
Imagine that a killer is on the loose,
one who shoots his victims and
flees. Police investigators would un-

doubtedly respond by visiting each crime
scene and meticulously searching for
clues. They would photograph the body,
take fingerprints and question witnesses.
An autopsy would recover the bullet for
tests. The authorities could then use this
information to establish exactly who
was responsible.

But suppose the police took a different
approach. What if they decided to start
by examining all the guns that had re-
cently been fired? Surely one of these
weapons, they could argue, was in-
volved. And they would be correct. They
might even succeed in identifying the

murderer—but not until after they had
expended tremendous energy looking
over a great number of firearms carried
by law officers, soldiers and duck hunt-
ers. In a world of limited resources,
they would probably run out of time
and money before they came close to
finding the culprit.

Surprisingly, officials charged with
guarding the general population from
toxic pollutants rely almost universally
on the second strategy. Most environ-
mental laws in the U.S. seek to control
only the release of potentially danger-
ous wastes into the air and water, not

the amount of contact people actually
have with those pollutants. This focus
on emissions rather than exposure es-
sentially disregards the reality that tox-
ic substances produce health problems
only if they reach the body.

That oversight is, to some extent, un-
derstandable: for far too long, little in-
formation existed about the extent to
which most citizens were exposed to
the pollutants that the nation controls.
Regulators seldom knew with any cer-
tainty the number of people affected by
a given pollutant, the severity of expo-
sure or the specific sources of the worri-
some chemical. The result was that offi-
cials often focused on limiting pollution
from the most apparent sources, such
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DAILY ROUTINES expose many people to potentially harmful
substances, including particles smaller than 2.5 microns in size
(yellow bars), toxic volatile organic compounds (red bars) and
carbon monoxide gas (gray line). The Environmental Protection
Agency has set formal standards for outdoor exposure to such
particles (daily average limit shown) and to carbon monoxide
(eight-hour average limit shown), but acceptable limits for expo-
sure to various toxic volatile organic compounds have been more
difficult to assign. Estimates (for particles and the predominant
volatile organic compound) or direct measurements (for carbon
monoxide) in various “microenvironments” in one man’s day il-
lustrate how much one’s exposure can fluctuate, with the highest
levels of exposure typically arising during indoor activities.
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as automobiles and factories, while fail-
ing to address many other important
but less obvious ones.

Fortunately, the science of assessing
people’s exposure to toxic substances has
matured. In particular, scientists have
developed highly sensitive analytical in-
struments and portable monitoring de-
vices. Researchers have exploited this
equipment in large-scale field studies,
designed to gauge just where and how
people are exposed to potentially dan-
gerous chemicals.

Getting Personal

In 1980 one of us (Ott), along with
Lance A. Wallace of the U.S. Envi-

ronmental Protection Agency, launched
the first serious efforts to assess every-
day exposure of the general population
to toxic substances. That program, car-
ried out primarily by the Research Tri-
angle Institute in North Carolina and
other contract research organizations,
later expanded to include some two doz-
en studies in 14 U.S. states. Using the
same methods, researchers sponsored by
private industry conducted similar stud-
ies in a 15th state (Alaska) and in one
Canadian province. Most of these inves-
tigations employed monitoring instru-
ments that were small and light enough
for people to carry as they went about
their normal activities. These devices
showed which pollutants existed close
by and in what concentration. In some
cases, the researchers also made mea-
surements of the food and water con-

sumed. In certain instances, they deter-
mined the blood levels of various pollu-
tants from breath samples.

So far these studies of “total human
exposure” have examined the prevalence
of volatile organic compounds, carbon
monoxide, pesticides or dangerous par-
ticles in the daily lives of more than
3,000 subjects, a carefully chosen slice
of the population meant to be represen-
tative of most North Americans living
in urban or suburban areas. Chemical
analyses of the samples were detailed
enough to identify the specific chemi-
cals to which the participants were rou-
tinely exposed. For instance, the inves-
tigations of volatile organic compounds
typically tested for some 30 different
chemicals, including many known to
cause cancer in people or animals.

It is difficult to know whether the
contacts most people have with these
substances pose an especially large health
risk, because the capacity for low levels
of each compound to cause sickness is
exceedingly hard to estimate. Still, these
studies produced results that were dis-
turbing: most citizens were very likely
to have the greatest contact with poten-
tially toxic pollutants not outside but
inside the places they usually consider to
be essentially unpolluted, such as homes,
offices and automobiles. The exposure
arising from the sources normally tar-
geted by environmental laws—Super-
fund sites, factories, local industry—was
negligible in comparison. 

Even in the New Jersey cities of Bay-
onne and Elizabeth, both of which have

an abundance of chemical processing
plants, the levels of 11 volatile organic
compounds proved much higher in-
doors than out. (Concentrations of the
other volatile compounds tested were
found to be insignificant in both set-
tings.) The chief sources appeared to be
ordinary consumer products, such as
air fresheners and cleaning compounds,
and various building materials.

Could everyday items with which
people happily share their homes truly
be more of a threat to their health than
industrial pollution, even for people
whose communities are surrounded by
factories? In short, the answer is yes. For
example, benzene—a chemical known
to cause leukemia in workers continu-
ally exposed to high concentrations—is
present in gasoline and in some house-
hold products. It is also one of about
4,000 chemicals found in tobacco
smoke, so living with a smoker raises
one’s exposure to benzene enormously. 

In 1985 Wallace combined all the ex-
isting information about how several
hundred people located in five different
states were exposed to this compound.
He found that the average concentra-
tion of benzene they inhaled was nearly
three times higher than typical outdoor
levels. He calculated that some 45 per-
cent of the total exposure of the U.S.
population to benzene comes from
smoking (or breathing smoke exhaled by
others), 36 percent from inhaling gaso-
line fumes or from using various com-
mon products (such as glues), and 16
percent from other home sources (such
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as paints and gasoline stored in base-
ments or attached garages). He attrib-
uted only 3 percent of the average per-
son’s exposure to industrial pollution.

In contrast, government regulators
usually consider only the gross amount
of benzene released into the general en-
vironment, for which the largest share
comes from automobiles (82 percent),
followed by industry (14 percent) and
domestic sources (3 percent). Cigarettes
contribute only 0.1 percent of the total.
Wallace’s work aptly demonstrated that
cutting all industrial releases of benzene
would reduce health risks by only a
tiny fraction. Yet even a modest reduc-
tion in cigarette smoking—the smallest
source of benzene in the atmosphere—

would significantly reduce the likelihood
of benzene causing disease.

Many other volatile organic com-
pounds that are quite toxic at high con-

centrations are also more prevalent in-
doors than out. For example, the chem-
ical tetrachloroethylene (also known as
perchloroethylene or “perc”), which has
been shown to cause cancer in labora-
tory animals, is used to dry-clean clothes.
Thus, the greatest exposure occurs when
people live in a building with dry-clean-
ing facilities, wear recently dry-cleaned
clothes or store such chemically laden
garments in their closets. Moth-repellent
cakes or crystals, toilet disinfectants, and
deodorizers are the major source of ex-
posure to paradichlorobenzene, which
also causes cancer in animals. Studies
have consistently indicated that almost
all exposure to paradichlorobenzene
comes from sources inside homes, not
from industrial emissions or hazardous-
waste sites.

Although assessments of the risks to
health are somewhat uncertain, it is clear

that less contact with toxic volatile or-
ganic compounds is better than more.
Most people can limit potentially harm-
ful exposure by avoiding products that
contain such pollutants. But other wor-
risome vapors are difficult to avoid.

For example, the major sources of ex-
posure to chloroform—a gas that pro-
vokes concern because it can cause can-
cer in animals subjected to high concen-
trations—are showers, boiling water and
clothes washers. It forms from the chlo-
rine used to treat water supplies. Be-
cause piped water is something that
people simply cannot do without, the
only way to minimize household expo-
sure to chloroform is to drink bottled
water (or tap water that is run through
a good-quality charcoal filter) and to
improve ventilation in the bathroom
and laundry.

Better airflow can also help lower ex-
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EXPOSURE STUDIES reveal that people
come into contact with toxic volatile or-
ganic compounds and pesticides more in-
doors than outside. Most people’s expo-
sure to breathable particles during the day
is higher than ambient levels in the air (ei-
ther indoors or outside), because moving
about stirs up a “personal cloud.”
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posure to carbon monoxide, a product
of incomplete combustion that robs the
blood of oxygen and can be particularly
harmful to people with heart ailments
when inhaled at levels often found in-
doors. Although studies conducted in
the early 1980s in Denver and Washing-
ton, D.C., confirmed that carbon mon-
oxide levels rose precipitously when
people were in or near motor vehicles,
other research has demonstrated that
indoor appliances, such as poorly oper-
ated gas stoves, grills and furnaces, can
also cause extremely unhealthful condi-
tions—even death. Fortunately, outdoor
levels of carbon monoxide have steadi-
ly declined in the U.S. in concert with
the reductions in automobile emissions,
as required by federal regulations. Yet
further progress will be more difficult,
because on the whole the U.S. popula-
tion now receives greater exposure to
carbon monoxide indoors than out.

Another environmental concern that
appears more severe indoors is the dan-
ger from fine particles in the air. In one
study, researchers used miniaturized
monitors to collect minute particles in
and around 178 homes in Riverside,

Calif. Respondents carried devices that
gathered particles 10 microns or less in
diameter, ones small enough to pene-
trate into the lungs. 

Curiously, exposures during the day
were about 60 percent greater than ex-
pected from the particulate levels mea-
sured in samples of air concurrently
taken indoors and outside. The higher
exposures arose, at least in part, because
people do not simply float through the
air; rather they tend to stir up  “person-
al clouds” of particle-laden dust from
their surroundings as they move about.
These investigators showed that most
of these fine particles form through
combustion—such as smoking, cook-
ing, burning candles or firewood. Find-
ing such pollutants indoors is troubling,
because recent epidemiological studies
have associated elevated concentrations
of fine particles outdoors with prema-
ture death.

Even more disturbing were the results
from two studies of indoor air contam-
inants conducted during the late 1980s
in Jacksonville, Fla., and Springfield,
Mass. In those places, investigators
found that indoor air contained at least

five (but typically 10 or more) times
higher concentrations of pesticides than
outside air—and those residues included
insecticides approved only for outdoor
use. Evidently, potent chemicals target-
ed against termites in the foundations
of these houses had found their way in-
doors. Such poisons can be tracked in on
people’s shoes, or they may seep through
the soil as a gas into homes. Chlordane
(which was taken out of products sold
for home use in 1988) and some other
pesticides contaminating the air indoors
caused a greater share of exposure than
the amounts found on food.

In addition, people sometimes apply
inappropriate pesticides directly to in-
door surfaces, unaware that they are
causing their own high exposures. And
even the most enlightened homeowners
are often ignorant of past applications
of dangerous chemicals. Pesticides that
break down within days outdoors may
last for years in carpets, where they are
protected from the degradation caused
by sunlight and bacteria. This persistence
is well demonstrated by measurements
of the pesticide DDT (dichlorodiphenyl-
trichloroethane), which was outlawed
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in the U.S. in 1972 because of its toxici-
ty. Despite that long-standing prohibi-
tion, Jonathan D. Buckley of the Uni-
versity of Southern California and
David E. Camann of the Southwest Re-
search Institute found that 90 of the 362
Midwestern homes they examined in
1992 and 1993 had DDT in the carpets.

Indeed, that study showed that the
contaminants lurking in people’s carpets
are not restricted to pesticides. In more
than half of the households Buckley and
Camann surveyed, the concentrations
of seven toxic organic chemicals called
polycyclic aromatic hydrocarbons (com-
pounds produced by incomplete com-
bustion, which cause cancer in animals
and are thought to induce cancer in hu-
mans) were above the levels that would
trigger a formal risk assessment for res-
idential soil at a Superfund site.

Small People, Big Problems

The pesticides and volatile organic
compounds found indoors cause

perhaps 3,000 cases of cancer a year in
the U.S., making these substances just as
threatening to nonsmokers as radon (a
natural radioactive gas that enters many
homes through the foundation) or sec-
ondhand tobacco smoke. And toxic
house dust can be a particular menace
to small children, who play on floors,
crawl on carpets and regularly place
their hands in their mouths. Infants are
particularly susceptible: their rapidly
developing organs are more prone to
damage, they have a small fraction of
the body weight of an adult and may

ingest five times more dust—100 milli-
grams a day on the average. 

Before 1990, when the EPA and U.S.
Department of Housing and Urban De-
velopment established standard meth-
ods for sampling dust on carpets, up-
holstery and other surfaces, it was diffi-
cult to quantify the risk to children.
Since then, however, improved tech-
niques have allowed scientists to make
more concrete statements about the de-
gree of exposure. For example, we can
now estimate that each day the average
urban infant will ingest 110 nanograms
of benzo(a)pyrene, the most toxic poly-
cyclic aromatic hydrocarbon. Although
it is hard to say definitively how much
this intake might raise a child’s chance
of acquiring cancer at some point, the
amount is sobering: it is equivalent to
what the child would get from smoking
three cigarettes.

The research also points out that, for
small children, house dust is a major
source of exposure to cadmium, lead
and other heavy metals, as well as poly-
chlorinated biphenyls and other persis-
tent organic pollutants. Carpets are most
troublesome because they act as deep
reservoirs for these toxic compounds
(as well as for dangerous bacteria and
asthma-inducing allergens, such as ani-
mal dander, dust mites and mold) even
if the rugs are vacuumed regularly in the
normal manner. Plush and shag carpets
are more of a problem than flat ones;
floors covered with wood, tile or lino-
leum, being the easiest to clean, are best.

One of us (Roberts), along with sev-
eral colleagues, has shown that people

can prevent the accumulation of dan-
gerous amounts of dust by using a vac-
uum equipped to sense when no more
particles can be extracted. Other of our
studies have indicated that simple pre-
ventive acts can help considerably. For
example, wiping one’s feet on a com-
mercial-grade doormat appears to re-
duce the amount of lead in a typical
carpet by a factor of six. Because lead
exposure is thought to affect more than
900,000 children in the U.S., the use of
good doormats would translate into a
significant boost to public health. 

Removing one’s shoes before entering
is even more effective than just wiping
one’s feet in lowering indoor levels of
the toxic pollutants that contaminate
the environs of most homes (such as
lead from peeling paint and pesticides
from soils around the foundation). By
taking such precautions to avoid track-
ing in dust and using an effective vacu-
um cleaner—one equipped with a rotat-
ing brush and, preferably, a dust sen-
sor—people can reduce the amount of
lead and many other toxic substances
in their carpets to about a tenth (or, in
some cases, to a hundredth) of the level
that would otherwise persist.

Unfortunately, most people are un-
aware of the ubiquity of indoor pollu-
tion or of how to reduce it. One inno-
vative initiative by the American Lung
Association in Seattle aims to remedy
that problem by training volunteers
(dubbed “master home environmental-
ists”) to visit dwellings and help residents
limit domestic environmental threats. 

Trouble with the Law

The many findings now available
from multiple studies of people’s

everyday exposure all point to a single
conclusion—that the same air pollutants
covered by environmental laws out-
doors are usually found at much higher
levels in the average American residence.
This situation has come about, at least
in part, because the U.S. has made re-
markable progress in improving the
quality of outdoor air over the past three
decades by controlling automobile and
industrial emissions. Of the hundreds
of air pollutants covered under existing
U.S. laws, only ozone and sulfur diox-
ide remain more prevalent outdoors.

So it is peculiar that more attention
has not yet shifted toward indoor pol-
lution, the main sources of which are
not difficult to identify. In fact, they are
right under people’s noses—moth repel-
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lents, pesticides, solvents, deodorizers,
cleansers, dry-cleaned clothes, dusty
carpets, paint, particleboard, adhesives,
and fumes from cooking and heating,
to name a few.

Sadly, most people—including officials
of the U.S. government—are rather
complacent about such indoor pollu-
tants.Yet if these same substances were
found in outdoor air, the legal machin-
ery of the Clean Air Act of 1990 would
apply. If truckloads of dust with the
same concentration of toxic chemicals
as is found in most carpets were depos-
ited outside, these locations would be
considered hazardous-waste dumps. In
view of the scientific results comparing
indoor and outdoor exposure, it would
seem that the time is now ripe for a ma-
jor rethinking of the nation’s environ-
mental laws and priorities.

The initial version of the Clean Air
Act, written in 1970, focused on out-
door pollution. Even in its 1990 revi-

sion, the law has not changed much. It
does not address the fact that Americans
spend 95 percent of their time inside:
despite all the evidence available today,
the act still relies exclusively on measure-
ments taken at outdoor monitoring sta-
tions. Many other U.S. laws pertaining
to air pollution, hazardous waste, toxic
substances and pesticides are similarly
flawed, because they do not require ac-
curate information on the levels of ex-
posure people receive. 

Although the absolute level of health
risk posed by many toxic pollutants
may be elusive, scientists can now accu-
rately measure the exposure caused by
different sources. Hence, to protect pub-
lic health best, the broad suite of envi-
ronmental laws should be reexamined
and judged by how effectively they re-
duce people’s total exposure rather than
by how they reduce total emissions.
That effort would surely be substantial,
both to recast a large body of legisla-

tion and to monitor how well the laws
work to reduce exposure. But the pay-
off would be a dramatic reduction in
health costs as well as an improvement
in the economy and effectiveness of en-
vironmental regulation.

Americans concerned about toxic sub-
stances do not have to wait for their
government to make these far-reaching
changes. Reducing exposure normally
demands only modest alterations in one’s
daily routine. Yet people cannot take the
simple steps required without adequate
knowledge. So increased education is
needed. Laws requiring more detailed
labeling would also help: If a product
contains a dangerous pollutant, should
not the manufacturer be required at
least to list the chemical by name on the
package? Armed with a better under-
standing of  the toxic substances found
in common products and in other sourc-
es at home, people could then make
their own informed choices.
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CARBON MONOXIDE
MEASURER uses an elec-
trochemical cell as a gas
sensor. The small electric
current generated by the
cell varies with the ambient
level of carbon monoxide.
By monitoring this current,
an internal microcomputer
can calculate the concentra-
tion of carbon monoxide
and record its value at reg-
ular intervals.

SURFACE SAMPLER draws in particle-laden air in
the same manner as a conventional vacuum cleaner.
The instrument collects the dust by circulating the air
within a specially designed cyclone. The rotating cur-
rent of air slows near the bottom of the swirling vor-

tex, and suspended particles drop
into a small bottle for later analysis.

PERSONAL SAMPLER re-
cords the particles and vola-
tile organic compounds to
which the wearer is exposed
over the course of several
days. Particles are trapped by
forcing air through a filter
with an electric pump, where-
as volatile compounds are
collected by letting air diffuse
through a membrane onto
charcoal disks.
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