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Congressional Requesters

State and local officials report continuing public concern over the health
risks posed by exposures to toxic chemicals, ranging from heavy metals
such as arsenic found at national hazardous waste sites to common
pesticides used in and around the home. For example, increasing rates of
cancer in various communities have prompted questions about the
potential link to residues from pesticides, indoor air pollutants, and other
toxic chemicals. Historically, estimates of human exposure to toxic
chemicals have been based on the concentration of these chemicals in
environmental media—such as air, water, and food—along with
assumptions about how people are exposed. Federal monitoring efforts
have primarily focused on this type of measurement. However, according
to public health experts, measurements of internal doses of exposure—
actual levels of chemicals or their metabolites® in human tissues such as
blood or urine—can be a more useful measure of exposure for some
purposes.

Over the past decade, advances in laboratory technology have provided
new tools for measuring a broad range of chemicals in human tissues—
tools that can help researchers and health officials assess how much of a
chemical has been absorbed in the body and provide more accurate
measurements of exposure to relate to potential health risks. When
gathered for the U.S. population, such data can help identify new or
previously unrecognized hazards related to chemical substances found in
the environment, monitor changes in exposures over time, and establish
the distribution of exposure levels among the general population. These
data can also help identify subpopulations—such as children, low-income
groups, or ethnic minorities—that might be at increased risk because they
face particularly high levels of exposure. State and local health officials can
use information on typical exposures in the general population to help
assess environmental health risks for specific sites or populations within
their borders and to keep local residents informed. For example, local
officials in one community collected exposure measurements before,

Metabolites result from the interaction of the chemicals with enzymes or other chemicals
inside the body.
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during, and after the burning of arsenic-contaminated soil and found that
Nno excess exposure—as compared to typical levels found in the
population—had occurred.

In light of the potential benefits offered by these new technologies, you
asked us to review efforts to collect and use such information at both the
state and federal levels. Specifically, you asked us to (1) determine the
extent to which state and federal agencies—in particular, the Department
of Health and Human Services (HHS) and the Environmental Protection
Agency (EPA)—collect human exposure data’ on potentially harmful
chemicals, including data to identify at-risk populations, and (2) identify
the main barriers hindering further progress in such efforts.

We compiled a list of more than 1,400 naturally occurring and manmade
chemicals considered by HHS, EPA, and other entities to pose a potential
threat to human health. These included chemicals prioritized for safety
testing (based on EPA's findings that the chemicals may present
unreasonable health risks), chemicals linked to cancer, toxic chemicals
frequently found at Superfund sites, and certain pesticides monitored in
foods or thought to be potentially harmful to humans. For these chemicals,
we assessed the extent to which major HHS and EPA survey efforts—
specifically HHS' National Health and Nutrition Examination Survey
(NHANES) and EPA's National Human Exposure Assessment Survey
(NHEXAS) phase | (pilot surveys)—were collecting human exposure data.
We also surveyed 93 environmental health officials in 50 states and the
District of Columbia, receiving responses from 81 officials in 48 states for a
response rate of 87 percent. At the federal level, we focused on survey data
collected for the general (non-occupationally-exposed) population. We
excluded federally sponsored academic and private sector research.
Appendix | explains our scope and methodology in more detail. We
conducted our work from March 1999 through March 2000 in accordance
with generally accepted government auditing standards.

The scientific community uses varying terminology when referring to human exposures.
Often, external contacts with chemicals are defined as “exposures,” and internal
measurements of exposure are referred to as “doses.” Doses are also considered a measure
of exposure. Our review focused primarily on efforts to gather internal exposure
measurements through human tissue in the non-occupationally-exposed population. To
simplify reporting, we are referring to such internal exposure measurements as “human
exposure” data.
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Results in Brief

Federal and state efforts to collect human exposure data are limited,
despite some recent expansions. HHS and EPA have been able to take
advantage of improved technology to measure exposures for more people
and for a broader range of chemicals. Still, with existing resources, HHS
and EPA surveys together measure in the general population only about 6
percent of the more than 1,400 toxic chemicals in our review. For those
toxic chemicals that we reviewed, the portion measured ranged from 2
percent of chemicals prioritized for safety testing to about 23 percent of
those chemicals most often found at Superfund sites and considered to
pose a significant threat to human health. Even for those chemicals that are
measured, information is often insufficient to identify smaller population
groups at high risk, such as children in inner cities and people living in
polluted locations who may have particularly high exposures. At the state
level, efforts are similarly limited. Almost all state officials who we
surveyed said they highly valued human exposure data for populations
within their borders, and many provided specific examples of how such
data have provided useful information for interpreting citizens’ health risks
and guiding public health actions. For example, state officials in nine states
used human samples not only to identify who was exposed to a toxic
pesticide illegally sprayed in citizens’ homes, but to identify houses most in
need of clean-up. Despite this perceived value, most officials reported that
they were unable to collect or use human exposure data in most of the
cases where they thought it was important to do so.

Three main barriers limit federal and state agencies’ abilities to make more
progress. First, federal and state laboratories often lack the capacity to
conduct measurements needed to collect human exposure data;
additionally, for most of the chemicals on our list, no laboratory method
has been developed for measuring the chemical levels in human tissues.
The second barrier, particularly voiced by state officials, relates to the lack
of information to help set test results in context. Public health officials said
they need more information on typical exposures in the general population
so that they can compare this information with people’s levels at specific
sites or with specific populations in their states. They also said they needed
more research to relate exposure levels to health effects for the chemicals
of concern in their states. The third barrier, of particular concern at the
federal level, is that coordinated, long-term planning among federal
agencies has been lacking, partly because of sporadic agency commitments
to human exposure measurement and monitoring. HHS and EPA officials
indicated that they have been discussing the merits of establishing a
coordinated interagency human exposure program, but they have not yet

Page 5 GAO/HEHS-00-80 Environmental Health Data Needs



B-282172

formalized or agreed upon a long-term strategy. A long-term coordinated
strategy should also ensure adequate linkages between collection efforts
and agency goals, provide a framework for coordinating data collection
efforts that considers individual agencies’ needs and expertise, provide a
framework for identifying at-risk populations, and consider states’ needs
for information. To address these needs, we are recommending that the
Secretary of HHS and the Administrator of EPA develop a coordinated
federal strategy for the short- and long-term monitoring and reporting of
human exposures to potentially toxic chemicals.

Background

EPA projects a continuing upward trend in environmental compliance
costs for pollution control measures, amounting to an estimated $148
billion this year. Hundreds of millions of dollars are spent monitoring levels
of toxic chemicals in the environment—for example, approximately $139
million of federal funding supported national air-quality monitoring
networks in the United States in fiscal year 1999.° Despite these
expenditures, what often is not known is the extent to which people are
exposed to potentially harmful chemicals in their daily lives, the chemicals
to which they are most often exposed, the levels of such exposure, how
exposures change over time in relation to regulatory policies, and the
sources of exposure. Policymakers, regulators, researchers, and public
health officials must often rely on estimates of human exposure levels for
the general population or for smaller groups thought to be at risk. Such
estimates are often derived from data showing the extent the chemicals are
found in the air, water, food, or other environmental media and
assumptions about how and at what rate the body absorbs the chemicals it
contacts. A variety of methods for measuring exposures are considered to
be more direct than those that measure chemicals in the ambient
environment. These methods measure exposures in people’s more
immediate environments and include tools such as personal air monitors,
which measure chemicals that may be inhaled. For several chemicals and
purposes, measuring internal exposure levels in human tissues is
considered the most useful and accurate measure and an important piece
of the information needed to link contaminants in the environment with
adverse health effects.

3The Role of Monitoring Networks in the Management of the Nation’s Air Quality, National
Science and Technology Council, Committee on Environment and Natural Resources, Air
Quality Research Subcommittee (Mar. 1999).
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While officials may be able to collect internal exposure levels at a local
level, the results are difficult to interpret without information such as
comparative data to show what exposure levels might be considered high
or research findings linking exposure levels to specific health effects.
Because of the need for improved data on actual human exposures found in
the general population, the National Research Council (NRC), an arm of the
National Academy of Sciences, recommended in 1991 that the nation adopt
a new program to monitor chemical residues in human tissues, such as
blood. NRC noted that determining the concentrations of specific
chemicals in human tissues could serve to integrate many kinds of human
exposures across media such as air, water, or food and over time. As one
component of an effort to manage environmental quality and protect public
health, NRC reported that a well-designed national program for monitoring
toxic chemicals in human tissues was needed.* NRC pointed out that
human exposure data could be used to help monitor changes in the
population’s exposure to chemicals and identify population groups—by
factors such as age or geographic location—that might be at increased risk
because they face higher levels of exposure.

Direct biological monitoring of human exposure to chemicals has been
made increasingly possible by recent advancements in analytical chemistry
and molecular biology. Methods have been developed to measure smaller
levels of toxicants in body tissues and to do so with smaller sample
amounts.® For example, a few years ago a laboratory would need 100
milliliters of blood to detect dioxins in the part-per-billion range. New test
methods use less than 10 milliliters and are capable of detecting
concentrations in the parts-per-trillion range. Single samples can also now
be used to detect low concentrations of multiple chemicals. Since 1995, for
example, laboratory methods have been developed to detect polycyclic
aromatic hydrocarbons, a group of more than 100 chemicals formed during

“According to NRC, human monitoring data alone can signal the need to conduct studies on
specific environmental chemicals, but these data are best viewed as one component of a
comprehensive environmental monitoring program. Human measurements are best
supplemented with knowledge of contaminant sources, environmental pathways,
environmental concentrations, time patterns and locations of exposure, routes of entry into
the body, material toxicity, and latency. See NRC, Commission on Life Sciences, Monitoring
Human Tissues for Toxic Substances (Washington, D.C.: National Academy Press, 1991).

*Other human biological tissues that might be used for measurements of chemical
concentrations include fat tissue, breast milk, semen, urine, liver specimens, hair,
fingernails, or saliva. Human breath has also been used to measure exposure to certain
chemicals.
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the incomplete burning of coal, oil, gas, garbage, tobacco, and other
substances.

Lead is an example of a chemical that has been monitored extensively by
measuring absorption into human tissues—specifically, lead levels in the
blood. Elevated levels of lead in the blood can cause learning problems
and, at extreme levels, result in serious brain or kidney damage. Data on
blood lead levels have been collected for the national population since
1976. Public health officials, researchers, and others have used lead
exposure data from large- and small-scale studies in many ways to identify
at-risk populations, evaluate regulatory actions, improve the models used
to estimate exposure, and identify significant sources of preventable
exposure, as shown in the following examples.

Identifying at-risk populations: National blood lead data revealed that
low-income children living in houses built before 1946 had a prevalence
of elevated blood lead levels of 16.4 percent as compared to 4.4 percent
for all children ages 1 through 5; non-Hispanic black children in similar
housing had a prevalence of 21.9 percent—the highest risk of elevated
blood lead levels of any demographic group. Using this information,
state and local health officials can more effectively target screening and
treatment efforts.

- Establishing and evaluating public health-related policies: In the 1980s,
EPA was considering whether or not to make permanent a temporary
ban on lead in gasoline. National data on lead exposure showed a
decline in average blood lead levels that corresponded to the declining
amounts of lead in gasoline. Based on this and other information, EPA
strengthened its restrictions on lead in gasoline and required a more
rapid removal of lead from gasoline.

e Improving models used to estimate exposure: Experts indicate that an
increasingly important use of human exposure data has been as a
“reality check” on other indexes of exposure, such as questionnaires
about activities or work histories, to ascertain whether exposures may
have occurred. For example, prior to the decision to phase out lead in
gasoline, exposure models suggested that eliminating lead in gasoline
would have only a slight effect on blood lead levels, while actual testing
showed a more dramatic effect.

< Identifying key sources of exposure: When combined with other

exposure data, exposure measurements can help reveal the source of

the exposure—an essential step in developing and monitoring
intervention strategies designed to reduce or eliminate harmful
exposures. For example, when no evidence of lead paint—the most
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Current Measurement
Efforts Cover Few
Chemicals and
Situations

common source of lead contamination—was found in the home of a
child whose blood showed abnormal levels of lead, public health
officials were baffled. Observational data on how and where the child
spent time and environmental data from the surfaces most often
encountered revealed that lead-contaminated stuffing in a toy the child
chewed likely accounted for the high exposure. The child’s blood lead
level declined when the contaminated toy was removed.

While lead is unique among chemicals in that it has been extensively
studied—decades of research has shown its harmful effects at increasingly
lower levels—such research has been possible in part because of
laboratory advances in measurement technology. Over the years, as
technology improved the ability to measure smaller and smaller amounts of
lead in the bloodstream, researchers have been able to identify increasingly
subtle adverse effects by linking blood lead levels and changes in
neurobehavioral functioning.

Although HHS and EPA each are expanding their survey efforts to use new
technologies and measure a broader range of exposures in the national
population, their measurement efforts cover a limited portion of the more
than 1,400 potentially harmful chemicals we reviewed. These surveys also
remain of limited value for identifying at-risk populations, because in the
case of their survey efforts, sample sizes to date have been insufficient—
and, for most chemicals, not representative of the general population. In
addition, federal efforts to help assess potential disproportionate
exposures by collecting data on communities living near Superfund sites
have been limited to few locations. State agencies reported that their
efforts are also limited, despite the importance they place on using such
data in their studies of population- or site-specific situations within their
borders. According to state environmental health officials, they are often
unable to collect these data.

Federal Efforts Are
Expanding

In our examination of the HHS and EPA surveys, we found that the types of
chemicals measured have recently increased. For the past 40 years, HHS’
Centers for Disease Control and Prevention (CDC) has collected through a
survey nationally representative data on the health and nutrition of the U.S.
population. Exposure measurements are one component of this survey. In
the mid-1990s, EPA's Office of Research and Development initiated a
human exposure survey, which is currently in its pilot phase in three
locations across the country. A third more recent effort to monitor human
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CDC'’s National Health and
Nutrition Examination Survey

EPAs National Human Exposure
Assessment Survey

exposures to select chemicals was initiated in 1996 by HHS' National
Institute of Environmental Health Sciences (NIEHS) of the National
Institutes of Health (NIH). For each of these federal efforts, laboratory
measurements are largely conducted by the laboratory at CDC’s National
Center for Environmental Health, which also developed many of the
methods for performing these measurements.

CDC collects human exposure data as part of NHANES, which has been
conducted periodically since 1960 and, beginning in 1999, has been
conducted annually. NHANES monitors trends in health status by
conducting interviews and physical assessments on a nationally
representative sample of about 5,000 people per year. NHANES collects
blood and urine samples for many purposes, such as assessing cholesterol
levels and the prevalence of diabetes. Since 1976, these samples have also
been used to measure exposure to selected chemicals, and excess samples
are banked for future research. In the past, CDC’s human exposure
monitoring efforts have focused largely on lead, cadmium, and a few
pesticides and volatile organic compounds—chemical compounds which
include a number of animal and known or suspected human carcinogens
found in tobacco smoke, building supplies, and consumer products.®
Starting with the 1999 NHANES, CDC proposed to measure up to 210
chemicals in human tissues as staff and other resources permitted. These
chemicals include metals such as mercury, which at high levels may
damage the brain, kidneys, and developing fetus; polyaromatic
hydrocarbons (a group of compounds found in sources such as foods that
have been grilled); and volatile organic compounds, such as benzene. At
the time of our review, a CDC official indicated that resources allowed
them to include about 74 chemicals for 1999 and 2000. The estimated
marginal costs for the environmental exposure-related components of the
NHANES 1999 survey were about $5 million.

To expand upon and replace its National Human Adipose Tissue Survey
(NHATS)—a tissue monitoring program, which ended in 1992—EPA

SSpecial reference studies supported by the Agency for Toxic Substances and Disease
Registry were also conducted on nonrepresentative samples of a portion of the people
participating in the most recently completed segment of NHANES (conducted from 1991
through 1994). These special studies assessed exposure to 45 pesticides and volatile organic
compounds.
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National Institute of
Environmental Health Sciences’
Human Exposure Initiative

initiated in 1993 pilot surveys for NHEXAS in three regions of the country.’
A goal of the NHEXAS pilots is to obtain knowledge on the population’s
distribution of total exposure to several classes of chemicals and to test the
feasibility of collecting representative survey data on people’s total
exposures. NHATS focused on monitoring human fat tissues for persistent
organochlorine pesticides and polychlorinated biphenyls (PCB); NHEXAS
has broadened this focus in two ways. First, in addition to measuring
chemical levels in samples such as blood or urine, the NHEXAS pilot
surveys included measurements of chemicals in air, foods and beverages,
water, and dust in individuals’ personal external and internal environments.
To conduct these measurements, the pilot surveys used tools such as
guestionnaires, activity diaries, airmonitoring badges worn by the
individual or other air-monitoring devices, and tap and drinking water and
food samples. Such data are important for purposes such as identifying the
most important sources or routes of exposure and for taking actions to
reduce or prevent exposures. Second, the NHEXAS pilot surveys included
more types of chemicals than pesticides, such as lead and other heavy
metals. The NHEXAS pilots, however, included fewer chemicals than its
predecessor—which measured about 130 pesticides and PCBs in human fat
tissue—in part because monitoring levels of any given chemical in personal
environments and in human tissues requires significantly more laboratory
measurements for the same chemical. EPAs NHEXAS pilot surveys, which
have tested biological samples from about 460 participants, have
collectively measured up to 46 chemicals, including pesticides, heavy
metals, and volatile organic compounds in blood, urine, or hair. Once data
from these pilot surveys have been further analyzed, EPA intends to assess
the feasibility and cost of conducting a national effort to collect total
exposure data. To date, EPA has invested about $20 million to support the
pilot surveys. Very preliminary estimates by EPA for a national survey
range from $20 million to $30 million per year over 10 years or more.

In 1996, NIEHS began an initiative to collect human exposure data. This
initiative was started as a collaboration between NIEHS and CDC to
improve understanding of human exposures to hormonally active agents—
also called “environmental endocrine disrupters”—for the national

"Specifically, pilot surveys were conducted in Arizona, Maryland, and EPASs region 5
(lllinois, Indiana, Michigan, Minnesota, Ohio, and Wisconsin).
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population.® The effort was intended to build upon the chemical monitoring
in NHANES by supporting the development of laboratory methods and
measurement of previously unmeasured chemicals in human tissues
collected from NHANES and other studies. NIEHS and CDC signed an
interagency agreement, under which CDC will develop methods for
measuring and will measure in blood, urine, or both up to 80 chemicals
thought to be hormonally active agents. For this effort, CDC obtained
samples of about 200 people—most of whom are from the ongoing
sampling of the general population under NHANES.

In 1999, officials of NIEHS and the National Toxicology Program (NTP)—
an interagency effort to coordinate toxicological research and testing
activities of HHS, which is administratively housed at NIEHS—proposed to
expand upon the initial collaboration and formalized the undertaking as the
Human Exposure Initiative. Specifically, they proposed a broader
interagency effort to quantify human internal exposures to chemicals
released into the environment and workplace. One significant purpose of
this effort was to help prioritize those chemicals and chemical mixtures to
be studied by NTP, recognizing the limited resources available for
toxicological testing and the need for better information to prioritize which
chemicals should be tested. According to NTP officials, although NTP is the
nation’s largest federal toxicology testing program, it can initiate only 10
long-term cancer studies and 10 reproductive studies per year.” NIEHS
provided a list of 131 chemicals it hoped would be measured through this
expanded effort. At the time of our review, however, program officials told
us that NIEHS had not published data from the chemicals CDC had
measured under this agreement, and CDC was developing the laboratory
methods needed to measure many of the chemicals identified by NIEHS as

®The concern about endocrine disrupters originated from the finding that some synthetic
chemicals in the environment are associated with adverse reproductive and developmental
effects in wildlife and mimic the actions of female hormones. According to NRC, although it
is clear that exposures to hormonally active agents at high concentrations can affect wildlife
and human health, the extent of harm caused by exposure to these compounds in
concentrations that are common in the environment is debated. See NRC, Commission on
Life Sciences, Hormonally Active Agents in the Environment (Washington, D.C.: National
Academy Press, July 1999).

°According to NTP officials, chemicals are tested for cancer and noncancer endpoints—
including effects on reproduction, development, nervous system, and immune systems—
using traditional bioassays as well as newly validated tests. Validation of new tests is
achieved through an NTP interagency center involving 15 federal agencies or institutes.
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needed.” (For more information on NHANES, NHATS, NHEXAS, and
NIEHS' Human Exposure Initiative, see app. Il.)

Despite Expansion,
Chemicals Covered in
Exposure Measurements
Remains Limited

Despite these expanded efforts, NHANES and the NHEXAS pilot surveys
cover only about 6 percent (or 81) of the 1,456 potentially harmful
chemicals in our review. We compared the chemicals measured by these
surveys to eight selected lists of chemicals of concern.™ Our selection was
based, in part, on our assessment and input from experts that these lists
contained chemicals of higher concern to human health.** However, the
listed chemicals represent a small portion of those that are regulated or are
of potential public health importance. For example, there are over 7,000
lists of chemical substances and classes that are regulated under the Toxic
Substances Control Act and the Emergency Planning and Community
Right-to-Know Act.

For those individual lists that we reviewed, the portion of toxic chemicals
measured ranged from 2 percent of chemicals prioritized for safety testing
(based on EPA's findings that the chemicals may present unreasonable
risks) to about 23 percent of chemicals most often found at the nation’s
Superfund sites and identified as posing the most significant threat to
human health. See table 1 for each of the lists reviewed and the extent to
which NHANES or the NHEXAS pilots are measuring these chemicals, and
appendix | for a discussion of each list included in our review.

¥CDC officials indicated that, by the end of 1999, it had developed laboratory methods to
measure more than half of the chemicals under the agreement with NIEHS.

"We excluded NHATS and Human Exposure Initiative chemical lists from our analysis.
NRC’s 1991 review of the NHATS program raised questions about the representativeness of
the results and the methods used to handle the tissue specimens, among other questions.
The Human Exposure Initiative measurements were not available at the time of our review
and, thus, which chemicals had been or are currently being measured was not known.

2\We selected these lists based on input from program officials and experts at EPA, HHS, the
Association of Public Health Laboratories, and the Pew Commission on Environmental
Health and our assessment that the criteria for listing a chemical demonstrated that
exposure could potentially be harmful to humans. There are many toxic chemical lists
maintained by different programs and agencies for different purposes that we did not
include in our review and, as such, the ones we reviewed do not necessarily individually or
collectively represent the chemicals of highest concern to human health.
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|
Table 1: Extent to Which Human Exposure Data Are Collected for Potentially Harmful
Chemicals Through NHANES or the NHEXAS Pilot Surveys

Chemicals
measured or being
Priority chemicals measured
Number

Description of list inlist  Number Percent
Chemicals found most often at the national Superfund
sites and of most potential threat to human health 275 62 23%
EPA’s list of toxics of concern in air 168 27 16

Chemicals harmful because of their persistence in the
environment, tendency to bioaccumulate in plant or
animal tissues, and toxicity 368 52 14

Pesticides of potential concern as listed by EPA’s
Office of Pesticide Programs and the U.S.
Department of Agriculture’s Pesticide Data Program 243 32 13

Chemicals that are reported in the Toxic Release
Inventory; are considered toxic; and are used,
manufactured, treated, transported, or released into

the environment 579 50 9
Chemicals that are known or probable carcinogens as

listed in HHS’ Report on Carcinogens® 234 17 7
Chemicals most in need of testing under the Toxic

Substances Control Act (Master Testing list) 476 10 2

Note: Our analysis was based on human exposure data collected through NHANES or the NHEXAS
pilot surveys through 2000.

#The Report on Carcinogens list may also include pharmaceutical agents, substances of primarily
occupational concern, and banned substances. According to NIEHS officials, this may account for their
lower inclusion in NHANES or the NHEXAS pilots. NIEHS and NTP officials indicated that, in addition
to these chemicals, NTP reports results of its chronic bioassays for cancer in its technical report series.
There are now approximately 500 reports, which collectively include nearly 250 chemicals found to
cause cancer in rodents. Officials indicated that another useful evaluation would assess the proportion
of rodent carcinogens for which human exposure data are collected and that NTP is planning to
conduct such an evaluation.

While many potentially harmful chemicals in these lists are not measured in
the population, NHANES or the NHEXAS pilot surveys contain a greater
portion of chemicals considered of higher priority. Two toxic chemical lists
we reviewed—one ranking chemicals frequently found at Superfund sites
and one ranking selected chemicals compiled by EPA—prioritized
chemicals based on their potential to harm human health. We examined the
highest-ranked chemicals on these lists and found that higher proportions
of these chemicals were or will be measured compared to the overall list. A
CDC laboratory official also indicated CDC was in the process of
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developing methods to measure a number of the chemicals on these lists
and planned to measure other chemicals in future efforts if they have
adequate resources to do so.

« Ranking of chemicals frequently found at Superfund sites: Developed by
EPA and HHS’ Agency for Toxic Substances and Disease Registry
(ATSDR), which conducts public health assessments or other health
investigations for populations living around national Superfund sites,
this list ranks substances that are most commonly found at Superfund
sites and pose the most significant potential threat to human health due
to their known or suspected toxicity and potential for human exposure.
Of the top 40 chemicals on this list, CDC indicated that 9 were currently
being measured in NHANES. CDC hopes to include an additional 30 of
the top 40 in future efforts; 11 of these 30 chemicals, however, were
included in the NHEXAS pilot surveys.

< Ranking of selected toxic chemicals compiled by EPA: These rankings
are based on a chemical’s persistence, tendency to accumulate in plants
and animals, and toxicity. CDC indicated 4 of the top 22 chemicals on
this list based on their health hazard™ were currently being measured in
NHANES. CDC hopes to include the remaining 18 in future efforts; 6 of
the 18 chemicals were included in the NHEXAS pilot surveys.

Federal Efforts Are Limited
for Identifying At-Risk
Subpopulations

In recent years, federal agencies have been charged with identifying
whether certain populations—including minorities, people with low
incomes, and children—disproportionately face greater health risks
because they have greater exposure to environmental hazards.*
Researchers increasingly recognize that the scarcity of adequate and
appropriate data, especially for exposures and related health effects,

BEPAS prioritized chemical list ranks chemicals based on the length of time to break down,
the degree to which they accumulate in plants and animals, and their toxicity. Both
ecological and health risk scores are calculated. We used only the health risk scores in our
analysis.

“Executive Order 12898 requires that each agency identify and address as appropriate
disproportionately high and adverse human health or environmental effects of its programs,
policies, and activities on minority populations and low-income populations in the United
States and its territories and possessions. Executive Order 13045 established similar
requirements with respect to children.

Page 15 GAO/HEHS-00-80 Environmental Health Data Needs



B-282172

Sampling Not Sufficient to
Identify Many Highly Exposed
Groups

hinders efforts to more systematically identify groups that may be at risk.”
Lacking such data, past efforts to identify the exposures of certain
demographic groups have often relied on measures of chemical levels in
the surrounding environment. For example, some studies around
hazardous waste sites and industrial plants have shown that minorities and
low-income subpopulations are disproportionately represented within the
geographic area around the sites. Such studies are limited in identifying the
actual health risk because they must make assumptions about how these
substitute measures, such as how close one lives to a hazardous waste site,
relate to actual exposures experienced by people.

To identify groups whose exposure is disproportionately greater than that
experienced by the remainder of the population—and thereby provide
more definitive assessments of whether certain groups potentially face
greater health risks—health officials and researchers might measure
exposure levels for (1) a representative sample and analyze the
characteristics of subpopulations with the highest exposures or (2) a
population thought to be at high risk and compare it to measurements from
a reference population.* We examined the extent to which federal survey
data on human exposures collected to date could be used to assess
characteristics of those groups most exposed. We also examined the extent
to which human exposure data was collected on a population considered to
be at higher risk—specifically, those living around national priority
hazardous waste sites. In each effort, the information collected has been
limited, as discussed below.

Representative sampling is required to identify at-risk subpopulations in a
non-biased way—that is, without presupposing that a certain group is at
higher risk. The sample must also be large enough to ensure highly exposed

B3, Perlin, K. Sexton, and D. Wong, “An Examination of Race and Poverty for Populations
Living Near Industrial Sources of Air Pollution,” Journal of Exposure Analysis and
Environmental Epidemiology, Vol. 9, No. 1 (1999), pp. 29-48.

5D, Wagener, D. Williams, and P. Wilson, “Equity in Environmental Health: Data Collection
and Interpretation Issues,” Toxicology and Industrial Health, Vol. 9, No. 5 (1993), pp. 775-95.
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subpopulations can be objectively identified.'” For nearly all chemicals
except lead, however, past federal collection of human exposure data in
NHANES and the NHEXAS pilot surveys has been insufficient to identify
whether disproportionate exposures are occurring in many demographic
groups. In the case of NHANES, the sample is generally drawn to reflect the
national population as a whole.'® Consequently, the sample of the group of
interest may be too small to draw meaningful conclusions about
characteristics, such as exposures, of the group. In the past, most NHANES
exposure measurements were conducted among non-randomly-selected
samples and from only a portion of the surveyed participants, thus limiting
the ability to identify highly exposed groups. Lead was an exception. Data
for blood lead levels in children have been the most comprehensively
collected, and certain characteristics have been clearly associated with a
higher prevalence of blood lead levels. EPA has concluded that the
evidence is unambiguous: children of color have a higher prevalence of
elevated blood lead levels than white children do, and children in lower-
income families have a higher prevalence than children in higher income
families. See table 2 for the most recent NHANES analysis.

The feasibility of using a representative survey to identify at-risk subpopulations based on
individual characteristics (such as age, race, or income level) or location (such as a city,
county, or state) depends on sample design and size—that is, on how the participants are
selected and how many participants are included. Generally, the lower the percentage of the
population in question in the sample, the less the data can be used to develop precise
estimates of exposure or to distinguish exposure levels between subgroups.

8Certain groups may be included at a higher rate or oversampled to ensure a greater level of

accuracy. For example, between 1988 and 1994, children ages 2 months through 5 years
surveyed in NHANES were oversampled.
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Table 2: Prevalence of Elevated Blood Lead Levels in Children Ages 1 Through 5, by
Selected Demographic Characteristics (NHANES, 1991 Through 1994)

Percentage with elevated

Characteristic of children in sample blood lead levels
Race/ethnicity

Black, non-Hispanic 11.2%
Mexican-American 4.0
White, non-Hispanic 2.3
Income level

Low 8.0
Middle 1.9
High 1.0
Age group

1 through 2 5.9
3 through 5 35
Total ages 1 through 5 4.4%

Source: CDC, “Update: Blood Lead Levels—United States, 1991-1994,” Morbidity and Mortality
Weekly Report, Vol. 46, No. 7 (1997), pp. 141-5.

CDC officials told us that representative data, such as that collected for
lead, would be collected for a larger number of chemicals starting in 1999.
However, CDC plans indicated that for most chemicals monitored, only a
portion of NHANES survey participants—generally one-third or fewer,
depending on the type of chemical—would be tested. For some chemicals,
only certain groups thought to be at higher risk may be tested. For
example, NHANES will include measurement of certain persistent
pesticides known as organochlorines in one-third of the survey participants
ages 12 through 19. Children under 12 will not be assessed.* CDC officials
indicated that people over 19 may be assessed if adequate resources are
available to do so. Although most organochlorines are banned in the United
States, some are still used in home and garden products, such as products
for treating lice and controlling agricultural and structural pests and flame

¥According to CDC officials, children under 12 will not be assessed because the volume of
tissue samples needed to perform the measurement will not be available. Other
measurements—such as those for lead, mercury, and cotinine (a metabolite of nicotine
illustrating exposure to cigarette smoke)—will be performed for many in this age group.
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retardants used in synthetic fabrics.?> NHANES data from a one-third
subsample will be useful for establishing reference ranges within the
population and illuminating exposure levels nationally; they will also be
useful for identifying exposures of broad demographic groups, such as
males and females. But these data are not enough to enable researchers to
assess exposure levels of or characterize many potentially at-risk groups,
such as the exposures of inner-city children in low-income families.?
According to a CDC laboratory official, targeted studies should be
considered for groups that represent a small portion of the population.

Similarly, the NHEXAS pilot surveys included representative samples of
participants in the three geographic locations covered. However, because
of the smaller sample sizes, the work to date has also been too limited for

PAccording to CDC laboratory officials, other NHANES exposure measurements planned
for 1999 and 2000 for a subsample of participants includes volatile organic compounds,
mercury, honpersistent pesticides, phthalates, and trace metals. Air toxic exposures to
selected volatile organic compounds will be measured in personal measurements—such as
chemical levels in the air, measured through badges, and chemicals in water samples—and
in blood samples from a subsample of people ages 20 through 59. Mercury will be measured
in the hair and blood of participants ages 1 through 5 and women ages 16 through 49.
Nonpersistent pesticides or their metabolites are planned for measurement in one-half of
participants ages 6 through 11 and one-third of participants ages 12 and over. Surveys and
focused research indicate that household use of certain pesticides may be extensive, but
little information is available concerning residential or household exposures among the
general population. Phthalates are planned for measurement in one-third of the participant
ages 6 and older. Seventeen trace metals will be measured in one-third of participants ages 6
and older. Trace metals such as barium and beryllium have been associated with adverse
health effects in occupational or laboratory studies but have not been monitored in the
general population.

ZThe current design of NHANES samples allows several years of data to be combined. If
exposure for chemicals is measured consistently over several years, then assessing risk
factors may be increasingly possible over time. CDC officials indicated that for any annual
NHANES full sample, a limited number of estimates for broad population subgroups can be
developed. More detailed measures for smaller subgroups (for example, analyses by age,
gender, and race and ethnicity) will require more years of data, generally 3 through 6 years—
and even longer if a subsample is used—of data collected for all participants. Based on an
annual sample of one-third of the participants, CDC indicated that estimates may be
possible for very broad subgroups, such as males or females; participants ages 6 through 19
or over 20; or a few major race and ethnicity groups, depending on the prevalence of the
condition examined.
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Federal Efforts to Identify
Communities of Concern
Valuable, but Human Exposure
Data Are Limited

much analysis of at-risk populations.?” The pilot surveys included biological
measurements for about 200 people in six Midwestern states, about 180
people in Arizona,” and about 80 people in Baltimore.

A second method to identify a subpopulation disproportionately at risk of
adverse health effects is to compare exposure levels for a group thought to
be at high risk with baseline measurements from a reference population.?*
This method can be used to determine, for example, the extent to which
people in a neighborhood, community, or geographic location are exposed
relative to others. In cases where exposure levels have been identified as
high compared to reference populations but potential health effects
associated with those levels have not been researched, public health
actions can help prevent further or increasing exposures, and these groups
can be assessed for any subsequent health outcomes.

20ne assessment of the data from Midwestern states provided some indication of potential
differences in personal exposures between age groups, races, income segments, and house
construction dates. Researchers cautioned that the data for some categories examined were
small. This assessment did not report on exposure measurements from biological sampling
in this survey. (See E. D. Pellizzari, R. L. Perritt, and C. A. Clayton, “National Human
Exposure Assessment Survey: Exploratory Survey of Exposure Among Population
Subgroups in EPA Region V,” Journal of Exposure Analysis and Environmental
Epidemiology, Vol. 9 (1999), pp. 49-55.

ZThese participants provided biological samples, such as blood and urine. Larger
participant groups in the study areas provided environmental and food monitoring samples
and responded to questionnaires. This excludes a related but separate study done in
Minnesota reviewing pesticide exposures that was not one of the three formal pilot surveys.

#Determining the distribution of chemical exposure among a non-occupationally-exposed
population establishes a “reference range” that shows what can be considered background
exposure and what can be considered high. With reference range information, officials
concerned about exposures of groups can compare the groups’ exposures to those of the
general population and determine whether public health action is warranted to prevent or
reduce high levels of exposure.
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One federal effort, conducted by ATSDR, analyzes risks faced by
communities near hazardous waste sites. ATSDR estimates that 12.5
million people live within 1 mile of the nation’s 1,300 Superfund sites. The
agency can collect biological samples through exposure investigations as
part of the public health assessment process or in response to requests
from the public.® ATSDR officials said that human exposure data collected
at Superfund sites have been useful in deciding on actions such as stopping
or reducing exposures, relocating residents, referring residents for medical
follow-up, reducing community anxiety, influencing priorities on site-
specific clean-up, making referrals to researchers for assessing health
links, and educating community and other health providers. As evidence,
they pointed to the conclusions of an expert review panel, which stated in
March 1997 that human exposure data were as important to exposure
investigations and public health assessments as environmental monitoring
results at the sites of concern.?® However, the number of investigations that
included human exposure data has been limited. Between 1995 and July
1999, ATSDR had gathered biological samples at only about 47 of the more
than 1,300 Superfund sites. At least 34 of these investigations detected
contaminants in people and 16 found elevated levels.

Other federally conducted efforts designed to monitor or collect data on
the exposures of populations within selected communities or geographic
regions have also been infrequent.?” One such regional-scale effort under
way is collecting data on exposures within selected communities along the
border between Texas and Mexico. Officials from Mexico and federal and
state agencies in the United States are comparing exposures of people in

BATSDR conducts exposure investigations when (1) people have likely been exposed to a
contaminant, (2) more information is needed on the exposure, (3) an exposure investigation
will provide that information, and (4) that investigation will affect public health decisions.

%In its report, panel members suggested many improvements to ATSDR’s exposure
investigations, including creating a technical planning group to review emerging and
innovative technologies and establishing a national clearinghouse of collected data. ATSDR
officials indicated that they had not been able to act on some of the panel’s suggestions
because of limited staff and resources and other barriers to collecting data, such as the lack
of laboratory methods for testing chemicals of interest. ATSDR has nine staff to conduct
exposure assessments for sites across the nation and can only respond to requests from
communities or state or local officials for assistance rather than conducting such
assessments as part of every new investigation.

“Federal agencies also might fund academic research that is designed to identify
communities of concern. Assessing the extent that federally supported academic research
included or focused on human exposure data to identify at-risk population was beyond the
scope of our review.
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the border area with those in areas away from the border. Another study
examined the exposures of people along the Arizona border compared to
the exposures of people elsewhere in the state. This study collected
environmental samples for pesticides, metals, and volatile organic
chemicals. Blood and urine samples were also tested to relate the
environmental measurements to the measurements in human tissues for
these chemicals.

State Officials Value Human
Exposure Data for Studies
and Investigations but Do
Not Often Include Them

Most state officials who we surveyed highly valued human exposure data.
However, most could not include it in their exposure-related health studies,
investigations of concerns such as disease clusters, or surveillance efforts.
Almost half of the officials responding to our survey estimated that they
had participated in 10 or more exposure-related studies or investigations
since 1996, with about 16 percent estimating they participated in 50 or
more. However, about half of officials indicated they could seldom if ever
collect exposure data through human samples in their efforts. When data
were developed, officials listed five main uses: (1) environmental health
epidemiologic studies, (2) surveillance of diseases or conditions with
suspected environmental causes, (3) investigations of citizen concerns, (4)
planned or accidental chemical releases, and (5) disease clusters (see table
3).% State officials we spoke with noted that human exposure data are
often the most valid and persuasive evidence available to demonstrate
whether, and to what extent, exposure has occurred or changed over time.
In highly charged situations, where community trust has eroded, such data
may be the only evidence acceptable to area residents.

%Since most states conduct surveillance for lead exposure, we asked officials to not include
these efforts in their responses. See app. 111 for a copy of our survey.
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Table 3: Examples of How State Officials Use Human Exposure Data

Purpose

Example

Environmental health
epidemiologic studies

Using blood and urine samples from people who ate sport fish and were concerned about undue
exposure to dioxins, pesticides, and other chemicals, health officials determined these people had
exposure to some chemicals from 2 to 10 times higher than levels in a reference population. Based on
these results, officials will focus a larger health effects study on exposure to those chemicals.

Surveillance of diseases or
conditions with suspected
environmental causes

Virtually all states collect information on blood lead levels in children to monitor and prevent lead
poisoning. Some also monitor exposure to pesticides and other chemicals such as mercury and arsenic.

Investigation of citizen
concerns

Health officials used human tissue measurements and citizens’ reports of illnesses to demonstrate that
the combined effect of chemicals released into the environment posed a health hazard severe enough to
warrant evacuating nearby residents. State and federal officials subsequently closed a manufacturing
plant because of the harmful health effects of its chemical releases.

Investigation of planned or
accidental chemical releases

Officials in nine states asked CDC to test tissue samples from almost 17,000 individuals thought to have
been exposed to methyl parathion, a deadly pesticide. CDC's ability to measure the pesticide in human
tissue and compare exposures across states was critical to identifying individuals with high exposures
and houses most in need of clean-up. Because relocating residents and removing the pesticide from
homes cost up to $250,000 per household, the exposure data helped officials avoid spending limited
funds on houses that did not pose a health risk to the people living in them. One state official said the
exposure results reduced the number of houses needing pesticide removal from hundreds to fewer than
10.

Investigation of disease
clusters

State health officials reviewed data on individual cases of cancer in one community and for the entire
state. When available data on known risk factors did not account for the increased incidence of breast
cancer, officials began a more detailed study that included human tissue analysis. Blood samples were
obtained from women before and after treatment began and from women in a control group. Results will
be compared to reference range data developed by CDC. One goal of such studies is to help identify
environmental factors that contribute to breast cancer risk.

While mercury, arsenic, and pesticides were most often reported as being
studied in human samples, some state officials reported using human
exposure data for chemicals that CDC has since 1991 developed methods
to measure. For example, about 15 percent of officials conducted studies of
human exposure to volatile organic compounds, and almost 30 percent
reported studies of exposure to PCBs using data from tissue analysis.

Regardless of whether state officials had collected or used human
exposure data in the past 4 years, about 90 percent of those officials
responding to our survey said human exposure data from tissue samples
was extremely or very important for addressing environmental health
concerns. Despite the perceived value of such data, almost two-thirds of
officials said they could include human exposure data in fewer than half of
the exposure-related studies, investigations, and surveillance efforts where
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they considered it important. More than one-third said they seldom could
include such data.

Several state health and laboratory officials whom we interviewed
expressed frustration at the missed opportunities for collecting biological
samples as part of their studies and investigations for reasons such as
limited laboratory capacity. For example, health officials in one state could
not examine the role played by methyl t-butyl ether (MTBE)—an additive
designed to promote more efficient burning of gasoline—in a major
respiratory disease outbreak because state staff lacked the expertise and
CDC staff lacked the time to conduct the needed tests. In 1995, after MTBE
was added to gasoline and thousands of citizens reported becoming ill,
state officials wanted to measure MTBE or its by-products in blood from
samples of individuals with and without symptoms to determine whether
MTBE exposure might be the cause or a contributing factor. Objective
measures of individual exposure might have allowed public health officials
to conclusively demonstrate or rule out a link between the outbreak and
exposure, something that was not possible with environmental data and
epidemiologic surveys. The chemicals officials most often cited as wanting
to study using human exposure data but could not were pesticides and
volatile organic compounds.

Significant Information
and Infrastructure
Gaps Point to Need for
Strategic Planning and
Coordination

As part of our survey and interviews, we asked public health experts and
state and federal officials to identify barriers they considered significant to
their efforts to collect and use human exposure data. Officials cited two
primary barriers: the lack of laboratory capacity or methods to analyze
tissue samples and the lack of information to help set exposure test results
in context. Addressing these barriers takes time and resources. In that
regard, we identified a third barrier to more effective use of existing
resources: HHS and EPA lack a long-term strategic plan to address
infrastructure and science barriers, coordinate efforts to meet federal and
state needs, and address the many questions about how to set priorities
given their limited resources.
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Laboratory Capacity and
Methods to Measure More
Chemicals Needed

State officials frequently said insufficient laboratory capacity in their states
and at the federal level hindered their ability to obtain human exposure
data in cases where they thought such data were important. Over half of
the officials said their states lacked sufficient numbers of trained
laboratory staff, sufficient laboratory capacity to analyze samples, or
sufficient laboratory equipment. Many officials attribute such capacity
limitations to funding constraints because tissue analyses can be time-
consuming and expensive to perform. For example, according to a CDC
official, each test to measure dioxins in a sample requires (1) a laboratory
free from chemicals that could compromise test results, (2) specialized
equipment that costs about $500,000, and (3) highly trained and
experienced staff to complete. Officials of a professional organization
representing public health laboratories told us that, although many state
laboratories perceive they have a role in conducting tests to detect toxic
substances in humans, very few currently have such capacity.?®

State and federal officials we interviewed told us that because few state
laboratories have the necessary equipment and expertise, they often rely
on CDC's environmental health laboratory staff to analyze tissue samples.
Given the specialized laboratory requirements, CDC’s environmental health
laboratory is generally considered the best-suited to analyze tissue samples
for a range of chemicals and has, in fact, developed many of the methods to
do so, according to federal and state officials. CDC'’s laboratory performs
measurements for most federal and many state efforts to gather human
exposure data. Many officials said CDC’s laboratory capacity is essential to
their efforts and needs to expand to meet growing needs. A few state
officials said CDC'’s laboratory consistently returned test results when
people’s lives were at risk but was less able to help states assess health
risks more generally. An official in one state said that, while CDC’s
assistance is invaluable, the state’s laboratory capacity allowed public
health officials to obtain human exposure data and investigate citizen’s
concerns more frequently than they could if they had to rely soley on CDC’s
laboratory capacity.

®This organization actively supports expanding state and local laboratory capacity to
participate in a human biomonitoring program to provide human exposure data that would
enhance the effectiveness of environmental policy and regulatory decisions. In addition, this
group helped states 