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SUMMARY

The level of formaldehyde that may occur in households participating in
the Bonneville Power Administration (BPA) energy conservation program was
estimated in the BPA Weatherization Environmental Impact Statement (EIS). The
number of Pacific Northwest residents that 1ive in four different electrically
heated residential types were calculated. BPA estimates that a maximum of
85% of the residents will participate in the BPA program. Therefore, the
estimated indoor formaldehyde concentrations are multiplied by the population
estimated to be exposed to arrive at an estimated population exposure.

Conflicting opinions on the potential hazards associated with formaldehyde
exposure triggered a national workshop to address the toxicological questions
concerning the health effects of formaldehyde. Because of the limited nature
of the available toxicological data, carcinogenic risk assessment is an
uncertain, controversial process, Since quantitative human data are not
available to derive a dose-response curve for formaldehyde risk assessment,
nonhuman data are used. In the case of formaldehyde, data from animals exposed
to high concentrations are used to estimate human risk at much lower
concentrations. Ultimate estimates of risk may vary by orders of magnitude,
depending on the assumptions made regarding exposure concentrations, high-dose
to low-dose extrapolations, and extrapolations of animal data to human risk.

One objective of this study was to present the several steps that make
up a risk assessment and to examine any additional (more recent) data that
might alter significantly the risk estimates presented in the 1984 EIS. Rat
inhalation chronic bhioassay data from a study sponsored by the Chemical Industry
Institute of Toxicology (CIIT} have been used to develop a risk equation that
was subsequently used by BPA in its EIS. The CIIT data base remains the only
acceptable animal data that can support the estimation of a dose-response
curve. The development of mathematical models continues with a great deal of
energy, and the use of different models is largely responsible for the great
variability of the formaldehyde risk estimates. While one can calculate
different values for carcinogenic risk associated with formaldehyde exposure
than were presented earlier in the BPA EIS, they are not likely to be any
better.
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1.0 INTRODUCTION

The quality of indoor residential air is determined mostly by the
occupants' activities, inciuding the use of appliances, chemicals, and tobacco.
Other sources affecting indoor air quality are construction materials of the
residence and the household furnishings. In addition, outside air can penetrate
to the indoors, affecting indoor air quality. All of these sources can
contribute pollutants. The Bonneville Power Administration (BPA) has begun
an energy conservation program to provide residence tightening and other
measures to reduce energy consumption in certain types of residences. Some
of these measures would restrict the flow of outside air into the residence
and thereby create the possibility of increasing the indoor air concentrations
~of a variety of pollutants. One such poliutant, formaldehyde, is the subject
of this report.

Formaldehyde is a colorless, flammable gas with a strong, pungent odor.
It can form explosive mixtures with air and oxygen. As an important industrial
chemical of major commercial use, formaldehyde is found throughout the indoor
and outdoor environment. Formaldehyde is usually manufactured by reacting
methanol vapor and air over a catalyst; this results in formaldehyde containing
trace amounts of methanol and formic acid. Over the last 30 years, the annual
production and domestic use of formaldehyde in the United States has increased
sixfold from 1 billion 1bs. to about 6 billion 1bs. (EPA 1984).

Half of the formaldehyde produced is used to make synthetic resins such
as urea- and phenol-formaldehyde resins, which are used primarily as adhesives
when making particleboard, fiberboard, and plywood. Urea-formaldehyde
concentrates are also used in various coating processes, in paper products,
and in making foams for thermal insulation. The textile industry uses for-
maldehyde for producing creaseproof, crushproof, flame resistant, and shrink-
proof fabrics. Acetal resins, made from formaldehyde, are used to mold plastic
parts for automobiles, home appliances, hardware, and garden and sporting
equipment. Formaldehyde is used in some medicines because it modifies and
reduces the toxicity of viruses, venoms, and irritating pollens. The use of
formaldehyde in embalming fluids is now required in the United States.



In indoor air, formaldehyde can originate from many sources, such as
particleboard, fiberboard, plywood, and urea-formaldehyde foam insulation
(UFFI). The purpose of this risk assessment is to quantify the source, release
scenario, and population exposure (Chapter 2.0); to explore the availability of
human and nonhuman data to support a risk assessment {Chapter 3.0); and to
estimate the potential health effects from the inhalation of formaldehyde.

Several independent risk assessments have been conducted recently, and
conflicting opinions exist on the hazards associated with formaldehyde expo-
sure. Because of the mounting controversy, the White House Office on Science
and Technology Policy requested that the U.S. Environmental Protection Agency
(EPA) work with the National Center for Toxicological Research to conduct a
Consensus Workshop on Formaldehyde. This workshop brought together scientists
from academia, government, industry, and public interest groups to address the
toxicological questions concerning the health effects of formaldehyde. Their
consensus, published in 1984, is reviewed here; additional individual references
have also been reviewed and cited.



2.0 EXPOSURE TO FORMALDEHYDE

2.1 ENVIRONMENTAL "BACKGROUND" SOURCES AND EXPOSURE

Environmental levels of formaldehyde reported in ambient air have generally
been below 10 to 15 parts per billion (ppb), except for situations of heavy
traffic and/or photochemical smog, when concentrations of 90 to 150 ppb have
been reported. These urban concentrations appear to have decreased since the
19605 and are likely to decrease further as automobile emissions are pro-
gressively reduced. Typical annual average formaldehyde concentrations in
outside air in the Pacific Northwest are estimated to be about 4 ppb (BPA 1984,
p. 3.11),

2.2 INDOOR SOURCES AND EXPOSURE

In conventional homes older than about 5 years, the mean concentrations
of formaldehyde are usually below 0.05 parts per million (ppm). Only a fraction
of them exceed 0.1 ppm, which is the American Society of Heating, Refrigeration,
and Air-Conditioning Engineers (ASHRAE) ceiling guideline for comfort, and the
standard established in several foreign countries. In some residences (mobile
homes, homes with UFFI, new houses, energy-efficient and perhaps weatherized
homes), mean levels of formaldehyde are significantly higher, sometimes
exceeding 0.1 ppm. Mean levels appear to be highest in mobile homes.
Measurements of indoor formaldehyde concentrations in mobile homes, following
complaints by the residents, were 0.9 ppm in Wisconsin, 0.4 ppm in Minnesota,
and 0.38 ppm in Washington (BPA 1984). Although mean formaldehyde levels in
different classes of residences are reasonably well established, temporal
patterns of fluctuation are poorly characterized.

One major factor in indoor formaldehyde concentration is the extent of
use and type of insulation and building materials. Levels of formaldehyde
are highest in new residences and decline steadily as the emission rates of
these materials decline. The half-life is 4 to 5 years for mobile homes and
new homes where pressed-wood products are the primary source of formaldehyde.
For UFFI homes, the half-life is less than 1 year.

A second major factor in indoor formaldehyde concentrations is the rate
of exchange of indoor air with outside air. Single-family attached residences
3



and apartments tend to have lower air-exchange rates than those for single-
family detached residences. Mobile homes have the lowest average air-exchange
rate (BPA 1984). Therefore, by implementing an energy conservation program to
provide residential tightening, natural air-exchange rates would be decreased
further, resulting in a potential increased concentration of indoor pollutants.

The major sources of indoor concentrations of formaldehyde are articles
fabricated with urea-formaldehyde-based glues and resins that are used in
large amounts in the construction and furnishing of the home. Examples include
UFFI, hardwood plywood paneling, and particleboard underlays or decking.
Medium-density fiberboard is a sufficiently strong emitter that even smaller
articles such as furniture can elevate indoor Tevels of formaldehyde signif-
icantly. Transient increases in formaldehyde levels can also be caused by
burning cigarettes [cigarette smoke contains as high as 40 ppm by volume,
(Hileman 1984)], gas-fired appliances, and wood-burning stoves. In extreme
cases (heavy smoking or poorly tuned heaters), these transient increases of
formaldehyde in the indoor air can exceed 0.1 ppm. Another source of indoor
formaldehyde is from outside air, although this is usually an insignificant
contribution.

Formaldehyde appears in a variety of consumer products, such as cosmetics,
shampoos, drugs, and disinfectants. In 1981 the Food and Drug Administration
listed 805 products containing formaldehyde. However, the extent of exposure
to these products via skin contact or inhalation has not been quantified,

In the past, BPA has implemented a partial residential weatherization
program [the No-Action Alternative as evaluated in its weatherization EIS
(BPA 1984)] that may result in elevated formaldehyde air concentrations. The
estimated increased air concentrations that may be expected are presented in
Table 2.1, Column 2. The implementation of the expansion of the present BPA
program (expanded program) is estimated to further reduce air-exchange rates
from 5 to 30% depending upon the tightening measures selected by the
participants (BPA 1984, Table 4.6). If any of the tightening measures are
used, it is expected that the formaldehyde concentrations given in column 2
of Table 2.1 would increase because of the reduced air exchange. The potential
formaldehyde air concentrations that may occur following expanded residential



TABLE 2.1. Average Air Concentrations of Formaldehyde {ppm} that May Result
from BPA Weatherization Programs -- Worst Case

Residence Type Partial Program(a) Expanded Program(b)

Reasonable Reasonable

Worst-Case Worst-Case

Value Range Value Range

Single-family 0.2 0.03 to 0.8 0.3 0.03 to 0.9
detached
Singlte-family 0.5 0.05 to 1.4 0.8 0.06 to 1.65
attached
Apartment 0.7 0.08 to 2.1 1.1 0.09 to 2.5
Mobile homes 0.8 0.01 to 5.1 1.1 0.01 to 6.1

(a) BPA 1984, Table 4.2,
(b) BPA 1984, Table 4.7.

tightening are shown in column 3 of Table 2.1. These air concentrations are
used in the health effects assessment (Section 4.3).

A1l reasonable worst-case values of formaldehyde that may result from
the expanded BPA weatherization program exceed ASHRAE gquidelines of 0.1 ppm
(BPA 1984, Appendix N); both apartments and mobile homes exceed the National
Institute of Occupational Safety and Health (NIOSH) ceiling recommendation of
1 ppm (workplace), but none of the estimated formaldehyde air concentrations
exceed applicable Occupational Safety and Health Administration  (OSHA)
regulations (see Section 2.4).

2,3 EXPOSED POPULATIONS

In 1981, about 2.2 x 105 (2.2 million) people in the United States lived
in mobile homes that were less than 5 years old, and about 1.3 to 1.6 x 106
people were Jiving in homes insulated with UFFI during the preceding 5 years
(EPA 1984)., The Consumer Product Safety Commission {CPSC) estimated that
1.75 x 106 people were living in homes insulated with UFFI during the preceding
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9 years. In the Consensus Workshop report, the remainder of the U.S. population
(220 x 106) is assumed to be exposed to formaldehyde at Tevels characteristic
of conventional homes (0.05 ppm in older homes seldom exceeding 0.1 ppm}.

In the Northwest, it is assumed that about 85% of the electrically heated
households would respond favorably to residence tightening measures. Therefore,
the potential population that may be exposed to elevated formaldehyde concen-
trations can be broken down by residence type. About 1.8 x 106 people would
be 1iving in single-family detached residences, about 4.9 x 105 people in
single-family attached housing, about 5.4 x 105 people in apartments, and
about 4.9 x 105 people in mobile homes. The estimated "background" formaldehyde
concentrations that these people may be exposed to with no weatherization is
presented in Section 2.1. The potential formaldehyde concentrations that may
resuit from partial and expanded weatherization efforts are presented in
Table 2.1.

The EPA in¢luded new mobile-home and conventional-home residents
(non-UFF1), and apparel workers as the populations estimated to have by far
the greatest Tifetime numbers of excess tumors, and concluded that these popu-
lations " . should receive priority attention as significant risk of wide-
spread harm.* (EPA 1984, p. 65).

2.4 REGULATORY POLICY

No federal standard exists for regulating formaldehyde levels in resi-
dences; however, several states have established or contemplate setting indoor
standards similar to those in European countries (BPA 1984).

On May 18, 1984, the EPA listed formaldehyde as a priority chemical for
regulatory assessment under section 4(f) of the Toxic Substances Control Act
(TSCA), reversing an earlier decision of the agency in February 1982. Under
section 4(f), EPA will give priority consideration to human formaldehyde expo-
sure in two areas because of the large number of people involved: clothing
workers who handle textiles treated with formaldehyde-based resins and residents
of conventional and mobile homes that contain construction materials with
simifar resins. According to this section of the act, the EPA administrator
must act if ". . . there may be a reasonable basis to conclude that a chemical



presents or will present a significant risk of serious or widespread harm to
human beings from cancer, gene mutations, or birth defects. . ." (Hileman 1984).

On the same day formaldehyde was listed under section 4(f), EPA issued
an advance notice of proposed rulemaking to initiate a full regulatory
investigation concerning formaldehyde exposure of textile workers and people
who Tive in conventional and mobile housing. In the decision to regulate, the
economic costs will be weighed against the benefits provided by the substance.
The EPA was reported to be considering recommendations to set a 0.1 ppm
formaldehyde products standard (Inside EPA 1985).

The 0ffice of Housing and Urban Development (HUD) recently proposed changes
in its manufactured-housing regulations that would 1imit indoor ambient levels
of formaldehyde to 0.4 ppm (Hileman 1984; EPA 1984). The limit would be
achieved by setting product emission standards for particleboard (0.3 ppm)
and plywood (0.2 ppm) as published in the Federal Register of August 16, 1983
(48 FR 37136) (EPA 1984).

A variety of published laws, guidelines, and proposed standards for
formaldehyde concentrations in indoor air are presented in Table 2.2.



TABLE 2.2. Laws, Guidelines, and Proposed Standards for
_ Formaldehyde Levels in Indoor Air (BPA 1984)

Formaldehyde Exposure

Requlatory Body Standard Type of Standard
Occupational Safety & Health 3 ppm average(a) Regulation
Administration (OSHA) 5 ppm ceiling (workplace)

(10 ppm, 30-min average) 1 ppm (carcinogen) Proposed(b)

1.5 ppm {irritant} Proposed(b)

National Institute of Occu- 1 ppm ceiling Recommended

pational Safety and Health (workpTlace)

(NIOSH)

Office of U.S. Housing and 0.4 ppm Regulation {manu-

Urban Development (HUD) factured housing

American Society of Heating, 0.1 ppm cei]ing(c) Recommended (air

Refrigeration, and Air Con- _ for ventilation)

ditioning Engineers (ASHRAE)

State of Wisconsin 0.4 ppm ceiling Pending {(ambient
air quality
standard)

State of Minnesota 0.4 ppm ceiling Product standard
HUD Target

Canada 0.1 ppm ceiling Guidelines

The Netherlands, Sweden, 0.1 ppm ceiling Regulation {non-

Denmark, Federal Republic of occupational)

Germany

(a) 8-h time weighted average (TWA).

(b) Two exposure Timits for formaldehyde have been proposed by OSHA, one based
on its potential carcinogenicity and the other based on its irritating
gualities (CXEN 1985).

(c} Continuous exposure.



3.0 RISKS OF EXPOSURE TO FORMALDEHYDE
The Consensus Workshop considered scientific papers published, in press,
and in manuscript. Its discussion, as well as this one, is limited to studies

in which the material can be related to a definable population.

3.1 HUMAN INFORMATION

Much human data have been gathered concerning formaldehyde and its poten-
tial health impacts. However, in almost every case the data are too incomplete
to support a strong statement about the risks of formaldehyde exposure in
man. Unfortunately, this is characteristic of human risk assessments,

3.1.1 Human Experience

Precise thresholds have not been established for the irritant effects of
inhaled formaldehyde. However, within the range of 0.1 to 3 ppm, most people
experience irritation of the eyes, nose, and throat. Between 10 and 20 ppm,
symptoms are severe, and breathing becomes difficult. Lower airways and
pulmonary effects are 1ikely to occur between 5 and 30 ppm (EPA/NCTR 1984).
Exposures between 50 and 100 ppm cause serious injury to the respiratory tract,
such as pulmonary edema, inflammation, pneumonitis, and pneumonia.

Formaldehyde is a primary skin-sensitizing agent inducing allergic contact
dermatitis., Threshold levels have been reported for cutaneous irritation, and
allergic contact dermatitis in man for a single application of 1% formalin in
water will produce an irritant response in approximately 5% of the population
(EPA/NCTR 1984).

3.1.2 Epidemiological Data

In the report from the Consensus Workshop, epidemiological data were
gathered and organized by organ of interest. Eleven different organs (i.e.,
brain, lung, and skin) were evaluated for significant excess cancers in many
different exposed groups. Of these, increased risks of brain cancer and
leukemia are noted among each of three professional groups (embalmers, anato-
mists, and pathologists) who preserve human tissues with solutions containing
formaldehyde and other chemicals. Two conclusions were reached by the workshop
participants: 1) the data are sparse and conflicting and do not yet provide
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persuasive evidence of a causal relation between exposure to formaldehyde and
cancer in man, and 2) it is not possible to exclude the possibility that
formalidehyde is a human carcinogen, in view of the small number of person-years
of follow-up in subjects followed for 20 years or more and various
methodological limitations of the studies.

Recently published epidemiological studies have broadened our knowledge
regarding potential carcinogenicity of formaldehyde. These studies have pro-
vided stronger evidence in support of conclusions made from previous studies.
Significant excesses in cancer risk among textile workers, garment workers,
film processors, and chemical workers, to name a few, have been reported {Scott
and Margosches 1985),

3.2 NONHUMAN INFORMATICN

Data on the carcinogenicity of formaldehyde vapor are available for the
rat, mouse, and hamster. Formaldehyde gas is carcinogenic for rats and probably
for mice, producing nasal tumors following chronic inhalation (exposures in
the range of 10 to 30 ppm). It should be emphasized that the data available
for species comparisons are limited to very few experiments.

The first evidence that formaldehyde is a rodent carcinogen was obtained
in a chronic inhalation study sponsored by the Chemical Industry Institute of
Toxicology (CIIT) (CIIT 198la). Nearly half of the rats exposed to 14.3 ppm
formaldehyde exhibited squamous cell carcinomas of the nasal cavity, whereas
only two mice exposed to the same concentration developed tumors. A possible
explanation for the apparent difference in rat and mouse response was proposed
by Starr, Gibson and Swenberg (1985). A significant difference in the intensity
of the respiratory depression reflex in rats and mice exposed to the same
ambient air concentration results in the mice receiving a smailer delivered
dose. This difference could easily account for the observed reduced carcino-
genicity of formaldehyde in the CIIT mouse study. Therefore, the two mouse
tumors may have developed from a delivered dose of about half the intended
exposure concentration (or about 6 ppm). This hypothesis is supported by
subsequent studies that demonstrated two squamous carcinomas in rats following
exposure levels of 6 ppm (CIIT 1981b as referenced in BPA 1984; EPA 1984).

10



In 1982, Albert et al. reported induction of squamous cell carcinomas in the

nasal cavities of Sprague-Dawley rats following exposure to 14 ppm formaldehyde. .

In addition to its carcinogenicity, data reviewed by the Consensus Workshop

participants are consistent with formaldehyde acting as a weak mutagen.

There is no convincing experimental evidence that formaldehyde has primary

toxic effects at body sites distant from the site of exposure,

3.3 APPARENT FACTS

The participants of the Consensus Workshop on Formaldehyde reviewed

hundreds of published and unpublished materials. Many data were rejected

from further consideration for numerous reasons. While many data did not
show clear evidence of biological effects, many other data did. Listed below
are several examples of data that reveal effects (EPA/NCTR 1984).

1.

Formaldehyde gas is carcinogenic for rats and probably for mice, producing
nasal tumors following inhalation exposure. Limited experiments in Syrian
hamsters have not demonstrated carcinogenicity. In rats, the carcinogenic
response appears nonlinear, being disproportionately higher at the higher
concentrations (14 ppm) {(p. 343).

A substantial excess of human deaths from cancer of the brain is noted
among three groups of professional workers (embalmers, anatomists, and
pathologists) (p. 338).

Formaldehyde is genotoxic in a number of assays and is weakly mutagenic
in human cells in culture as well as in other mammalian cells, Drosophila,
fungi, and bacteria (p. 343).

There are numerous reports that formaldehyde vapor exposure causes direct
irritation of both the skin and respiratory tract (p. 344). Within the
range of 0.1 to 3 ppm, most people experience irritation of the eyes,
nose, and throat. Between 10 and 20 ppm, symptoms are severe, and
breathing becomes difficult (p. 345).

Experiments in animals show that cellular damage and inflammation is
induced with increasing severity at concentrations of formaldehyde of
1 to 15 ppm {p. 345).

11



With the risk assessment framework and the apparent facts listed above,
the Risk Estimation Panel of the Consensus Workshop tried to determine how
the availahle data can be integrated to make reasonable risk estimates
(neoplastic and non-neoplastic) for humans exposed to formaldehyde at various
levels and through different routes of administration.

Answers were provided for the ahove question in each major category of
effect that was investigated in the Workshop. The responses are remarkably
conservative for the presumed intent of the Workshop. The Risk Estimation
Panel was unwilling to offer potential quantification for any effect. However,
this Panel did find that data from the CIIT rat inhalation chronic bioassay
are suitable for modeling the human dose-response relationship {p. 355).

12



4,0 HUMAN RISK ASSESSMENT

There are no conclusive human data on carcinogenesis resulting from ex-
posure to formaldehyde, which is typical for most risk assessments, This does
not eliminate the need to attempt to quantify the potential risks to humans.

The process of quantitative risk assessment (as described by Crump and
Howe 1985) involves several steps, each potentially involving CONSIDERABLE
UNCERTAINTY: 1) extrapolation of risks from high to low dose, 2) extrapo-
lation of risks from animal exposures to human populations, 3} extrapolation

of results from one route of exposure to another, 4) extrapolation of results
from one temporal exposure pattern to another, and 5) estimation of human
exposure levels.

4.1 APPLICABLE DATA

When human data are unavailable or inconclusive, animal data must be used
as a surrogate. The CIIT rat inhalation chronic bioassay data were endorsed
by the Formaldehyde Consensus Workshop as suitable for modeling the human
dose-response relationship (EPA/NCTR 1984). The Risk Estimation Panel of the
workshop stated, "There are no indications that the response by humans would
be different than that exhibited by rats . . ."

In the BPA weatherization EIS, the quantification of risk was presented
using an equation developed by Cohn (1981). Cohn reported on an upper bound
carcinogenic risk estimation method developed for the CPSC and based on the
CIIT rat data and assumptions from human exposure data. The CIIT data base
still appears to be the data base of choice since the publication of the
weatherization EIS.

4.2 DOSE RESPONSE MODELS

Human risk is calculated by Cohn as lifetime risk following a 9-year,

13



16-h/day exposure out of an average lifetime of 70 years. Cohn's (1981)(a)
estimation was based on a linear no-threshold dose response model.

The equation developed is as follows:

Upper Value of Risk = 0.00109 x Exposure [Ave. Concentration (ppm} in
Residence]

This equation leads to lifetime risk estimates ranging from 1.09 x 10'4 (0.1 ppm
formaldehyde) to 5.5 x 1073 (5 ppm formaldehyde)} as shown in Table 4.1,

At the CPSC public meeting on the proposal to ban UFFI held on March 20,
1981, Lamm (1981) made several points regarding Cohn's risk assessment that are
pertinent here. First, the risk estimates are based on the 95% upper confidence
limits. This does not indicate what the typical or average expected risk
might be. The central tendency of the distribution of the factor needs to be
considered in the risk estimate. Second, Lamm reported that Gibson of CIIT
has presented risk estimates for formaldehyde using five different models.

In each case, he found the central tendency of lifetime risk to be 10'5 from

a lifetime exposure of 1 ppm. A lifetime risk of 10‘8 was estimated from an
exposure of about 0.2 ppm (Table 4.1). However, during the early 1980s,
considerabie model development occurred, and it is still going on. These
models, estimated primarily with tumor incidence data gathered at high-
administered exposure levels, are extrapolated downward to predict potential
results at Tow exposures. This high-dose to low-dose extrapolation step has
received much attention., This step is generally accomplished by fitting a
mathematical dose response model to experimental carcinogenesis data collected
at high doses and using the fitted model to estimate low-dose response. A |
number of dose response models have been proposed for this purpose. These
include the probit, Togit or logistic, Weibull or extreme value, gamma muitihit,
and multistage. An excellent review is provided by Krewski and Van Ryzin
(1981). It appears that variations of the multistage model are currently
receiving the most use.

(a} Memo from M. S. Cohen. 1981. “Revised Carcinogenic Risk Assessment for
Urea Formaldehyde Foam Insulation: Estimates of Cancer Risk Due to
Inhalation of Formaldehyde Released by UFFI." Consumer Product Safety
Commission, Washington, D.C. '

14



Cohn {1981)[3) linear no-
threshold (upper vaiua
of lifetime risk}

Gibson [as refarenced by
Lams (1981)] (central
tendency)

Siegel et 3l. (1983)
nuitistage model
(Global 79) maximum
likely (best estimate)

Cohn (1985) multistags
medei and linearity at
tow dose (Global 83)

{lower estimate of risk -

upper bound)

Starr and Gibson (1984)
nulbistage modsi

administered dose (maximum
likely - uppar value)

delivered dose (maxiaua
likely - upper value)

———

TABLE 4.1,

Lifetime Estimates of Excess Carcinogenic Risk from Exposure to Formaldehyde

Exposure  Level {ppm}
0.91 9.85 8.1 9.2 8.5 1.8 2.9 5.4 3
- -3 -
1.99 x 157" 5.5 x 1875 1.89 x 1874 - - 1.89 x 107 2.18 x 18 5.5 x 18
1678 1878
- . 4 -3 -2
2 x 15712 2.9 x 1878 2.3 x 1077 1.8 x 18 2.9 x 187° 2.3 x 10 1.8 x 18 2.8 x 18
- - -4 -2 -2 -
3.7x 18P tooax10 245100t 1.4x10% 38x10% b0 2.8 %163 --- - 4821050208162 95x107* to5.5x 10 5.8 x 1872 ¢t0 1.7 x 18
- -4 -5 164 25x107 to1.8x 1078
_— —— 25x 18" to 1.8 x 18 3.1 x 187 to B.1 x - .
- - - -4
— — 47 x5 % 06,2 x 10" 5.9x10  to3.1x10  47x16%t06.2x18
(a) M. S. Cohn. 1981. 'Revised Carcinogenic Risk Assesswent for Urea Farmaldehyde Foam Insulation: Estimates of Cancer Risk

Oue to Inhafation of Formaldehyde Reieased by UFFI.®

Kemo, Consumer Product Safety Coamission, Washington, D.C.
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Siegel, Frankos and Schneiderman {1983) used a multistage model leading
to linearity at low doses (Global 79 Computer Program ~ Crump and Watson 1979(6)
and Crump 1981) to report both maximum likelihood “best" estimates and upper
95th percentile confidence limit estimates of risk from exposure to formalde-
hyde. From their equation, and the use of the CIIT data base, it was found
that the cubic term is the only term needed to express the dose-response rela-
tionship. Thus, the response is a function of the cube of the exposure level.
Maximum likely ("best" estimate) dose-response values are shown in Table 4.1
for 0.01 ppm up to 5 ppm. B8ecause a cubic curve is concave upward, the esti-
mated risk increases rapidly above 1 ppm and decreases {less) rapidly below
this value. The curve is essentially linear below an exposure level of about
0.1 ppm.

Cobn {1985) refined his previous estimates of formaldehyde risk by applying
to the CIIT rat data a factor that would account for the difference of the
duration of the experimental exposure to that of a lifetime exposure, and by
using a multistage model with a linear slope at low dose (Global 1983; Howe
and Crump 1983). Cohn reported lower estimates of lifetime risk and upper-bound
estimates of lifetime risk as shown in Table 4.1.

Starr, Gibson and Swenberg (1985) and Swenberg et al. (1985) reported
that a significant difference in estimates of risk from formaldehyde exposure
can occur if one uses the administered dose as opposed to the delivered dose
(see Section 3.2). Results from multistage model analyses of the CIIT bioassay
data reported as administered dose versus delivered dose {Starr and Gibson
1984) are presented in Table 4.1. It is clear that risk estimates based on

delivered dose are smaller than the corresponding estimates based on adminis-
tered dose.

No appropriate data bases exist that would allow a true validation of the
models. Furthermore, Swenberg et al. {1985) bring to our attention that these
models give no explicit consideration to factors such as saturable homeostatic
mechanisms including deposition, absorption, detoxification, and DNA repair,
It is proposed by Swenberg et al. that guantitative risk assessment models

(a) K. S. Crump and W. W. Watson. 1979. “Global 79: A FORTRAN Program to
Extrapolate Dichotomous Animal Carcinogenicity Data to Low Doses"
{unpublished, but available from senior author).
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incorporate as much mechanistic data as possible to increase their accuracy.

For example, incorporation of data on formaldehyde covalent binding to DNA as

a measure of internal exposure reduces the multistage model's maximum likelihood
estimate of nasal cancer risk by a factor of 53 at concentrations of 1 ppm or
less,

4.3 FORMALDEHYDE RISKS

Several lifetime estimates of risk from exposure to formaldehyde are
presented in a comparative format in Table 4.1. All of these risk values
were estimated from the same set of CIIT animal data. The variability is due
to the use of different models {(employing different assumptions} and a few
subtle modeling variations.

To compare the effects of these various risk factors, an example calcula-
tion is presented for Northwest mobile home residents.

e Pacific Northwest mobile-home average formaldehyde concentration as a
result of implementing tightening measures = 1.1 ppm {Table 2.1}

e estimated Pacific Northwest mobile-home residents that would elect to
have their residence tightened = 4.9 x 105 people {Section 2.3).

1.1 ppm (4.9 x 105) (excess cancer risk factor)
5.4 x 105 person ppm {excess cancer risk factor)

Lifetime Risk

n

For ease of comparison, we will use the lifetime excess cancer risk factors
for 1.0 ppm from Table 4.1.

The Tower 1ifetime risk estimates from exposure to 1.0 ppm formaldehyde
(Table 4.1) range from about 1078
midrange are about 107> and 107%
about 10‘4 to 10"2. Therefore, if one uses the lowest of the low estimates
of Tifetime risk (4.7 x 10“6) for formaldehyde exposure, a “"best” estimate
(2.3 x 10—4), and the maximum upper-bound estimate (2.8 x 10‘2) of cancer inci-
dence, the resulting individual risks of cancer incidence can be estimated as

shown in Table 4.2,

to 107%. The two values representing the
, and the maximum risk estimates range from
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TABLE 4.2. Potential Cancer Risk from a Lifetime Exposure to
Formaldehyde of 1 ppm

Lowest Estimate Best Estimate Upper Bound

Number of Lifetime Cases 2.53 124 1.5 x 104
Pacific Northwest
mobile homes

Number/10° peopie 0.52 25 3.1 x 10°
Individual Lifetime Risk 5.2 x 107° 2.5 x 0% 3.1 x 107¢
Individual Annual Risk 7.4 x 10"8 3.6 x 10—6 4.4 x 10-4

An uncertainty assessment should accompany any risk assessment. Some
very comprehensive computer programs are being developed to aid in making
these judgments (Henrion and Morgan 1985}, It would not be surprising if the
uncertainty in any of these values ranged from one to two orders of magnitude.

4.4 RISK IN PERSPECTIVE

A1l societies and individuals recognize exposure to personal risk as a
normal part of 1ife. Risk, which is usually described in terms of death, can
be the result of voluntary actions such as rock climbing, flying in airplanes,
and smoking, or involuntary actions such as having a nuclear or a coal-fired
plant built near your home. By making a comparison of risk, a person should
be able to make an informed decision regarding which activities he is willing
to undertake in comparison with the probability that he will suffer death.

One way to compare risks is to consider the events that occur over a lifetime.
The activity that will be associated with a new energy-efficient home may be
exposure to elevated concentrations of poliutants (i.e., formaldehyde is only
one). This activity is compared to other voluntary risks in Table 4.3. The
risks of death for each activity is the same, 1 death/100,000 persons
participating in the activity, or a probability of 0.0001 for any one person.

Notice the dimensions of time are used in various fashions for the
activities. For example, the exposure of pollutant concentrations is for
Jife, whereas traveling by air or automobile or the act of smoking have no units
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Table 4.3. Voluntary Activities that Carry a Risk of One Death
for Each 100,000 People Participating(a)

Activity

Cause of Death

Breathing 1 ppm formaldehyde for life

Traveling 7000 miles by air

Crossing the ocean 10 times by air

Traveling 600 miles by automobile
Living for 2 years in Denver

Living for 2 years in a stone building

Working for 15 weeks in a typical factory

Working for 30 hours in a coal mine

Smoking from 10 to 30 cigarettes
Rock climbing for 15 minutes
3 hr being a man aged 60

Cancer

Accident

Cancer from cosmic rays
Accident

Cancer from cosmic rays
Cancer from radicactivity
Accident |
Accident

Cancer, heart-lung disease
Accident

Mortality from all causes

(a) Taken from Upton 1982 and modified to express a risk of 10'5.

(b) Addition from this study.

of time associated with them. This is because the risk of death from these
activities is based on 1ifetime occurrence of the activity. Another way of
placing these risks into perspective is to consider that the average car driver
traveling 600 miles in 27 days (10,000 miles/yr) experiences the same risk of
death as he might by breathing 1 ppm of formaldehyde for 70 years.
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