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Abstract: Municipal solid waste (MSW) landfills are the dominant waste disposal method in the
U.S., receiving roughly 56 percent of the MSW generated in the country.  Although regulatory
programs have been implemented to minimize potential community health risks from MSW landfills,
these facilities are often the subject of public health-related complaints. This paper describes
available methods for addressing public health concerns at MSW landfills, including epidemiological
studies, risk assessments, environmental monitoring, biomonitoring, and public health assessments.
Advantages and disadvantages of the methods are discussed, including scientific reliability, and their
ability to address landfill-specific health concerns. Case studies and literature results of
epidemiological analyses, risk assessments and public health assessments conducted at MSW
landfills are also presented.
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Introduction

Public health concerns occur often among communities located near municipal solid waste (MSW)
landfills, even though currently permitted landfills are broadly regulated and routinely inspected by
public health and environmental agencies. The types of health effects mentioned by communities
include cancer risks, respiratory illnesses, and a variety of non-cancer effects. Releases to air and
impacts on air quality tend to be the most common concern at modern landfills, even those equipped
with landfill gas (LFG) treatment systems.

This paper describes different types of studies that can be conducted to address community concerns
about potential landfill air impacts. The focus of this paper is on currently-permitted MSW landfills
that accept non-hazardous solid waste. These types of landfills differ substantially, with respect to
waste disposal history, engineering design, and daily operations, from hazardous waste sites that were
once landfills (e.g., Superfund sites), old unregulated waste disposal sites (e.g., historically referred to
as “dumps), and even currently permitted hazardous waste landfills.
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Epidemiological Studies

Epidemiological studies evaluate the distribution or pattern of disease and its association with
possible sources of exposure to an agent that could potentially cause the disease. With respect to
landfills, the goal of an epidemiological study is to help determine whether there is a difference in
disease between people with different exposures related to the site or sites under study and a control
population. Epidemiological studies cannot determine whether any specific facility is the cause of
reported results. These studies are most useful for determining whether further research is needed
and, if so, what type of follow-up studies would be most informative.

Epidemiological Study Methodology

Epidemiological studies related to landfills can be generally divided into two groups, single site
studies and multi-site studies (Redfearn and Roberts 2002, Dolk 2002). Single-site studies often have
very limited statistical power due to low population densities, and thus small sample size, around
many landfills. While multi-site studies benefit from larger sample sizes, they are often limited due
to a lack of detailed site-specific information such as waste disposal history, environmental
exposures, and other local pollution sources. Multi-site studies also tend to include mixtures of
different types of sites, such as hazardous waste sites or old landfill facilities that were largely
unregulated, which makes their conclusions inapplicable to currently permitted MSW landfills.
Study methods used in both single-site and multi-site studies include geographical, case-control, and
cohort studies. Most epidemiological investigations related to landfills have been geographical
studies which compare disease rates (e.g., incidence, mortality) among people living near sites
compared to the general population or people not living near landfill sites. The reliability of
epidemiological studies depends largely on the accuracy of two key inputs, an estimate or
measurement of disease, and an estimate or measurement of exposure, and also the possible effect of
confounding factors.

Disease data in epidemiological studies can be compiled from registries that track reported medical
information. By relying on actual health data, epidemiological studies can be more credible to a
concerned community than risk assessments, which focus on the more abstract probability of disease.
Disease registries are commonly maintained by state or national agencies for cancer incidence and
mortality, and for some types of non-cancer health conditions, such as asthma and adverse birth
outcomes. Uncertainties in health registries can, however, limit the reliability of epidemiological
study results (Irvine and Burns 2001).

Disease information may also be obtained from personal health surveys. Health surveys are more
time consuming and expensive to conduct than evaluations which rely on disease registries, and recall
and reporting bias can significantly limit their accuracy. Redfearn and Roberts (2002) note that
increased risks found in a number of landfill studies that relied on self-reported health effects may
have resulted from recall and reporting bias rather than effects from chemical releases. People who
are concerned about a landfill, or perceive that exposure or health effects are occurring, will be more
likely to respond positively to survey questions, particularly questions that deal with common and
often subjective health effects, such as headache or nausea (Dolk 2002). The potential for bias can be
minimized through rigorous survey design, interviewer training, validation of collected participant
information, and careful analysis of survey results.
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Classification of exposure is a critical and challenging part of epidemiological studies related to
landfills. Exposure hierarchies can indicate how well exposure data in an epidemiological study
reflect actual exposure levels, with increasing uncertainty, reduced accuracy, and more limited
interpretation occurring at lower levels of the hierarchy (Chrostowski 1994, Dolk 2002, NRC 1991).
At the top of the hierarchy are quantified personal measurements followed next by measured
environmental concentrations representative of landfill-specific impacts (rather than prevailing
background conditions). These data are, however, generally not available due to high cost, lack of
sensitive or validated test methods, invasiveness of human tissue and body fluid sampling and
inability to distinguish landfill-specific impacts from prevailing environmental conditions. Lower on
the hierarchy are modeled levels of environmental concentrations which can be calculated using air
dispersion models, and last, use of geographic surrogates to define exposure levels (e.g., distance
from a landfill, census tract, zip code).

Most published epidemiological studies related to landfills have characterized exposure by proxy
based on distance from, or geographical areas surrounding, landfills (Dolk 2002, Roberts and
Redfearn 2002). These exposure measures do not take into account exposures related to occupation
and personal behaviors, site-specific landfill operations, or climatic conditions that affect dispersion
of landfill-related releases. Use of distance metrics increases the likelihood of misclassification of
exposure, which in turn, limits the ability of epidemiological studies to detect differences in disease
status among populations (Harrison 2003). Geographic information systems (GI1S) offer promise of
enhancing exposure characterization in epidemiological studies although even these methods are
limited by uncertainties of low case numbers, confounding, and possible data quality errors (Elliott
and Wartenberg 2004, James et al. 2004, Nuckols et al. 2004).

Confounding variables can significantly affect the results of epidemiological studies. A confounding
variable is both a risk factor for the disease and associated with the exposure being evaluated.
Confounders in landfill-related epidemiological studies include pre-existing health conditions,
socioeconomic status, the availability of health care and social services, personal behavior patterns
such as smoking, occupational exposures, and the presence of local pollution sources (DEFRA 2004,
Dolk 2002). Dolk (2002) notes that investment in better exposure assessment in epidemiological
studies may be more important than more detailed evaluation and control of confounders.

Epidemiological studies cannot identify cause and effect relationships. An association between a
health endpoint and a measure of exposure does not indicate that the health endpoint was caused by
the evaluated exposure. Although this is a well-known characteristic of epidemiological studies, their
results are often misinterpreted, especially in the press or by community activists, as proof of an
effect. A causal link between a landfill and adverse health effects must be supported by rigorously
designed epidemiological studies, consistency among different epidemiological studies regarding the
types and significance of health effects, a theoretical basis for the purported health effect with respect
to both the biological mechanism and the presence of an exposure pathway exists, and a realistic
basis to support the effects such as actual field measurements.

Epidemiological Study Results

Redfearn and Roberts (2002) reviewed the results of 13 single-site epidemiological studies related to
seven landfills and four multiple-site landfill studies. They noted that most of the single-site studies
focused on large, old landfills operated prior to current regulatory regimes or landfills that received
hazardous or liquid chemical wastes. The multi-site studies focused on mixtures of different types of
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landfills, including old hazardous waste landfills that were not capped or lined. They concluded that
the study results were inconsistent with respect to specific types of health effects and that more
studies reported no associations than positive associations. They also concluded that the studies do
not provide convincing, rigorous evidence for an association between landfills and adverse birth
outcomes. More recent studies of congenital anomalies and cancer (Palmer et al. 2005, Dummer et
al. 2003, Irvine 2003, Jarup et al. 2002, Morris et al. 2003) have similarly shown that residential
proximity to a landfill is not consistently associated with increased risks.

ATSDR (2001) reviewed a number of studies that evaluated adverse health effects among people
living near old or mixed types of landfills in Canada, the U.S. and Europe. ATSDR concluded that,
although each study found some increases in some health effects, overall the data were inconclusive
due to study limitations described by the study researchers (e.g., lack of detailed exposure
information and the possible impacts of confounding factors). ATSDR noted that the study authors
thought a singe-site study is unlikely to be able to answer whether landfill gases are adversely
affecting the health of a community.

A comprehensive review of the health effects of waste management conducted in the U.K. concluded
that the association between birth defects and proximity to landfill sites shown in some studies does
not demonstrate a causal relationship. The U.K. study noted that the size of the birth defect increase
is much smaller than other factors that influence the likelihood of birth defects, and the numerical
results cannot be used reliably. The report suggested that further studies be performed to identify
non-waste related factors that may influence this association (DEFRA 2004).

Risk Assessment

Health risk assessments are also often used to evaluate community health concerns related to
landfills. Health risk assessments for landfills calculate the chance of health problems occurring as a
result of exposure to landfill-related releases, but they do not measure actual health effects in the
community. Risk assessments generally incorporate health-protective assumptions, or margins of
safety, to ensure that the calculated risks will not be underestimated.

Risk Assessment Methodology

Risk assessments methods have been widely published and applied by regulatory and research
agencies (USEPA 1989, 1992), however, only a few guidance documents have been prepared
specifically for operating or proposed MSW landfills (UKEA 2000, 2004a). These risk assessment
methods rely on a several step process that consists of hazard identification, exposure assessment and
risk characterization.

Hazard identification is the step in which compounds that may be present at a landfill are identified,
research on the potential health problems associated with these compounds is reviewed, and data on
how much of the compound it would take to cause potential health effects (called “dose-response
assessment”) is compiled. Dose-response information is compiled from regulatory agency and
research institution databases or scientific publications. In the U.S., the dose-response criteria
include cancer slope factors (to calculate additional lifetime cancer risks) and reference doses or
reference concentrations (to evaluate non-cancer health effects). Dose-response criteria are not
readily available for some landfill compounds and, in these instances, risk assessments often use
health-based benchmark levels to assess risks.
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The exposure assessment determines whether, and how much, people might be exposed to
compounds present at a landfill. In this step, the potential releases from a landfill, and pathways of
transport from the source to areas where people might be exposed, are identified and evaluated. A
landfill risk assessment focusing on landfill gas and dust uses a variety of site-specific landfill
measurements and mathematical models to calculate potential air concentrations and exposures in a
landfill’s vicinity. As is the case with epidemiologic studies, risk assessments often are limited by
exposure uncertainties. These uncertainties may be reduced by incorporating detailed site-specific
data, using refined methods for determining landfill gas emission rates and for dispersion modeling
(USEPA 2004, Bogner et al. 1997, Morcet et al. 2003, Pierce and Stege 2001, UKEA 2004b), and
calibrating models using site-specific ambient monitoring results (RWDI 1994, 1999).

Risk characterization is the step in which potential risks to the population associated with exposure to
the compounds present at the landfill are assessed. This step combines information on exposure and
toxicity to calculate the chance that adverse health effects might occur. Types of risks typically
evaluated include chronic cancer risks and the chance that chronic or acute non-cancer health effects
may occur under specified exposure conditions.

Risk Assessment Results

Redfearn and Roberts (2002) used a risk assessment methodology to examine the theoretical basis
that landfill gas releases were sufficient to lead to the health effects often of concern to communities
around landfills. They concluded that landfill gas emissions were not high enough to represent a
theoretical basis for adverse health effects, especially at the distances evaluated in epidemiological
studies. They found that the amount of dilution of emissions in air between a landfill source and off-
site receptors would reduce levels below health-based criteria with a substantial margin of safety.
They also stressed that systematic measurement of community exposures near landfill sites is needed
to improve both risk assessment and epidemiological studies of landfills.

Risk assessments for proposed MSW landfill expansion projects in Canada evaluated potential long-
term and short-term health risks through a number of exposure pathways. These assessments
evaluated human health risks associated with landfill gas releases from the landfill surface and a
flare, and particulate matter released due to landfill activities. Risks were calculated for 17 landfill
gas compounds, particulate matter, and 6 combustion gases. The risk results were below regulatory
target levels, except for some of the modeled daily particulate matter concentrations which, on
occasion, exceeded regulatory guideline levels at maximum receptor locations (Cantox 2004a,
2004b).

Risk assessments for two operating MSW landfills in Pennsylvania evaluated inhalation exposures to
several dozen landfill gas compounds and inhalable particulate matter. These assessments evaluated
chronic long-term and acute short-term noncancer human health effects and cancer risks for the LFG
compounds. PM concentrations were evaluated by comparison with regulatory standards and criteria,
along with background local ambient air data. The risk assessment results were below target risk
levels and available benchmark concentrations, and it was concluded that landfill gas and dust from
the landfills did not pose a health hazard to surrounding communities (CPF 2003, 2005).

Two risk assessments for landfills in California evaluated inhalation exposures to landfill gas
emissions from surfaces and control devices. These assessments addressed 43 volatile organic LFG
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compounds, 6 sulfur-containing compounds, hydrogen chloride and mercury using mathematical
models to calculate emissions and air dispersion. The reports concluded that chronic non-cancer and
cancer risks were lower than target risk levels. One study included an acute risk evaluation and
found that acute exposure levels were below target levels. The studies also evaluated diesel
emissions and concluded that no mitigation measures were recommended other than already required
by existing and future state and federal regulation (SCS 2001, 2002).

A risk assessment conducted for the Seneca Meadows Landfill in NY involved flux chamber
sampling at 32 on-site surface locations, air dispersion modeling, and collection of ambient air
samples on site and off site during community-reported odor events. The study evaluated roughly 80
volatile organic and sulfur compounds and found that off-site ambient concentrations attributable to
the landfill were below short-term and annual NY guideline levels. The off-site ambient air samples
were concluded to be attributable to regional conditions, not the landfill (Emcon 1998).

Environmental Monitoring

Monitoring can help address public concerns by indicating whether a landfill is having a measurable
impact on the surrounding environment. ATSDR (2001) recommend that ambient air monitoring
data can be compared to available health-based screening values as a first step in evaluating whether
landfill gas emissions may pose risks to a surrounding community.

Ambient air monitoring provides direct measurements of chemical compounds in the air. As a result,
monitoring data is often more understandable and credible to surrounding communities compared to
mathematically modeled concentrations. ATSDR provides a guide for ambient air monitoring at
landfills that is useful for determining whether such data will be helpful in addressing landfill-
specific impacts (ATSDR 2001). Important factors identified in this guide include selection of
chemicals for monitoring, choice of sampling methods, consideration of meteorological data,
selection of monitoring locations, identification of sampling schedules, and review of data quality. A
good first step in any landfill air sampling program is to develop a monitoring protocol that addresses
each of the factors discussed in ATSDR’s guide.

A common difficulty in monitoring programs is developing an approach that allows differentiation of
landfill-related impacts from background concentrations and concentrations associated with other
local or regional pollution sources. Moreover, off-site air concentrations associated with a modern
landfill equipped with LFG controls are likely to be below typical detection limits. Ambient air
monitoring also generally requires greater cost and time to conduct than modeling, particularly if
multiple sampling events and many landfill-related compounds are being addressed.

Public Health Assessments

Public health assessments (PHAS) are conducted by ATSDR, state health departments and owners
and operators for a variety of facilities and sites across the U.S. PHAs for operating landfills are
typically conducted in response to local community petitions or requests by local officials. ATSDR
defines a PHA as a study that examines the relationship between actual exposures to compounds in
the environment and subsequent signs of disease and illness and evaluates health effects specifically
with regard to site-specific exposure situations (ATSDR 1999). ATSDR states that its PHA approach
relies not only on the components of risk assessment but also the principles of biomedical judgment,
risk management, and risk communication (De Rosa et al. 1998). At the conclusion of each PHA,
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ATSDR makes a determination of health hazard using five categories (urgent public health hazard,
public health hazard, indeterminate public health hazard, no apparent public health hazard, or no
public health hazard), and often provides recommendations for public health protection and
additional study. PHAs conducted by ATSDR or state health departments may be more credible to
communities than other study methods because they are conducted by an independent third party
rather than by the facility owner or the regulatory agency for the site.

ATSDR conducted a PHA at the Fresh Kills Landfill in New York City (ATSDR 2000) and found
that contaminants in the groundwater, surface water, sediment, and fish and shellfish near the Fresh
Kills Landfill, and chemicals emitted from the Fresh Kills Landfill posed no apparent public health
hazard. The agency provided a variety of recommendations including continued communications
with local communities, future air monitoring, and monitoring and control of landfill gas emissions.
A PHA for the Hartford, Connecticut MSW landfill focused on hydrogen sulfide emissions (ATSDR
1998a). ATSDR concluded that hydrogen sulfide at the Hartford Landfill was not likely to trigger a
pre-existing asthmatic condition, or cause any overt toxic reaction. The agency recommended no
further sampling for hydrogen sulfide but continued community education regarding health issues.
The PHA for Mercer County Landfill in Pennsylvania examined epidemiological data on cancer and
birth defects, and concluded there were no excess health problems in the area that could be related to
the site (ATSDR 1998b). A study for the Four Hills Landfill in New Hampshire concluded that there
was no apparent public health hazard due to some volatile organic compounds in landfill gas, that air
data for hydrogen sulfide was inadequate for reaching conclusions, and that adverse pregnancy
outcomes could not be evaluated due to inconsistent scientific information on this topic (ATSDR
2003a). ATSDR reached different conclusions in two PHAs for construction and demolition debris
(C&D) landfills, which differ substantially from MSW landfills in the types of wastes received.
ATSDR concluded that one of the C&D landfills presented no apparent health hazard while the other
presented an urgent public health hazard (ATSDR 2003b, 1998c).

Biomonitoring

One approach that has been mentioned for addressing landfill-related public health concerns is
biomonitoring which involves the analysis of human tissues or excreta for evidence of exposure to
chemical substances. Biomonitoring is appealing because it can provide a measurement of internal
exposure although it may not indicate whether there may be a health effect. An emerging area in
biomonitoring involves use of biomarkers that can indicate environmental exposure by measuring
cellular or biochemical variations in biological samples that may correlate to a clinical effect
(Chrostowski 1994, Jarup et al. 2000, Kamrin 2004).

The use of biomonitoring for site-specific assessments is relatively new and has not been widely
used. Although biomonitoring data have been collected from the general population (CDC 2005) and
at some hazardous waste sites, site-specific investigations related to current MSW landfills do not
appear to have been conducted. There are a number of important reasons why biomonitoring is rarely
applied in a site-specific setting. In order for biomonitoring or a biomarker to be useful in a site-
specific study, it must be associated with an exposure relevant to the specific site and also linked to a
health effect. Meeting these criteria is challenging, especially since biomarkers specific to MSW
landfills and which are not also confounded by other factors are difficult to identify. Even if
biomonitoring indicates that an exposure has occurred, the results are not likely to be both traceable
to a specific site and/or clearly linked to a health effect under study. Other limitations of
biomonitoring include the lack of validated and standardized measurement methods for some
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biomarkers, lack of population baseline levels for many chemicals and target measurements, and the
time, cost and complications associated with collecting biological samples from people (Jarup et al.
2000, Kamrin 2004).

Tarkowski et al. (2000) note that monitoring for biomarkers of exposure for hazardous waste sites are
only available for a limited number of substances and should only be used where there are clear
indications of exposures. They recommend that biomarkers only be used after validating their use in
a risk assessment process that establishes a relationship between a site, exposure and health outcome.
Jarup et al. (2000), in summarizing biological monitoring possibilities for hazardous waste sites,
explains that biomarkers must be validated before application in the risk assessment process to
establish the relationship between the biomarker, exposure and the health outcome.

Conclusions

There is no single strategy that can be forwarded to address all public health concerns related to a
landfill. The selection of study approach for a landfill, and its level of refinement, depends on a
number of factors, including site-specific landfill conditions, the public health concerns raised by a
local community, and the likelihood that a study method will be able to scientifically address the
community’s concern. In some cases, a screening-level public health assessment following the
ATSDR methodology may be adequate to address public health questions raised by a community. In
other cases, a detailed risk assessment focusing on specific aspects of landfill operation may be
required. A review of epidemiological information, or collection of environmental sampling
information, may also be helpful. In general, a weight-of-evidence approach based on all available
information may be most appropriate for reaching conclusions regarding potential public health
impacts related to a landfill.
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