ABSTRACT

DARCY L. CAMPBELL. I ndoor Air Pollution Effects
on Low Soci oeconom c Status Anericans.

(Under the direction of DRR MORRIS A SH FTMAN.)

Americans are exposed to air pollution outside, and in their places
of work, at school, and in their homes. Low soci oecononm ¢ status Americans
have traditionally been at greater risk to all forns of pollution, and
i ndoor air pollution is no exception. Protection against indoor air
pollution is one of the six necessary requirenments for healthy housing.
There are 33 million children and adults bel ow the poverty level in this
country who are nore likely to suffer ill effects due to indoor air
pollution, primarily because nore pollutant sources are present in their
homes than in the homes of middle to upper incone Anericans. The use of
conbustion appliances as primary or secondary heat sources, the presence
of asbestos insulation, |ead-based paint, and biol ogi cal contamninants in
ol der hones, along with frequent pesticide use and the influx of amnbient
air pollutants all increase the risk of health effects ranging from
nmucous nenbrane irritation to increased risk of devel oping cancer. The
current Federal |egislation regarding indoor air pollution wll not
sufficiently protect these people; a nore active programis needed.
Strict enforcenment of existing |egislation, devel opment of new | egi sl a-
tion, and the provision of information and financial assistance is
required. This report is the first of its kind designed to inform and
al ert environnmental agencies to the needs of | ow socioeconom ¢ status
groups regarding the hazards of indoor air pollution, and the know edge

gai ned through this assessnent can be used to stinulate public policy
acti ons.


NEATPAGEINFO:id=A3639787-A110-4FDF-ACD2-9B6699EE5D00


Tabl e of Contents

hhhapt enr —aa g

l. I nt roducti on

1. Identification of I ndoor Air Pollution
Hazards to Low | ncone Aneri cans

I Exposure Level s Expected 11

I V. Dose- Response Assessnent 26

V. Esti mated Nunmber of Low | ncone Anericans 36
Exposed to These Pollutants

VI . Public Health I nplications 42

VI1. Review of Existing Federal Laws Regarding 48

| ndoor Air Pollution
AV 4 I BN Concl usi on 52

1 <. Bi bl i ogr aphy 57


NEATPAGEINFO:id=6C258783-005E-43C6-8ECA-D9F00F928D2E


Tabl es and Fi gures

T == k> 1 — —— <« <

Exposure Level s and Em ssion 12
Rat es from Conbusti on Appliances

Bi ol ogi cal Cont am nant 18
Concentrati ons

3. Concentrati ons of t he Most 19
Common Pesti ci des

4. Aut onobi l e EmMmMm ssi ons 24

5. Envi ronnent al Tobacco Snoke 25
Pol | ut ant Concentr ati ons

6. Formal dehyde Dose- Response 30
I nf ormati on

7. Dose- Response I nfornmati on for 34
Bl ood- Lead Level s

8. Summary of | ndoor Air Poll utant 43
Concentrati on Level s

9. Esti mnamated Nunber of Low | ncone 45
Areri cans Affected by Indoor Air
Pol | uti on- Rel ated Heal t h Probl ens

10. Check List of the Presence of | ndoor 56
Air Pollution Sources and Health
Pr obl ens

— CJ LAy == Bt — W e I —_

1. Rout es of Lead Exposure 8

2. Rel ati onship Between Lead in 22

Gasol i ne and Bl ood- Lead Level s

TV


NEATPAGEINFO:id=2F780CB0-1F06-4C05-8DF4-5D26CE14E2F9


Conver si on Factors

-_ ————
NO- : 1 ng/m= 0.532 ppm 1 ppm=1.9 ng/m
D —— p———
CO 1 ng/m= 0.873 ppm 1 ppm= 1.145 ng/ m
gy — ————
HCHO 1 ng/m” = 0.813 ppm 1 ppm=1.23 ng/m
Dy — —————
SO . 1 mg/m= 0.382 ppm 1 ppm =2.62 ng/ m
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. 1 NTRODUCTI ON
"There were rats in Harlem for decades before the

air becane hard to breathe on Park Avenue- and no
one was concerned. Black children in the rural

South had to drink contam nated water fromfilthy
drai nage ditches-and still do-for years before oi
spills killed the waterfow or annoyed sw mers in
Santa Barbara. The rural poor of M ssissippi are
not particularly interested in the ultimte dis-
posal of plastic containers, glass bottles,or beer
cans even though these are lofty present-day envi-
ronnental goals. For the rural poor, the issue is
not smog. It is survival."

Andrew B. James, Assi stant

Prof essor of Comrunity

Heal th and Soci al Medi ci ne,

Tufts University Medical

School (Sherrill, 1971).

Low i ncome Anericans have traditionally been exposed to nore adverse
conditions than Americans of the mddle and upper classes. Adequate
housi ng conditions should be available to every Anerican, regardl ess of
their socioeconomc status. The Wrld Health Organization (1987) lists
some of the necessary requirenents for healthy housing as: 1) adequate
wat er supply, 2) avoidance of overcrowding, 3) adequate solid wastes and
excreta disposal, 4) access to community services, 5) adequate structura
features, and 6) protection against indoor air pollution. It is this
last requirement for a healthful living environment, protection against
i ndoor air pollutants, which will be the focus of this paper.

Exposure to air pollution occurs outside, in the workplace, in the
school, and in the home. Federal regulations exist to protect against
anbi ent and workpl ace exposures, but very few protect against pollutants

in the hone, where most people spend the majority of their time. WHO
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(1987) states that the know edge, attitudes, and practices of residents
are inportant factors in the extent to which these hazards affect
health. This paper is the first of its kind to discuss the extent of the
indoor air pollution problemin the homes of |ow socioeconom ¢ status
Arericans, and it will denonstrate that indoor air pollutionis nore of a
problemfor these people than for the mddle and upper classes. An
eval uation will be made of the adequacy of the existing Federa
regulations in dealing with the problemand protecting against the
adverse health effects which result fromexposures. Recommendations
will be made so that |ow socioeconomc status Americans may be better
protected fromthe avoidable effects of indoor air pollution. Finally, a
check list will be provided as an output of this report to aidin the
identification of potential or existing indoor air pollution problens so
that the knowl edge gained through this assessment can be used to stim-
| ate public health acti ons.

It has |ong been recogni zed that healthful [iving conditions are
an integral part of public health. The first public policies in the
United States concerning housing were established in the 1600's, and by
the 1850's it was known that sanitary and uncrowded |iving conditions
were a necessity (Mbod, 1969). The Tenement Act of 1901 in New York Gty
was used as an example by other large cities to establish housing | aus.
In 1934, the National Housing Act was passed, and the Federal Housing
Admnistration was created to carry out its objectives, including the
devel opnent of m nimum property standards for the determnation of
insurability of Federal mortagages (Nbod, 1969). The most significant
piece of public housing legislation was the Housing Act of 1949, which
estahlished a goal of providing "a decent hone and a suitable [iving
environment for every American famly." The American Public Health
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Associ ati on published A Proposed Housi ng Ordi nance, which was used as
a model for city and state housing codes (Mod, 1969).

In 1968 the nation's attention turned to housing as it never had
before, and Congress passed the nost sweeping housing |egislation since
1949, which introduced a variety of federal assistance mechanisms (U ban
America Inc., 1975). Two Presidential review bodies, the Dougl as
Cormmi ssion and the Kai ser Commi ssion, made recommendations to inprove
t he housi ng conditions of |ow socioeconom ¢ status Americans.

In 1970, the Department of Health, Education, and Wl fare published
t he Nei ghborhood Environnmental Eval uation and Decision System (NEEDS),
whi ch was designed to provide information on environmental problens
so that action could be taken, the effects could be eval uated over tine,
and to increase the effectiveness and financial efficiency of noney
spent. NEEDS was al so intended to provide researchers with associations
and correlations between the preval ence of health problems and the
quality of the residential environment. Finally, NEEDS was designed to
better understand an area's problens, to test alternatives, and to match
exi sting services to an area's needs (U S. DHEW 1970).

The check |ist provided in Section VIII can be considered to be
an extension of the NEEDS anal ysis, which focuses specifically on the
probl ens caused by the presence of indoor air pollutants and their
sources. This check list will also help researchers identify relation-
shi ps between the preval ence of health problens and residential con-
ditions. Like the original NEEDS assessnment, the health problems to be
exam ned nost closely are those of infants, pre-school children, and the

el derly.


NEATPAGEINFO:id=4F710437-1D80-4D3D-9770-ECE6E9D6232D


[1. | DENTI FI CATI ON OF | NDOOR Al R PCLLUTI ON

HAZARDS TO LOW | NCOVE AMERI CANS

The effects of indoor air pollution on |ower incone famlies are
more severe than the effects on middle and upper income famlies for
several reasons. Primarily this group is nore at risk because there are
more pol lutant sources present, hence more exposure occurs. For exanple,
the type of heating method is an inportant factor in the potentia
exposure to nitrogen dioxide (NO), carbon nonoxide (CO), sulfur dioxide
(SO), volatile organic compounds (VQCs), polycyclic aromatic
hydrocarbons (PAHs), and particles. Less affluent famlies are nore
|ikely to use wood or coal burning heating appliances and kerosene or
gas-fired space heaters as either their primry heat source or as a
secondary source. The presence of a combustion appliance is especially
i nportant to consider when examning the types of environments where
these appliances are most conmonly used. The Energy Information
Admi nistration (1986) found in their Residential Energy Consunption
Survey that alnost half of all kerosene heaters are used in multi-
famly dwellings, many of which have only one exterior wall and may have
close to zero air changes per hour. Another third of all kerosene
heaters are used in mobile homes, which also have |ow air exchange rates.
In addition, the use of cheaper K-2 kerosene fuel wll increase the sulfur

em ssions fromkerosene heaters. It is also known that sonme Americans

rely on their kitchen stoves for supplemental heat (Repace, 1982). In
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the case of gas stoves, this may be a source of acute exposure to NO and
CO.

Low income famlies are the nost common occupants of nobile hones,
where fornmal dehyde exposures are of special concern because these
environments have |ower air exchange rates than nost hones, are of
smal | er volume, and contain nmore sources of volatile organic conpounds
(VOCs) than other types of housing (Spengler and Sexton, 1983). These
sources include materials in the nobile home such as particleboard and
pl ywood, and carpets and furnishings. New nobile hones are usually
purchased by retired persons on fixed incomes and famlies wth young
children, and these groups are hypersensitive to the health effects of
i ndoor air pollutants.

Anot her common source of indoor air pollution is the presence of
asbestos in ceiling tiles, floor tiles, spackling, insulation, and
cement. Homes built before 1970 can be assuned to have asbestos present
unl ess renovation has been done. O der, poorly naintained hones are
often inhabited by fixed- or lowincone famlies, thus this socio-
economic group is nmore likely to be exposed to ashestos fibers. Asbestos
exposure al so increases during and imediately after removal occurs,
especially if renoval is handl ed inproperly.

O der hones are also likely to be a source and breedi ng ground of
bi ol ogi cal contam nants. Bacteria, viruses, nolds and their spores,

m | dew, and animal and insect parts and excreta are included in this

pol lutant category. Hgh humdity is the nost inportant factor which
encourages the growth and di ssem nation of these contam nants (Burge,
1985). A living environment which is not tightly weatherized encourages

the introduction of these contam nants from the anbi ent environnent.


NEATPAGEINFO:id=7C22811A-5763-4EC9-99E8-195BD2C11D2F


Homes without central air conditioning to maintain |ower summer
tenperatures and humdities are likely to contain molds and dust mtes,
whi ch can al so be a problemin homes which are so tightly weatherized
that humdity increases through the use of showers and appliances. Rats,

mce, dust mites, and cockroaches also contribute biological contam nants
through the dissemnation of their feces, urine, and body parts (U S

EPA, 1987).

It is probable that the presence of the above nmentioned biol ogica
contam nants causes |ower income famlies to be exposed regularly
to pesticides. In lowrent apartment conplexes or public tenenments,
the residents may have little or no control over the frequency or anount
of pesticides applied, and may apply additional pesticides thenselves.
The use of insecticides, fungicides, and termticides, indoors or
out-of -doors, may result in increased exposure to chlordane, diazinon
chlorpyrifos, heptachlor, and propoxur, anong others (Lews et al.
1986) .

Lead is another indoor air pollutant to which |ow incone Americans
may be exposed. Exposure can occur via several routes, such as
i nhal ation of contam nated household dust or soil, inhalation of anhient
air near a stationary source such as a snelter, or drinking or eating
| ead- contam nated water or food. N nety-nine percent of all homes built
before 1940, 70%of homes built between 1940 and 1959, and 20%of the
homes built from 1959 to 1974 have paint with lead concentrations greater
than 0.7 ng/m (ATSDR 1988). It is well docunented that |ead poi soning
often occurs when children ingest |ead-containing paint chips (Lin-Fu,
1982), but exposure al so occurs through inhalation of airborne |ead-
containing house dust and by mouthing or sucking hands or objects which
have been exposed to the |ead-containing dust (Charney et al., 1980).
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Figure 1 is a graphic representation of the various exposure routes for
lead. It is well documented that |ead poisoning is nore preval ent among
econom cal |y deprived children, especially black children (Chatterjee and
Gettman, 1972; ATSDR 1988). Charney and co-workers (1980) found t hat
high blood-|ead |evels were associated with household |ead dust |evels.
Exposure to | ead may al so occur when a | ead-based paint on an outdoor
surface is peeling or decaying (Ter Haar and Aronow, 1974). Ingestion of
soil or mouthing or sucking of soil covered objects my occur, or |eao
may be inhaled along with dirt particles (Ter Haar and Aronow, 1974).
Exposure to airborne lead is also often increased during renovation or
removal processes (Lin-Fu, 1982; Inskip and Atterbury, 1983).

Homes which are not tightly weatherized encourage the entrance of
many ambient pollutants into the indoor environment. Aside from
external |y applied pesticides, homes in high-traffic areas are besieged
with automotive pollutants such as NO, CO particles, benzene, and
di esel em ssions. Rose and co-workers (1985) state that centra
metropol itan areas receive higher traffic density than other parts of the
city, and | ow income househol ds tend to he located in these centra
areas. Esmen (1985) estimates that 20%of the homes constructed before
1970 have air exchange rates greater than 1.5 air changes per hour (ACH).
Thi s I evel conpares to new hones which have 0.2 to 0.5 ACH

Cther pollutants to be discussed here are radon and environnenta
tobacco snoke. Al though [ow income residents are not necessarily at
greater risk through higher exposures, it is probable that they are not
as aware of the problens associated with these pollutants as they shoul d
be, or as likely to be able to afford even miniml nitigation methods for
radon. In addition, these pollutants act synergistically wth other
indoor air pollutants in the health effects they cause.
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The final aspects in this discussion of increased indoor air
pol [ution risks concern the amount of time individuals are exposed, their
treatment options once health problens arise, and their mtigation
options. Although it is known that the average American spends up to 16

hours a day at home, young children, the infirm and the el derly most
assuredly spend even more time in their homes. It is often this group
that is hypersensitive to the pollutants discussed above (Ammann, 1987).
Studies show that |owincome famlies are less likely to seek
medi cal treatment than mddle or upper incone famlies. Newacheck and
Starfield (1988) conpared morbidity and physician visits for [ow and high
incone children and found that on the average, children fromfamlies
with annual incomes of less than $10,000.00 had more bed days due to
miltiple health problens, yet used fewer physician services than higher

i nconme children in simlar health.

The lack of information distributed to this group may also result in
obvious signs and synptoms of pollution exposures to be ignored. An
exanpl e of this are the flu-like synptoms of nausea, dizziness, and
headache which occur fol | ow ng exposure to carbon monoxide (Dol an, 1985)
|f these synptons are ignored, and the exposed individual remains hone in
order to "recover," the consequences may be fatal. An individual who
becomes ill due to exposure to an indoor air pollutant usually relies on
the medical profession to diagnose the cause of their ailment. This
diagnosis is made nore difficult by the presence of multiple pollutant
sources. |f a diagnosis is nade, however, that an indoor air pollutant
IS responsible, the next question is what can be done to elimnate
exposure. Economc [imtations and the fact that the residence is not
owner-occupi ed may prevent or hinder even the most simple mtigation
efforts. Inthe U.S, 34%of all housing units are renter occupied, and
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33%of the renter-occupied units house famlies which make |ess than
$10,000. 00 per year (U S. Bureau of the Census, 1985). Product
substitution, such as purchasing a newer-model conmbustion appliance or
replacing ol d furnishings, may be economcally unfeasible. In extrene
cases, where the residence cannot be altered to reduce pollutant |evels,

a famly of |ow socioeconomc status may not have the luxury to consider

rel ocati ng.
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[1l. EXPOSURE LEVELS EXPECTED

Conmbusti on Appliances

The use of combustion appliances as a primry or secondary heat
source often results in exposures to nitrogen oxides, sulfur dioxide,
acid aerosols, particulate matter (including soot), volatile organic
conpounds (i.e., formaldehyde), polycyclic aromatic hydrocarbons (i.e.
benzo(a) pyrene), and carbon nonoxide (U S. EPA 1987). Combustion

appl i ances include wood stoves, fireplaces, kerosene space heaters, and
gas-fired space heaters and appliances.

As shown in the following table, test results fromexperimenta
chanbers and actual in-home measurenments give enission rates and
pol [utant levels for the conpounds discussed above (Table 1). The
emssions generated fromconbustion appliances can vary greatly according
to the type of appliance, the appliance's age and operating condition,
the type of fuel used, and the ventilation conditions in the roomand
house. For exanple, unvented kerosene space heaters can be convective,
radiant, radiant/radiant, radiant/convective, or wickless (U S EPA
1987). Hgher flane heights during operation will increase the emssion
of nitrous oxide, while lower flames result in increased emssions of
carbon nonoxide, fornaldehyde, and particul ate matter (Mieller Asso-
ciates, 1985). The emssion of sulfur dioxide fromkerosene heaters is
dependent on the amount of sulfur in the fuel. In general, ol der
convective kerosene heaters emt the most carbon monoxide, nitrogen
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Table 1. Exposure Levels and Em ssion Rates from Combustion Appliances

Pol | ut ant

NG,

SO,

SO

SO,

SO,

Sour ce

Gas ki tchen

st ove

Gas Range
(1 burner)

Gas oven

Ker osene heat er
(radi ant)

Ker osene heat er
(convective)

Gas space heater

Wod heat er

Ker osene heat er
(1 ow sul fur fuel)

Ker osene heat er
(radi ant)

Ker osene heat er
(convective)

Wyod stove (non-
air tight)

Wbod stove (non-
air tight)

Wbod heat er
Ker osene heat er

(radi ant)

Ker osene heat er
(convective)

Max.

Concentrati on
1 ng/m
(in kitchen)
18- 430 ng/ hr
67-270 ng/ hr
16-38 ny/ hr
33-530 ny/ hr
3-1225 ng/ hr
1.3-7.0 ng/ hr
0.1-2.0 ppm
(12 hr average)
31-109 ny/ hr
37-94 my/ hr
42. 4 ppb

(hourly concen.)
9.1 ppm

(1 hr. concen.)
70- 375 ny/ hr

281-542 ny/ hr

35-635 ny/ hr

Ref er ence

U S. EPA (1987)

Muel | er
(1985)

Associ at es

Muel | er
(1985)

Associ at es

Muel | er
(1985)

Associ at es

Muel | er
(1985)

Associ at es

Muel | er
(1985)

Associ at es

Muel | er
(1985)

Associ at es

U S. EPA (1987)
Muel | er Associ at es
(1985)

Muel | er Associ at es
(1985)

TVA (1985)
TVA (1986)
Muel | er Associ at es

(1985)

Muel | er Associ at es
(1985)

Muel | er Associ at es
(1985)

12
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Tabl e 1. continued..

Pol | ut ant

CO

Particl es

Particl es

Particl es

Parti cl es

Particl es

Particl es

Benzo( a)
pyr ene

Benzo(a)
pyrene

Benzo(a)
pyr ene

Sour ce Max.

Concentration

Gas space heater  12-5004 ng/ hr

Gas range

191- 2700 my/ hr
(1 burner)

Gas oven

195- 3564 ny/ hr

Gas stove 120. 0 ppm
(in kitchen
in use 20 nmin.)
Wod heat er 2.6 o/ hr
Ker osene heat er 0.16 my/ hr
(ol d-radiant)
Ker osene heat er 0.034 nyg/ hr

(ol d-convective)

Gas range
(1 burner)

1.9 to 30 my/ hr

Gas oven

0.1 ng/hr

Unvented gas
space heater

0.2to 3.2 ng/hr

3.0 X 10" nglnt

Unvent ed gas

r ange
Wood stove 4.7 ng/ti T
Firepl ace 11. 4 ng/ m-

13

Ref er ence

Muel | er Associ at es
(1985)

Muel | er Associ at es
(1985)

Muel | er Associ at es
(1985)

Sterling and
Sterling (1979)
Miel | er Associ at es

(1985)

Traynor et al. (1983)

Traynor et al. (1983)
Muel | er Associ ates
(1985)

Fisk et al. (1985)

Fisk et al. (1985)

Moschandr eas et
al . (1986)

Mbschandr eas et al
(1980)

Mbschandreas et al
(1980)
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di oxi de, and formal dehyde, while radiant heaters produce the highest
| evel s of particles (Traynor et al., 1983). Pollutant emssions from
gas-fired space heaters also vary according to usage pattern, brand of
heater, burner design, size of heater, and the fuel-to-air mxture
(Muel | er Associates, 1985). Wod burning stove emssions and fireplace
em ssions into the indoor environment vary because of inproper instal-
| ation, cracks or |eaks in the stove pipe, negative air pressure in the
room downdrafts, and refueling (U S. EPA 1987). Use patterns,
appl i ance type, and type of wood burned also affect emssion rates (U S
EPA, 1987). Gas-stove emssions are affected nost by the presence or
absence of an outdoor-ventilated fan and whether the appliance has a
pilot light or a newer electric starter. The age of the stove, the burner
design, the number of burners in use, and the flame intensity have not
been shown to affect pollutant em ssions (GEOVET Technol ogies, Inc.
1976). Pilot lights produce pollutants during use and non-use periods
(GEOVET Technol ogi es, Inc., 1976).

Sterling and Kobayashi (1981) found that CO concentrations may reach
25 to 50 ppmin homes in which the gas range is used for heating
purposes. They al so investigated the amount of tine the gas ranges were
used per day, and found an average of two hours per weekday and three
hours per weekend day. The National Anbient Air Quality Standard (NAAQS)
for carbon nonoxide is 35 ppmfor 1 hour, and 9 ppmfor an 8 hour average

In addition to the factors nmentioned above, the nunber of conmbustion

appliances in use will affect pollutant levels. Leaderer and co-workers
nmeasured | evels of NOin homes with kerosene heaters and gas stoves, and

found average NO |evels of 7.4 ug/nf(4 ppb) in hones with neither

appl i ance, 36.8 ug/m (19 ppb) in homes with one kerosene heater and no
gas stove, 34.3 ug/m (18 ppb) in homes with no kerosene heater and a gas
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stove, and NO |evels of 66.8 ug/m3 (36 ppb) in homes with one kerosene
heater and a gas stove. Parkhurst et al. (1988) nonitored NO- levels in
public housing units with gas stoves, gas water heaters, and one or more
vented gas heaters. They found that 47%of the 185 units had at |east

one weekly NO, measurenent greater than 100 ppb, and 7%had at |east one
200 ppb measurement or higher. The highest NO |evel encountered was a

weekly average of 1402 ppb and a unit average of 989 ppb. These
concentrations can be conpared to the primary National Anbient Air

Quality Standard of 50 ppb (annual average) for NO_. The 50 pph annua
average i s the maximum anbient concentration to which Anericans can be

exposed for 24 hours per day for 365 days per year. It should be kept in
mnd that most Anmericans spend most of their tine indoors rather than
outdoors, and while the 50 ppb |evel may not be exceeded continually,
during the heating season (up to six months of the year) this level my

be greatly exceeded for 24 hours per day.

Several studies have shown that although conmbustion appliances are
known to emt formal dehyde, these emissions do not significantly affect
indoor levels. Grman and co-workers (1982) predicted average fornmal -
dehyde steady-state evels of 65 ug/ﬁ for well tuned, unvented gas-
fired space heaters, and levels of 391 ug/ﬁ%for poorly tuned heaters.
Leaderer et al. (1984) found that formal dehyde |evels were |ow
(27.5 ug/m) in homes with various conbustion sources present and
remained | ow even in the presence of two kerosene heaters and a gas

st ove.
Mobi | e Hones

Mobi | e homes have heen found to often have el evated concentrations

of volatile organic conpounds because of the presence of many material
sources, their small volume, and their |owair exchange rates. The U.S
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EPA (1987) reviewed the formal dehyde I evels in mobile homes and homes
with urea formal dehyde foaminsulation, many of which were based on
conplaint investigations. The formaldehyde |evels found in these
environments ranged from0.0 to 9.8 ny/ m. The hi ghest value will only

occur rarely, however, typical concentrations range from0.1to 1.0 ng/nf
(Ammann et al., 1986). The NEC (1981a) reviewed formal dehyde | evels in

mobi | e hones after conplaints and found a range of 0.03 to 3 ng/mi

unrel ated to anbient formal dehyde |evels.
Asbest os

Asbestos used in floor and ceiling tiles, insulation, and ot her
materials may be in the formof chrysotile, anphibole, or actinolite.
Chrysotile is the most common asbestos formfound in the US. (U S EPA
1987). Exposure usual Iy occurs when the asbestos-containing material is
physical |y damaged, but may al so occur because of degradation, humdity
variations, or vibration (U S EPA 1978). The presence of ashestos in
an indoor environnment does not necessarily inply that exposure is
occuring. Intact materials may not increase ashestos concentrations.
Sanples taken in a building with ashestos cement wall and roofing
material s showed that following a heavy rain, ashestos concentrations
ranged from20 to 4500 ng/ﬁl(Nicholson, 1978). The wearing of ashestos
flooring tiles has heen shown to cause ashestos concentrations of 170

ng/m, and Constant et al . (1983) measured ashestos [evel's of 83 1 ng/ m

in school areas with ashestos surfacing materials. Ncholson et al.
(1978) sanpled 10 school s and found crysotile level's ranging from9 to

1950 ng/m, Wi an average of 217 ng/m. The 950 ng/ m measur ement

occured followng floor sweeping in an area with a water-damaged ashest os

surface with no visible sign of ashestos fibers in the air.
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Bi ol ogi cal Contani nants

An estimate of exposure to biological contamnants is nore difficult
than for the other indoor air pollutant categories discussed here.
Because little is known about the occurrence and concentration |evels, and
because nonitoring methods are not standardized to permt conparison of

results, this discussion will sinply detail the specific biologica

contam nants which are known to occur in indoor environments and di scuss
the factors that are known to affect concentrations. Mdlds and their
spores, bacteria, viruses, protozoans, algae, insect body parts and
excreta, pollen, and animal excreta make up this group of indoor air

pol lutants (U S. EPA 1987). Some of the nolds identified indoors to
date include: Aspergillis and Penicillium and the bacteria include

Legi onel I'a, Staphyllococcus, and Streptococcus (Burge, 1986). Insect
parts and excreta are conmonly found in house dust, especially dust mte
feces (Andersen and Korsgaard, 1986). The concentrations of biologica
contami nants usually vary with season, and are affected by the indoor/
outdoor pressure gradient, tenmperature, and humdity (Burge, 1985).
Andersen and Korsgaard (1986) found that the optimal environnment for nost
bi ol ogi cal contamnants is a tenperature around 25 degrees Centigrade
and 75 to 80% relative humdity. Mny of these contami nants enter from
the outside, such as pollen, algae, and mold spores, thus the

tightness of the home can directly affect the pollutant concentrations
(Burge, 1985). (Once inside, contam nants such as house dust mtes,
bacteria, and algae breed in such places as air conditioners, humdi-
fiers, refrigerator drain pans, insulation, bedding, carpets, and

uphol stery (Platts-MIls and Chapman, 1987). Sol omon (1975) reports that
under poor hygienic conditions, concentrations of fungal spores indoors
my be 200 to 400 percent above anbient |evels. Table 2 [ists sone
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Tabl e 2: Biol ogi cal Contam nant Concentrations

Concentrati on Bui | di ng
Cont anmi nant Measur enent I ndoor / CQutdoor
Bacteri a Col oni es/ sanpl e 27 16 (fall) Apartnent
Bacteria Col oni es/ sanpl e 40 43 (spring) Apartnent
Bacteri a Col oni es/ sanpl e 71 6 (fall) House
Fungal spores Col oni es/ sanpl e 1= 38 rHouse
Fungal spores Col oni es/ sanpl e SO 76 FHouse
Fungal spores Col oni es/ sanpl e 55 13 House
Pol | en G ains/m 11 205 (no AC) House

Adapted from Sanfield (1985)

nmeasurenments of bacteria, fungal spores, and pollen taken from hones and
apartnents by various researchers in the U S., England, Denmark, and
Japan.
Pesti ci des

Peopl e are exposed to pesticides via ingestion, inhalation, and
dermal exposures (Lews et al., 1986). Lew s and co-workers (1986)
i nvestigated inhal ation exposures in a nine-hone pilot study. The nost
common pesticides they encountered in their sanmpling were chlorpyrifos,
di azonon, chlordane, propoxur, and heptachlor. Chlorpyrifos is an
i nsecticide used in the control of nosquitos, cockroaches, ternmtes, and
lice, among others (Lewis et al., 1986), and diazinon is an insecticide
used to control soil and household insects and flies. Chlordane and
heptachl or are termticides whose use was restricted in 1987 and banned

in 1988 (Cohen, 1987), and propoxur is an insecticide for controlling
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cockroaches, flies, and nosquitos (Lews et al., 1986). The concen-
trations neasured for these five compounds were usually one order of
magni tude higher than for any other pesticides found, and the indoor
| evel's measured were generally one to two orders of magnitude higher

than outdoor levels (Lews et al., 1986). Table 3 is a sumary
of the monitoring data for these five pesticides.

Lillie and Barnes (1987) examned 5000 hones for airborne chlordane
| evel s and found concentrations above 5 ug/min 26%of the homes. The
termticide had either been applied to the soil in homes with craw
spaces or via subslab injection in homes built on slabs. This study
revealed that 19%of the homes with craw spaces exceeded that 5 ug/ m
level, and that chlordane levels in the home were directly correlated to
the craw space tenperature. At the tinme this study was published, the

National Acadeny of Sciences had recomrended the 5 ug/mlevel as an
interimaguideline for the home environnent.

Tabl e 3: Concentrations of the Mbst Common Pesticides

3
Concentration (ug/m)

Pesti ci de | ndoor / Qut door
Chl orpyrifos 2.4 0. 059
Di azi non 1.4 0.11
Chl or dane 0.51 0. 058
Pr opoxur 0. 042 0. 0034
Hept achl or 0. 088 0. 016

Adapted from Lews et al. (1986)
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Davies et al. (1975) reported that significant exposure to DDT can
occur through house dust contam nation; |ike chlordane and heptachl or
DDT usage has been banned in this country, however. Louis and Kissel bach
(1987) found that pesticide concentrations may vary during sanpling
because of tenperature, humdity, and air nmovement caused by heating and
cool i ng systens.

Lead- Based Paints

As discussed previously, |ead-based paints often cause high |ead
| evel s in household dust. Many studies have been undertaken to invest-
igate lead poisoning in children, and very often | ead-based paints are
responsi bl e. The Agency for Toxic Substances and Disease Registry (1988)
estimates that about three million tons of lead remain in paint which is
accessible to children in the U S. Laxen et al. (1987) exam ned bl ood-
| ead | evels and |ead levels in household dust, and found a significant
rel ationship between the two. Dust-lead |evels ranged from48 to 13,600
ug/g, with a median of 503 ug/g, while blood-lead |evels ranged from3.3
to 10.7 ug/dl with a median of 10.1 ug/dl. They also found that the
hi ghest airborne dust-lead |levels were due to redecoration activities
during the year before sanpling. Cark et al. (1985) conpared |ead
levels in different types of housing in Gncinnati, Chio. They found
that lead content of interior surface dust was the |owest for public and
rehabilitated housing (350 and 623 ujg/g, respectively) and highest for
ol der private homes in dilapidated and deteriorating condition (2200 and
3000 ug/g). Even private nonrehabilitated homes which were |udged
visually to be in satisfactory condition had |ead |evels of 1410 ug/g.

Bl ood-1ead | evels of children living in dilapidated/deteriorated hones
were two to three tinmes higher than levels of children living in public

housi ng.
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The NAAQS for lead is currently 1.5 ug/m (quarterly average), and
there is no US standard for lead in dust. Laxen et al. (1987)

recommended that a |ead-dust |evel be established in the Netherlands, and

calculated a standard of 1020 to 1750 ug/g based on conparison with the

U. S. anbient air standard.

Ter Haar and Aronow (1974) measured |ead |evels around the perineter
of brick and frame hones in Detroit, Mchigan. They found the average
soi | -1ead concentration near brick homes ranged from 351 to 595 ppm
within 2 feet of the house, and 156 ppmin the front yard (nearest to the
street) and 200 ppmin the back yard. The lead in dirt within 2 feet of
frame houses averaged over 2000 ppm and front and back yard |evels
averaged 436 ppm The authors concluded that exterior paint rather than

vehi cl e exhaust was the source of high soil-lead |evels.
Aut onpti ve Pol |l utants

Interior and exterior paints have not always been the main source of
i ndoor |ead concentrations. The U.S. Environnental Protection Agency
| owered the acceptable Iead level in gasoline on the basis that there was
a strong relationship between |eaded gasoline use and bl ood-|ead |evels.
Figure 2 represents the EPA's interpretation of the second Nationa
Heal th and Nutrition Exam nation Survey data. The EPA then pronul gated
standards to reduce the lead content of gasoline (F.R, 1982, CQctober 29;
F.R, 1985 Mrch 7). The U S. EPA (1986) stated that anbient air |ead
| evel s have declined from1.23 ug/hfFﬁETQYS to 0.§%Eﬁﬁ7n1in 1984
Lynamet al. (1983) found that overal| mean bl ood-|ead |evels decreased
37%during this period, from15.8 to 10.0 ug/dl. The ATSDR (1988) report
concluded that past gasoline |ead inputs produced airborne |ead that
significantly added to blood |ead by direct and indirect routes, and that
as expected, blood-lead |evels have decreased as airhorne |ead has decreased.


NEATPAGEINFO:id=792CD2F6-DE63-4D68-8D58-15F9296346BB


8sn Qo

- at

18

17

16

16

14

13 -

12

11

10

LA O VA VA A O L I I
ADJUSTED GASOUNE LEAD (100 NETR C TONS PER DAY)

Figure 2. Relationship Between Lead in Gasoline
and Bl ood Lead Levels.

Source: U S, EPA (1985).

04 30 08 4


NEATPAGEINFO:id=E545F55E-38CA-47B4-B6AC-D42457586E92


23

The infiltration of ambient air pollutants may also result in
i ncreased exposures to other autonotive pollutants, such as diesel fue
em ssions, nitrogen oxides, carbon nonoxide, and benzene. Hol mberg and
Ahl borg (1983) estimted the emissions fromautonotive sources as shown
in Table 4. The particles emtted fromthis source are small, usually
less than 2 umin size. Diesel engines enmt particles an order of
magni tude hi gher than regul ar catal yst-equi pped engi nes.
Radon

Radon enters dwellings primarily through soil gas or water. [ndoor
| evel s of radon measured range from500 to 2 mllion pCi/é (U.S. EPA
1987). The presence of radon in the soil beneath a structure varies
according to the geological formations in the area. High radiumlevels
and porous soil or fractured rock structures facilitate the novenent of
radon and its progeny through the soil, while foundation cracks and
negative pressure gradients nove the gas into the dwelling (U S. EPA
1987). Some wel | water supplies are also known to be high in radon, but
nost are estimated to have radon concentrations of |ess than 2000
pC/liter (U S. EPA 1987). Walsh et al. (1984) report some wells with
radon | evel s exceedi ng 100,000 pCi/liter, however. Radon present in
wel | -water supplies is distributed to the indoor air when it is heated or
divided into small droplets, as in showering.
Envi ronment al Tobacco Snoke

Envi ronnental tobacco snoke contributes many conpounds into the
i ndoor environnent, including nicotine, particles, PAHs (including
B(a)P), benzene, fornaldehyde, nitrogen oxides, and carbon nmonoxi de
(Sanfield, 1985; Repace, 1982, Grman et al., 1982). Up to 3800
conpounds have been detected in sidestreamsnoke (emtted fromthe
burning end of the cigarette, pipe, or cigar) and the snoke which is


NEATPAGEINFO:id=CE838101-CA59-4D60-B834-4EC3D3F5E622


24

Tabl e 4. Aut onobi | e Em ssi ons

Pol | ut ant Leaded  Unl eaded Diese
Particles (ng/km 50- 100 5-10 750- 1500
Benzene (ng/km 50- 100 1-15 10-20
For mal dehyde (ng/ km 20- 50 1-3 10-15
Benzo(a) pyrene (ug/km 1-10 0.1-1 1-10
PAH (ug/ km 35-170 3 500- 1000

Adapted from Hol nberg and Ahl borg (1983)

exhal ed by the smoker (mainstreamsnmoke). O great concern froma health
standpoint is the respirable particulate matter (RSP) which may reach
very deep into the lungs of an exposed person. Respirable particulate
matter is made up of particles which have a nean mass diameter of 2.5-3.5
mcrons or less. Sanfield (1985) conducted a literature review of the
avail abl e information on ETS, and concluded that if cigarette smoking is
excl uded, the respirable particulate matter found indoors is largely
influenced by outdoor levels. Spengler et al. (1981) measured concen-
trations (annual nean) of RSP outdoors (21.1 ug/nf), i ndoors with no

smoking (23.4 ug/n15, Tmdoors with one smoker iéé.g ug7n1), and indoors

with two snokers (70.4 ug/m%.

The fol lowing table gives emssions and concentration data available
for a few conpounds contained in environmental tobacco smoke (Table 5).
Air dilution can greatly change the makeup of ETS, and a high degree of

dilution can reduce particles from500 my/mto very few (NRC, 1986).
Bilution will also affect the volatilization of nicotine. As ETS ages in

an indoor environment, nitric oxide will be oxidized to formnitrogen
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dioxide (NRC, 1986). Burning tenperature, type and blend of tobacco, the
presence of substitutes or additives, cigarette length, and use of

filters will also affect the chemcal conposition of environnental
tobacco snoke (Esnen, 1985).

Table 5. Environnental Tobacco Smoke Pol | utant Concentrations

Pol | ut ant
CO

Respi rabl e
Particl es

Total Suspended
Parti cul at es

Ni coti ne
Ni coti ne

NO,,

Benzene

For nal dehyde

B(a)P

Concentration

8.3 ny/cigarette
(sidestream

10 rag/cigarette
(sidestrean

901- 1318 ug/ ng tobacco

1.6-2.4 ng/ g tobacco
5-50 ug/ nf

7.31 ug/m
(compared to 6.23 w
no snoker present)

21.3 ug/m3 (winter)
(compared to 17.5 w
no snoker present)

16.5 ug/rr31 (sunmer)
(conpared to 12.4 w
no snoker present)

12-48 ug/cigarette
(mai nstream

70-100 ug/cigarette

20-40 ng/cigarette
(i nstream

Ref er ence

Sandi a Nati onal
Laboratories (1982)

Grnman et al. (1982)

Lewtas et al. (1987)

Lewtas et al. (1987)
NRC (1986)

Leaderer et al. (1987)

CGood et al. (1982)

CGood et al. (1982)

NRC (1986)

NRC (1986)

NRC (1986)
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|'V.  DOSE- RESPONSE ASSESSMEMT

The information presented in this section vill consist of the
avai | abl e dose-response information for individvtal indoor air pollutants,
and when available, informtion for pollutant mxtures wll be given.
This pollutant mxture information will be of value because it will
alleviate the need to assume an additive or synergistic relationship

between pollutants. Dose-response information is not available, however,
for the majority of indoor air pollutants.

Conbustion Appliance Pollutants

The primary mechani smby which carbon nono side causes damage is via
its interference with oxygen transport by binding to hemoglobin (U.S
EPA, 1984b). This results in less oxygen being released to tissues,
which is especially harnful to organs with high oxygen demand, such as
the brain and the heart (U.S. EPA 1987). Neurological effects range
frombehavioral alterations to coma (Dolan, 1985 Gnsherg, 1985), and
there is enpirical evidence to suggest neurobeh™avioral function
decrements at COH |evels below 5% (U S. EPA 1984h). Cardiac effects

include arrhythmas and nyocardial infarction (Dol an, 1985). Exposure to
25 ppm COfor extended periods of time (L to 8 hrs) results in carboxy-
hemogl obi n (COHb) level s of 2-3%anong nonsmokers. This level of COHB
results in decreased exercise and work capacity. The popul ation

especial [y at risk fromCO exposure is chronic angina patients (U.S. EPA
1987). The US. EPA (1984n) states that frequency and duration of angina
attacks increase at 2.9 to 4.5%COHb, and may occur at even lower COHy

levels. Cther risk groups are the el derly, fetuses and infants, and
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peopl e with severe respiratory diseases, chronic bronchitis, and

emhysena.  Peopl e with congestive heart failure, anema, or those taking

(rugs which depress the central nervous systemare also at greater risk
(U.S. EPA 1984b).

Exposure to NO at levels greater than 3.7 ng/mfor less than 2
hour exposures causes pul monary function changes in healthy subjects

(US EPA 1982a). Bylinet al. (1985), however, found pul monary
function changes at 0.4 my/m’. Asthmatics have been identified as a
suscepti bl e subpopulation, and the U.S. Department of Energy (1986)
states that exposure for 15 mnutes to 0.5 to 5.0 ng/ﬁ\Mll | ncr ease

ai rvay resistence in asthmtics. The DCE (1986" al so indicated3that I
heal thy individuals, exposure for 15 mnutes at 7.5 to 9.4 ng/mwil|
decrease pulmonary diffusing capacity, and exposure for 5 mnutes to 11.3

to 15.2 my/miwill increase airway resistance iu both asthmtics and
heal thy adul ts.

The effects seen in gas stove epidemologi: studies are presumed to
be due to NOY. Melia et al. (1979) studied schaol children exposed to
gas stove emssions as conpared to children [iving in homes with electric
stoves, and found a higher prevalence of bronchitis, coughing, and col ds
going to the chest in the children in homes with gas stoves. Speizer et
al. (1980) found an association between serious respiratory illness
before the age of two in children in homes with gas stoves. The N2
| evel s measured ranged from 14,7 to 54.3 ug/m, with ong short term peak
of 1100 ug/m ina kitchen. Cyston et al. (1985) studied the effects of
gas stove emssions on infants and found no as;5ociation wth Illness or
hospitalizations, but Ekwo et al. (1983) studied children ages 6-12 and
found a significant relationship beween gas stove usage and hospital-
[zation for respiratory illnesses. Studies of adults and gas stove
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em ssions have not found any significant increaises in acute respiratory
iI1nesses (U.S. EPA 1987). The U.S. EPA (1987) concluded that although
the health effects information may be inconclusive, N0, is likely to have
additive or synergistic effects with other indoor pollutants, and the

NO |evel s observed in some hones can decrease pul nonary function in
asthmati cs.

The effects of sulfur dioxide alone (not associated with particles)
are nost serious in asthmatics, and at 0.75 ppmasthmatics wll
experience a doubling of airway resistance (Horstman et al., 1986). The
effects of particles include irritant effects, altered mucociliary
transport, changes in alveolar macrophage activity, airway constriction,
decrenents in lung function, and increased respiratory infectionin
children (U.S. EPA 1987). The health effects of soot are primary due to
the attached polycyclic aromatic hydrocarbons (PAHs). Soot has been
found to be nutagenic in short-term bioassays, and sone of the attached
PAHs are known to be carcinogenic, such as the dinitropyrenes which have
been found in the emssions of kerosene heaters (Tokiwa et al., 1985).
Cccupational studies with coal soot show an increased risk for |ung,
larynx, and skin cancer (U S. EPA 1987). Gotps especially sensitive to
S0, and particulate matter exposures are asthmatics, the elderly, and
those with preeexisting cardiovascular or respiratory diseases (U.S. EPA
1986¢) .

The air sanpled fromhomes with wood stov«; s in use has been found to
have more mutagenic activity than the air taken fromhomes wthout wood
stoves (Lewtas, 1985), and wood snoke has al so been found to contain sone
conpounds which are known carcinogens. Benzo(.i)pyrene is an exanple (U S
DHHS, 1985). Calle and Zeigham (1985) estimte that exposure for life
to 1 ng/nt of B(a)Pwill cause from0.2 to 5.0%excess lung cancer deaths,
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Qther PAHs act as procarcinogens and cocarci nogens.

For mal dehyde

For mal dehyde exposure causes irritation of the nucous menbranes of
the eyes and upper respiratory tract (U S. EPA, 1987). The follow ng
tabl e shows the dose-response information for acute exposures (Table 6).
Formal dehyde is a known ani mal carcinogen and causes chronic reductions
of lung function and asthma in humans (U S. EP/,, 1987). Fornal dehyde is

thought to cause allergenic responses in 8% of the population (U S. EPA

1987) .

Asbest os

Asbestos is a known human carcinogen which causes |ung cancer and
nesot hel i oma, the two nmost inportant causes of death due to asbestos
exposure (N cholson, 1986). Mesotheliom is a rare cancer of the
menbrane which lines the chest and abdomen. Asbestos al so causes
ashestosis, a non-cancerous respiratory disease?, and cancers of the
gastrointestinal tract. It is thought at this time that chrysotile is
not as |ikely to cause lung tunors as sone of the other forms of
asbestos, particularly amosite and crocidolite (N cholson, 1986).
Chrysotile is inportant as a cause of mesotheliom, however. In general
the effects of asbestos exposure are not apparent for up to 20 years
fol |l owi ng exposure.

Bi ol ogi cal Contanmi nants

Because indoor environments are contamnated with a great nunber of
bi ol ogi cal contam nants, this discussion wll Focus on those for which
sone type of health effects information is available and those which are
likel'y to be encountered in the types of housing which are available for
| ow incone famlies. Fungi are nost commonly associated with allergenic

reactions indoors, including allergic rhinitis and bronchial asthma (U S.
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Tabl e 6. Fornmal dehyde Dose- Response Information
Concentration (ng/ m3) Esti mated Medi an Reported Effects

0.06-1.2 0.1 Qdor threshold for
50% of peopl e

0.01-1.9 0.5 Eye irritation threshold
0.1-3.1 0.6 Throat irritation

t hreshol d
2.5-3.7 3.1 Biting sensation in

the nose, eye

5-6.7 5.6 Tearing eyes, |ong
termlung effects

12-25 17.8 Tol erabl e for 30 m nutes

with strong flow of
tears for one hour

37- 60 37.5 I nfl ammation of |ung
(pneunonitis), edem,
respiratory distress,
danger to life

60- 125 Deat h

Adapted from Lucier and Hook (1984)

EPA, 1987). QOher fungi, however, produce potent mycotoxins which may be
carcinogenic (e.g., aflatoxin), nutagenic, affect inmunosuppression

or act as nephrotoxins, heptatoxins, or neurotoxins (U S. EPA 1987).

Ai rborne nol ds which are known to be toxigenic include Aspergillis,
Penicillium Fusarium and O adosporium (Burge, 1985). Viruses spread
through indoor environnents include measles, cliickenpox, and respiratory
di seases such as colds and influenza (U S. EPA, 1987). Tuberculosis is
caused by an airborne mycobacterium and inhalation exposure to just one
infective unit may cause infection. Legionella is a soil bacteriumwhich
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can becone airborne and cause Pontiac Fever, a flu-like syndrone, or
Legi onnai res disease, an often fatal pneurmonia (U S. EPA, 1987).
Platts-M|1s and Chapman (1987) reviewed the health effects information
on house dust nmte allergens, and found that they can contribute to
asthma, perennial rhinitus, and atopic dermatitis. Mtes of the

genus Der mat ophagoi des produce the nost common allergen, and there is a
high prevalence of mte allergy in asthmatics. Mathison et al. (1982)
states that aeroallergen-provoked asthma is mie of a problemfor
children and young adults than for other adults. Korsgaard (1983)
estimates that 100 mites/gramof dust is the risk factor for sensi-
tization and the devel opment of asthna.

The National Health Education Committee (1976) states that viruses
and bacteria which cause pneunoni a, influenza, and other respiratory
di seases are the fifth | eading cause of death in the U S., and the nost
i mportant cause of acute disabling illnesses.

Pesti ci des

The health effects information for the pej;ticides of interest in |ow
soci oeconom ¢ housing units is generally fromoral and dernal toxicity
studies. This discussion will evaluate the available inhalation studies,
and where information is lacking the oral LDi-- and acceptable daily
intake (ADI) information will be given.

Mbst organophosphat e conpounds are irreversible acetyl cholinesterase
inhibitors. Berteau and Been (1978) report an inhalation LDcg ** "™ ""8
chlorpyrifos/kg for mce. The Wrld Health Ojjanization (1973) concluded
that chlorpyrifos had no reproductive or teratogenic effects in rats, nor
was any effect found in mce given 10.0 my/kg/lay orally. Like nost of
the organophosphate pesticides, chlorpyrifos aid diazinon consistently
give negative mutagenicity results in Salmonella typhimurium and
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Escherichia coli, with and without activation. Diazinon did not increase
the nunber of chronosomal aberrations or induce sister chromatid
exchanges (U S. EPA, 1988). The many chronic and subchronic feeding
studi es with organophosphat es have not shown any carcinogenic activity.
The primry effects of these compounds on humans is neurotoxicity. The
initial synptons of acute exposure are intestinal cranps, tightness
inthe chest, blurred vision, sweating, headache, and diarrhea (U S. EPA
1988). The second stage of intoxication results in synptons of weakness,
fatigue, cyanosis, and trenors. The oral risk reference dose for
chlorpyrifos in humans is 0.003 ngy/kg/day (U.S. EPA 1988). Studies of
wor kers exposed to up to 27.6 ug/ mand d azi non up to 4ﬁn
indicate a significant inhibition of plasma cholinesterase but not red
bl ood cell cholinesterase (Hayes et al., 1980). The EPA (1984) found that
diazinon's no-observed-effect-level (NCEL) was 0.9 ug/kg bw day. Mirphy
(1986) gives an ADl of 0.002 ng/kg for humans.

A retrospective study of workers exposed to the chlorinated
insecticides chlordane and heptachlor by Wang and MacMahon (1979) found
no increase in deaths due to cancer, but found an increase in deaths from

cerebrovascul ar disease. Mirphy (1986) reviewed the oral LD (" toxicity
information for various pesticides, and |isted heptachlor's oral LDr/>is

100 mg/kg, with an AD of 0.0005 ny/kg/day for hiinmans. The oral LD g for
chlordane is 335 ng/kg for male rats, and the ADI is 0.001 ng/kg/ day.

Mirphy (1986) also lists chlordane and heptachl or as pesticides reported
to have effects on host defense mechanisns. Propoxur (Baygon) was |isted

wthan oral LD'q of 83 ny/kg for mle rats.
The Agency for Toxic Substances and Disease Registry (1988) recently
reviewed the health effects associated wth |ead exposure, and their
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information will be summarized here. The groups especially at risk for

| ead poisoning are fetuses and young children. Young children are at
risk because of their devel opnental physiology and their frequency of
contact with lead contam nated objects. Children ingest and absorb a

| arger amount of |ead per unit body measure and retain a larger fraction
than adults. Children also have higher metabolismand respiration rates
to enhance | ead uptake. Fetuses are at risk because lead is readily
transferred across the placenta. The primary target for toxicity is the
brain or central nervous system Qher targets are the hene-formng
systemand the vitamn D regulatory system Lead exposure is often
characterized by concentration of lead in blood (ug/dl), and 10-15 ug/d
Is associated with the onset of effects which may be bionedically
adverse. Lynamet al. (1983) found that the indicated response of

bl ood- | ead concentration to inhaled air lead is about 1 ug/dl per 1
ug/n?. The ATSDR (1988) report gives the fol | owi ng dose-response
information (Table 7). One factor of great inportance when eval uating
lead toxicity is its accumulation in the body. Low exposure |evels can
cause lead to build up significantly over tinme, with resulting injuries
to the central nervous systemof children which are irreversible. Some
of the effects of |ead exposure may be reversible, such as the effect on
heme bi osynthesis, but these effects can only be alleviated if exposure

I's discontinued. In the case of |owincome famlies, this may not occur

Aut onptive Pollutants

The health effects associated with automotive pollutants will
include the effects already discussed for carbon nonoxide, nitrogen
oxi des, |ead, formaldehyde, PAHs, and particles. In addition, benzene
and diesel emissions may have substantial health effects if encountered
in high enough concentrations. Holmberg and Ahlborg (1983) eval uated
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Table 7. Dose-Response Information for Bl ood-Lead Levels

Pb-B (ug/dl) Heal t h Ef f ect
10-15 (prenat al Reduced gestational age and weight at hirth,
and postnatal ) neur obehavioral and growth deficits, reduced

size up to age 7

15- 20 Adverse inpacts on heme biosynthesis,
and vitamn D and cal ci um synthesis

25 and bel ow Deficits in 1Qscores in children, slowed
reaction tine

30 Sl owed nerve conduction velocity

40 and bel ow Peripheral nerve dysfunction in children

40 Reduced hemogl obi n synt hesi s

40- +80 Peripheral neuropathy and frank anema

80 Severe poisoning (coma, convulsions, nenta

retardation, death)

80- 100 Encephal opat hy

Adapted from ATSDR (1988)

the health effects of auto emssions and found that gasoline em ssions
contain much less nitrated PAHs (e.g. dinitropyrenes) than diese
emssions. Both gasoline and diesel emssions caused mutations in
short-termbioassays. Gasoline extracts were found to be nore mutagenic
than diesel extracts, but diesel engines emt nore particles and
associated organic matter. The organics frommotor vehicle emssions
contain known human carcinogens, and there is evidence to support a

rel ationship betveen benzene exposure and |eukema (U.S. DHHS, 1985).
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Radon

The health effect associated with radon exposure is an increased
risk of lung cancer (U S. EPA 1987). The EPA (1986a) predicts that 5000
to 20,000 lung cancer deaths per year are due to radon exposure, and the
EPA has established a recommended "action" level of 4 pG/1 (0.02 working
levels) in homes (U S. EPA 1986a). The EPA estimates that exposure to 4
pG/1 for 70 years will result in between 1 and 5 |ung cancer deaths out
of 100, while exposure to 200 pG/1 is estimated to cause between 14

and 42 deaths in 100.
Envi ronnent al Tobacco Sroke

Many pol lutants are contained in environmental tobaccco smoke, as
di scussed in Section Ill. This discussion will focus on the whole mxture
of ETS, rather than each individual conmpound. Eye, nose, and throat
irritation are the nmost conmon acute effects of ETS (U S. EPA 1987).
Reviews by the EPA (1987), Schenker et al. (1983), and \Mre et al
(1984), among others, have found a strong correlation between ETS and the
occurrence of |ower respiratory tract illness in children. Increased
frequency of bronchitis, pneunonia, and other respiratory synptoms have
al so been found in children during the first year of their [ives (US.
EPA, 1987). The health effects in adults are not as well established as
those in children, but the NRC (1986) and the Surgeon General (1986) hoth
concl uded that epidemologic studies indicate an association between
i nvol untary smoking and lung cancer. Repace and Lowrey (1985) estimte

that 5000 lung cancer deaths per year are due to ETS exposure. The
associ ations between ETS and asthma and ETS and cardi ovascul ar disease

have not been definitely defined.
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V. ESTI MATED NUMBER OF LOW I NCOVE AMERI CANS

EXPOSED TO THESE PCLLUTANTS

Although it is difficult to predict the nunber of people exposed to
the specific pollutant concentrations given in Section IIl, an estimte
can be made of the number of people potentially exposed. This information
w |l be gathered primarily fromcensus data and consumer purchasing
information. An estimte can be made of the potential exposure which
| owincome famlies receive, but as discussed previously, many factors
wi |l influence pollutant levels, such as activity patterns, ventilation
practices, and condition of the home or the pollutant source.

Census figures indicate that there are 234.5 mllion people in the
US., and 14.4%of these individuals fall bel ow the weighted poverty
level, that is, 33.7 mllion people (U S Bureau of the Census, 1985).
The Census Bureau uses a weighted poverty |evel based on the nunber of
fam |y menbers and annual income. For a 1 person househol d, $5300.00 and
bel ow is the poverty [evel, while for a famly of 7 or nore persons an
annual incone of $14,000.00 is considered to be the poverty level. In
cases where specific information is not available for these |owincone
individuals, it will be assumed that the same percent of |owincone
individuals are exposed to indoor air pollutants as in the genera
popul ation. In nany cases this may underestimte exposures because of
the factors discussed previously. In cases where the census data was
presented by household, it will be assumed that there is an average of

2.5 residents per househol d.
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Begi nning with combustion appliances, estimtes are made of the
nunber of |owincome Americans potentially exposed to em ssions. These
estimates are derived as discussed above; 14.4%of the nunber of appliances
inuseis multiplied by an average of 2.5 persons per dwelling. The

nunber of kerosene heaters used by | ow soci oecononmi ¢ status Anericans is

based on the estimate of 7 mllion kerosene heaters in use in the U S
By exam ning kerosene fuel consunption patterns, it is seen that 43% of
the fuel purchased is used in homes whose average annual income is |ess
than $10,000.00 (Energy Information Admnistration, 1986). An estinate
Is made then, that 3 mllion |owincome famlies use kerosene heaters as
primary or secondary heat sources.

Gas ranges: 14 million

Gas space heaters: 2.9 mllion

Wbod st oves: 1.9 mllion

Fireplaces: 6.5 million
Ker osene heaters: 7.5 nillion
Sterling and Kobayashi (1981) evaluated the preval ence of gas stove

usage for heating and found that 55% of the homes they studied in New
York City used the gas oven as a heat source. In addition to the
vol atile organic conmpound exposures which individuals receive from
material sources in mobile hones, a suprising nunber of kerosene heaters
are used in these environnents. The Energy Information Admnistration
(1986) estimtes that one third (2.3 mllion) of all kerosene heaters are
used in nobile honmes. Because of the factors discussed previously, this
coul d mean that this population is exposed to very high concentrations of
formal dehyde, carbon monoxide, nitrogen oxides, and particles, among
others. Again assuming that there are 2.5 residents per hone, an

estimated 5.8 mllion Americans may be living in nobile homes and using
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ker osene heaters.

The NEC (1981) estimates that 11 million people live in mobile hones
whi ch contain substantial amounts of particleboard and plywood. Even if
a combustion appliance is not present, these people are exposed to higher

than average concentrations of volatile organic conpounds, especially

f or mal dehyde.

An estimate of the nunber of people exposed to asbestos fibers will
be made solely on the basis of the number of occupied homes built before
1970. Although this estimate may include sone hones which have been
renovated and had the asbestos renoved, or hones in which the ashestos is
intact and not friable, there is no way to estimate the nunber of these
cases. The fact that renovation was undertaken may not mean that
ashest os exposure is decreased, as careless handling may only serve to
increase the amount of airborne fibers. |In the case of children exposed,
it nust be kept in mnd that exposure may al so occur at school (N cholson
et al., 1978). The U S. Bureau of the Census (1985) found that 68
mllion homes in the US. were built before 1970, so an estimted 170
mllion people, or 72%of the population, Iive in homes where ashestos
insulation, spackling, cement, or floor tiles may be present. Al though it
may be a gross underestimation, if 14.4%of these people fall below the
poverty level, then 24.5 mllion [owincome Anericans live in these
homes.

An estimate of the nunber of people potentially exposed to high
concentrations of biological contam nants can be made general |y by
estimating the nunber of homes which may have favorable conditions
for their growh. The presence of old insulation and the lack of air
conditioning in humd areas of the country are exanples of these
conditions. Another inportant factor to consider with regards to
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bi ol ogical contamnants is the presence of cockroaches and ot her
insects. The U S Bureau of the Census (1985) lists approxi mtely

14 mllion homes in the South and the Northeast which do not have
central or roomair conditioning. If 14.4%of these famlies are

bel ow the poverty level, then 2 mllion hones of |ow incone Americans
have the potential for increased exposure to biological contam

inants. In addition to favorable conditions, the number of people

who suffer fromasthm, legionellosis, and allergic rhinitis (hay fever)
can be used as an indication of the number of people who are sensitive to
bi ol ogical contamnants. Mathison et al. (1982) report that asthma
afflicts 10 mllion Anericans, and the U S. Bureau of the Census (1985)
recorded 852 cases of |egionellosis (up from654 cases in 1982). The

U S. Bureau of the Census also reports that 19 mllion people suffer
with allergic rhinitis.

Al'though al most al | Americans use pesticides both in and around
their homes, the population of concern here are those who are exposed
involuntarily. This assessment will thus focus on the nunber of people
living in public housing tenements, where they have no control over the
frequency of pesticide application, and where the concentration of
pesticides applied probably exceeds that to which the average person is
exposed. Inthe US there are over 3.5 mllion famlies [iving in
public or subsidized rental housing units (U S Bureau of the Census,
1985). Assuming 2.5 persons per household, there are an estimted 8.7
mllion people potentially exposed to high pesticide levels on a regular

basi s.

The ATSDR (1988) estimtes that a total of 42 mllion homes occupied

today have paint with [ead |evels exceeding 0.7 ng/nf. The total number
of children less than 7 years of age in these homes is 12 mllion, and
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this group of Americans is at the greatest risk for lead toxicity., O
these 12 mllion young children, 1.8 mllion live in deteriorating

| ead- pai nted homes (ATSDR, 1988). They al so concluded that 2.4 mllion
children living in Standard Metropolitan Statistical Areas already have
unaccept abl e bl ood-1ead |evels above 15 ug/dl. As expected, the ATSDR
report found that the "traditional" high-risk groups, e.g. poor
inner-city black children, figured promnently in the outcomes. The
ATSDR (1988) eval uated bl ood-lead | evels in children of famlies whose

income is |ess than $15,000.00, and found that a total of 1.5 mllion
children under the age of 5 have blood-Iead | evels exceeding 15 ug/dl

Exposure to high levels of automobile exhaust is estimted by the
number of |owincone residents in netropolitan areas. The U S. Bureau of
the Census (1985) states that there are over 6.6 mllion | owincone
famlies living in metropolitan areas. A survey of all [owincone
househol ds shows that only 16% have central air conditioning. This
indicates that 13.9 mllion [owincone Anericans live in metropolitan
areas w thout central air conditioning.

The U.S. EPA (1987) estimates that 2.5 mllion people are exposed to
radon in the U.S., thus 360,000 | owincome residents have the potentia
for high exposure levels. This may be an overestimte due to the fact
that many |ow income Americans may |ive in homes which have not been
weat herized to be airtight. The EPA (1987) also states that 124 mllion
peopl e, including smokers, are exposed to environmental tobacco smoke.
|f 14.4%of these people are below the poverty level, then 17.8 mllion
are exposed to ETS

Al'though these are very crude estimtes of the nunber of |owincone
Americans exposed to indoor air pollutants, they indicate the potential
for a large number of health-related problems. [t is essential to keep
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in mnd when examning these estimates that multiple exposures wll also
occur. For exanple, of the homes built before 1940 in the U.S., the U S
Bureau of the Census (1985) found that 20% use fuel oil or kerosene as
the primry heat source, and wood or coal stoves are used in 2 mllion
of these homes. Residents of these homes thus have potential exposures
to | ead-based paints, ashestos, combustion appliance enissions, and
bi ol ogi cal contamnants. As discussed in Section Ill, the presence of
more than one conmbustion source results in additive exposure |evels.
Many indoor air pollutants also act synergistically in the health effects
they cause, such as ashestos and ETS or radon and ETS.

The information presented in this section may also be exam ned
by conparing the nunber of |ow incone Anericans exposed to these
pol lutants with the nunber of non-low incone Anmericans exposed. For
exanple, 16%of all |ow income households rely on kerosene heaters as
a primary or secondary heat source, while only 6% of other househol ds
use these heaters. In other words, 43%of all kerosene heaters are used
by only 14.4%of the population. Gas ranges are present in 55%of al
| ow i ncone residences, but are present in only 40%of other househol ds.
The ATSDR s (1988) estimate of 1.5 mllion Iow income children whose
bl ood- | ead I evels exceed 15 ug/dl (29%of all [owincome children |ess
than 5 years ol d) can be conpared to their estimite that 880,000 of the 8

mllion children fromnon-lowincone famlies will have hlood-1ead |evels

>15 ug/dl (or 10%of these children).
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VI. PUBLI C HEALTH | MPLI CATI ONS

Based on the information presented in Sections II1, IV, and V,
an estimate can be made of the magnitude of the indoor air pollution
problemfor the 33 mllion | ow socioecononm ¢ status children and adults
living in this country. Because of the nature of the existing infor-
mation, a quantitative risk characterization of the health effects from
i ndoor pollution is not possible. The exposure information available is
rarely consistent with existing dose-response information, thus making it
i npossible to make nore than a qualitative estimate of the nunber of
| ow soci oeconomi ¢ status Americans who will suffer the adverse health
effects of indoor air pollution. This qualitative assessment adequately
describes the indoor air pollution problens faced by | ow income Americans
however, and the information thus synthesized is sufficient to lead to
public policy considerations, as will be discussed in Section VIII.

Tabl e 8 sunmarizes the indoor air pollutant concentrations reported
invarious studies. It must be kept in mnd that every household will
have different pollutants present in different concentrations, even if
the sane sources are present. Table 9 indicates the potential nunber of
peopl e who may harmed in sonme manner by the indoor air pollutants present
in their homes. As discussed previously, many of these estinmates may be
gross underestimtes. Low income Anericans are more |ikely to use
combustion appliances in their homes, and these appliances may be ol der
and ess efficient than the same appliances in mddle and upper income
homes. Low income Americans are more likely to live in ol der homes with
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Table 8. Summary of Indoor Air Pollutant Concentration Levels

Pol | ut ant

NG,

SO,

Benzo( a)

pyr ene

Benzo( a)

pyr ene

HCHO

Asbest os

Chl or pyri fos

Di azi non

Sour ce ©Max.

Gas ki tchen

st ove

One kerosene
heat er

Gas kitchen

st ove

One kerosene heater
and one gas stove

One gas stove, one

gas water heater,

and one vented gas
heat er

Ker osene heat er
(low sul fur fuel)

Gas range used
for heating

Wod stove

(non-air tight)

Gas stove

Whod st ove

Firepl ace

Mobi | e hone
( Conpl ai nt
i nvestigation)

Mat eri al s

Pesti ci de

Pesti ci de

Concentrati on

1 ng/nd

36.8 ug/ m-
34.3 ug/m
66.8 ug/ m-

2. 67 mg/ m
(weekly avg.)

0.1-2.0 ppm
(12 hr. avg.)

25-50 ppm

9.1 ppm
(1 hr. concen.)

120. 0 ppm

(in kitchen,

in use 20 nin.)
3

4.7 ng/m

11.4 ng/ m~

0.03-3 ng/ m-

20- 4500 ng/ m-

3
2.4 ug/m

1.4 ug/m

Ref er ence

U S. EPA (1987)

Leaderer et al.
(1984)

Leaderer et al.
(1984)

Leaderer et al.
(1984)

Par khur st et al.
(1988)

U S. EPA (1987)

Sterling and
Kobayashi (1981)

TVA (1986)

Sterling and
Sterling (1979)

Mbschandr eas
et al. (1980)

Moschandr eas

et al. (1980)

NRC (1981a)

Ni chol son (1978)

Lewi s et al.

(1986)

Lewi s et al.

(1986)
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Tabl e 8. conti nued. ..

Pol | ut ant

Chl or dane

Pr opoxur

Hept achl or

Lead

Radon

RSP

RSP

Ni coti ne

NOM

Benzene

HCHO

B(a) P

Sour ce

Pesti ci de

Pesti ci de

Pesti ci de

Dust

Soi |l gas

ETS

ETS

ETS

ETS
ETS

ETS

Max.

500-2 mllion pG/nf

12-48 ug/cigarette
70-100 ug/cigarette

20-40 ug/cigarette

Concentration

3
0.51 ug/m
0.042 ug/ mt

0.088 ug/

2200- 3000 ug/ g

36.5 ug/ m
(one snoker)

70.4 ug/m
(two snokers)

3
5-50 ug/ m

21.3 ug/ nt

44

Ref er ence

Lewis et al.

(1986)

Lewis et al.

(1986)

Lewi s et al.

(1986)

Clark et al.
(1985)

U.S. EPA (1987)

Spengler et al.
(1981)

Spengl er et al.
(1981)

NRC (1986)

Good et al.
(1982)

NRC (1986)
NRC (1986)

NRC (1986)
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Table 9. Estimted Number of Low Income Americans Affected by
I ndoor Air Pollution-Related Health Probl ens

Pol | ut ant Source No. of People Heal th Effect

Fi repl ace 6.5 mllion Exposure to carcinogenic
B(a)P and soot, irritation
al tered nucociliary
transport, changes in
al veol ar macrophage activity.

Wood st ove 1.9 million Exposure to carcinogenic
B(a)P and soot, irritation,
altered mucociliary
transport, changes in
al veol ar macrophage activity.

Ker osene heat er 7.5 mllion Doubl i ng of airway
resi stance in asthmatics,
irritation, altered nmuco-
ciliary transport, changes
in alveol ar macrophage
activity.

Gas space heater 2.9 mllion Pul nonary function
changes, irritation,
altered mucociliary trans-
port, changes in alveol ar
macr ophage activity.

Gas range 14 million Incrgased prevalence of
respiratory illnesses in
chi l dren.

Gas range for heating 7.7 nillion Decreased work capacity,

neur ol ogi cal damage, exacer-
bation of angina synptons.

Mobi | e hore 11 million Micous nenbrane irritation
asthma, chronic lung function

reductions, long teimlung
damage.
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Tabl e 9. conti nued.
Pol | ut ant Source

Mobil e hone with
ker osene heater

Honme built before 1940
wi th wood or coal stove

Honme built before
1970

Horme with high
| evel of biologicals

Home with high rate of
pesticide application

Children with bl ood
| ead | evel s above

1.5 ug/dl

Home in high traffic
area with no AIC

Radon

Envi r onnent al
t obacco snoke

No. of People

5.8 mllion

2 mllion

24.5 mllion

2 mllion
8.7 mllion
2.4 mllion

13.9 mllion

360, 000

17.8 million

46

Heal t h Eff ect

Micous nenbrane irritation
asthma, chronic lung function
reductions, long termlung
damage, doubling of airway
resistance in asthmatics,
irritation, altered nucocil-
iary transport, changes in

al veol ar macrophage activity.

Potential exposure to |ead,
asbestos, and bi ol ogi ca
contam nants, exposure to
carcinogeni ¢ B(a)P and soot,
irritation, altered nuco-
ciliary transport, changes in
al veol ar macrophage activity.

Lung cancer, nesothelioma,
asbest osi s.

Nephrot oxi city, neuro-
toxicity, hepatoxicity,
tubercul osis, respiratory
di seases, Legionellosis.

Neur ot oxi city.

Neur obehavi oral and
growth deficits.

Exposure to carcinogenic
benzene, fornal dehyde, B(a)P,
and PAHs, irritation, altered
nucociliary transport, changes
in alveol ar macrophage
activity.

Lung cancer
I ncreased respiratory

di sease occurrence and
severity, lung cancer
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ol der insulation and furnishings, and the presence of |ead-based paints
is made more serious if the hone is in need of repair. Pesticide usage
in public tenenents is more frequent than in other types of housing, and
the lack of air conditioners in honmes in high traffic areas is a nore
common phenonenon for | ow soci oeconom ¢ status residents than for other
resi dents.

~ Low soci oeconom ¢ status Americans are also at greater risk to have
existing health problenms, as pointed out by Mtchell and Dawson (1973),

who found that nmore children of senmi- and unskilled manual workers
suffered fromsevere asthna than children fromother social classes, and
these children were frequently absent from school because of acute
attacks or exacerbations of asthma. Platts-MIls (1988, persona

conmmuni cation) believes that inner cities represent a major risk factor
because of increased |evels of dust mte, cockroach, and rodent proteins
whi ch cause i nmedi ate hypersensitivity and asthma. The increased
occurrence and severity of respiratory illnesses in children is an
inportant factor to keep in mnd when exanm ning school absences.

The neurol ogi cal deficits which result fromlead exposure may have a
dramatic inpact on the mental abilities of |ow socioecononic status

chil dren.

Anot her very inportant factor which nust be taken into consideration
inviewng Table 9 is the exposure of hypersensitive popul ations. The
el derly, children, and those people with preexisting health problens are
particularly at risk to these pollutants, and may spend more tine in the
resi dence than average heal thy individuals.
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VIl. REVIEWOF EXI STING FEDERAL LAWS

REGARDI NG | NDOCR Al R PCLLUTI ON

It has now heen denonstrated that |ow socioeconom ¢ status Americans
are at greater risk to suffer the adverse health effects due to the
presence of indoor air pollution than are mddle and upper income
Americans. Based on this conclusion, then, an evaluation wll be mde
of the Federal government's ability to protect against these risks.

Thi's section will reviewthe legislation which is intended to protect

all Anericans fromthe hazards of indoor air pollution, and the follow ng
section will evaluate the actual protection which will be provided to

| ow i ncone Ameri cans.

There are several existing Federal |aws which have been or may be
used in controlling indoor air pollutants. This discussion wll focus
on these laws and the Federal Agencies to which they pertain, and will
give exanples of how these standards have been used in the past to
control the indoor air pollutants which are of concern to |ow incone

Aneri cans.

The Clean Air Act Amendments of 1977 are interpreted by the EPA as
pertaining to the anbient environnent. In the case of autonotive

pol lutants, the reduction of lead in gasoline and the requirement for
catal ytic converters have reduced |ead, particles, and CO emssions.

This legislation has also been used to ban ashestos in certain situations

(i.e., sprayed on insulation and troweled-on decorations). Under the
Toxi ¢ Substances Control Act of 1976, EPA can prohibit or limt manu-
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facture, processing, or distribution of any chem cal substance and
require manufacturers to list potentail health risks, provide instruct-
ions for use, or replace the substance. EPA can also require that

manuf acturers conduct health testing.

According to the Federal Insecticide, Fungicide, and Rodenticide
Act, EPA can restrict the use and manufacture of pesticides. An exanple
of this is the Agency's banning of the termticides chlordane and
heptachl or (Cohen, 1987). The major objectives of this Act are to
protect public health fromunreasonabl e pesticide risks, taking into
consi deration the econom c¢ and social costs and benefits (Bureau of
National Affairs, 1982a). Actions mght include warning |abels on
products, and manufacturers are required to test for acute and chronic
effects in laboratory animals. The Safe Drinking Water Act enables the
EPA to set maxinum contam nant |evels for bacteriological and mcro-
bi ol ogi cal quality which can affect the dissemnation of these
pol lutants into indoor air. InterimPrimry Drinking Water Regulations
al so include pesticide and radionuclide contamnants and have been in
effect since 1977 (Bureau of National Affairs, 1982b).

The 1974 Consumer Product Safety Act allows the Consumer Product
Safety Comm ssion (CPSC) to regulate any product used in or around a
home, and it can conpletely ban products deemed hazardous. An exanple of
this is the CPSC s ban of artificial eraberizing materials containing
respirabl e free-formashestos for use in fireplaces (CFR 1988a), and
their ban of ashestos-containing patching conpounds (CFR, 1988h). Anot her

exanple is the CPSC s attenpt at banning urea formal dehyde foam which was
overturned in the courts. The use of |ead-based paint was al so banned

via this |egislation.

As discussed previously, the Housing Act of 1949 is directed towards
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the elimnation of poor housing and is intended to provide a decent home
and suitable living environment for Americans (U.S. DHEW 1968). It is
through this piece of legislation that housing codes are established.

The Office of Housing and Urban Devel opnent requires that each
manuf actured home have a health notice of formal dehyde em ssions which
informs people of the inmediate irritating synptons, [ists the sensitive
popul ations, and indicates that research is continuing to examne the
long termhealth effects (CFR, 1987a). HUD al so has established em ssion
level s for plywood and particleboard materials installed in manufactured
homes: 1) plywood material can't emt formaldehyde in excess of 0.2 ppm
and 2) particleboard materials can't emt formaldehyde in excess of 0.3
ppm (CFR, 1987hb).

The UraniumM || Tailings Radiation Control Act applies to uranium
mll tailings, especially as they are used for landfill in residentia
areas or in the construction of dwellings.

The Federal Trade Comm ssion ensures that products are |abeled
accurately and truthfully. They recently charged two manufacturers of
air cleaners with falsely advertising their products. Qther existing
Federal legislation includes limts the radiation |evels of homes built
on uraniumand phosphate mning sites, and NO enission [imtations on
gas fired appliances.

The final piece of Federal legislation to be discussed here is the
1986 Radon Gas and Indoor Air Quality Research Act of the Superfund
Amendnent and Reaut horization Act (SARA) which calls for the
establishment an indoor air quality research plan by all affected Federa
agencies. Research is designed to 1) evaluate the health problens
associated with indoor pollutants, 2) assess the appropriate Federa
government actions, 3) identify, characterize, and nonitor sources.
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4) devel op control technol ogi es and design measures to prevent or avoid
i ndoor air pollution, and 5) dissenm nate information to the public.
The Federal agencies have opted to concentrate on the
i nformation dissem nation prograns required under SARA. For the genera
public, the EPA has printed A CGtizen's Guide to Radon, Renova
of Radon From Househol d Water, Radon Reduction Methods, and
Radon Reduction in New Construction. For technical groups the EPA has
publ i shed Radon Reduction Techni ques for Detached Houses and
Radon/ Radon Progeny Measurement Proficiency Program The EPA has
al so put together several "Fact Sheets" dealing with indoor air
pol lution, and together with the Consumer Product Safety Comm ssion

publ i shed a brochure on asbest os.
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VI, CONCLUSI ON

Except for the exanples given in Section VII, alnost all of the
Federal agencies involved in sone aspect of indoor air pollution have
opted toward the information dissemnation programs. The primary problem
with these types of programs, especially with regards to |ow incone
Americans, is that they require: 1) some neans for the Federal governnent
to dissemnate health effects and mtigation information to the |ow
soci oeconom ¢ status Americans, 2) an understanding of the information by
those receiving it, 3) an incentive among those receiving the information
to protect thenmselves, and 4) the financial resources to correct the
problems. Finally, these prograns provide al mst no protection for those
peopl e who live in non-owner occupied units.

Qthers have reviewed the options available for dealing with indoor
air pollution problems, but not specifically in the protection of the
| ow soci oeconom ¢ status people. Sexton (1986) lists the alternative
government responses as: no action, nore research, public information
econom ¢ incentives, noral persuasion, legal liability, guidelines, and
rules and regulations. He indicates that the factors which will affect
i ndi vidual choices are the perceived costs and benefits and awareness of
health risks. He also states that in private residences, governnent
decisions aimed at inproving personal decisions about indoor air quality
may be preferable to rules and regulations (such as sinple warning
devices, product [abeling, or information prograns).
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Splengl er and Sexton (1983) state that "consideration of voluntary
and nonvoluntary risks is inportant for policy decisions,” and that
policy alternatives such as economc incentives, better definition of
legal rights and liabilities, public information prograns, and expanded
admnistrative efforts based on existing legislation mght be nore
appropriate for control of indoor air pollution than a regulatory
appr oach.

This paper has shown that enmphasis shoul d be placed on the
econom ¢ incentives, enforcenent of |egal rights, and expanded use of
existing legislation to protect the group of Americans that is nost at
risk yet |east helped through information di ssemnation prograns al one.
In instances of non-owner occupied housing, the strict regulatory
approach is necessary to initiate action. Housing codes, ventilation
standards, close exam nation of pesticide usage and frequency, and strict
enforcement prograns are needed. Drunmond and Mood (1973) eval uated the
corrective responses of landlords in an inner city and found the success
rate based on tenent conplaints ranged from48 to 74%

The presence of sonme indoor air pollutants is solely the result of
personal behavior. For these pollutants, such as ETS and conmbustion
appl i ance emi ssions, behavior nodification through information or
incentive prograns is the only neans of government action. Sexton and
Repetto (1982), however, note that many of the indoor air pollutants are
present in amounts bel ow perception thresholds, so individuals have no
way of determning if their environment is healthful. They also state
that reliance on private choice presumes unrealistic |evels of infor-
mation anong the general public. In the case of consumer products,
regul ations are again needed to protect the unsuspecting public by
banning the sale of hazardous products rather than sinply providing
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information on the |abels stating the potential risks.

|'f indoor air pollution information dissem nation programs are to
result in "behavioral adjustments”, then the | ow income Anericans nust
receive and understand the inportance of such information. For sone
pol lutants, stricter building codes are needed (i.e., radon, formal=-
dehyde). But because this population is often living in ol der homes wth
ol der appliances and furnishings, they nust still be given informtion
concerning their risks and financial assistance to replace |eaking
conbustion appliances, mldewed furniture, peeling |ead-based paint, and
friable asbestos insulation, for exanple. The Federal governnent thus
must be willing to expend greater effort and finances in order to
alleviate the indoor air pollution problens faced by | ow soci oeconom ¢
status Anericans than for mddle and upper class Anericans.

The objective of this paper was to review the existing information
on indoor air pollution, examne the severity of the effects on | ow
incone groups in the U S, and evaluate the existing Federal l|egislation's
ability to protect this faction of Americans who are the nost at risk
due to the presence of indoor air pollutants in their dwellings. It
has been denmonstrated that enough information is now available to
initiate public policy action to provide nore assistance to this group

The followng table is a summary of the information presented
inthis paper of indoor air pollution sources and synptons of the
heal th problems due to their presence (Table 10). This check list can be
used as an initial indication of a potential or existing indoor air
problemin the residences of |ow socioeconomc status Anericans. |f
social workers, housing inspectors, teachers, enployers, and | andlords
make use of this summary, many indoor air pollution problems wll be

elucidated. This check Iist would be particularly useful to attending
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physicians who are confronted with patients whose health problens my

stem fromindoor air pollution exposures.
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Itens to
Check

Home built before
1940

Home built
1940- 1970

Air conditioned
High traffic area
Publ i ¢ tenenent
Owner occupi ed
No. of occupants
No. of children

No. of elderly

No. of infirm

Sign of health
probl ens

Si gn of
bi ol ogi ca
cont am nants

Sign of pesticide

over - use

Snokers present
Condi ti on of hone

Condi ti on of
f ur ni shi ngs

Presence of
conbusti on

appl i ances

TABLE 10.

Yes

No

Check List OF The Presence O | ndoor Air

Sour ces And Heal t h- Rad~t ed Probl ens

Nunber

Good

Fair

Poor

Pol | uti on

Ker osene Wodstove Gas Space Gas Range

He at er

Heat er
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