, but more than 10 percent of landfills statewide. Carbon 
tetrachloride and ethylene dibromide were detected at less than 10 percent 
of landfills statewide. 

For all contaminants except methane, the statewide average 
concentrations were higher than the 75th percentile values and for 
chloroform and carbon tetrachloride were higher than the 95th percentile 
values. The maximum values were one to three orders of magnitude larger 
than the 75th percentile values. This means that compared to concentrations 
found at 75 percent of landfills (and 95 percent for chloroform and carbon 
tetrachloride), relatively high concentrations of contaminants were present 
at less than 25 percent (5 percent for chloroform and carbon tetrachloride) 
of landfills. In conclusion, relatively high concentrations of contaminants 

___ w~e~rE!._founct at_r_ej_atj_y_eJy_f_ew_]andfi 11 S-- ------ --n -----

For ethylene dibromide_ and carbon tetrachloride, more than 90 percent 
of ~he results were non~detected values and therefore the presence of either 
of these two compounds at a landfill in California is considered to be 
unusual. Consequently, the statewide average values of ethylene dibromide 
and ~arbon tetrachloride have little meaning. 

For methane, the range of concentrations was found to be more evenly 
distributed (see Figure 1). Methane concentrations in half the landfills 
ranged from 9.5 percent to 73 percent. The concentration of methane inside 
a landfill is an indicator of landfill gas gen·erat·ion activity and 
consequently could affect the emission rate of the other organic compounds. 
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388 11 4 

24 1.2U 8.3. 

188 5 J 

11,888 2,188 168 

1. Frequency dletrlbutlon etatletlce. ore baeed on average concentratlo, of conta.lnant In landfill goe per landfill. 
2. PERCHLOR: perchloroethylene, TOE: trichloroethylene, WECL

2
: .. thylene chlorlde,·TCA: 1,1,1-trlchloroethane, BENZENE: benzene, VC: vinyl chloride, 

EDC: ethylene dichloride, CHCL
3

: chlorofor•. CCL4: carbon tetrachloride, EDB: ethylene dlbra.lde. 
3. DTLIW- Detection ll•lt. 
4. U- Wean• non-detected, the oeeocloted nu.ber I• the detection ll•lt. 
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4. Comparison of Hazardous and Non-hazardous Landfills 

A landfill was designated as hazardous if it was known to have 
accepted hazardous waste. However, a non-hazardous waste site could have 
been a co-disposal site at one time and have accepted hazardous waste as 
well. The purpose of comparing hazardous and non-hazardous landfills was to 
identify the presence or absence of statistically signiftcant trends in 
landfill composition and emissions dependent on hazardous versus non­
hazardous designation. 

Table 2 shows comparative landfill gas concentration statistics for 
the 26 hazardous and 314 non-hazardous landfills in the ARB database. Since 
the group of hazardous waste landfills is a statistically small group (26) 
whereas the group of nonhazardous waste landfills is not small (314) it is 
difficult to draw clear conclusions in a comparison of the two groups. 

Further analysis and interpretation of the statewide landfill gas data 
is resumed in Section II •Trend Analyses of Landfill Gas Data.• Section II 
discusses a toxicity-weighting procedure for raw landfill gas concentration 
data and the subsequent analysis of trends in contaminant distribution. 

B. LANDFILL SURFACE DATA 

1. Introduction 

Integrated surface sampling data was available from 251 landfills. 
All ten specified contaminants were not analyzed for at every landfill. 
Vinyl chloride and methane testing were conducted at all of the 251 
landfills under study, while the remaining compounds were measured at 181 
landfills. The number of sampling grids (1 integrated sample per Q!j~J p~r_ 

-------1--an-ctfi-11-varteatrom one t02I. A total of 461 and 455 samples were 
analyzed for vinyl chloride and benzene, respectively, and 453 samples were 
analyzed for the remaining eight compounds. 

2. The Maximum Concentration 

Many variables affect the concentration of contaminants in the air 
above the surface of a landfill such as the integrity of the landfill cap, 
the presence of a gas collection system and the prevailing weather. 
However, for the purposes of a screening level statewide overview, 
integrated surface sampling data are a qualitative indicator of the escape 
of gases from the interior of a landfill to the atmosphere. As a worst case 
qualitative indicator, the maximum integrated surface sampling result from 
each landfill was used in distribution statistics for each contaminant. 
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TABLE 2 

CotCENTRATION STATISTICS OF LO)(JC C~TAMJNANTS Atl) t.IE THANE IN LN()f ILL GAS 
A ta.lPARISON OF ~S Atl) NOK-HAZAROOUS LN()f ILLS 

- I 

troy• I of 2) 

~Ttw£ 
5 

PERCHLOR" TCE WECL 
2 

TCA BENZENE 

H NH H t.H H t.H H NH H NH ---·······---!L._. ______ t!ll i·iNiiliiS __ _ 
XlNTAWitW4T 
l[l£CTEO BV UB 

81 85 

I ~ILLS> 
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73 
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77 

•••• 
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11 

l8 

55 
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I 
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J 2.~· 18 2.4U • U5U e.vu 2U 

165 J4 518 27 122 35 6.5 2U 
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1,588 488 178 ; 387 5,J0e 1,888 224 67 
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~· .... 68 7J 28,808 45,808 8,688 11,808 2J,eee 168,888 4,134 98,808 
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2
: •e~hylene chloride, TCA: trichloroethane, BENZENE: benzene. 

DniW - Detect I on 11•1 t. 
· U- W.on• non-detected, the aeeoclated nu~•r 11 the detection ll•lt. 
HI NH- Hozardoue I Non~zardoul claeelflcatlon of landfill. 

'· 

85 50 

69 J0 
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2,408 658 
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480,800 30.000 
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IN INTEGRATED SURfACE 

---------··--·· ·--·-
METHN£ T C A

2 
PERCHLOR MECL

2 
VC CCL

4 
T C £ CtCLJ E 0 C 

·------ ----· -------·---------···-· --· -----·-
N.J.& R or L MQ" IllS 
HRE CONTN-ti~T 
WAS DETECTED BY LAB 

. 4 
SPECIFIED OTLIN 

184 

8.2 

~th PEfUNT ILE (NED I~) 2.1 

7~th PEACl.NT ILE 11 

85th PERC£NTILE J24 

2nd MAXI~ 51,888 

MAXI.._.. 1JJ,888 

9J 88 64 

CON:ENTRATION -

8.5 8.2 

8.2 8.2U
4 

1U 

1.1 8.4 2.9 

11 3.5 48 

se 16 2,800 

52 Me J,288 

6J 

\ -------

51 J2 

, EXCEPT MET.w.£ - PAN 

2 

2U 

1 

t 

48 

' 128 i 

i 

I 
I 

i 

2 8.2 

2U 8.2U 

2U 8.2U 

188 8.J. 

1888 5 

1888 11 

rootnote•: I 

27 13 12 

8.6 2 0.2 

8.6U 2U 8.2U 

e.6U 2U 0.2U 

1.8 1.J 8.5 

J0 7 7 

88 18 46 

1 .. frtquency dl1trlbutlon etotletlc1 ore baeed on ~xl.u• concentratloni_of conta.lnont In Integrated eurface ea.ple at landfill. 
2.· TCl: 1,1,1,-trlchloroethone, PEACHLOR: perchloethylene, MEC[)al : •ethylene chloride, BENZENE: benzene,~: vinyl chlorld•. CCL : . 4 

tetrachloride, TOE: trichloroethylene, CHCL
3

: chlorofor•, E : ethyl•ne dichloride, EDB: ethyl•ne dlbro•lde. 

carbon 

3. DTLIW- d1tectlon ll•lt. 
t. U- W.an1 non-detected, the 011ocloted nuMber le· the detection ll•lt. 
5. fntegrot·ed Surfoce

1
5a.pllng ond Anolyele for oil the above conta.lnont• wo1 conducted ot 251 londfllle. 

f 0 IJ 

8 

0.5 

0.5U 

0.5U 

0.5U 

6 

6 



3. Non-Detected Resylts 

Many of the maximum results were non-detected above the specified· 
detection limits. As shown in Table 3, the non-dete.cted results were· 
assigned the values of the respective specified detection limits. 

4. Statistical Resylts and Conclysjons 

Concentration statistics are summarized in Table 3. For all the 
contaminants except methane and 1,1,1-trichloroethane, the results at or 
below the median were non-detected. Vinyl chloride sampling and analysis 
was conducted at 70 more landfills than any of the other compounds. For 
vinyl chloride, the 30 highest samples were from landfills where the other 
compounds were not analyzed. It is reasonable to suspect that other 
contaminants may have been present. If sampling and analysis for all 
compounds had been conducted at all the landfills, the distribution 
statistics (maximum, 95th percentile, etc.) for the compounds other than­
vinyl chloride may have been different (higher or lower). 

There was no observed overall correlation between methane and other 
contaminant concentrations. Correlations between internal landfill gas and 
surface and ambient air at the landfill perimeter may exist, but were not 
analyzed in this study. Integrated surface sampling data may be useful on a 
site specific basis to assist in site specific evaluations and_ in 
correlating the origin of elevated ambient concentrations near the landfill. 

C.. AMBIENT AIR DATA 

1. Introduction 

----- Amb·i enrai·r-n·mp11ngaat a were a v a 1Tablet' or anaTyslTirom -2-sa· 
landfills. Fewer landfills had ambient air testing than landfill gas 
(77 percent). The testing guidelines required that if vinyl chloride was 
detected in landfill gas, then ambient air testing for vinyl chloride only 
need be done. Otherwise, ambient air testing for all of the ten specified 
contaminants was required. Vinyl chloride was tested for at all of the 288 
landfills; the remaining 9 compounds were tested for at 263 landfills. The 
number of samples collected· per landfill varied from two to 65. There were 

·a total of 1,362 and 1,361 samples analyzed for vinyl chloride and benzene, 
respectively, and a to~al of 1,353 samples analyzed for the remaining eight 
compounds. 

2. The Maxjmym Concentration 

The results from the air sampling program were varied and difficult to 
interpret. landfills are a complex-source of emissions and it is difficult 
to determine precise upwind and downwind locations. In a number of cases 
the apparent upwind location resulted in higher measurements of 
concentrations than those taken downwind. However, for the purpose of the 
statewide overview, the maximum result for any given landfill was assumed to 
characterize the landfill~ This assumption excludes possible basinwide 
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CONCENTRATION TATISTICS OF CONTAMINANTS 
IN AMBIENT AIR SAMPLES coULECTEO AT THE PERIMETER Of LANDFILLS 

-----·· 
! 

T C A2 PERCHLOR MECL
2 

B(NZEt£ T C E CCL
4 COCLJ EOC v c [ 0 8 

I 

. ---------··-·-· --- -··· . ---------

N.~R OF lAmf ILLS5 i 
WtfR£ fONTAMINANT WAS 16.1 141 1J2 t·· 93 63 38 J6 74 70 
«ucn:o 

CONCElTRATION - PPBV 
'! 
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I 

8.5 8.2 1 2 8 .. 8 8.2 8.8 8.2 2 8.5 
~ 

58th PERa:NTILE (NEOIAH) 8.7 8.2U 1U
4 

2U 8.80 8.2U 8.8U 8.2U 2U 8.5U 

)I 
I .... 
" 75th PERCENTILE 2.1 28 8 . 2.7 8.7 8.2U 8.8 1.2U 2U 8.5U 

85th PERCENTILE 15 52 138 ;7 8.8 8.8 2 2.5 2 8.8 

I ' 
2nd .WCI...,.. 43 82 1,188 213 48 .1 21 1l IJ 12 

MAXltoi.N 51 268 1.J88 see 1Je 15 32 17 15 22 

footnote•: 
1. frequency dletrlbutlon etatletlc• are boeed on •oxl.u• concentration of conto•lnont In a-bient air eoaple ot landfill. 
2. YC: vinyl chloride. NECL

3
: chlorofor•. EOC: ethylene dichloride. PERCHLOR: perchlorethylene. CHCL3 chlorofor•. TCE: trichloroethylene. £08: 

ethylene dlbro•lde. CCL4 carbon tetrachloride. 
J. DTLIN- detection ll•lt. 
4. U- Weone non-detected. the oeeoclated nuMber It th• detection ll•lt. 
&. AMbient air toMpllng and analyele for oil conta.lnonte wo1 conducttd at 251 landfllle. 



ambient air contamination. laboratory contamination. or contamination from 
other sources near the 1 andfill.. The over a 11 statewide averages were not 
calculated because this would imply equal weighting of all data points. 
Since there are so many variables affecting the results of the ambient air 
sampling events. this equal weighting cannot be assumed. 

A more accurate interpretation of the ambient testing data would 
require a greater degree of site specific analysis. True downwind results 
are needed for site specific assessment of the landfill. Another apparent 
consideration in evaluation of ambient data is sample contamination. Tedlar 
bags were recommended for use in the testing guidelines. However, a Bay 
Area Air Quality Management District study reported that Tedlar bag ambient 
air samples were prone to extraneous contamination of 1,1,1-trichloroethane, 
trichloroethylene and methylene chloride {AWMA, 1989). For this reason some 
of the low level ambient air results of these three contaminants may be 
questionable. 

3. Non-Detected Results 

Many of the maximum results were non-detected above the specified 
detection limits. Non-detected results in Table 4 were assigned the values 
of the respective specified detection limits. 

4. Statistical Results and Conclusions 

Concentration statistics are summarized in Table 4. Except for 
1.1.i-trichloroethane and perchloroethylene, all of the results at or below 
the median were non-detected. ·"" ,. 

D. UNDERGROUND OFFSITE GAS MIGRATION DATA=--=------
----------~ 

-------~-~---~-

1. Introduction 

Migration of landfill gas offsite was measured by analysis of total 
organics as methane, in samples taken from perimeter wells. The perimeter 
wells were required to be six feet deep and placed every 1,000 feet along 
the perimeter. Data was available from testing at 329 landfills. The 
number of perimeter samples per landfill varied from one to 47 and a total 
of 1,851 samples were collected. 

2. The Maximum Concentration 

The maximum sample 
distribution statistics. 
represent the worst case 
study. 

result from each landfill was used in statewide 
The maximum result from each landfill would 

of underground escape of gases as found in this 
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3. Non-detected Results 

Fifty-six out of 329 landfills did not report total organics. There 
was no specified detection limit, but since results lower than 1 ppm were 
reported the detection limits could also have been as low as 1 ppm. 

4. Statistical Results and Conclusions 

Underground offsite migration of total organics was detected at 273 
landfills out of 329 tested (83~). The federal standard for migration of 
methane offsite is 5 percent by volume in air expressed as methane (Title 
40, Code of Federal Regulations, Part 251); this standard is enforced by the 
State Integrated Waste Management Board. Sixty-five (20~) landfills 
reported at least one sample result at or above 5 percent. The significance 
of offsite gas migration depends on surrounding local use. The maximum, 

·95th, 75th, 50th and 25th percentile level concentrations among all· 
landf n 1s were 81 percent, 48 percent, 1. 2 percent, 52 ppmv and 2. 5 ppmv, 
respectively. 

·-------------------· 
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III. 

TREND ANALYSES OF LANDFILL GAS DATA 

Generally, statistical analyses of any large database afford the 
opportunity to find meaningful information. The analyses in Section I were 
limited to distributions of the raw concentration results of the four kinds 
of sampling. Raw concentration is one way to describe the nature of 
contamination at landfills. This section describes statistical analyses 
begun which go beyond distributions of raw .concentration data. 

Landfill gas sampling data was more amenable to a statewide overview 
analysis than integrated surface sampling or ambient air data for the 
following of reasons: more landfills conducted this type of sa~pling; 
changes in weather are more likely to have a greater effect on emission and 
dispersion of contaminants from the landfill than the concentration of 
contaminants in the interior of the landfill; and sampling the inside of the 
landfill eliminates extraneous sources of sample contamination from the 
atmosphere. For these reasons, the search for statewide trends in the 
nature oL cont_am_inatJ~on_at~-landf-1--l--l-S~-wa~s-~onducted -on~-the landf nt-~gas 

----~---sa-m-pling data. 

A. LANDFill &AS DATA IN ETHYLENE DIBROMIDE EQUIVALENT CONCENTRATION UNITS 

1. Introduction 

The landfill gas testing program specified ten contaminants for 
testing. In the previous section, Table 1 showed a summary of the 

·concentration statistics for the ten specified contaminants. Comparing raw 
concentration data of the contaminants does not reflect their differences 
in toxicity and possib1e health significance. For example, the statewide 
averages for perchloroethylene and ethylene dichloride were 1,100 ppbv and 
600 ppbv,. respectively. However, the unit risk factor for ethylene 
dichloride is twenty times greater than the unit risk factor of 
perchloroethylene. This reflects the difference in toxicity. 

Nine of the ten specified contaminants are recognized to be 
potentially carcinogenic. Since a primary concern with these contaminants 
is due to carcinogenic potential, the contaminants were adjusted or 
normalized on a potentially carcinogenic basis. Ethylene dibromide was 
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----------------------------------------------------------------------------

cedb 

cr 

URFc 

URFedb 

EDB Egujyalent Concentration Formula: 

cedb • cr X URFC X __l__ 

URFedb 

EDB equivalent concentration of contaminant (ppbvedb) 

raw concentration of contaminant (ppbv) 

unit risk factor of contaminant (ppbv)-1 

unit risk factor of ethylene dibromide (ppbv)-1 

ppbvedb: ethylene dibromide equivalent part per billion by volume 

Compound 

Ethylene dibromide 
Carbon tetrachloride 
Benzene 
Chloroform 
Ethylene dichl~ride 
Vinyl chloride 
Trichloroethene 
Perchloroethylene 
Methylene chloride 

Normalizing Factors 

Unit R1sk_[actor1 
(ppbv) 

5 7 10-4 
• X 4 

2 7 10-• X 4 
1 7 10-

• X -4 
1.2 X 10 5 9.2 X 10-5 5.4 X 10-

6 7.2 X 10-6 
4.1 X 10:6 3.6 X 10 

Normalizing Factor 

1 
0.474 
0.298 
0.210 
0.161 
0.095 
0.013 
0.007 
0.006 

1. Values derived from •Air Taxies Assessment Manual• October 1987, Revision 
1, December 14, 1989, California Air Pollution Control Officers 
Association. 

2. As of December 1990, the Board approved5an increase ~n the unft risk 
factor of vinyl chloride from 5.4 x 1~- to 20 x 10- (ppbv)- • 

-----------------------------------~----------------------------------------
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used as a standard for this study because it has the highest unit risk 
factor among all the contaminants of the study. The normalized 
concentration is the raw concentration multiplied by its unit risk factor 
and divided by the unit risk factor of ethylene dibromide; the resulting 
units are "EDB equivalent ppbv" (see formula on page A-26). The values for 
unit risk factors were taken from California Air Pollution Control Officers 
Association and DHS (CAPCOA, 1989 and DHS, 1990). The normalized 
concentration data alone are not intended to represent potential risk from 
landfills; normalized data, however, can be compared to indicate which · 
contaminants contribute to the total contaminant concentration and which may 
be most important for its potential toxicity. Risk assessments take into 
account other factors besides concentration of contaminants in the landfill 
gas such as landfill size, amount of landfill gas, weather and location. A 
risk assessment calculates site specific individual cancer risk and 
population cancer burden. The normalized data analysis seeks to estimate 
which compounds, and in what proportions, are most likely to account for the 
potential risk in site specific risk assessments using landfill gas data. 
The interpretation of the normalized analysis assumes that methane acting as 
a transport medium is the principal factor in emission rate. 

Normalized concentrations of different compounds are comparable and 
additive. For example, the statewide average raw concentrations of 
perchloroethylene and ethylene dichloride were 1,100 ppbv and 600 ppbv, 
respectively, whereas in EJ:>Le_q_uj_v.aJen±~concentration-units, the ~statewide 

----~averages were 8 ppbvedb and 97 ppbvedh' respectively. Consequently, if a 
landfill contained tne average concentrations of these two compounds, 
ethylene dichloride would contribute a greater proportion than 
perchloroethylene to the total contaminant concentration and therefore to 
the potential toxicity of the landfill gas. 

2. Non-Petected Results 

In the same way that many r.aw concentration results were non-detected 
and flagged "U" in Table 1, the non-detected normalized values carry the. 
same flag and meaning in Table 5. 

3. The EDB EgyiyaJeot Statistical Results 

The 25th, 50th (median), 75th and 95th percentiles, statewide average 
and maximum normalized concentration values for the nine potentially 
carcinogenic contaminants are summarized in Table 5. Figures 2 and 3 
illustrate the distributions of EDB equivalent concentrations of 
contaminants in landfills statewide. The difference between the figures is 
that the data at or below 200 ppbv were omitted from Figure 3. 
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EDB EQUIVALENT2 
STATIISTICAL DTLIM 

25th PERCENTILE 

58TH PERCENTILE. (MEDIAN) · 

A'l£.fOOE. 
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7.th PERCENTILE 

91th PERCENTILE 

MAXIW. 

. 

I TABLE 5 

cota:NTRATION STATISTICS .OF EDB EQUIVALENT2 CON:ENTRATIONS OF NINE 
POTENTIALLY CARCINOGE~IC CONTAMINANTS IN l.ANlf'ILL GAS 

I 

I 

BENZENE v c1 
MECL :2 ED C PERCHLOR Da.3 

EDB E~IVALENT eota:NTRATION- PPBVedb 

48 18 
i 

8.1 8.8 8.82 8.17 

41/AJ5 18U 8.1~ 8.8U 8.82U 8.17U 

41/AJ 18U '·i 1.8U 8.3 8.17U 

748 218 87 8 78 381 
188 85 14 I 

I 1.1S J 5 

1,188 838 . 158 I 118 43 J8 
I 

I 
158,888 8,888 8881 18,888 328 2,388 

I 

I ·: 
1 

I 

TCE ED 8 

8.83 8.3 

8.8JU 8.JU 

8.4 8.JU 

11 4 

8 8.JU 

35 2.5 

148 888 

Footnotee: I 
1. VC: vinyl chloride, MECL

2
: .. thylene chloride: EDC: ethylene ~lclorlde, PERCHLOR: perchloethylene, CHCL3: chlorofor•, TCE: 

trichloroethylene, EDB: ethylene dlbro•lde, CCL : carbon tetrabhlorlde. 
2. EDB equivalent concentration- concentration .uftlpled by a fac~or eo that conta.lnant hae rlek equivalent to EDB. 
J. Frequency dletrlbutlon atatlatlca are baeed on EDB equivalent av

1 

erage concentration of conta.lnant In landfill goa • 
.t. Detection algnlflcant concentration (78 ppbv). , 
5. U.;. Mean• non-detected, the aaeoclated nu.ber Ia the detection ;11•1t. 

'· 
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4 

8.57 

8.57U 

8.57U 

5 

8.57U 

2 
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The concentrations at or above the 75th and 95th percentile levels 
represent the top 85 and 17 landfills, respectively, with the highest 
normalized average landfill gas concentrations. Except for ethylene 
dibromide and carbon tetrachloride, these results are free of uncertainty 
due to non-detected results (see U flags}. At the 75th and 95th percentiles 
and maximum levels, normalized concentrations of benzene and vinyl chlorid~ 
were at least one order of magnitude higher than for any other compound. 
The normalized concentrations of ethylene dichloride and methylene chloride 
follow benzene by an order of magnitude. Figures 2 and 3 show that overall, 
benzene and vinyl chloride are more prominent at landfills at higher 
toxicity-weighted levels than any other single contaminant. Ethylene 
dichloride and methylene chloride follow, having higher toxicity-weighted 
concentrations than perchloroethylene, chloroform, trichloroethylene, carbon 
tetrachloride and ethylene dibromide (see F-igure 3). 

4. Total Contaminant Concentration 

For each landfill, the .contaminant concentrations were added together 
to produce the total concentration of contaminants in EDB equivalent 
concentration units. Having one number to represent each landfill permits 
an evaluation of all landfills on a total contamination basis. Figure 4 is 
a distribution of total contaminant concentration at landfills statewide in 
EDB equivalent concentration units. Figure 4 shows 160 landfills where the 

____ EDB_equj_y_aJent-con~ent-r~t-i-on-wa-s---1-es-s----t-han-100 ppbvedh-~---For·most-- of the 
sites in this group, the results for most or all of tne contaminants were 
non-detected. Therefore, at nearly half the landfills tested statewide (160 
landfills), the total contaminant concentration was relatively low. Total 
contaminant concentration was relatively high (> 1,000 ppbvedb) at 52 
landfil_ls statewide (15~}. 

5. Percent Composition of landfill Gas by Contaminant 

At a landfill, the percent composition of landfill gas by contaminant 
would tell which contaminants may be the predominant contributors to 
potential toxicity from the landfill as calculated using landfill gas data. 

Figures 5 and 6 show the distributions of percent composition of each 
of the nine different contaminants. The difference between Figures 5 and 6 
is that Figure 6 has excluded the percent composition at a landfill which is 
less than or equal to 20 percent. Except for vinyl chloride and benzene, 
Figure 5 shows that all the contaminants contribute about equally to less 
than 20 percent of the composition of the total normalized concentrations. 
However, vinyl chloride and benzene, most often account for 20 to 100 
percent of the composition of potentially carcinog~nic substances at 
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l FIGURE&. 
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landfills. Ethylene dichloride, methylene chloride and chloroform account 
for more than 20 percent of composition much less often than vinyl chloride 
and benzene, but more often than ethylene dibromide, perchloroethylene, 
carbon tetrachloride; and trichloroethylene. 

Subsequent to the preparation of this report, the California Air 
Resources Board identified vinyl chloride as a toxic air contaminant. In 
doing so, the Hoard adopted5a change1in the vinyl chloride unit risk factor 
from 5.0 x 10- to 20 x 10- (ppbv)- • This increase in unit risk factor 
would correspondingly increase the toxicity-weighted importance of vinyl 
chloride. This final report reflects this change. 

Non-detected results are uncertain. looking for trends using this 
database is complicated by the large numbe~ of non-detected values. There 
were many sites where the results for all or most of the contaminants were 
non-detected.· For these landfills; the total contaminant concentration 
would be uncertain. For purposes of the remainder of this analysis sites 
were eliminated where all or most of the results were not detected and any 
few detected results were relatively small. The sum of all the statistical 
detection limits was 50 ppbvedb" However, the criterion to eliminate sites 
would have to be greater than ~0 ppbv in order to include those marginal 
sites where only a few contaminants w&~~ detected and the total contaminant 
concentration was slightly greater than 50 ppbvedb" Review of the data 
showedu_t_~~~ ~he 70 p~rl-b leve_l inc_Lu_de_d __ t_h_ese mar_ginaLsites as ___ well as 

----~-.t~h~o~se~sites where all cBntaminants were non-detected. Therefore, 70 ppbv 
was defined as the criterion to eliminate sites where the total contaminan~b 
concentration contained undesirable uncertainty. There were 204 out of 340 
(60~) sites which were above this criterion. 

Having eliminated sites where the total contaminant concentration was 
relatively low and uncertain, the next step was to identify those 
contaminants which comprised a predominant fraction of the total 
·contamination at the landfill (in EDB equivalent units). Fifty to 100 
percent was considered to be the range of a predominant fraction. Figure 7 
shows that at the majority of sites, the contaminant with the highest 
percent composition at a landfill (primary contaminant) alone accounts for 
half to all (50 - 100~) of the total normalized concentration. If landfill 
gas data is used in estimating the potential health threat from the 
landfills, then it is apparent that at many landfills a single contaminant 
can account for most (50- 100~) of.the potential health threat. 
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I. 

INTRODUCTION 

A. BACKGROUND-AND PURPOSE 

State law (Health and Safety Code Section 41805.5) requires owners or 
operators of all active and some inactive solid waste disposal sites 
("landfills•) to perform air quality solid waste assessment testing to 
characterize the gas within disposal sites and the ambient air around the 
sites, and to determine if the landfill gas is migrating underground beyond 
the site boundaries. Air pollution control districts {"distri~ts") are 
requi;ed to evaluate the testing results to determine if the sites pose a 
health risk to human beings or a threat to the environment and to take 
appropriate remedial action. 

The purpose of these guidelines is to provide air pollution control 
districts with a suggested s~_r_eenir~g_procedur_e_to conservatively evaluate 

----+t1nfpotential-fmp-icts of landfill gases on the public and the environment. 
There is no requirement that the districts use these guidelines, and the. 
districts may develop their own procedures. In addition since each landfill 
is unique, districts may wish to modify these procedures, such as adding 
additional criteria, to suit their individual needs. 

The screening nature of the air quality solid waste assessment testing 
data and the limitations on predicting the fate of landfill gas necessitate 
that this procedure be conservatiye. In order to reduce the probability 
that the impacts are underestimated, the procedure incorporates conservative 
and worst-case assumptions. The utility of a screening level procedure is 
that it enables a determination to be made if the site clearly does not 
present a threat or if the site clearly poses a threat that requires 
remedial action. For the sites which fall in between these two groups, use 
of these guidelines will assist the district in prioritizing the sites which 
require further investigation with more sophisticated measurement"and/or 
modeling techniques. 

In general, there are three health impacts for which compounds can be 
evaluated- potential cancer risk, chronic noncancer health effects, and 
acute noncancer health effects. This screening procedure uses potential 
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cancer risk as a conservative indicator of a potential health threat. For 
the compounds examined under the air quality solid waste assessment testing 
program (with the exception of 1,1,1-trichloroethane), potential cancer risk 
is the most sensitive criteria.of the three. It is recognized that there 
may be situations where sites may pose not only a potential cancer health 
threat, but also a noncancer health threat and that the district must use 

· this information in addition to the cancer risk information when making risk 
management decisions. Appendix A contains the Department of Health 
Services' noncancer acceptable exposure levels for both chronic and acute 
health effects. 

B. APPROACH 

There are four major steps involved in the evaluation guidelines (see 
Figure 1): 

1. Determine the validity and acceptability of the sampling data and 
determine the adequacy of the sampling effort. 

2. Compare underground gas migration testing results with the 
Integrated Waste Management Board (IWMB) notification level of four 
percent by volume expressed as methane; notify the IWMB if exceeded. 

3. Assess the potential chronic risk. 
· 4. Determine what further action, if any, is required. 

Step one requires quality assurance review of the analytical data; 
review of the sampling event for compliance with the ARB's testing 
guidelines; and finally, considering all parameters to make an overall 
assessment of the adequacy of the site characterization. 

Step two involves re.viewing the underground methane migration testing 
-------ri!s u 1 ts-;---- The-presence-of-combustib1e-g·n-o-n-··the s·n-e··-1fefimeterln-·e·xces s· of 

. the lower explosive limit of the gas, five percent by volu~e in air 
expressed as methane, is a violation of Title 40, Code of Federal 
Regulations (CFR) Part 257.3-8. The Integrated Waste Management Board 
{IWMB) enforces the federal regulations regarding solid waste disposal 
facilities. The guidelines recommend that the districts notify the IWMB if 
the methane migration approaches or exceeds the lower explosive limit. The 
guidelines use four percent by volume expressed as methane to be the 
notification limit and the IWMB will review these sites to determine if 
there should be further testing or if other action is warranted regarding 
gas migration. 

Step three involves assigning values to factors that are related to or 
indicative of risk. The factors are grouped into two categories: potential 
exposure, and population and environment at risk. The potential exposure 
category ha·s two factors which can be eva 1 uated {or potentia 1 cancer risk:. 
the ambient data ~nd the landfill gas testing data. The population and 
environment at risk category considers three factors: the distance to the 
nearest receptor, the nearby population density, and the surrounding land 
use. These factors are each given a numerical value which has been weighted 
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according to importance, and the final score is then calculated by adding 
the scores. 

Step four,. determining further action, involves the district evaluating 
the final score of the potential chronic risk evaluation along with an~ 
other factors deemed relevant. These other factors could include odor 
complaints, offsite subsurface gas migration, integrated surface sample 
results, confidence in landfill gas testing results, size and nature of 
waste disposed of in the landfill, emissions of reactive organic gases, the 
existence of a gas collection system, location of particularly sensitive 
receptors, future land use, and noncancer chronic and acute health effects. 
The district is then able to prioritize their actions based upon the site's 
relative ranking. In addition, the guidelines provide recommendations for 
district actions based upon the final score. 
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II. 

GUIDELINE PROCEDURES 

The following numbered steps correspond to the flow chart in Figure l 
and describe in detail how to evaluate the results of the landfill gas 
testing. 

A. STEP 1: DETERMINE ADEQUACY OF DATA 

The district should review the complete air quality test report and 
results in order to determine.the validity and acceptability of the sampling 
data and the adequacy of the sampling effort. 

1. Step la: oata Validation 

The validity of the air testing results is assessed through quality 
______ _!__s_s_ul:._ance __ (QA)__revJe.w_of __ .the_fJeld __ sampllng-and--laboratory analyt ica 1 data. 

The guidelines for landfill gas testing contain accuracy and precision 
quality control (QC) requirements (ARB, 1986, pgs. 17-20). These QC 
requirements should have been implemented and incorporated into a QA plan 
for each individual landfill gas testing plan. The plan should have deffned 
the QC limits for accuracy and precision in the data quality objectives. 
The quality assurance data should have been summarized with the final data 
summary since it is essential in evaluating the testing results. 

In the absence of a well-defined QA plan, the following accuracy and 
precision limits are given as broad guidance to evaluate the QC results from 
ambient, landfill gas and integrated surface sampling. The equations to 
calculate the data precision, P, and data accuracy, A, are found in the 
testing guidelines (ARB, 1986, see pgs. 19-20). The data is generally 
unacceptable for use if: 

o for precision, for each'pair ~f laboratory QC samples: the percent 
difference between duplicate pair results was greater than 30 
percent; or 



o for accuracy, for each pair of laboratory QC samples: the percent 
difference between a measured and the known value was greater than 
30 percent; or 

o for field QC samples, calculated data precision, P, was greater than 
50 percent; or 

o for field instrument QC samples, calculated data accuracy, A, was 
greater than 15 percent. 

For the ambient air sampling, experience has shown that Tedlar bags are 
often contaminated by extraneous sources of low levels of methylene 
chloride, trichloroethylene and 1,1,1-trichloroethane. Examination of the 
blanks may reveal a laboratory or field contamination problem. 
Environmental sample data associated with any contaminated field or 
laboratory blank sample are generally unusable if: 

o the value of the environmental sample is less than or equal to five 
times the measured value of the blank. 

For landfill gas samples, the average statewide landfill gas 
concentration for nitrogen was 46 percent. In a typical landfill, the 
nitrogen gas composition starts at approximately 80 percent and drops to 
approximately 5 percent during the methanogenic, pseudo-steady.state phase 
(EMCON, 1982). A high concentration of nitrogen may indicate the sample may 
have been collected near the surface in relatively recently deposited waste 
or the sample had air intrusion~ 

If there are insufficient valid landfill gas or ambient data for risk 
characterization purposes, the site should be rete$Jed_and __ r:_e_c_har.acterized. 

-----

2. Step lb: Sampling Event Evaluation 

There are two parts to making a determination as to whether a site has 
been adequately characterized. The first part assesses whether sampling was 
conducted according to the ARB testing-guidelines; and the second part 
evaluates on a case by case· ba~is, adequacy of the data for screening risk 
assessment purposes, independent of the testing requirements. 

Assessing compliance with the air testing program should be 
straightforward. However, in the event that a landfill owner did not 
entirely comply with air testing requirements but the QA and QC were still 
valid, the district may use discretion in requiring full compliance if the 
evaluation of the available data is adequate to place the site in the •high 
range• for further action (see step 4). For example if only a few samples 
were taken or if the samples were analyzed for only a few compounds, but the 
concentrations were high enough to pose an immediate health risk, then we 
recommend that the district not require full compliance with the testing 
guidelines. Instead they should take further steps, such as requiring more 
detailed testing according to Appendix C or requiring remediation. 
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For most Category I sites, the screening level testing data should be 
adequate for use in assessing potential exposure (step 3a). However, in 
reviewing all the information in the testing reports, the district may 
conclude that sampling data is inadequate for use in the context of these 
guidelines and that further testing is justified. Since Category II sites 
were required to collect as little as one of each sampling type, the 
district may assess and subsequently require further testing at these sites. 

Interpretation of ambient air sampling data requires particularly 
critical evaluation. In some cases, the results of the ambient air sampling 
were inconclusive because of the limited number of ambient monitoring 
samples collected, improper siting of the upwind monitor and/or the reliance 
on 24-hour samples. With changing winds during the 24-hour sampling 
periods, many samples which were desig-nated as upwind contained comparable 
or greater concentrations of air contaminants as compared to the designated 
downwind samples. If the background concentrations cannot be determined, 
then the district may wish to be conservative and use the maximum 
concentrations in step 3. For the purposes of this evaluation, if the 
upwind was ten percent or less of the downwind concentration, the upwind can 
be subtracted from the downwind concentration to account for background 
concentration. Upwind concentrations that are greater than ten percent of 
the downwind concentrations may be an indicator that the sampling was not 
done properly. 

. In some cases, the ambient air samples were only required to be tested 
for vinyl chloride (ARB, 1986, pg. 8). This data may not adequately 
characterfze the site and should not be used in these evaluation guidelines. 
Finally as previously mentioned since the ambient air samples are 
susceptible to contamination problems for certain compounds, the district 
s hou l_c! c a_r_~fu}Jy_e_x_amjn_e_the_v_ali.dJty-.of-the- -data.-

---

B. STEP 2: EVALUATE METHANE_MIGRATION DATA 

Step two involves reviewing the underground methane migration testing­
results. The presence of combustible gas on the site perimeter in excess of 
the lower explosive limit of the gas, five percent by volume in air 
expressed as methane, is a violation of T)tle 40, Code of Federal 
Regulations (CFR) Part 257 .3-~. The_ Irite£rated Waste Management Board 
(IWMB) enforces the federar~}e_gulatf1on$: regarding solid waste disposal 
facilities. The guidelines 1 re'ccnrnerld that the districts notify the IWMB if 
the methane migration approaches or exceeds the lower explosive limit. The 
guidelines use four percent by volume expressed as methane to be the 
notification limit and the IWMB will review these sites to determine if 
there should be further testing or if other action is warranted regarding 
gas migration. 

If the IWMB determines that there is cause to believe a hazard or 
nuisance may be created by landfill gas on the property boundary of the site 
adjacent to occupied structures, they will request, pursuant to California 
Code of Regulations (CCR) Section 17705, that the local enforcement agency 
(LEA) order the land owner to immediately control the gas migrating off-site 
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and to submit a monitoring plan which can confirm the effectiveness of the 
landfill gas control system. The district should'be aware that a system to 
control subsurface gas migrating off-site, such as trenches or perimeter 
wells, may not reduce landfill gas emissions problems, although a properly 
designed gas collection system to remediate landfill gas emissions will 
likely help mitigate off-site gas ~igration. 

C. STEP 3: ASSESS THE POTENTIAl CHRONIC RISK 

There are two main categories to evaluate: potential exposure, and 
population and environment at risk. The information and calculations should 
be entered on the worksheet provided. 

1. Step 3a: Assess Potential Exposure 

The potential exposure category considers the ambient monitoring 
results andfor landfill gas testing results. If the district determines in 
step 1 that adequate ambient monitoring data and landfill gas data exists, 
then both of these sets ·of data are scored and sunrned according to the 
following procedure to yield a maximum score of 100 points for this step. 
If only one set of data exists, then the data set's score is doubled to 
again yield a maximum of 100 points. 

Maximum ground level concentrations are predicted from the ambient 
sampling data and by estimating the emissions using landfill gas testi~g 
results and then using Turner's area source screening dispersion equation 
(CAPCOA, 1987; Turner, 1970; USEPA, 1988b}. A hypothetical 70-year cancer 
risk is then calculated and assigned a score. It should be noted that the 
assumptions used in this analysis are conservative and the hypothetical. 
cancer risk probably over predicts the actual ris~o~-=--~-ct~~i!j_l~_!L_ 

--~--~-dncussion-oftne metnoaologies-employed--1-n-Ih-fs section, see Appendix B. 

a. Step 3a(l): Ambient Monitoring Results 

If there is no acceptable ambient data to evaluate, skip this step and 
proceed to step 3a(2). If the background samples and downwind samples were 
taken correctly, subtract the background concentrations from the downwind 
concentrations. Otherwise, the district may wish to be conservative and use 
the maximum concentrations sampled. For measurements below the detection 
limit, ignore the compound since using half the detection limits may result 
in an overly conservative score. Use the potential exposure worksheet and 
compute the cancer risk attributable to exposure to the maximum measured 
concentration for each compound if there was a person exposed to that 
concentration for 70 years~ This is accomplished by using the following 
equation for each compound i: 

HRi= (ACi) (URFi) 

Where .HRi= Hypothetical Risk due to compound i 
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AC;= Ambient concentration of compound i, ppbv 

URfi= Unit Risk Factor for compound i from Table 1, (ppbv)-1 

Unit risk factors are listed in Tab1e 1 on page 8-20. Risks attributable to 
each compound should be added together to obtain the total risk. Note that 
this is not an actual risk since the exposure duration and receptor 
considered are hypothetical. Score this factor according to Table 2 on page 
B-21. 

b. Step 3a(2): landfill Gas Testing Results 

If there is no acceptable landfill gas testing data to evaluate skip 
this step and proceed to step 3a(3). This methodology is not applicable to 
class I hazardous waste sites. For these sites, the district should rely on 
the ambient monitoring results or other testing required by EPA or DHS. ·If 
the landfill gas testing data has been determined in step 1 to be of 
adequate quality, use the following procedure to compute the cancer risk 
attributable to exposure to the maximum predicted concentration at the site 
border for each compound if there was a person exposed to that concentration 
for 70 years. Background calculations for this step are found in Appendix 
B. 

Determine the amount of refuse in the landfill in tons. If unknown, 
use the following equation to estimate the tonnage (see Appendix B). For 
active landfills, use projected or permitted tonnage or size. 

_M __ ~ ___ (A) __ J!~.84xl_O~tonslacr-_e) __ .. 

Where M • Mass of refuse, tons 
A • Area of landfill, acres 

Calculate the ground level concentration (GLC} at the edge of the 
landfill for each compound using the following equation (see Appendix B): 

GLC;= (LCix~o-9 ) (M) (ADFj) (MW;) 

Where GLCi• Ground Level Concentration of compound ·i, ug/m3 

M • Mass of refuse, tons 
LC;= Landfill gas Concentration of compound i, ppbv 

ADFj• Air Dispersion Factor for landfill area j from Table 3, 

(ug/m3)(1/ton)(lb mole/lb} 

B-13 



MWi= Molecular Weight of compound i from Table 1, lb/lb mole 

For contaminants that were not detected, use half the laboratory detection 
limit if given; if not, use half the required detection limit given in the 
testing guidelines. If the site has a gas collection system, multiply the 
sum of the products by (1-e), where e is the collection efficiency of the 
gas collection system or by 0.5 if the efficiency cannot be documented. Air 
dispersion factors are found in Table 3 on page B-22. Molecular weights are 
found in Table 1 on page B-20. 

Compute the potential cancer risk attributable to the exposure to the 
maximum measured concentration for each compound if there was a person was 
exposed to that concentration for 70 years. This is accomplished by using 
the following equation for each compound i: 

Where HRi= Hypothetical Risk due to compound i 

GLC.= Ground Level Concentration of compound i, ug/m3 
1 

URFi= Unit Risk Factor for compound i from Table 1, (ug/m3)-1 

Unit risk ·factors are listed in Table 1 on page B-20. Risks attributable to 
each compound should be added together to obtain the total risk. Note that 
this is not an actual risk since the ground level concentration is predicted 
using conserva~i_y~_~S~l,.II'I!Ptions __ and_JhtLreceptor cons idered_j_s __ hypothet i cal. 
Score tilTs factor according to Table 2 on page 8..;,21. 

c. Step 3a(3): -Calculate Potential Exposure Score 

If both ambient monitoring and landf;l 1 gas· testing results were 
evaluated, then the two scores should be added with a maximum score of 
eighty points. Normalize the score by dividing the score by 0.8 to yield a . 
maximum score of 100 points. 

If only one of the two types of testing were evaluated, then the score 
should be multiplied by two to yield a maximum score of 100 points. 

2. Step 3b: Assess Population and Environment at Rjsk 

This section evaluates the human population and the surrounding lands 
that are potentially at risk from the emissions of toxic air pollutants from 
the landfill. The first two categories, distance to nearest receptor and 
nearby population density, relate to human health. The third category 
reflects the surrounding land use and sensitive environments. 
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a. Step 3b{l): Score the Distance to Nearest Receptor 

Determine the distance from the landfill boundary to the nearest 
receptor and score that distance according to Table 4 on page B-23. A 
receptor is a building or area occupied by people at least 8 hours per day. 
Background calculations for this step are found in Appendix B. 

b. Step 3b(2): Score the Nearby Population Density 

The methodologies employed to score the nearby population density and 
the land use is from the proposed revisions to the Environmental Protection 
Agency's Hazard Ranking System (USEPA, 1988a). 

Calculate the population factor as follows, subject to a maximum value 
of 235. For each of the distance categories defined in Table 5 on page· 
B-24, determine ·the number of people within that distance category. The 
distance for an individual is measured as the shortest distance from the 
site boundary to the place at which the individual is located. The 
population count should include persons residing within the distance 
categories specified as well as others who would regularly be present, such 
as students and workers. Exclude transient populations such as customers 
and travelers passing through the area in autos, buses, or trains. 

In counting population, use exact population counts where.possible. If 
actual residential population figures are not available, the population for 
a distance category should be estimated by determining the number of 
residences located within the distance category and multiplying each 
residence by the most recent U.S. Census factor for number of persons per 
residence for the county in which the residence is located. 

------ ·-----------· 

Score the population factor (PF) for each of the seven distance 
categories by using the following equation: 

7 
PF • :t Di Pi 

i=l 

Where, Pi= Number of people within distance category i 

Di= Distance weighting factor associated with distance 
category i from Table 5 

This procedure gives considerable weight to the population density. 
APCDs may wish to insert a multiplier between 1 and 1/100 to diminish this 
weighting (e.g., for landfills whic~ have been inactive for many years, do 
not appear to be posing a threat to the public or the environment, and have 
residents living close by). 
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.c. Step 3b{3): Score the Land Use 

The l~nd use factor is determined based on the shortest distance 
between the landfill boundary and each of the land uses listed on Table 6 on 
page B-24. Using the a~plicable distance category for each land use, assign 
the appropriate distance weighting factor from Table 5 to each of the land 

·uses. Assign a value to each type of land use from Table 6. If the land 
use is both single family residential and multi-family residential, score 
the land use as just multi-family residential. Calculate the land use 
factor, LF, using the following equation, subject to a maximum value of 10: 

5 
LF • ~ Dj Vj 

j·1 . 

Where Vj • Value of land use type j from Table 6 

Dj • Distance weighting factor associated with land use j from 
Table 5 

d. Step 3b{4): Calculate the Population and Environment at Risk 
Score 

Sum the values from the distance to the nearest receptor factor, the 
nearby population density factor, and the land use factor subject to a 
maximum of 235 points. Divide the score by 2.35 to yield a maximum score of 
100 points. 

·3. ··Step 3c·:-~alculat:e·tbe·~Potentjal-Chronic Risk-Scoreun·- u.-

Sum the scores from the potential exposure category. and the population 
and environment at risk category to yield a maximum score of 200 points. 

D. STEP 4: DETERMINE FURTHER ACTION 

Determining further action is based upon the final score from the 
potential chronic risk evaluation, any additional factors that the district 
deems relevant, including other relevant rules, poncies or programs. 

1. Additional Factors 

Additional factors to consider include: 

o odor complaints, 
o off-site subsurface gas migration, 
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o additional information about the site available from the 
Integrated Waste Management Board, the· local enforcement agency, 
or the State {or regional) Water Resources Control Board, 
especially concerning other testing at the site or its operating 
history. · 

o integrated surface sample results, 
o confidence in landfill gas testing results, 
o emissions of reactive organic gases, 
o the existence of a gas collection system, 
o future land use, and 
o sensitivity of receptors. 

The additional factors may be considered in a qualitative manner. The 
districts can use these factors to help prioritize the landfills, especially 
sites with similar scores. 

The districts should also consider other rules, policies and/or 
programs landfills may be subject to. Some districts may have rules for 
landfills to control reactive organic emissions {ROGs) that are ozone 
precursors, and the landfill may already be.required to install a gas 
collection system. Some landfills may be required to prepare and submit to 
the district risk assessments under the AS 2588 Air Taxies •Hot Spots• 
Information and Assessment Act of 1987. These landfills may wish to conduct 
further testing using the guidelines provided in Appendix C in.order to 
improve the accuracy of the risk assessment. 

2. Recommendations for Further Action 

The further action taken on these sites are a risk management decision 
wh i cJLJb_e __ di str_.i ct.s .. must .mak.e .. -The-fo llowi ng di-scuss ion-is meant-·-to he 1 p ··­
guide their decision process. We suggest that sites be placed in one of 
three ranges: 

o High range. The site poses a significant potential adverse impact to 
public health or the environment. The district should initiate 
action to remediate the impact. The district should examine the 
potential risk at the landfill boundary from step 3a in conjunction 
with the surrounding population and determine the severity of the 
risk based upon the individual district's risk management policy. 
Again, it should be noted that this methodology incorporates health­
conservative and worst-case assumptions. 

o Medium range. The site may or may not pose a significant impact to 
public health or the environment. The district should use the score 
to prioritize the sites. More detailed testing is required along 
with a more refined risk analysis. Appendix C describes the 
recommended guidelines for further testing. 

o low range. The site does not pose a significant health threat based 
on information available. However, a district may wish to monitor or 
periodically test and further evaluate the site. 
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WORKSHEET 

Step 3a: ASSESS POTENTIAL EXPOSURE 
Step 3a(1 ): Ambient Monitoring Results (Maximum of 50) 

COMPOUND AMBIENT URF HYPOTHETICAL 
RISK 

Vinyl Chloride 
Benzene 
Ethylene dibromide 
Ethylene dichloride 
Methylene chloride 
Perchloroethylene 
Carbon tetrachloride 
Trichloroethylene 
Chloroform 

CONC. (ppbv) {1/ppbv) 

2.0E-04 -----
1.7E-04 -----
5.7E-04 -----
9.2E-05 -----
3.6E-06 -----
4.1E-06 ____ _ 

2.7E-04 -----
7.2E-06 -----
1.2E-04 ____ _ 

SUM ____ _ 

SCORE (Table 2) ----

Step 3a(2): Landfill Gas Testing Results (Maximum of 50) 
Mass of refuse, tons = 
. Air Dispersion Factor, ADF (Table 3) = -----

COMPOUND LANDFILL GAS MOLECULAR GROUND LEVEL 
CONC. (ppbv) WEIGHT CONCEmRATION 

Vinyl Chloride 62.5 -----
Benzene 78 -----
Ethylene dibromide 187.8-----
Ethylene dichloride 98.9 ____ _ 

--·---··-Methylene-chloride-----···-·-·--·-···-----------8·4;9-··· ·----------·--·--·-·-·· 

Perchloroethylene 165.8 -----
Carbon tetrachloride 153.8 -----
Trichloroethylene 131 .4 -----
Chloroform 119.4 -----

Vinyl Chloride 
Benzene 
Ethylene dibromide 
Ethylene dichloride 
Methylene chloride 
Perchloroethylene 
Carbon tetrachloride 
Trichloroethylene 
Chloroform 

UNIT RISK FACTOR HYPOTHETICAL 
{m3/ug) RISK 

7.4 E-05 -----
5.3 E-05 -----
7.2 E-05 -----
2.2 E-05 -----
1.0 E-06 -----
5.8 E-07 -----
4.2 E-05 -----
1.3 E-06 -----
2.3 E-05 -----

SUM ___ .......&._ 

SCORE (Table 2) ----

Step 3a{3): Calculate Potential Exposure Score "{Maximum of 100} · 
(Ambient Scent+ Landfill Gas Score}/0.8 =----­
{Ambient or Landfill Gas Score x 2) = 
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'NORKSHEET 

3tep 3b: ASSESS POPULATION AND ENVIRONMENT AT RISK 

Step 3b(1 ): Score the Distance to Nearest Receptor (Maximum of 50) 
. SCORE (Table 4) -----

Step 3b(2): Score the Nearby Population Density (Maximum of 235) 

DISTANCE 
CATEGORY 

1 
2 
3 
4 
5 
6 
7 

DISTANCE POPULATION POPULATION 
WEIGHT FACTOR 

1 ----- -----
0.1751 _____ -----
0.0517 _____ -----
0.0171 _____ -----
0.0083 _____ -----
0.0054 _____ -----

0 ----- -----

SCORE ____ _ 

Step 3b(3}: Score the Land Use (Maxim~m of 10) 

LAND USE ASSIGNED DISTANCE 
TYPE (Tbl 6} VALUE (Tbl 6} WEIGHT 

LAND USE 
FACTOR 

----- ------ ----- -----
--------· 
--------· 
--------
-------- SCORE ____ _ 

Step 3b(4): Calculate the Population and Environment at Risk Score (Maximum of 1 00) 
(Nearest Receptor Score + Population Density Score + Land Use Score) I 2.35 

------
Step 3c: CALCULATE THE POTENTIAL CHRONIC RISK SCORE (Maximum of 200) 
(Potential Exposure Score + Population and Environment at Risk Score) 

=-----



~---------·· -~-~-· 

Table 1 

Constants for Specified Air Contaminants 

Compound Unit risk.factora,b Molecular Weight 
(ug/m3)-1 (ppbv)-1 

Vinyl chloridec 7.4 X 10-5 2.0 X 10-4 62.5 
Benzene 5.3 X 10-5 1. 7 X 10-4 78 
Ethylene dibromide 7.2 X 10-5 5.7 X 10-4 187.8 

(1,2-Dibromoethane) 
Ethylene dichloride 2.2 X 10-5 9.2 X 10-5 98.9 

(1,2-Dichloroethane) 
Methylene chloride 1.0 X 10-6 3.6 X 10-6 84.9 
Perchloroethylene 5.8 X 10-7 4.1 X 10-6 165.8 

(Tetrachloroethylene) 
Carbon tetrachloride 4.2 i 10-5 2.7 X 10-4 153.8 
Trichloroethylene 1.3 X 10-6 7.2 X 10-6 131.4 
Chloroform ___ 2 ._~x __ JQ-_5~ ___ Ll__ )[ __ lO-~-- _11_9.4 ----------- ---· 

Methyl Chloroform not considered a carcinogen 

a. Based on inhalation for 70 years. 

b. Value taken fro~ "Air Toxics Assessment Manual" October 1987, 
California Air Pollution Control Officers Association, 
Revision 1, December 14, 1989, pp. 3.5-24 through 3.5-28. 

c. In December 1990, the California Air Resources Board 
identified vinyl chloride as a toxic air contaminant. In 
doing so, the Board adopteg a change in5the vinlf chloride 
risk factor from 5.0 x 10- to 20 x 10- (ppbv) • This 
final report reflects this change. 
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Table 2 

Potent;al Exposure Factor Values 

Risk Score 
Greater than But less than 

0 1 X 10-8 0 

1 X 10-8 1 X 10-7 10 

1 X 10-7 1 X 10-6 20 

1 X 10-6 1 X 10-5 30 

1 X 10-5 1 X 10-4 40 

1 X 10-4 1 50 

B-21 



----·---------

Area (Acres). 
Greater than 

0 
10 
20 
30 
40 
50 
75 
100 
150 
200 
300 

-- ---·------ -~- --------

400 

Table 3 

Air Dispersion Factors 

Factor 
But less than (ug/m3)(1/ton)(1b mole/lb} 

10 2.616 x ·1o-4 

20 1.484 X 10-4 

30 1.054 I 10-4 

40 8.245 I 10-5 

50 6.801 I 10-5 

75 4.779 X 10-5 

100. 3. 715 I 10-5 

150 2.601 I 10-5 

200 2.019 I 10-5 

300 1.415 X 10-5 

400 1.100 X 10-5 
-- -------------- ·-- ---·-- --- ---.-~--------------- . 

io~6· 9.048 X 



Table 4 

o;stance to Nearest Receptor Values 

Distance (miles) 
Landfill Size 
(acres) greater than ••• 

0-1/8 1/8-1/4 1/4-1/2 1/2-1 1-2 2 

greater than 
0 to 10 50 21 12 7.0 3.3 1.-6 

.greater than 
10 to 50 50 24 -17 11 6.5 3.7 

greater than 
50 to 75 50 31 23 15 5.7 5.5 

greater than 
75 to 100 50 33 25 17 11 6.5 

greater than 
100 to 200 50 37 29 21 14 9.5 

·-----~--·------- -·-·------ -- ---- --------------·-
---------·· 

greater than I 
200 to 300 I 50 39 32 24 17 12 

I 
greater than r 

300 I 50 41 35 28 21 15 
I 

B-Z3 



Table 5 
Distance Weighting Factorsa 

Distance Distance (miles) Distance Weight 
Category 

Greater than 
1 0 to 1/4 1.0 

2 1/4 to 1/2 0.1751 

3 1/2 to 1 0.0517 

4 1 to 2 0.0171 

5 2 to 3 0.0083 

6 3 to 4 0.0054 

7 4 0 

-a-.--U~-S~---Env-i~onmental--P-r-ot-e~t-ion-Agency··-1988-.---- • Technical­
Support Document for the Proposed Revisions to the Hazard 
Ranking System.• 105NCP-HRS-10-1. 
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Table 6 
Land Use Factor Valuesa 

Type Definition Assigned Value 

1 Commercial/Industrial/ 5 
Institutional I 

2 Single Family Residentialb 8 

3 Multi-Family Residentialc 10 

4 Parks 5 

5 Agricultural 7 

a. U.S. Environmental Protection Agency 1988. "Technical 
Support Document.for the Proposed Revisions to the Hazard 
Ranking System.• 105NCP-HRS-10-1. . 

b. An area is considered to be •single family residential• 
--whenever-the-residences- are--solely single family ·residences. 

c. An area is considered to be •multi-family residential• 
whenever it contains multi-family residences such as 
apartment buildings. 
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APPENDIX Al 

EVALUATION OF NONCAHCER HEALTH EFFECTS 

The procedure described in this section has been adopted from the 
CAPCOA Air Toxjcs "Hot SpOts• Program Risk Assessment Gujdeljnes prepared by 
the AB 2588 Risk Assessment Committee of the California Air Pollution 
Control Officers Association dated July 1990. 

An evaluation of the potential noncancer effects of both short-term and 
long-term exposures to facility emissions should be included in the risk 
assessment. The potential for chronic health effects should be evaluated by 
comparing the long-term exposure levels form all pathways with the 
acceptable exposure levels specified in Table A-1. The potential for acute 
effects should be evaluated by comparing the one-hour maximum concentrations 
with the acceptable exposure levels in Table A-2. 

For the chronic health effects evaluation, use either the maximum 
ambient monitor concentrations or us·e the method described in Step 3a(2): 
landfill Gas Testing Results of the Guidelines to estimate ground level 
concentrations (GLC). For the acute health effects evaluation, use either 
the maximum ambient monitor concentrations or convert from the estimated 
annual average calcul~ted in Step 3a(2) to one-hour concentrations for the 
acute health.effects evaluation by multiplying the GLC by 10. 

The estimated short-term and long-term exposure levels should be 
compared with a measure of acceptable exposures (Tables A-1 and A-2) to 
determine if the pollutant concentration may result in adverse health 
effects. When two or more JLOJJ_ut_ants_emi-tted---from--a--f-ac--i--H-t-y-h-ave--a·-tox i c -

~--e-rfect-on the- same organ or organ system, the exposures should also be 
analyzed using a hazard inde~ approach. 

·The hazard index ap.proach assumes that multiple subthreshold exposures 
could result in an adverse health effect. In the absence of information, 
the assumption is also made that the effects of each substance are additive 
for a given organ system. In fact, the actions of some respiratory 
irritants have been shown to be synergi-stic, that i-s, the effects are 
greater than the sum. 

The hazard index should include background levels in the estimated 
exposure for-substances identified in Table A-3 as causing respiratory 
irritation. For instance, when calculating the hazard index for respiratory 
effects, the background levels of respiratory irritants such as nitrogen 
oxides, sulfur oxides, and ozone as well as acid gases should be included. 

For chronic exposures, Table A-3 lists the substances to be considered 
in the hazard index for each toxicological endpoint. The estimated exposure 
to a given substance from facility emissions is divided by the acceptable 
exposure level listed for that substance in Table A-1. For a given target 
organ, this ratio is summed for all substances which affect that target 
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organ. If the hazard index equals or exceeds one, a potential health hazard 
may exist. 

The acceptable exposure levels listed in Table A-1 were developed for 
the most sensitive toxicological endpoint. In some cases," the same 
acceptable exposure levels must be used for different endpoints because of a 
lack of information. This usually results in a health protective estimate 
of the hazard index. When a hazard index equals or exceeds one, a more 
indepth analysis may be initiated. 

For acute exposures, a hazard index should be calculated for 
respiratory irritations using the levels in Table A-2. 

Not of all the compounds tested for in the air quality solid waste 
assessment testing reports are included in the tables since health effects 
information are not available. The other substances may be included in 
updates to the CAPCOA Air Toxjcs "Hot Soots• Program Rjsk Assessment 
Guidelines as the State Department of Health Services (DHS) develops 
additional acceptable exposure levels. Tables A-1, A-2, and A-3 correspond 
to Tables III-8, III-9, and III-10 respectively of the CAPCOA Ajr Toxics 
"Hot Spots" Program Rjsk Assessment Gujdeljnes. The first DHS update to 
Table III-8, III-9, and III-10 will be available by December 1, 1990. 

------------------·------- ----·---



Table A-1 

* Noncancer Acceptable Exposure Levels (Chronic) 

Compound Oral Inhalation 

Vinyl chlorided 
Benzenec 
Ethylene dibromidec 

(1,2-Dibromoethane) 
Ethylene dichloridec 

(1,2-Dichloroethane) 

Methylene chloridec 

Perchloroethylened 
(Tetrachloroethylene) 

Carbon tetrachloridec 

(mg/kg/day) (ug/m3) Reference a 

{7.4 I 10-3}b 2.6 X 101 CAAQS 
pending 7.1 X 101 IRIS, TLV' 
1.3 X 10-3 4.6 X 10° DHS 

9.5 X 101 TLV' 

6.0 X 10-2· 3.0 X 103 IRIS, EPA 

1.0 X 10-2 {3.5 X 101} IRIS 

7.0 X 10-4 {2.4 X 10°} IRIS 

Rend i n_g~----· _____ 6_.A_x_10~ _____ lRlS_,~JlV • 
1.0 X 10-2 {3.5 X l01} IRIS 

* ·cAPCOA Air Toxics •Hot Spots" Program Risk Assessment Guidelines•, 
draft, AB2588 Risk Assessment Committee, March 1990. 

a. Sources used are: IRIS, the EPA's Integrated Risk Information 
·system; CAAQS, California Ambient Air Quality Standard; EPA, letter 
from EPA's Pollutant Assessment Branch listing chemicals with 
verified inhalation RfDs as of July 31, 1989; TLV' indicates that 
the number is derived from an ACGIH TLV value which has been divided 
by an uncertainty factor of 420. [4.2 (to extrapolate from a 40 
hour work week to a 168 hour full week) times 10 (to extrapolate 
from healthy workers to sensitives) times 10 (since adverse health 
affects are often seen at TLV's)]. 

b. Values in {} have been converted from the other column by assuming a 
70 kg person inhales 20 m3 p·er ·day and equal absorption occurs by 
the inhalation and oral routes. 

c. Declared a Toxic Air Contaminant by ARB due to carcinogenicity. 
d •. Considered a carcinogen by EPA. 



Table A-2 

* Noncancer Acceptable Exposure levels (Acute) 

Compound 

Methylene chloride 
Perchloroethylene 

(Tetrachloroethylene) 
Carbon tetrachloride 

Inhalation 
(ug/m3) 

3.5 X 103 

6.8 X 103 

1 9 102 
• X 

"CAPCOA Air Taxies "Hot Spots• Program Risk Assessment Guidelines", 
draft, AB2588 Risk Assessment Committee, March 1990. 

These values are equal to the ambient concentration limits {ACL) for 
60 minute exposures developed by Lewis and Alexeeff (1989) under 
contract with EPA Region IX. 

Table A-3 

Toxicological Endpoints to be Considered 
* in • Hazard Index (Chronic Toxicity) 

Compound System or Organ Affected 
IMMUN KIDN LIVER REPRO 

Ethylene dibromide X 
(1,2-Dibromoethane) 

Ethylene dichloride X X X 
(1,2-Dichloroethane) 

Carbon tetrachloride X 

Chloroform X 

' RESP 

X 

X 

* "CAPCOA Air Taxies "Hot Spots• Program Risk Assessment Guidelines•, 
draft, AB2588 Risk Assessment Committee, March 1990. 
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APPENDIX 81 

BACKGROUND CALCULAJlONS 

The following describes the calculations that were employed in 
developing the procedures in Step 3a(2): Landfill Gas Testing Results and in 
Step 3b(l). 

STEP 3a(2): LANDFILL GAS TESTING RESULTS 

To calculate the total mass of refuse from the area, we made the 
following assumptions: ' 

M • (A) (4.84 x 103 yd2/acre) (depth) (density) 

Where M = Mass of refuse, tons 
A • Area of landfill, acres 
depth = 20 yd 
density • 0.6 tons/yd3 

To calculate the ground level concentration (GLC) at the edge of the 
landfill, we first estimated an emission rate and then used Turner's area 
source screening dispersion equation to predict the GLC at the landfill 
boundary. 

The technique we used to estimate the emission rate was to assume all 
the landfi 11 gas is produced an_cLe_v_entuaJJ,y---r--eleased-in--70- yeaF5.---We chose 

------ru years-since cancer risk is a function of total mass of pollutant exposed 
to and independent of exposure rate. The toxic compounds of interest were 
assumed to be present in the landfill for 70 years at the concentrations 
measured. Methane is assumed to be a carrier gas; that is, as it is 
produced and migrates through the landfill, it sweeps the other volatile 
compounds along with it. 

The equation for the volumetric emission rate is: 

Where, Ov,i = emission rate of for any gas i which is a VOC, ft 3/s 

Ov,CH4 • average methane generation rate, ft 3/s 
2 =multiplication factor obtained by assuming the landfi.ll gas 

consists of 50~ methane and 50~ carbon dioxide. 
c1 = concentration in the landfill gas i, ppbv x 10-9 

e = gas collection system efficiency 
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The average methane generation rate is simply the total amount of the 
methane the landfill is expected to produce divided by 70 years: 

Qv,CH4 = (Lo) (M) I (T) 

Where, L
0 

= potential methane generation capacity of the refuse 

= 3000.ft3/ton of refuse (EMCON, 1986) 
M • total mass of refuse, tons. 
T = 70 years = 2.20752 x 109 seconds 

According to EMCON, the potential methane generation capacity of the 
refuse, L

0
, ranges from 2000 ft 3/ton for conservative production to 3600 

ft3/ton of refuse for optimistic production. We chose 3000 ft3/ton since'it 
is consistent with EMCON and is the value that the Integrated Waste 
Management Board generally uses. 

To convert the volumetric emission rate, Qv,i (ft3/s), to mass emission 

rate, Qm i (g/s) at 20°C, the following conversion is used: 
. ' 

Om,i • (Ov,i> (1 lbmole/385 ft3) (MWi lb/lbmole} (454 g/lb} 

Where, MW;• Molecular Weight of compound 1 

-------~---~~--------------------------

Next to predict the ground level concentration, we used Turner's area 
source dispersion equation. This dispersion equation is recommended by the 
California Air Pollution Control Officers Association and by the EPA for 
screening modeling of area sources (CAPCOA, 1987; EPA, 1970; EPA, 1988). · 
The equation approximates dispersion from a square area source by using a 
virtual upwind point source in the Gaussian ground level point source 
equation: 

Where, GLCi =Ground level Concentration of compound i, g/s 
0.1 = factor for conversion from 1-hour to annua 1 ave·rage. (ARB, 

1987) 
sy• horizontal dispersi~n coefficient, m 
Sz• vertical dispersion coefficient, m 
u = mean wind speed, m/s 
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The dispersion coefficients, sy and sz, were determined using the 
methodology described in the references (CAPCOA, 1987; Turner, 1970; EPA, 
1988) and are a function of landfill area and receptor distance. We 
considered the receptor to be at the landfill boundary. The above equations 
were combined and evaluated for square landfills of areas ranging from 10 to 
500 acres. Table 3 •Air Dispersion Factors• is the result of these 
calculations. 

STEP 3b(l): SCORE THE DISTANCE TO THE NEAREST RECEPTOR 

Table 4 •oistance to Nearest Receptor Values• was generated using the 
same Turner's area source dispersion equation that was used in Step 3a(2). 
The receptor distances were considered to be from 0 to 2 miles from the 
landfill boundary. 
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APPENDIX Cl 

RECOMMENDAIIONS.fOR FURTHER TESTING 

The landfill testing requirements were designed to provide a screening 
of landfills. Further testing may be necessary in order to conduct more 
detailed risk assessments. Further testing is reconrnended if the available 
data is of insufficient quality to reach a· conclusion regarding health 
effects from a site or if testing results indicate emissions may be 
significant and control measures have not been implemented. Further testing 
may be conducted using a combination of the following two approaches: 

1. upwind and downwind wind-directional ambient sampling at the 
landfill perimeter; and 

2. emissions testing and dispersion modeling. 

If the testing indicates that the landfill is not posing a health risk 
and remedial action is not required by the APCD, no additional testing is 
recommended unless changing landfill characteristics may pose a health risk 
or a landfill is the source of an increase in odor complaints .. APCDs have 
the authority to require additional testing of permitted landfills under the 
authority of Health and Safety Code Sections 41805.5 and 42303. 

Ambient Sampling 

During the landfill gas testing program, three options were provided 
for ambient sampling. Upwind and downwind 24-hour sampling was required for 
all three options, along with wind-directional or less than 24-hour sampling 
in two of the options. Minimum detection limits were also specified for the 
ten specified air contaminants. Three aspects of the ambient testing may 
lead to limited use of some of the ambient·data collected at some of the 
landfills under the landfill testing program. These three aspects are: 1) 
the screening nature of the testing (only three days of ambient sampling 
were required at municipal landfills), 2) detection limits which were not 
always low enough to detect all ten of the contaminants, and 3) the use of 
24-hour sampling which resulted, in some cases, in collecting samples 
identified as downwind which were not downwind for the entire 24-hour 
sampling period. 

The following recommendation for further ambient monitoring has been 
designed in an attempt to eliminate·the above mentioned problems: 

1) Upwind and downwind sampling should be conducted near the landfill 
perimeter using wind-directional samplers so that downwind samples 
only collect air which passed over the landfill and upwind samples 
collect air that did not pass over the landfill. Ambient samples of 
24-hours in duration may also be collected, if approved by the APCO. 

2) Wind speed and direction data should be collected·during th& 
sampling periods. 
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3) Samples should be collected in polished stainless steel 
canisters. Tedlar bags may also be used for sample collection, if 
approved by the APCO. 

4) At least two samplers should be set up to be downwind under 
prevailing meteor9logi~al conditions and at least one sampler set up 
to be upwind under prevailing conditions. 

5) Samples should be collected at least two to four times per week over 
a two to four week period, for a total of at least eight sampling 
periods. 

6) Sampling should not be conducted on rainy days, within 72 hours 
following rain, or during peri~ds with wind above ten miles per 
hour. 

7) Sampling should be conducted in compliance with EPA siting criteria 
for ambient monitoring with a sample intake height of about 2 
meters. 

8) Minimum detection limits shown in Table 1 should be used for the 
analysis. 

Emjssjon Testing and Djspersjon Modeling 

During the landfill gas testing program, one-time landfill gas sampling 
was required at up to five wells across a landfill. landfill gas 
concentrations vary with time, location, and depth across a landfill. 
Estimating em iss ion rates using this previous screening level test ing_j~ __ not __________ _ 

------~r~e~c~o~mm=ended for landfills with only limited landfill gas testing data • 

. As a supplementary ~ppr~ach to ambient monitoring, more thorough 
landfill gas testing or landfill emissions sampling is recommended. 
Sampling data can be used to derive emission rates which may then be used 
with.an area source dispersion model to estimate downwind ambient 
concentrations for comparison with health risk data. 

A. Emission Estimation 

Two options are provided for estimating emissions: 1) direct 
measurement using flux chambers or 2) measuring landfill gas concentrations 
in wells and using this data along with an estimate of the waste in place to 
calculate an emission rate. The following procedures summarize guidance 
prepared by EPA for the use of flux chambers. 

1. Flux Chambers 

Flux chambers have been used to estimate landfill emission rates. EPA 
recommends use of emission isolation flux chambers with dry sweep air 
injected to mix the emitted gases. Flux chamber measurements should be 
collected from a sampling matrix similar to that shown in Figure 1, to be 
representative of: a) different locations at a landfill, b) portions of the 
landfill with cracks in the landfill cover, and c) portions of the landfill 
which were determined to be relatively high emission points during the prior 
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integrated surface sampling. A minimum of five sampling points may be used 
for landfills smaller than 10 acres. For landfills larger than 50 acres, 
additional sampling points should be situated on the central portion of the 
landfill. At least three samples from each sampling point should be ta~en 
over a two wee~ period. Samples should not be ~llected on rainy days, or 
within 72 hours following rain. Samples from the flux chamber should be 
collected in polished stainless steel canisters. Samples should analyzed 
using the detection limits shown in Table 1. All flux chamber measurements 
should be averaged. An average emission rate may then be calculated in 
grams per square meter per second. 

The reconrnended design for the flux chambers is a plexiglas dome 
mounted atop a stainless steel or plexiglas shell, similar to that shown in 
Figure 1. Recommended sampling procedures are as follows: 

a. place the chamber at one of the sampling locations; 

b. wor~ the chamber into the soil to a depth of 2-3 em; 

c. shade the flux chamber on sunny days by placing a card table 
or similar object over the chamber; 

d. add clean, dry sweep air (nitrogen or zero air) to the 
chamber at a metered rate of about 5 liters/minute for about 
30 minutes; and 

e. collect a sample from the sampling port and record the sweep 
air flow rate. 

------A- pr-ess ur-e-reCOJ-1-ef-port-prevent-s-pre-s-s ure--fr om-1)u-·flellrfg--u-p~ritlfl n- the -- -
chamber which might affect the measurements. The emission rate is 
calculated using the area within the flux chamber, the sweep air flow rate 
and the measured concentrations in the following equation: 

Ei • (CiS)/A 

where: E; • emission rate of compound i (ugtm2-sec), 

Ci = conce§tration of compound·i at chamber outlet 
(ug/m ), 

S = sweep air flow rate into chamber (m3/sec), 

A • surface area enclosed by chamber (m2). 

The average emission rate from all of the flux measurements is then 
multiplied by the area of the landfill in square meters to obtain an 
emission rate in microgr~s per second. This emission rate is converted 
into grams per second for input into a dispersion equation. More 
information about the use of flux chambers is contained in the EPA 
"Measurement of Gaseous Emission Rates from Land Surfaces Using an Emission 
Isolation Flux Chamber -User's Guide," EPA/600/8-86/008, Feb. 198&. 
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2. Well Sampling 

The following approach for estimating emissions using well sampling 
should provide conservative emi.ssions estimates. Well samples should be 
collected· using the same procedures out 1 ined for flux chambers with regard 
to the sampling matrix, schedule, and sample collection. Well samples 

·should be collected from a sampling matrix similar to that shown in Figure 
1, with a total of three well samples taken at each point over a two week 
period. We]Js should be drilled to a depth of 75S of the filled area, as 
recommended by EPA. Samples should not be collected on rainy days, or 
within 72 hours following rain. Samples should be collected in polished 
stainless steel canisters. Samples should be analyzed for the well sampling 
detection limits shown in Table 1. 

Based on the average landfill gas concentration from all samples and an 
estimate of the waste in place, emission rates (in grams per square meter 
per second) may be estimated using the following approach. This methodology 
is intended to estimate the average individual gas emission rate over the 
life of a landfill, for use in a 70 year lifetime exposure risk calculation. 
The actual emission rate varies with time; however, for the purposes of a 
risk assessment which considers inhalation risk only, the cumulative risk 
over time can be calculated by using the average emission rate. 

The average individual gas emission rate over the lifetime of a 
landfill is: 

-----····-·· --·· 

where: Oi 

0;• (OcH4)(2)(Ci)(l-e) 

• emi~sion rate of any gas i which is a VOC 
. (ft /yr), 

OcH4 • average methane generation r~te (ft3/yr), 

2 • multiplication factor obtained by assuming the 
landfill gas consist of 50S methane and 50S 
carbon dioxide, 

e 

• average concentratiog in the landfill 
of gas i (ppbv x 10- ); 

• gas collection system efficiency. 

The average methane generation rate is simply the total amount of the 
methane the landfill is expected to produce divided by 70 years: 

0cH4 • (L0 )(R) /. 70 yrs 

where: · L
0 

• potentia 1 methane generation capacity of the refuse 
(IWMB), 

= 3000 ft3/ton of refuse, 

R = total mass of refuse in place (tons). 
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The value of 3000 ft3/ton is the value generally used by the 
Integrated Waste Management Board (IWMB). · · 

To convert the volumetric emission rate, Q., to
0
mass emission· rate, Qm' 

in grams/second (g/s) the following conversion at 20 c is used: 

Qm = (Qi)(1 lb mole/385 ft3)(MWi lb/lb mole)(454 g/lb)(1 yr/31,536,000 s) 

where: MW; =Molecular weight of compound i. 

The use of the above equations assumes the following: 

-all of the gaseous organic compounds produced in the landfill 
eventually escapes to the atmosphere over 70 years; 

-the individual gas emission rate is directly proportional to the 
methane gas (or landfill gas) generation rate since the 
landfill gas acts to enhance emissions of other gases; 

-the individual gas concentration in the landfill remains 
constant over 70 years. 

B. Dispersion Modeling 

The landfill emission rate estimated from either the flux thamber 
method or the well sampling method may be used with an area source 
dispersion model to estimate downwind concentrations. Two dispersion 
modeling approaches are available: a screening model or a more detailed 
model. 

-......-....----..----;---;---:--:------~---:-·--·---------------

lurner•s virtual upwind point source dispersion equation is described 
in the CAPCOA Air Toxics Assessment Manual and is recommended for screening 
modeling of area sources. Using this equation, a landfill emission rate, 
and worst case meteorological conditions, a 1-hour average concentration may 
be calculated. This concentration is multiplied by a scaling factor of 0.1 
to estimate an annual average downwind concentration. 

For more detailed modeling, the ISCST dispersion model is recommended. 
Representative meteorological data may be used to estimate an.annual average 
downwind concentration. Alternatively, the scaling procedure described 
above may also be applied. More information about the use of the ISCST 
model is contained in the EPA "Industrial Source Complex (ISC) Dispersion· 
Model User's Guide," Dec. 1987, EPA/450/4-88/00ZA.· 

Quality Assurance/Quality Control 

Testing plans and reports should describe the field and analytical 
quality assurance plan and the quality assurance/quality control results. A 
minimum of one field blank and one field duplicate pair of samples should be 
collected for ambient and emission samples. The ambient duplicate pair 
location ~hould be -chosen at a point of relative expected high 
concentrations. laboratory analysis should. include a minimum of one blank, 
one duplicate analysis, and one matrix spike for every ten field samples. 
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The quality assurance section of test reports should contain detection 
limits, results of analyses of blanks, percent recovery of matrix spikes, 
and relative percent difference of duplicate samples. 

Estimated Costs of Further Testing 

The ambient sampling, emission testing and dispersion modeling 
recommended for further testing are collectively estimated to cost between 
$50,000 and $75,000. 

-----------·----- - --------------------· 
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Table 1: Minimum Detection Limits for Re~orting 
of Analytical Results 

(Concentrations in ppb} 
Ambient Air or 

Compound Flux Chamber Well Sampling 

Vinyl chloride 
Benzene 
Ethylene dichloride 
Ethylene dibromide 
Carbon tetrachloride 
Methylene chloride 
Perchloroethylene 
1,1,1-Trichloroethane 
Trichloroethylene 
Chloroform 
Methane 
Nitrogen 
Oxygen 
Carbon dioxide 

1.0 
0.5 
0.5 
0.5 
0.4 
1.0 
0.5 
0.5 
0.5 
0.5 

2,000 

10 
10 
10 

1 
1 

10 
10 
10 
10 
10 

5,000 
0.051 
0.021 
0.21 

--------------- ------------------------------- -

Figure 1: Landfill Sampling Points 
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