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Abstract

United States environmental regulations, intended to protect human health, generally

fail to address major sources of pollutants that endanger human health. These sources

are surprisingly close to us and within our control, such as consumer products and

building materials that we use within our homes, workplaces, schools, and other indoor

environments. Even though these indoor sources account for nearly 90% of our

pollutant exposure, they are virtually unregulated by existing laws. Even pollutant levels

found in typical homes, if found outdoors, would often violate federal environmental

standards. This article examines the importance of human exposure as a way to

understand and reduce effects of pollutants on human health. Results from exposure

studies challenge traditional thinking about pollutant hazards, and reveal deficiencies in

our patchwork of laws. And results from epidemiological studies, showing increases in

exposure-related diseases, underscore the need for new protections. Because we cannot

rely solely on regulations to protect us, and because health effects from exposures can

develop insidiously, greater efforts are needed to reduce and prevent significant

exposures before they occur. Recommendations include the development and use of

safer alternatives to common products, public education on ways to reduce exposure,

systematic monitoring of human exposure to pollutants, and a precautionary approach in

decision-making.
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1. Pollutant exposure studies: surprising results

Numerous studies on personal exposure to pollutants have revealed some

startling results (Wallace, 1987, 1991, 1993; CDC, 2001, 2003; EWG, 2003).

We are regularly exposed to many toxic chemicals and carry them in our

bodies, as evidenced by samples of human blood, breath, hair, tissue, and body

fluids.

Most of our exposures to these chemicals are not from sources traditionally

regulated, such as remote waste sites and factories. Rather, the primary sources

are close to us: within our indoor environments, and the personal activities,

products, and materials inside those environments.

Of more than several hundred pollutants regulated by federal laws, all but a

few are higher indoors than outdoors, due to indoor sources.

The sources of these pollutants are largely unregulated—meaning that our

environmental regulations, designed to protect and promote human health, are

missing major sources of health risks.

The public is generally unaware of these types of everyday exposures, their

health consequences, and the relatively simple and cost-effective actions that

could reduce health risks.

2. Exposure science: measuring pollutants that affect humans

The science of human exposure1 emphasizes an important but often

overlooked fact: The pollutants that affect human health are those that come

in contact with humans (Ott, 1985). In this way, exposure science differs

from traditional approaches to environmental management. Instead of identi-

fying a pollutant source and then trying to trace emissions through the

environment to see who or what might be affected, exposure science starts

with the receptor of those pollutants—humans. It identifies and measures the

pollutants that have reached humans, and then traces the pollutants back to

their sources. If a goal of environmental regulations is to protect and promote

human health, then we need to address not only the pollutant sources but also

the receptors.

Advances in the science of exposure assessment have enabled researchers to

measure, with great accuracy, the types, concentrations, durations, and locations

of human exposure to environmental pollutants. These advances are techno-

logical, such as the use of highly sensitive analytic instruments and portable

exposure monitors, and methodological, such as the use of sophisticated

probability sampling designs in large-scale field studies (Ott and Roberts,

1998).

1 An ‘‘exposure’’ is the contact between an agent and a target (Zartarian et al., 1997). In this

context, the ‘‘agent’’ is a pollutant, and the ‘‘target’’ is a human.
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In the 1980s and 1990s, the U.S. Environmental Protection Agency (EPA) and

other researchers conducted the landmark TEAM (total exposure assessment

methodology) studies that measured personal exposures to pollutants. These

studies monitored more than 3000 participants, in 18 US urban and suburban

cities and one Canadian province, for exposure to volatile organic compounds

(VOCs) (Wallace, 1987, 1993; Wallace et al., 1991), pesticides (Immerman and

Schaum, 1990; Whitmore et al., 1994), carbon monoxide (Akland et al., 1985),

particles (Özkaynak et al., 1996a,b; Pellizzari et al., 1993), phthalates (plasti-

cizers) and polycyclic aromatic compounds (PAHs) (Sheldon et al., 1993), among

other pollutants. The participants carried around personal exposure monitors that

indicated what, how much, and where pollutants were affecting them. In addition,

the VOC and CO studies measured breath levels of 2000 participants to detect the

chemicals in their bodies (Wallace et al., 1986, 1988).

These studies produced a compelling finding: Most of our exposure to

pollutants occurs indoors, and from products that we choose to use. This result

contradicted conventional thinking, and conventional regulation, that focus on

outdoor sources of emissions rather than indoor and personal sources of

exposures.

What and where are these pollutant sources? Studies identified the following:

consumer products, such as air fresheners, deodorizers, cleansers, disinfec-

tants, personal care products, laundry supplies, moth repellants, cosmetics,

dry-cleaned clothes, solvents, and pesticides;

building materials and furnishings, such as paints, varnishes, adhesives,

solvents, carpets, vinyl flooring, pressed wood products, and combustion

appliances;

individual activities, such as bathing and washing in chlorinated water,

burning firewood and candles, refueling an automobile tank, and cigarette

smoking.

Specific results include the following. VOC exposures indoors are typically

5–50 times higher than outdoors, even in cities with relatively high levels of

outdoor pollution and heavy industry. New buildings often contain VOC levels

that are hundreds of times higher than outdoor levels (Sheldon et al., 1988;

Wallace, 2001). Common VOCs cause both acute and chronic health effects,

ranging from sensory irritation and headaches, to neurological damage and cancer

(Pierson et al., 1991; Otto et al., 1990; NIH, 2003).

Fragranced and scented products represent significant sources of human

exposure to toxic VOCs (Wallace, 2001); specifically, synthetic fragrances that

are found in numerous consumer products2, such as air fresheners, deodorizers,

2 Paradoxically, and perhaps misleadingly, some fragranced products are labeled ‘‘fragrance-free’’

or ‘‘unscented’’ because of the addition of a ‘‘masking fragrance,’’ another synthetic chemical, to the

already fragranced product—without necessarily reducing the toxicity of the product.
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laundry and dishwashing detergents, chlorine bleach, dryer sheets, and personal

care products such as shampoo, soap, lotions, hairspray, after-shave, nail polish

and remover (EPA, 1989b; Sack et al., 1992; Cooper et al., 1992). More than 95%

of chemicals used in fragrances are synthetic compounds derived from petroleum,

including benzene derivatives, aldehydes and many other known toxics and

sensitizers capable of causing cancer, birth defects, central nervous system

disorders and allergic reactions (USHR, 1986; NIH, 2003).

Pesticide levels can be 5–10 or more times higher indoors than outdoors,

even though some pesticides are used only outdoors (Whitmore et al., 1994).

Reasons are that pesticides used outdoors, such as termiticides, can seep

indoors or be tracked inside by shoes; plus, pesticides can persist much longer

indoors where they are protected from degradation. In addition, past applica-

tions of pesticides can persist in the environment and in human bodies for

decades after the initial application. For instance, the pesticide dichlorodiphe-

nyltrichloroethane (DDT), which was banned in 1972, was nonetheless found in

carpets of 25% of 362 Midwestern homes (Camann et al., 2000). In addition,

polycyclic aromatic compound concentrations found in carpet dust of 89% of

these homes were more than seven times the Superfund preliminary remedia-

tion goal for outdoor soil. This implies that an average urban infant, consuming

an average of 100 mg of dust containing 100 ng of benzo(a)pyrene a day, could

be exposed to an amount equivalent to smoking 2.8 cigarettes a day (Ott and

Roberts, 1998).

Partly influenced by the TEAM Study findings, several national and regional

task forces attempted to compare a wide selection of environmental risks. The

consensus was that the risk from indoor air pollution and consumer products

was far greater than most of the other risk factors surveyed, including

hazardous waste sites and outdoor air pollution (EPA, 1987, 1988a, 1989a;

Omenn, 1997).

The U.S. Centers for Disease Control and Prevention (CDC) recently

conducted two nationwide assessments of human exposure to toxic chemicals

in air, water, food, soil, dust, and other media (such as consumer products). The

First National Report on Human Exposure to Environmental Chemicals (CDC,

2001) presented exposure data for 27 chemicals (lead, mercury, cadmium, and

other metals; metabolites of organophosphate pesticides; cotinine; and phtha-

lates). The Second National Report (CDC, 2003) included these 27 chemicals

and added 89 more, including polycyclic aromatic hydrocarbons; dioxins,

furans, and coplanar polychlorinated biphenyls (PCBs); non-coplanar PCBs;

phytoestrogens; organophosphate, organochlorine, and carbamate pesticides;

herbicides; pest repellants; and disinfectants.

Results showed some success in dealing with prior problems, such as

exposures to lead and environmental tobacco smoke. But they also revealed

new problems. One is exposure to phthalates, which virtually all Americans

now carry in their bodies. Phthalates are found in numerous consumer products

such as soft plastics, pesticides, pharmaceuticals, lotion, children’s toys,
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adhesives, detergents, lubricants, food packaging, soap, shampoo, hairspray,

nail polish, and products made from polyvinyl chloride (PVC). Levels of

phthalates were highest in children and women of reproductive age, posing

risks of developmental and reproductive abnormalities, such as infertility,

precocious thelarche (onset of breast development before age eight in girls),

sperm damage, and birth defects (Raloff, 2000; NTP, 2000; CERHR, 2000).

Another is the prevalence of pesticides and the levels of pesticides, especially

in children. Metabolites of the pesticide chlorpyrifos were nearly twice as high

in children (age 6–11) than as in adults. Metabolites of the organochlorine

pesticide DDT were clearly measurable in young adults ages 12–19, even

though they were born after the U.S. ban (CDC, 2002). [For a report on known

and potential health effects of chemicals in these CDC studies, see PSR

(2003)].

A recent exposure study, led by Mount Sinai School of Medicine in New

York, in collaboration with the Environmental Working Group and Common-

weal (EWG, 2003), evaluated nine adult subjects; none worked with chemicals,

and all were regarded as leading healthy lives. The study found 167 industrial

compounds (average of 91 compounds) in the blood and urine of these

subjects, including breakdown products from organochlorine and organophos-

phate pesticides, polychlorinated biphenyls, dioxins, furans, and phthalates.

These chemicals are associated with cancer, brain damage, hormonal disrup-

tion, birth defects, developmental abnormalities, reproductive system defects,

and immune system damage (EWG, 2003; NIH, 2003). Among the chemicals

tested, the most prevalent were 77 semivolatile and volatile organic chemicals,

present in common consumer products, solvents, cleaners, and paints. None of

these 77 compounds was tested in the CDC studies, and each of them was

found in at least one subject in this study.

3. Body burden of chemicals and burden of proof

What are the health effects of all these pollutants in our bodies? The

magnitudes and multiplicity of health risks may be impossible to assess fully,

because we are dealing with mixtures of chemicals, non-monotonic dose–

response relationships, cumulative effects, individual susceptibilities, lag time

between exposures and effects, and hundreds of documented and potential

morbidity and mortality effects (NIH, 2003; PSR, 2003). The complexity of

analysis has led to regulatory paralysis, where chemicals are often assumed safe

until proven hazardous, placing a perhaps insurmountable burden of proof on

the public. Nonetheless, we have another body of evidence.

Rates of diseases with potential links to chemical exposures have been

increasing nationwide. Asthma in children under age five has increased by

160% (1980–1994) (CDC, 1998). Autism has increased by 1000% since the

mid-1980s (Chakrabati and Fombonne, 2001; Byrd, 2002). Hypospadias, a
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congenital misplacement of the urinary opening in the penis, has increased by

100% (1968–1993) and now affects one of 125 male babies born (Paulozzi et

al., 1997; Baskin et al., 2001). Cancer in children has increased by 26%

(1975–1999), with sharp increases in acute lymphocytic leukemia (62%), and

brain and nervous system cancers (50%) (NCI, 2002a). Testicular cancer in

young men has increased by 85% (1973–1999), and is now the most

common cancer in men ages 15–35 (NCI, 2002b, 2000c). If trends continue,

breast cancer would affect 25% of the granddaughters of today’s young

women (NCI, 1997). Further, according to the American Cancer Society, only

5–10% of all cancers can be attributed to inherited factors (ACS, 2001); the

rest occur from environmental exposures and other damage throughout our

own lifetimes.

Multiple and complex links between pollutant exposures and health effects

may have obscured perceptions of risk. Exposures do not always manifest

immediate and dramatic health effects; rather, they can cause subtle, gradual,

and often irreversible health damage. And even when they do cause immediate

effects, there is the troubling tendency to misdiagnose or misattribute common

symptoms caused by exposures. For instance, exposure to pesticides can cause

acute symptoms that mimic the flu, such as fevers, headaches, nausea, and

joint pain, and simultaneously cause chronic damage to the endocrine,

neurological, and immune systems (EPA, 2003b; NIH, 2003; Colborn et al.,

1993).

Exposures also defy traditional dose–response relationships. Low-level

chemical exposures can produce adverse health effects, even below regulatory

thresholds and ‘‘no effects’’ levels (ATSDR, 2003; NAS, 2000; Ashford and

Miller, 1998). For instance, chlorinated tap water byproducts, trihalomethanes,

were linked to increased miscarriages at 75 parts per billion (ppb), even though

the maximum contaminant level (MCL) was set at the time at 100 ppb (Waller

et al., 1998). The herbicide atrazine is linked to demasculinization of frogs at

levels as low as 0.1 ppb, even though the MCL is set at 3 ppb (Hayes et al.,

2002).

Further, low-level exposures can be more harmful than high-level expo-

sures of the same pollutant (Schmidt, 2001). Many chemicals, such as

endocrine disruptors, exhibit non-monotonic dose–response relationships,

meaning that the response (such as an adverse health effect from a chemical

exposure) can increase as dose is reduced. One such chemical is bisphenol A,

used in products such as plastic water bottles and baby bottles. In a series of

studies, low-dose exposure to bisphenol-A caused significant enlargement of

the adult prostate weight of mice exposed in the womb, but high-dose

exposure produced less or no enlargement (vom Saal et al., 1997; Gupta,

2000).

Thus, we are regularly exposed to hundreds of industrial pollutants, from

everyday products and places, that persist in our bodies and in the environment,

and that are linked to numerous diseases and health effects. Yet the major sources
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of these pollutant exposures are not widely recognized, nor covered by environ-

mental laws.

4. The missing coverage in the quilt of laws

Currently, no federal law or agency specifically protects indoor air environ-

ments, which is where we spend more than 90% of our time (Klepeis et al.,

2001), and which accounts for most of our pollutant exposures. Instead,

federal laws concentrate on outdoor pollution, usually media-specific or

pollutant-specific. Although the laws address some pieces of indoor air, the

responsibilities for those pieces are scattered among more than 20 federal

agencies.

A content analysis of 22 major US environmental laws revealed that none

mentioned ‘‘indoor air’’ (Steinemann, 2004).3 Further, no regulation or policy has

provided the umbrella coverage needed to address indoor air or, more generally,

human exposures to pollutants, which are currently greatest in indoor air

environments.4 Nonetheless, several federal laws have some nexus with indoor

air, and could provide the authority, if exercised.

The Clean Air Act of 1970 (CAA)5 could provide the U.S. EPA the authority

to address indoor air quality through the regulation of ‘‘ambient air.’’6 Yet the

original CAA does not define ambient air,7 and the EPA has limited its

interpretation of ambient air to the regulation of ‘‘outdoor air.’’8 Because of this

limited interpretation, the EPA does not currently exercise authority over indoor

air pollution under the CAA. The EPA does, however, indirectly address indoor

air by the regulation of outdoor air, because outdoor air infiltrates indoors. And

the EPA has used its authority under the National Emission Standards for

3 Although no law specifically mentioned ‘‘indoor air,’’ two laws, the Superfund Amendments

and Reauthorization Act of 1986 (SARA) and the Safe Drinking Water Act of 1974 (SDWA), referred

to indoor air in the context of radon. For SARA context, see Pub. L. 99-499, title IV, Oct. 17, 1986,

100 Stat. 1758, and for SDWA context, see 42 U.S.C. xx 300g-1. SARA authorized EPA for the first

time to carry out research on indoor air pollution, but explicitly forbade regulation of indoor air. A

policy office in EPA has done useful work in identifying indoor air pollutant sources (The Inside

Story, EPA, 1988c; see also EPA, 1988b).
4 Although no federal or state requirements address, in a comprehensive way, pollutants within

indoor air environments, some regulations address individual pollutants, such as asbestos (15 U.S.C.

xx2641–2656, 2000), lead (15 U.S.C. xx2681–2692, 2000), and radon (15 U.S.C. xx2661–2171,
2000).

5 42 U.S.C. xx7401–7671(q) (2000).
6 42 U.S.C. x 7409(a)(1) (2000).
7 42 U.S.C. x 7409 (2000). The foregoing Section of the Clean Air Act provides the EPA

Administrator with authority to set national primary and secondary ambient air quality standards, but

does not define ambient air.
8 40 C.F.R. x 50.1(e) (1991). By regulation, ambient air was defined as ‘‘that portion of the

atmosphere, external to buildings, to which the general public has access.’’
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Hazardous Air Pollutants (NESHAPS)9 to ban indoor activities that affect

emissions into the atmosphere (such as the spraying of asbestos insulation).10

In 1998, standards were passed (pursuant to the CAA) to regulate consumer

products if they contribute to at least 80% of the VOC emissions outdoors in

areas that violate the National Ambient Air Quality Standards (NAAQS) for

ozone.11 But these standards exempt some of the most significant sources of

VOC exposures indoors, such as air fresheners, insecticides, adhesives, and

moth-proofing products. Curiously, air fresheners are exempt if they contain more

(rather than less) toxic constituents—if they contain at least 98% paradichloro-

benzene or at least 98% naphthalene, or if their VOC constituents are 100%

fragrance materials.12

The Toxic Substances Control Act (TSCA)13 provides the EPA broad

authority to regulate chemicals that present an ‘‘unreasonable risk of injury to

health or the environment.’’14 Yet ‘‘unreasonable risk’’ is not defined in

TSCA,15 and it has been difficult for the EPA to develop the administrative

record to meet such a standard, which is a prerequisite to regulation. The EPA

can request data from industry only when it can provide evidence that their

substance may present an unreasonable risk of injury,16 or can lead to significant

or substantial human exposure,17 which the EPA generally cannot prove without

such additional data from industry. Further, the EPA must treat as confidential

much of the industry data submitted under TSCA,18 further hindering efforts to

protect the public. Thus, until scientists have accumulated a body of evidence

demonstrating potential harm, which often takes decades, a potentially hazar-

dous chemical can remain on the market (GAO, 1994; EWG, 2003).

9 See 42 U.S.C. x 7412 (2000). Prior to the 1990 Amendments to the Clean Air Act, EPA listed

only eight hazardous air pollutants and established standards for only seven. The 1990 Amendments

directed EPA to establish technology-based standards for 189 hazardous substances based on the use

of ‘‘maximum achievable control technology’’ (MACT), which may not be less stringent than the

average emission limitation achieved by the best performing 12% of existing sources in a similar

source category or subcategory. Note that the term MACT does not appear in the CAA Amendments,

even though EPA continues to refer to the standards as MACT.
10 40 C.F.R.x 61.146 (2003).
11 Clean Air Act x 183(e), 42 U.S.C. x7511b(e): National Volatile Organic Compound Emission

Standards for Consumer Products, Fed. Reg. 48819–48847 (1998), 40 C.F.R. xx 59.201–59.214

(2003).
12 40 C.F.R. xx 59.201(c)(1)– (7) (2003).
13 15 U.S.C. xx2601–2692 (2000).

15 The legislative history, however, indicates that unreasonable risk involves a ‘‘harm versus benefit

analysis’’—the balancing of the probability that harm will occur and the magnitude and severity of that

harm against the effect of a proposed regulatory action on the availability to society of the expected

benefits of the chemical substance. See http://www.epa.gov/oppt/newchems/unrerisk.htm.
16 15 U.S.C. x 2603(a)(1)(A)(i) (2002).
17 15 U.S.C. x 2603(a)(1)(B)(i)(II) (2002).

14 15 U.S.C. x2605(a) (2000).

18 15 U.S.C. x 2613(c) (2002).
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The Consumer Product Safety Commission, through the Consumer Product

Safety Act (CPSA)19, is directed to protect the public from ‘‘unreasonable risks

of injury associated with consumer products,’’20 and thus could regulate

consumer products that contribute to indoor air pollution and exposures.21

Yet regulation under the Act is constrained because it relies on voluntary

safety standards rather than the promulgation of standards for protection.22

Regulation is also constrained by a cost-benefit analysis for each attempt at

standard-setting by the Commission,23 and the restrictive definition of a

‘‘consumer product’’ that excludes several primary sources of exposure, such

as pesticides and cosmetics.24

Moreover, Federal laws do not require manufacturers to disclose all of the

ingredients in their products, such as ‘‘inert’’ ingredients in pesticides, and

chemicals in mixtures classified as ‘‘trade secrets.’’ This exclusion is surpri-

sing, considering that undisclosed ingredients often account for more than 95%

of the product, and can be even more toxic than the active ingredients (EPA,

2003a,b; EPA, 1991). For example, a study of 85 consumer pesticide products

found that 72% contained over 95% inert ingredients, and more than 200 of

these inerts were classified as hazardous pollutants in other federal environ-

mental statutes (NY, 1996). As another example, air ‘‘fresheners’’ containing

para-dichlorobenzene are not required to list the ingredient, even though it is a

registered pesticide and a known rat and mouse carcinogen. Also surprising, a

manufacturer of a fragranced product need only list ‘‘fragrance’’ on the label,

not the actual chemicals, even though more than 95% of chemicals used in

fragrances are known toxics, sensitizers, and carcinogens (USHR, 1986; Fisher,

1998).

Perhaps the most sweeping federal environmental law, the National Envi-

ronmental Policy Act (NEPA),25 requires an environmental impact statement

(EIS) for federal actions26 ‘‘significantly affecting the quality of the human

environment.’’27 Yet in the implementation of NEPA, impact assessments have

focused on impacts to the environment, rather than impacts on humans. A

19 15 U.S.C. xx2051–2084 (2000).
20 15 U.S.C. x 2051(a)(3) (2000).
21 15 U.S.C. x 2056(a) (2000).
22 15 U.S.C x 2056(b) (2000).
23 15 U.S.C x 2058(f) (2000).
24 15 U.S.C x 2056–57 (2000). ‘‘Consumer products’’ are defined as articles ‘‘for sale to a

consumer for us in or around a permanent or temporary household or residence, a school, in recreation

or otherwise.’’ Certain categories of products, including tobacco, pesticides, motor vehicles, drugs,

cosmetics, and other products subject to FDA jurisdiction, are exempt from regulation under the

CPSA. x 2052 (a)(1) (2000).
25 42 U.S.C. xx4321–4347 (2000).
26 An activity is ‘‘federal’’ if it requires a permit, a regulatory decision, or funding from a federal

agency (40 C.F.R.1508.18b4).
27 42 U.S.C. x4332(C) 2000).
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nationwide and multi-agency study of EISs (Steinemann, 2000) found that the

analysis of human health effects has been sparse, relegated to another

environmental statute, or omitted entirely. And these EISs were for proposed

actions with potentially significant human health effects, such as pesticide

spraying and highway construction.

The Occupational Safety and Health Act (OSH Act),28 administered by the

Occupational Safety and Health Administration (OSHA), regulates occupational

environments, but does not protect all employees. For instance, the OSH Act

does not cover federal agency employees29 nor state and municipal government

employees unless a state has a plan approved by the OSHA.30 Even approved

state plans are permitted to exclude private sector employees.31 Efforts to

establish exposure limits to toxic substances have generally failed because it is

difficult for OSHA to develop the administrative record to demonstrate a

‘‘significant risk of material health impairment.’’32 Also, under the OSH Act,

violations must result in an employee’s death in order for the employer to be

subject to criminal sanctions.33 OSHA has tended to focus on single hazards

within industrial workplaces (such as large machinery), rather than multiple and

often invisible hazards within typical office buildings (such as formaldehyde

off-gassing from furnishings). And perhaps the largest regulatory gap, the OSH

Act provides no coverage for homes and other non-industrial environments,

where many people work.

More generally, environmental laws tend to focus on emissions, rather than

human exposures—even though exposures are how pollutants actually contact

the human body and affect health. Our laws have successfully reduced outdoor

emissions,34 and those efforts should be continued. But our regulatory lens

needs to refocus on total human exposure, from all media. In this approach,

units of human exposure could replace source emissions as the regulatory

‘‘currency’’ (Wallace, 1991; Smith, 1988).

30 See 29 U.S.C.x652(5) (defining ‘‘employer’’) and x 667 (2000) (describing state plan approval

process). States and territories with plans are AK, AZ, CA, CT*, HI, IN, IA, KY, MD, MI, NJ*, NV,

NM, NY*, NC, OR, PR, SC, TN, UT, VT, VA, VI, WA, WY and the Virgin Islands*. States and

territories marked with an asterisk (*) have OSHA plans approved for state and government

employees only.
31 29 C.F.R. 1956.
32 Industrial Union Dept., AFC-CIO v. American Petroleum Inst., 448 U.S. 607 (1980) (plurality

opinion) at 614–615.
33 29 U.S.C. x 666(e) (2000).
34 Reductions in principal outdoor air pollutants, over 20 years (1981–2000), include NO2 by

14%, ozone one hour average by 21% and eight hour average by 12%, CO by 61%, SO2 by 50%, lead

by 93%, and PM10 by 19% (1991–2000), (EPA, 2002).

28 29 U.S.C. x 651 et seq. (1970).
29 29 U.S.C. x 652(5). By Presidential Executive Order, federal agencies must maintain an

effective safety and health program that meets the same standard as private employers. But federal

agencies cannot be fined for violating health and safety standards, except for the U.S. Postal Service,

which now falls directly under OSHA’s jurisdiction and is treated as a private employer. http://

www.osha.gov/as/opa/worker/.
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Thus, our approach to environmental regulation neglects how pollutants

actually reach and affect humans: through exposures (not emissions), through

mixtures of pollutants (rather than isolated pollutants), through several media

(water, air, land, dust, consumer products, rather than one medium), through

several routes (epidermal, ingestion, inhalation, intergenerational, rather than

one route), causing multiple health effects (such as damage to the immune,

neurological, endocrine, and reproductive systems, in addition to cancer, often

the sole regulatory criterion).

What is a solution? The answer is not just regulatory, but also scientific,

institutional, and educational. The next section discusses some principles of such

an approach.

5. Reducing human exposure: what’s needed

The science of exposure assessment can help us to determine what,

where, and when pollutants come in contact with humans. The handful of

exposure studies, from the EPA TEAM studies through the recent CDC and

EWG studies, have shown that our regulations are missing the major sources

of pollutant exposures and potential health risks. That is, risks from indoor

air pollution, and the consumer products that we choose, are currently far

greater than risks from outdoor air and sources traditionally regulated.

Paradoxically, the places that we normally consider ‘‘safe’’ (homes,

schools, workplaces, vehicles, public buildings, medical facilities) and the

products that we consider ‘‘safe’’ (because they are widely sold and used) are

precisely the major sources of pollutant exposures. Yet these sources are

virtually unregulated by existing environmental laws.

Fortunately, because many of these exposures are within our control, we can

reduce significant health risks through relatively simple and cost-effective

actions, such using less toxic consumer products and building materials.

Unfortunately, the general public and the medical community are largely

unaware of the major sources of pollutant exposures, their health effects, and

ways to reduce those risks. Thus, a perilous gap exists between regulation and

risk, and between science and public awareness.

What can be done to bridge these gaps? For one, we should have access to

accurate and complete information about the chemical ingredients in products,

the possible health effects from those chemicals, and the ways to reduce

exposures. This would allow consumers to make more informed choices about

the products they purchase and use, and if they do use those products, to know

how to reduce exposures. This would also provide the data necessary for more

effective regulation and protections.

Another important step would be to require more extensive testing, labeling,

and evaluation of products before being put on the market, just as currently

required for many foods and drugs. As exposure studies have shown, humans
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are affected by a wide range of non-food and non-pharmaceutical chemicals—

chemicals that can cause adverse health effects and that are contained in

common products that currently receive little or no pre-market testing in the

US.

We should promote the use and production of safer alternatives to common

products and practices that pose exposure risks. Such alternatives could

provide the same function but with less toxicity, such as personal care

products and laundry supplies without synthetic fragrances, paints and var-

nishes that are low-VOC, and pest control based on integrated pest manage-

ment rather than synthetic chemical pesticides. Further, using less toxic

products and practices can bring additional benefits such as improved

performance and productivity, reduced health care costs and liability, and

increased profitability. For instance, estimated savings from reducing indoor

exposures exceed $100 billion annually, with benefits exceeding costs by ten-

fold (Fisk, 2001).

We should also take advantage of advances in the science and measurement

of exposure; advance that can tell us, with great accuracy, which pollutants are

reaching humans and from where. Nationwide exposure monitoring programs,

much like ambient air and water monitoring networks currently in place, could

provide vital information on how humans are exposed to environmental

pollutants. We have vast amounts of epidemiological data, suggesting links

between pollutant exposures and illness. To understand and confirm these

links, epidemiology can be supplemented with direct measurements of phy-

sical, chemical, and biological pollutant exposure.

Yet monitoring exposures is only part of the solution. Given that we have

found pollutants in the ‘‘wrong places’’ (e.g., pesticides in human breast milk),

we need to ask ourselves not only how that exposure occurred, but also why that

pollutant is being produced in the first place. Here, a precautionary approach can

be usefully applied (Wingspread, 1998). We have evidence that humans can be

harmed by substances that are any of the following: persistent, bioaccumulative,

carcinogenic, endocrine disrupting, mutagenic, heavy metals, or toxic to

immune, endocrine, and neurological systems, among other characteristics. A

goal then should be to phase out and significantly reduce the reliance on these

types of substances. And rather than waiting until a pollutant is emitted and

found in the body, and then trying to assess the resulting harm, we can try to

prevent harm in the first place, using what we already know about human

exposures.
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