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PREFACE

The Health Risk Assessment of Formaldehyde (HCHO) was
prepared to serve as source document for Agency-wide use. This
document was developed primarily for use by the U.S.
Environmental Protection Agency's (EPA) Office of Toxic
Substances to support decision-making regarding possible
regulation of HCHO under Section 6 of the Toxic Substances
Control Act. Because this document focuses on inhalation
exposure to HCHO, this document should not be regarded as a
comprehensive assessment of the health effects from oral and
dermal exposure. In addition, only two exposure categories are
extensively reviewed. Assessment of other categories will be
done as needed by other EPA program offices.

In the development of this assessment document, the relevant
scientific literature available through February 1, 1986, has
been incorporated, except that the epidemiologic section reflects
studies available through March 1987. Key studies have been
evaluated and the summary and conclusions have been prepared so
that the health effects and related characteristics of HCHO are
qualitatively identified. Measures of dose-risk relationships
relevant to inhalation exposure are also discussed so that the
adverse health responses can be placed in perspective with

possible exposure levels.
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Executive Summary

EPA has conducted an extensive analysis of the experimental
and exposure information on formaldehyde in order to characterize
the potential risk to humans from exposure to the chemical.

The major non-cancer effects posed by formaldehyde are due to
the irritationv(i.e., irritation of the eyes, nose, throat and
lungs) and cellulsr changes (i.e., effects on the mucociliary
system of the nose). A large number of observations of people in
various settings support a conclusion that the generally observed
range over which more than 95% of people respond is 0.1-3.0 ppm of -
formaldehyde. Generally, little risk from non-cancer health
effects from exposure to formaldehyde is attributed to cases where
exposures are one hundred-fold less than a no- or lowest-observed
effect level. Although quantitative estimates of non-cancer risk
are not possible, fewer responses are expected to be associated
with fewer and less intense exposures.

EPA has classified formaldehyde as a "Probable Human
Carcinogen" (Group Bl) under its Guidelines for Carcinogen Risk
Assessment. Based on a review of epidemiologic studies, EPA has
concluded that there is “limited" evidence to indicate that
formaldehyde may be a carcinogen in humans. Nine studies reported
statistically significant associations between site-specific
respiratory neoplasms and exposure to formaldehyde or formaldehyde-

containing products.
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An examination of studies in animals has indicated that there
is "sufficient" evidence of carcinogenicity of formaldehyde in
animals by the inhalation route. This is based on the induction by
formaldehyde of an increased incidence of a rare type of malighant
tumor (i.e., nasal squamous-cell carcinoma) in both sexes of rats,
in multiple inhalation experiments, and in multiple species (i.e.,
rats and mice). In these lbng-term laboratory studies, tumors were
not observed beyond the initial site of nasal contact.

Supportive evidence for the carcinogenicity of formaldehyde
was obtained from short-term tests designed to measure éffects on
DNA. Formaldehyde is mutagenic in numerous bacterial test systems

and test systems using fungi and insects (Drosophila). It also

tranforms cells in culture and causes DNA cross-linking, sister
chromatid exchange (SCE) and chromosome aberrations. In addition,
formaldehyde has been shown to form adducts with DNA and with
proteins in both in vivo and in vitro test systems. Its ability to
interfere with DNA repair in human cells has also been shown.

Structure-activity correlations support the prediction of
potential carcinogenicity. Formaldehyde is one of several
aldehydes which have been shown to have carcinogenic activity in
experimental animals. Acetaldehyde, the closest structural
analogue of formaldehyde, induces the same type of malignant tumor
in the respiratory and olfactory epithelium of the nose of rats as
does formaldehyde.

Results from studies in rats by the Chemical Industry

Institute of Toxicology were used to estimate the human cancer

xiv



risk. The malignant tumor data were used to extrapolate human
cancer risk because only this response in formaldehyde-exposed rats
was definite and unequivocal in both sexes of rats, was dose-
related, and was confirmed in several rat inhalation studies. 1In
the absence of compelling bioloéical evidence on the meéhanism of
action, as in ghe case for formaldehyde, EPA's Guidelines for
Carcinogen Risk Assessment specify the selection of.the linearized
multistage procedure for estimating human cancer risk. Using this
procedure, the upper bound estimate for excess lifetime risk of
developing cancer is 3x10™4 (Group Bl) for apparel workers exposed
to formaldehyde at the 0.17 ppm level; 2x10~4 (Group Bl) for |
residents of mobile homes who are exposed for 10 years to an
average level of 0.10 ppm; and 1x10~% (Group B1l) for residents of
some conventional homes who are exposed for 10 years to anlayerage
level of 0.07 ppm. The upper bound estimate for an ambient
exposure of 1 ug/m3 (0.00082 ppm) for 70 years (the unit risk) is
1.3x1073 (Group Bl).

Since some of the existing information supports the use of
non-linear risk assessment models to extrapolate cancer risk to
humans, and since considerable uncertainty exists in the risk
estimates, the real risk may be lower than that projected by the
upper bound, linear estimate. The lower bound is always recognized
to be as low as zero. However, the predicted excess lifetime
cancer risk estimates using an upper bound based on the rat nasal
carcinoma data are about equivalent to the excess cancer incidence

observed in the epidemiologic studies.
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1. Risk Characterization

This risk-characterization presents the major conclusions of
EPA's risk assessment of formaldehyde. It reviews the underlying
scientific foundation for the findihgs, descrivbes the strengths
and weaknésses of the supporting data, and discusses the
uncertainties and potential sources of conﬁroversy attending
EPA's interpretation of the data and projection of risk. The
risk characterization is divided into three sections which
discuss the qualitative aspects of the risk assessment, the
exposure, and the gquantitative risk estimations at current -
exposure levels. A summary of the health effects of formaldehyde
and representative exposure levels is presented in Table 1-1.

l1.1. Non-cancer Effects

The major non-cancer effects posed by exposure to
formaldehyde are due to the irritating nature of the chemical.
These effects are sensory irritation which is réadily perceived
by the exposed individual and cellular changes which are less
evident but still important.

1.1.1. Sensory Irritation

The well documented health effects from acute inhalational
exposures are concentration dependent, with individuals
responding above a threshold concentration. These effects
include irritation of ﬁhe eyes, nose, throat and lungs, the
intensity of which is dependent upon the extent and duration of
exposure, and may result in extreme discomfort and inability to

function normally at work or in routine daily activities.
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TABLE 1-1

HEALTH EFFECTS AND REPRESENTATIVE EXPOSURE LEVELS

Formaldehyde Health Effects Representative
Concentration (Exposure time)@ Exposure
(ppm) Levels
< 0.05 Ambient background
0.1 Human eye irritation New mobile hames
begins in same people 10-yr average
(minutes=hours)
0.5 Human mucociliary inhibition
s and squamous metaplasia,-
. mid-point of range in one study
(0.1~1.1 ppm) (years)
1.0 Human nose and throat irritation
begins; most people have eye
irritation (minutes-hours)
2.0 Rat squamous metaplasiaband
mucociliary system LOEL™ (months)
3.0 Human (most) 'experience nose and Current OSHA PEL
throat irritation (minutes) (8 hr TWA)
Monkey squamous metaplasia LOEL
(weeks)
5.0 Rat observed 1% cancer incidence Highest recorded
(years) hame®
Human lower airway effects begin
(mi nutes-hours)
15.0 Rat observed S50% cancer incidence
(years)
Mouse observed 1% cancer incidence
(years)
a Duration of exposure causing the effect is indicated in parentheses.
2 LOEL = lowest observed effect level

Urea-formaldehyde foam insulated hame

1-2



Due to yarying sensitivities, all individuals do not exhibit
these acute éffects at the same formaldehyde concentration.
Thus, the numbe}-of persons who respond in a population will
increase with increasing concentrations of formaldehyde. A dose-
response relationship has not been qﬁantitatively characterized
for the general population. However, a large number of
observations of people in various clinical and nonclinical
settings support a conclusion that the generally observed range
over which most people respond (more than 95% response) is 0.1-
3.0 ppm of formaldehyde.

Eye %rritation occurs first at the lower end of the range:
the percentage of individuals that respond increases up to a
concentration of formaldehyde of 1.0 ppm, the concentration at
which virtually all persons exhibit some degree of eye
irritation. Irritation of the nose and throat frequently occurs
above 1.0 ppm with most persons responding by 3.0 ppm. Exposures
greater than 3.0 ppm are generally intolerable for more than
short periods. These acute effects are usually reversible.
Tolerance to low levels of formaldehyde can occur in individuals
after 1-2 hours of exposure, but symptoms can return if exposure
is interrupted and then resumed. |

In addition to its direct irritant effects on the
respiratory system, formaldehyde has been shown to cause
bronchial asthma-like symptoms in humans. Although asthmatic
attacks may, in some cases, be due specifically to formaldehyde
sensitization or allergy, the evidence for this is

inconclusive. Even so, a small number of reports indicate that
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formaldehyde may be an inhalant sensitizer causing allergic
reactions. There are no sufficiently well controlled studies to
establish the extent of such sensitization in the population, nor
are induction concentrations of formaldehyde known. However, the
concentrations of formaldehyde required to elicit such attacks
are higher than would be expected in most non-occupational
environments.

1.1.2. Cellular Changes

The primary point 5f contact of formaldehyde upon exposure
by inhalation is the nose. Inhalation of formaldehyde above a
threshold level which varies from person to person causes a
number of‘cellular effects which can impair the normal
functioning of the nose and are dependent on the concentration
and duration of exposure.

A major function of the nose is to prepare the inhaled air
for the lungs. This includes warming, moistening, and filtering
the inspired air. Dust and many bacteria found in the inspired
air are precipitated in the mucus that bathes the mucous membrane
and are moved outward by the action of the cilia of the nasal
passage. Research indicates that formaldehyde has a number of
effects on the workings of this mucociliary apparatus.

Effects on the mucociliary system of laboratory animals have
been observed in several short-term exposure studies. In one
study, male rats were exposed for 6 hours per day for up to 14
days, to 0.5, 2, 6, or 15 ppm of formaldehyde. At 15 ppm, the
stopping of mucous flow (mucostasis) followed by cessation of

ciliary activity (ciliastasis) was clearly shown. Only slight



effects were noted in animals being exposed to 6 ppm or 2 ppm.

At 0.5 ppm no effects were observed. 1In other short-term studies
formaldehyde caused cell proliferation in the nasal epithelium at
doses of 2 ppm and higher. Cell proliferation is a part of the
restorativé process to repair cellular damage.

In chronic studies, cellular effects, i.e., rhinitis
(iqflammation of the nasal mucosa), epithelial dysplasia
(displacement of one cell type with another one), and squamoué
metaplasia (replacement of normal mucosal cells with squamous
cells), developed in the nasal cavities of rats and monkeys after
exposures for 12 monthé and 26 weeks, respectively, to 2-3 ppm of
formaldehyde. After 24 months of exposure, the incidence of
squamous metaplasia in rats increased to nearly 100 percent. In-
both rats and monkeys, a NOEL (no observed effect level) of 1.0
ppm for squamous metaplasia was determined, with a LOEL (lowest
observed effect level) of 2.0 ppm in rats and 3.0 ppm in
monkeys. The potential relationship between'squamous metaplasia
and carcinogenesis is presented in section 1.4.2.2.

Evidence of cellular damage in humans is limited. One study
in which humans were occupationally exposed from four to nine
years (mean = seven years) to formaldehyde in the range of 0.1l-
1.1 ppm, time-weighted average (TWA) concentration, showed loss
of ciliary activity and development of squamous metaplasia.
Caution must be used when generalizing from this study because of
the small number of exposed persons examined (20) and the
possibility of confounding exposure. Five individuals in the

formaldehyde-exposed group exhibited nasal cavity changes.



The mucociliary system is an important defense mechanism in
the removal of foreign particles and bacteria which enter the
upper respiratory system. A reduction in the efficient operation
of this defense mechanism, including formation of squamous
metaplasia, by exposure to formaldehyde may increase the risk of
persons exposed to formaldehyde to develop infections and other
respiratory diseases.

1l.2. Carcinogenic Effects

EPA has classified formaldehyde as a "Probable Human
Carcinogen" (Group Bl) under its Guidelines for Carcinogen Risk
Assessment. This classification is based on the following:

o limited evidence of carcinogenicity in humans (i.e.,
several epidemiologic studies show positive associations
between respiratory site-specific cancers and exposure to
formaldehyde):

o sufficient evidence of carcinogenicity in animals (i.e.,
formaldehyde induced an increased incidence of rare,
malignant nasal squamous-cell carcinoma in mice and rats,
and in multiple experiments):; and

o additional supportive evidence (i.e., studies
demonstrating formaldehyde's mutagenic activity in
numerous test systems using bacteria, fungi, and insects,
and its ability to transform cells in culture and cause
DNA damage in other in vitro assays for mutagenicity.

Also, structure-activity analysis indicates that

formaldehyde is one of several carcinogenic aldehydes.)



1.2.1. Studies of Humans

The EPA has examined 28 epidemiologic studies reievant to
formaldehyde. Three of these studies, two cohort!l (Blair et al.,
1986; i987 in press; Stayner et al., 1986) and one case-control?
(Vaughan et al., in press), were well conducted and specifically
designed to detect small to moderate increases in formaldehyde-
associated human risks. Each of thesé three studies observed
statistically significant associations between respiratory site=-
specific cancers and exposure to formaldehyde or formaldehyde-
containing products. These associations are noteworthy since
during inhalation, tissues in the nose, nasal sinuses, buccal.

cavity (mouth), pharynx,3

and lungs come into direct contact with
formaldehyde. In each of the above three studies, the
populations studied were also undoubtedly c=xposed to other
chemicals and these exposures may have contributed to the

observed increases in cancer risk. Only the study by Vaughan

et al. (1986a,b) controlled for smoking and alcohol consumption.

1 A cohort study follows a group of exposed individuals for a
specified time period and measures the incidence of site-specific
deaths. The observed number of site-specific deaths which
occurred in the time perind are compared to the number of site~
specific deaths which would be expected based on mortality rates
of a standard population.

2 A case-control study identifies cases with the disease of
interest and controls who do not have the disease. The cases and
controls are compared with respect to past exposure.

3 The pharynx is the paésage petween the nasal cavity and the
larynx. The nasopharynx, hypopharynx, oropharynx, and
laryngopharynx comprise the pharyngeal region.
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The Blair et al. (1986:; 1987 in press) cohort study observed
significant excesses in lung and nasopharyngeal cancers among U.S.
workers occupationally exposed to formaldehyde at 10 industrial
sites.' Blair et al; (19863, however, argued that the lung cancer
excesses provided little evidence of an association with
formaldehyde exposure since the lung cancer risk did not increase
consistently with either increasing intensity or cumulative
formaldehyde exposure. EPA, after reviewing the data, has
concluded that the significant excesses in total lung cancer
mortality, in analyses either with or without a latency period
equal to or greéter than 20 years, and together with nasopharyngeal
cancer mortality among formaldehyde-exposed workers are meaningful
despite the lack of significant trends with exposure.
Misclassification of exposure (or lack of specificity between
exposure categories) and categorization of deaths into four
exposure levels which lowers the power to detect small increases in
risk, may have accounted for the observed lack of a significant
dose-response relationship. The significance of these-findings is
reinforced by the fact that the site of the tumors seen in humans
(the nasopnaryngeal region) is similar to that seen in animals.
Blair et al. (1987) performed further analyses of the
nasopharyngeal cancers regarding exposure to formaldehyde and
particulates. For those workers with particulate exposure, the
trend between increasing nasopharyngeal risk and increasing
cumulative formaldehyde exposure was not statistically significant,
however, the authors concluded that formaldehyde and particulates

appeared to ve a risk factor for nasopharyngeal cancer.
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The Stayner et al. (1986) cohort study reported statistically
significant excesses in mortality from buccal cavity tumors among
formaldehyde-exposed garment workers. The standardized mortality
ratio (SMR), a ratio of the observed number of deaths to an age-
adjusted number of deaths expected in the group, was highes£ among
workers with a long duration of employment (exposure) and follow-
up period (latency). A significant excess in deaths from cancer
of the tonsils was also reported, but there were too few deaths to
examine any trends with exposure.

Results from the case=-control study by Vaughan et al.
’(1986a,b) showed a significant association between nasopharyngeal
cancer and having lived 10 or more years in a "mobile home".
Persons for whom this association was drawn had lived in mobile
homes that were built in the 1950s to 1970s. This study also
reported significant associations between sinonasal cancer and
o;ohypopharyngeal cancer and exposure to resins, glues, and
adhesives (SAIC, 1986).4 No significant -trends were found in
cancer incidence at any of these sites with respect to
occupational formaldehyde exposure; however, the risk estimates
for the highest exposure level énd cancers of the orohypo- and
nasO-pharynx appeared elevated. As stated earlier, however, this
population, like the two previously discussed, was also
undoubtedly exposed to other chemicals which may have contributed

to the observed increases in cancer risk.

4several residential and occupational characteristics were a
priori selected as likely surrogates for formaldehyde exposure.
Among these were mobile home residency and occupational resins,
glue, and adhesive exposure.
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EPA previously had reviewed 25 other epidemiologic studies.
These studies had limited ability (lower power) to detect small to
moderate increases in formaldehyde-related risks due to (1) small
sample sizes:; (2) small numbers of observed site-specific deaths;
and (3) insufficient follow-up. Even with these potential
limitations, six of the 25 studies (Acheson et al., 1984a; Hardell
et al., 1982; Hayes et al., 1985; Liebling et al., 1984; Olsen et
al., 1984; Stayner et al., 1985) reported significant associations
between excess site-specific respiratory (lung, buccal cavity, and
pharyngeal) cancers and exposure to formaldehyde.

The Olsen et al. (1984), Hayes et al. (1986), and Hardell et
al. (1982; studies reported significant excesses of sinonasal
cancer in individuals who were exposed to both formaldehyde and
wood-dust, or who were employed in particleboard manufacturing
where formaldehyde is a component of the resins used to make
particleboard. Only the Hayes et al. (1986) and Olsen et al.
(1984) studies controlled for wood-dust exposure; the detection
limits in both studies, however, exceeded corresponding expected
excesses in the incidence of sinonasal tumors and, therefore, no
significant excesses were likely to have been observed.

The Acheson et al. (19845) study conducted in the United
Kingdom supports the results of Blair et al. in that, when
compared to mortality rates of the general population, significant
excesses in mortality from lung cancer were observed in one of six
formaldehyde resin producing plants in England. A trend of
borderline significance with dose was observed for this one

plant. Acheson et al. concluded that the increases in mortality
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from lung cancer were not related to formaldehyde exposure since
the elevation and trend were not statistically significant when
compared with local lung cancer rates. EPA believes that the
‘risks and trends from analyses using local lung cancer rates as
the compafison risks appeared sufficiently increased for
corroborative use.

The remaining two studies reported significant excesses of
buccal cavity cancer among garment workers in 3 plants (Stayner et
al., 1985) and excesses of buccal cavity and pharyngeal cancer
among formaldehyde resin workers in 1 plant (Liebling et al.,
1984). Portions of the Liebling et al. (1984) and Blair et al.
(1986, 1987) studies overlapped as did portions of the two Stayner
et al. (1985; 1986) studies. However, the non-overlapping
portions and-improved design of the more recent studies (i.e.,
Blair et al. 1986, 1987; Stayner et al. 1986) reinforce the
conclusions of the earlier studies.

Analyses of the remaining 19 epidemiologic studies have
indicated the possibility that observed leukemia and neoplasms of
the brain and colon may be associated with formaldehyde
exposure. The biological support for such postulates, however,

has not yet been demonstrated.



Based on a review of these studies, EPA has concluded that
there is "limited" evidence to indicate that formaldehyde may be a
carcinogen in humans.? Nine studies reported statistically
significant associations between site-specific respiratory
neoplasms -and exposure to formaldehyde or formaldehyde-containing
products.- This is of interest since inhalation is the primary
route of exposure in humans. Although the common exposure in all
of these studies was formaldehyde, the epidemiologic evidence is
categorized as "limited” primarily due to possible exposures to
other agents which may have confounded the findings of excess
cancers.

1.2.2. Studies in Animals

The principal evidence indicating that formaldehyde causes
cancer in animals comes from studies conducted by the Chemical
Industry Institute of Toxicology (CIIT) (Kerns et al., 1983) and
those by Albert et al. (1982) and Tobe et al. (1985). The CIIT

study was a well conducted, multidose inhalation study in rats and

mice. In this study, a statistically significant increase in
malignant tumors (i.e., squamous cell carcinomas) was seen in the
nasal cavities of male and female rats dosed at 15 ppm. In

addition, a small increased incidence of squamous cell carcinoma,

while not statistically significant, was seen in male mice.

35 EpA's Guidelines for Carcinogen Risk Assessment define limited
evidence of carcinogenicity in humans as indicating that "...a
causal interpretation is credible, but that alternative
explanations, such as chance, bias, or confounding, could not

adequately be excluded."”



Because this . type of nasal lesion is rare in mice, these data can
be considered to_have biological importance. Benign tumors (i.e.,
polypoid adenomas) were seen in male rats in the CIIT study at all
dose levels and in female rats exposed to 2 ppm of formaldehyde.
Notably. the dose-response curve for the benign tumors in this
study was not linear:; the tumor incidence was highest at 2.0 ppm
and decreased at higher doses. |

Tobe et al. also observed a statistically significant
increase in the numbers of squamous cell carcinomas in the same
strain of male rats as was used in the CIIT study. Albert et al.
reported a statistically significant elevation of the same
malignant.tumor type in male rats of a different strain. In both
the Tobe et al. and Albert et al. studies benign squaméus cell
papillomas were seen. This observation was in contrast to the
CIIT study in which polypoid adenomas were the only benign tumors
observed. Hamsters have been tested in long-term inhalation
studies (Dalbey, 1982) but no increased incidence of tumors was
seen in formaldehyde-treated ariimals. However, deficiencies in
the study design and poor survival limit the interpretation of the
results from these studies.

Additional studies in animals that indicate an association
between exposures to formaldehyde and cancer are those by Dalbey
(1982) in which formaldehyde enhanced the production of tumors
induced by a known animal carcinogen (i.e., diethylnitrosamine):
Mueller et al. (1978) in which formalin (a water solution of
formaldehyde) produced lesions in the oral mucosa of rabbits which

showed histological features of carcinoma in situ; and studies Dby



Watanabe et gl. (1954; 1955) in which injections of formalin ang

hexamethylenetetramine (from which formaldehyde is liberated in

vivo) produced sarcomas (malignant tumors) and one adenoma (benign
tumor) at the site of injection.

Based upon a review of these studies, EPA has concluded that
there is "sufficient" evidence of carcinogenicity of formaldehyde
in animals by the inhalation route.® This finding is based on the
induction by formaldehyde of an increased incidence of a rare type
of malignant tumor (i.e., nasal squamous-cell carcinoma) in both
sexes of rats, in multiple inhalation experiments, and in multiple
species (;.e., rats and mice). In these long-term laboratory
studies, tumors were not observed beyond the initial site of ﬁasal
contact nor have other mammalian in vivo tests shown effects at
distant sites.

1.2.3. Additional Supportive Evidence

Other relevant information which is considered in carcinogen
assessments include results from short-term tests designed to
measure effects of a chemical on DNA. Tests for point mutations,
numerical and structural chromosome aberrations, DNA
damage/repair, and in vitro cell transformation provide evidence

for the potential mechanisms of carcinogenicity. A battery of

6 EPA's Guidelines for Carcinogen Risk Assessment define
sufficient evidence of carcinogenicity from studies in
experimental animals as indicating that "...there is an increased
incidence of malignant and benign tumors: (a) In multiple
species or strains; or (b) in multiple experiments (preferably
with different routes of administration or using different dose
levels); or (c) to an unusual degree with regard to incidence,
site or type of tumor, dose-response effects, as well as
information from short-term tests or on chemical structure.”
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tests which measure different endpoints helps to characterize the
chemical's response-spectrum. In general, the wider the range and
the greater the intensity of response of a substance in short-term
tests, the more likely it is that the substance may cause cancer.
Formaldehyde is mutagenic in numerous bacterial test systems

and test systems using fungi and insects (Drosophila). It also

transforms cells in culture and causes DNA cross-linking, sister
chromatid exchanges (SCE) and chromosome aberrations. 1In
addition, formaldehyde has been shown to bind with DNA and with
proteins in both in vivo and in vitro test systems. Its ability
to interfgre with DNA repair in human cells has also been shown.
Structure-activity correlations support the prediction of
potential carcinogenicity. Formaldehyde is one of several
aldehydes which have been shown to have carcinogenic acti&ity in
experimental animals. Of those tested, acetaldehyde, is the
closest structural énalogue of formaldehyde. Like formaldehyde,
acetaldehyde damages the respiratory and olfactory epithelium,
however, formaldehyde appears to be more potent than
acetaldehyde. The main impact of formaldehyde, probably because
of its greater reactivity, occurs more in the anterior portion of
the nose than that of acetaldehyde. Exposure to either.aldehyde
leads to the formation of nasal squamous cell carcinoma:
acetaldehyde, however, also induces another type of malignant
nasal tumor, adenocarcinoma. Polypoid adenoma (benign tumor) were
seen following exposure to formaldehyde whereas squamous-cell
papilloma (benign tumor) were found following treatment with

acetaldehyde. The utiiity of benign tumors in risk assessment is

discussed.in sections 1.4., 4.2.1., and 7.4.
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1.3. Exposure in Residential and Apparel Manufacturing Settings

EPA's risk assessment focuses on two large populations
chronically exposed to low levels of formaldehyde. These
'populations include: (1) persons who reside in mobile and
convention;l homes constructed using "significant amounts" of
urea-formaldehyde (UF) pressed-wood (i.e, homes in which UF
prgssed wood is used for floor underlayment and, in some cases,
for wall paneling), and (2) apparel workers who are exposed to
formaldehyde that is emitted from durable press fabrics.

Available air monitoring data, although not collected under
any comprehensive nation-wide survey, indicate that exposure -
levels in both settings have declined over the last 5 years. This
is consistent with the increased commercial use of lower-emitting
formaldehyde source material (pressed wood products and durable
press resins).

Measurements of formaldehyde levels are strongly affected by
a number of factors that add to the overall uncertainty of the
data. These factors include the monitoring methods employed, the
amount and age of the formaldehyde source material present at the
site, the extent of ventilation at the site, and the ambient
temperature and humidity. High temperature and humidity, for
example, are known to increase emissions of formaldehy&e from
pressed wood products and durable press'fabrics. However, many of
the formaldehyde monitoring efforts did not report or document
adequately these variables.

1.3.1. Residential Exposure

Most of the monitoring data collected in residences over the
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last decade have bheen in older homes, homes in which urea-
formaldehydé foam insulation (UFFI) has been installed, or homes
in which the o&cupants have expressed health complaints. Perhaps
more representative of current formaldehyde levels in new mobile
and coﬁventional homes are several recent monitoring studies
conducted‘in California, Tennessee and Texas. These studies
evaluated homes built after 1980, when builders were using energy-
efficient (tighter) construction and most pressed wood producers
had begun to use low-emitting resin adhesives.

Recent monitoring results indicate that formaldehyde levels
in new (less than one year old) conventional homes generally fall
within the range of 0.05 ppm to 0.2 ppm: few measurements exceeded
0.3 ppm. In new mobile homes, formaldehyde levels monitored
generally fall within the range of 0.2 ppm to 0.3 ppm with the
highest levels measured near 6.4 ppm, the ceiling level targeted
by Department of Housing and Urban Development regulations that
govern mobile home construction. The larger range of values
observed in conventional homes is attributed primarily to the
greater variation in designvand use of UF pressed wood products in
their construction. By contrast, mobile homes have less design
variation and, for the most part, generally use pressed wood
products more extensively. EPA has developed computer models to
estimate initial formaldehyde levels in conventional homes built
using significant amounts of pressed wood. Although these models
have not been fully validated, they yield expected values that
fall within the range of 0.1-0.2 ppm.

EPA estimates that every year approximately 631,000 persons



move into new conventional homes that contain significant amounts
of pressed wooq:_ In the same period, about 780,000 persons move
into new mobile homes.

inder normal conditions, the amount of formaldehyde released
from pres#ed wood products decreases with time, lowering the
levels in these residences. Although numerous studies have
investigated the decrease in emissions from uncoated pressed wood
in the months immediately after its manufacture, little
quantitative information is available on long-term (lO-year)

formaldehyde emissions from pressed wood. In lieu of long-term

emission decay data, EPA derived a decay curve function by

-

combining the results of two large monitoring surveys and
statistically determining the best-fit curve to the data as a
function of home age. Combined, the two surveys reported almost
1,200 measurements in 400 mobile homes that were constructed
during 1970-1980 and ranged in age from one day to nearly 10
years. EPA has used the exponential function derived from these
data for quantitative cancer risk assessment purposes to calculate
expeéted l0-year averages for formaldehyde levels in homes built
today. The calculated 10-year averaées are 0.07 ppm for
conventional homes built using significant amounts of UF pressed
wood and 0.1 ppm for mobile homes. As these estimates are derived
from historical data, a significant source of uncertainty
associated with these estimates is the unknown long-term emission
characteristics of the UF resins used today to manufacture the

pressed wood products used in these homes.
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1.3.2. Exposure in Apparel Manufacturing

The U.S. a?pare; industry employed over 1.l million workers
in 1983. There are épproximately 22,600 apparel manfacturing
establishments located in every state of the country, and each
employs an. average of 59 workers.

Monitoring data collected by the National Institute for
Occupational Safety and Health (NIOSH), the Occupational Safety
and Health Administration (OSHA), or otherwise reported in the
literature indicate that formaldehyde levels in these facilities
were generally below 3.0 ppm prior to 1980. In later years, the
levels haye generally fallen below the 1.0 ppm level. Recent
industrial hygiene studies by NIOSH of two large manufacturiné
sites that produce mens' shirts indicated that the mean exposure
level for both plants was 0.17 ppm.

1.4. Quantitative Risk Assessment

The risk assessment identified two'biological effects for
which the data are sufficient to evaluate quantitatively. These
are acute sensory/cellular effécts of the upper respiratory tract
and cancer. A combination of results obtained from studies in
animals and humans were used to assess the acute sensory/cellular
effects while the cancer risk estimates were derived from modeling

data obtained from studies in animals.

1.4.1. Non-cancer Risk Assessment

Figure 1-1 illustrates the relationship between the doses
associated with sensory irritation and cellular effects in the
nasal cavity and the exposure levels for a number of population

groups. Instead of using high-to-low dose extrapolation models,
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the degree of concern from these effects is approxiﬁatéd by
compariné existing exposures to lowest effect levels. Generally,
little risk is attributed to cases where exposures afe one
hundred-fold less than a no- or lowest-observed effect level.

1.4.1.1. Sensory Irritation

The onset of sensory irritation in humans exposed to
formaldehyde occurs over a wide range of formaldehyde
concentrations (i.e., 0.1-3.0 ppm). ThisArange overlaps the
expected human exposures identified in this assessment. This
means that there is no margin between existing exposures and
levels of formaldehyde that are associated with sensory irritation
in some humans. Thus, it would seem that some humans may be
currently experiencing some degree of sensory irritation to
existing levels of formaldehyde in new to moderately new mobile
homes and garment manufacturing opgrations (see Figure 1-1(a)).
Due to the large variations in human sensitivity to the irritative
effects of formaldehydé, the prediction of response for a
population would require a charactérization of both the frequency
of individual human responses and the severity of effects with
increasing exposure. However, available data do not allow the
development of a well defined dose-response relationship for these
irritation effects. For the exposure conditions presénted in
Figure l-1(a), only a small percentage of persons would respond
and in all likelihood the eye irritation would be very mild and

transitory when an individual enters the home or workplace. The

people at greatest risk of experiencing discomfort due to



formaldehyde-induced irritation are new homeowners during the
first year of occupancy., particularly under conditions of high
temperature and humidity which are typically associated with
elevated levels of formaldehyde in these homes.

1.4.1.2., . Cellular Effects

Formaldehyde causes cellular changes in the upper respiratory
tract. Studies in animals have shown that formaldehyde can
inhibit mucociliary action after only a few days of exposure, with
a NOEL of 0.5 ppm in rats. Long-term exposure studies have shown
squamous metaplasia in the nasal cavities of rats and monkeys.

The NOEL for this effect in both species is 1.0 ppm, with LOELs
of 2.0 ppm (rats) and 3.0 ppm (monkeys). One study of humans
showed nasal cavity effects in some persons exposed in the range
of 0.1-1.1 ppm (Edling, et al., 1985).

From these values, it appeafs that humans and animals may
respond similarly (within a factor of 10) to the cellular effects
of formaldehyde in the nose. Formaldehyde exposures in mobile and
conventional homes and to garment workers fall somewhat below the
NOELs and LOELs for cellular effects as determined from studies in
animals (Figure 1-1(b)) Since the anticipated exposures in the
identified populations are close to those associated with effects
in humans and animals, it is expected that home residents and
garhent workers may be at some risk of experiencing these non-
cancer effects,

Although quantitative estimates of risk are not possible, the
frequency and severity of response are dose related. Fewer

responses are expected to be associated with less frequent and



less intense exposure. In addition, the cellular effects are
expected to be reversible once formaldehyde exposure is
eliminated.

1.4.2. Cancer Dose-Response Assessment

In principal, data from studies of humans are preferred for
making numerical risk estimates. However, as is often the case,
the évailable epidemiologic data on formaldehyde were not suitable
for low dose quantitative cancer risk estimation, mainly because
of a lack of adequate exposure information in the studies.
Accordingly, results from studies in animals were used to estimate
low~dose human cancer risk. In addition, even though the
epidemiolQgic studies were not suitable for quantifying a dose-
response curve, thosé studies with observed statistically elevated
cancer risks provided some support for the animal-based predicted
upper bound risk. This comparison, while yielding valuable
information to the assessment, should be viewed with caution since
exposure leQels in these epidemiologic studies were subject to
some variation.

1.4.2.1. Selection of Data

Of the carcinogenicity studies with formaldehyde in animals,
EPA has selected the CIIT study in rats as the best study for
cancer risk extrapolation. This study was well designed, well
conducted, included mulﬁiple doses, and used a large number of
animals per dose.

Each of the remaining inhalation studies suffered from
various limitations which precluded their use in quantitative risk

assessment. The CIIT study in mice showed a limited tumor



response only at. the highest dose of formaldehyde, while the
Albert et al. (1982) study had only a single formaldehyde-exposed
group. Although the Tobe et al. (1985) study contained multiple
dose groups, a tumor response was seen only at the highest dose,
and the number of animals per group was relatively small. Lower
cancer risks than those estimated from the CIIT study in rats
would have been predicted had the Agency been able to use the CIIT
study in mice for risk extrapolation, while higher cancer risks
would have been estimated had the results from the Tobe et al.
(higher by a factor of ten) or Albert et al. studies been used.
Two Eypes of nasal tumors were observed in the CIIT study in
rats, squamous cell carcinomas (malignant tumor) and polypoid
adenomas (benign tumor). EPA's risk assessment relied only on the
malignant tumor data of the CIIT study to predict human cancer
risks because: (1) the malignant tumor response in formaldehyde-
exposed rats was definite and unequivocal in both males and
females, whereas the frequency of benign tumors reached
statistical significance only when the incidences in males and
females were pooled; (2) the malignant tumor response in the CIIT
study in rats showed an increasing dose-related trend, while the
benign tumor response showed a decreasing trend; (3) unlike the
benign tumor response which was not confirmed by the other rat
inhalation studies, similar malignant tumor types were found both
in all rat and mouse inhalation studies with formaldehyde and in a
study of acetaldehyde, a close structural analogue of formaldehyde.
The appearance of benién nasal tumors in rats following

inhalational exposure to formaldehyde in the CIIT study



contributes -to the qualitative weight-of-the-evidence that
formaldehyde may pose a carcinogenic hazard, but because of the
attendant uncertainties they were not included in the
quantitative estimate of human cancer risk. Had the Agency
chosen to use the benign tumor response in the quantitative
estimatién of human cancer risk, the predicted values would have
been about ten-fold greater than those reported in Section 1.4.3
using the malignant tumor response alone.

1.4.2.2. Choice of Mathematical Extrapolation Model

SinceArisks at low exposure levels cannot be measured
directly iither by experiments in animals or by epidemiologic
studies, a number of mathematical models have been developed to
extrapolate from results at high doses to expected responses at
low doses. The Office of Science and Technology Policy (OSTP)
published principles on model selection which states that:

"No single mathematical procedure is recognized as the most

appropriate for low dose extrapolation in carcinogenesis.

When relevant bioclogical evidence on mechanism of action

exists, the models or procedures employed should be

consistent with the evidence. When data and information are
limited, however, and when much uncertainty exists regarding
the mechanism of carcinogenic action, models or procedgres
which incorporate low dose linearity are preferred when
compatible with the limited information."

Data relevant to selecting a model for extrapolation of
cancer risk associated with exposure to formaldehyde were

reviewed; some of the biological information support a direct
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relationship between eXposure and carcinogenicity while other
data are consistent with a non-linear response. The Agency,
however, did not conclﬁde that enough information was available
to prépose an extrapolation model for formaldehyde that was
different from the one recommended by the OéTP and EPA's
Guidelines for Carcinogen Risk Assessment (i.e., linearized
multistage procedure). The Agency has presented various other
models for comparative purposes.

Biologic evidence on mechanism of action, which can aid in
model selection, largely is inferred from a variety of types of
studies. These are limited and suggestive of several mechanisms
for formafdehyde. Mutagenicity studies suggest a direct
relationship (i.e., a linear one) between exposure to |
formaldehyde and carcinogenicity. Thus, the ability of
formaldehyde to cause point mutations, chromosome aberrations and
DNA damage is consistent with the chemical's ability to initiate
the carcinogenic reaction.

The steep curvilinearity of the rat nasal carcinoma dose-
response data in the CIIT study in rats suggests, howevef, that
cancer development is greatly accentuated above certain con-
centrations. In keeping with this observation are the results of
experiments on DNA synthesis and cell proliferation following
short-term formaldehyde exposures and the conversion of normal
mucosal cells to squamous cell epithelium (squamous metaplasia)
following longer exposures which indicate that certain toxic
effects are only noted above certain formaldehyde

concentrations. Any relationship between cell proliferation
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following formaldehyde exposures and the carcinogenic process is
currently unknown. Likewise, although squamous metaplasia may
represent a step in the formation of squamous cell carcinoma, its
specific role is uncertain. No lesions that may represent stages
in a continuum between the squamous metaplasia and carcinoma were
identifiéd in the CIIT study.

The CIIT also conducted molecular dosimetry experiments
attempting to relate ambient exposures to formaldehyde'with
tissue-gpecific levels of formaldehyde-DNA adducts. Use of the
data generated by these experiments in risk extrapolation models
yields lOﬁér estimates of risk, sometimes significantly lower
than use of the experimental doses. The CIIT data have been
reviewed by EPA scientists and a review panel of non-government
scientists to determine whether or not they should be used in the
quantitative risk assessment. Both groups concluded that the
study had several shortcomings which preclude its use in
modi fying the doses used iniquantitative risk assessment, and
they provided three reasons for their conclusion. First, the
experimental methodologies must be validated to assure that the
experimental assumptions were scientifically sound and that the
formaldehyde-DNA-protein complexes were identified properly:
second, the single intracellular target used in the study may be
inadequate; and third, and perhaps most important, the use of an
acute exposure model in the CIIT study may not be appropriate

because chronic, not acute exposure is most relevant to risk

assessment.
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Different extrapolation models fit the observed data
reasonably well but there are large differences among them in the
risks calculated at low doses. EPA's Guidelines for Carcinogen
Risk Assessment state, however, that goodness of fi; to the
obserQed tumor data by a given model is not an effective means of
discrimiﬁating among models. In the absence of compelling
biological evidence on the mechanism of action, as in the case
for formaldehyde, EPA's guidelines specify that the linearized
multistage procedure will be used, with the possible presentation
of various other models for comparative purposes. The analysis
showed thit of the models examined, only the one-hit model
produced higher risk estimates (about ten fold higher).

Studies show that non-human primates and rats respond
similarly to formaldehyde exposure. Accordingly, an interspecies
scaling factor was not used in the risk extrapolation. This
position was supported by the Consensus Workshop on
Formaldehyde. Consequently; the response of rats and humans was
judged to be the same at equivalent exposure levels and
durations. However, if a conversion factor, such as nasal
surface area, had been used the estimated human cancer risks

would have been about an order of magnitude higher.



1.4.3. Numerical Risk Estimates

The risk estimates for the linearized multistage procedure,
upper bound (UB).and maximum likelihood estimates (MLE)7 at
various exposure levels are presented in Table 1-2. Risks at any
exposure level range from the upper bound to zero. An
established procedure does not yet exist for making "most likely"
or "best" estimates of risk within the range of uncertainty
defined by the upper bound and zero. The upper bound estimate
for excess lifetime risk of developing cancer is 3 x 10~4
[Group Bl]8 for apparel workers exposed to formaldehyde at the
0.17 ppm level, 2 x 1074 [Group Bl] for residents of mobile homes
who are exposed for 10 years to an average level of 0.10 ppm; and
1 x‘10’4 [Group Bl] for residents of some conventional homes who
are exposed for 10 years to an average level of 0.07 ppm. The

upper bound unit risk estimate for an ambient exposure of 1 ug/m3

7 The shapes of most models' upper bound estimates tend to
parallel the shapes of the models themselves, unless a procedure
has been devised to provide otherwise. This is the case for the
linearized multistage procedure, which provides a linear upper
bound estimate at low dose. The maximum likelihood estimate
(MLE), which is the estimate given by a fitted model, takes only
the experiment to which the model has been fitted into account.
The upper bound estimate, on the other hand, is intended to
account for experiment to experiment variability as well as
extrapolation uncertainties.

8 Epa's Guidelines for Carcinogen Risk Assessment recommend
categorizing chemicals in Group B (Probable Human Carcinogen)
when "the evidence of human carcinogenicity from epidemiologic
studies ranges from almost 'sufficient' to 'inadequate.' To
reflect this range, the category is divided into higher and lower
degrees of evidence. Usually, category Bl is reserved for agents
for which there is at least limited evidence of carcinogenicity
to humans from epidemiologic studies.”
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(0.00082 ppm) for 70 years is 1.3 x 103 (Group Bl]. The fitted
model gives the maximum likelihood estimate curve and, specific
to the CIIT study, it has a pronounced S-shapé. By contrast, as
the linearized multistage procedure's upper bound estimate is
traced toward lower doses, its linear nature accomodates
increasing variability and extrapolation uncertainty. Both
estimates are shown in Table'l-z to illustrate how the
perspectives they give on risk differ. Thus at 3 ppm (which is
in the experimental range), the difference between the MLE and
the UB is ten-fold, whereas at about one-tenth of that exposure,
a 100,000 fold difference is generated.

The lower bound on risk is alwayé recognized to be as low as
zero. The upper bound estimate is ordinarily shown to allow for
extrapolation uncertainty. It is for this reason, along with
adher=2nce to EPA's Guidelines for Carcinogen Risk Assessment,
that the upper bound was selected to represent potential human
risk. While some of the existing information on formaldehyde is
consistent with non-linear interpretations, some support for a
linearized upper bound comes from the epidemiologic studies. The
excess cancer incidences observed in the epidemiologic studies
are about the same as the upper bound on lifetime risk based on

the rat nasal carcinoma data.



TABLE 1-2

SUMMARY OF CANCER RISKS ASSOCIATED WITH FORMALDEHYDE EXPQSURE

Population Segement Lifetime
(Exposure Level) Individual Risk
Current OSHA std. (3 ppm) usP 6 x 1073 (B1]

-MLES 6 x 1074 [B1]

Garment Workers

NIOSH UB 3 x 10'; (B1]
(0.17 ppm) MLE 4 x 10”7 (B1]
Mobile Home -4

Residents us- ~ 2 x 10 (B1]
(0.10 ppm 10-yr average) MLE 2 x 10710 (g1}

Conventional Home®

Residents uB 1 x 10”% (B1]
(0.07 10-year average) MLE 6 x 10”11 (B1]
Home/Environment

Background Upper Limit

(0.05 ppm)

10 yr. UB 7.0 x 10‘51(51)
MLE 1.0 x 10”11 (81}

70 yr. us 5.0 x 107 (81
MLE 1.0 x 10710 [B1]

For homes containing substantial amounts of urea-formaldehyde
pressed wood (e.g., floor underlayment and/or paneling)

Upper Bound
mMaximum Likelihood Egstimate

Airborne Unit Bisk, 1 ug/m3 - 70 yrs; Lifetime individual risk,
UB = 1.3 x 1072 [B1]



2. BACKGROUND

In November 1979, EPA received information that the interim
results of a 24-month.bioassay in rats conducted by CIIT showed
that a number of the rats héd developed nasai cancer after
inhalation of HCHO.

In November of 1980, the Federal Panel on Formaldehyde,
formed by several Federal agencies under the aegis of the
National Toxicology Program, published a report finding that
CIIT's biocassay methodology was consistent with accepted testing
standards. Using the data available through the 18-month point
of the CIIT study, the Federal Panel concluded that "formaldehyde
should be presumed to pose a risk of cancer to humans.” Also in
November 1980, CIIT presented the preliminary results of the full
study. CIIT pathologists reported fin&ing gstatistically
significant increases; as compared with controls, in the
incidence of malignant tumors in rats exposed to HCHO vapor at
the highest of the three levels they tested (14.3 ppm).

In February 1982, based on its evaluation of the toxicity
and exposure data on HCﬁO then available, EPA decided that,
although HCHO had been found to be carcinogenic under the
conditions of the test, the available information as to HCHO's
cancer risk to humans did not meet the statutory criteria for
priority designation under section 4(f) of TSCA.

To asgsist its evaluation of HCHO the Agency funded the
National Center for Toxicological Research to sponsor a Consensus

Workshop on Formaldehyde (the Workshop). The Workshop was held
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in Little Rock, Arkansas from October 3 through 6, 1983. Over D
government, industry, university, and public interest
organization scientists served on the following eight Panels:

(1) Exposure; (2) Epidemiology: (3) Carcinogenicity/
Histopathology/Genotoxicity; (4) Immunology/Sensitization/
Ircitation; (5) Structure Activity/Biochemistry/Metabolism;

(6) Reproduction/Teratology: (7) Behavior/Neurotoxicity/
Psychological Effects; and (8) Risk Estim;tion. Each Panel
(except the Risk Estimation Panel) was charged with the task of
reviewing the major scientific studies relevant to that Panel's
area. The Panel members were also asked to address a number of
discussion topics and prepare a consensus report addressing those
topics.

When the Panel deliberations were finished, draft reports
were provided to the Risk Estimation Panel. The Risk Estimation
Panel was charged with the task of determining how the data could
be assessed to make reasonable risk estimates for humans exposed
to HCHO at various levels and through different routes.

The decision process of the February 1982 decision under
gsection 4(f) of TSCA genefated considerable controversy and
formed the basis for a lawsuit by the Natural Resources Defense
Council (NRDC) and the American Public Health Association (APHA)

{NRDC v. Ruékelshaus, No. 83-2039, filed in the United States

District Court for the District of Columbia, July 18, 1983).
In view of public controversy concerning the process and

policy issues associated with the Agency's section 4(f) decision
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on the cancer hazard of HCHO, EPA announced in the FEDERAL
REGISTER of November 18; 1983 (48 FR 52507) its decision to
rescind its February 1982 decision, and to ask the public to
submit views, arguments, and data relevant to determining whether
4CHO should be given priority consideration under section 4(f) of
TSCA. Comhents were due at EPA by January 17, 1984; EPA
announced that it expected to reacn a new decision by May 18,
1984.

On May 23, 1984 EPA announced in the Federal Register (49 FR

21898) that two HCHO exposure categories triggered section 4(f)
of TSCA (possible widespread cancer risk). The exposures which
led to the decision are those associated with manufacturé of
apparel from fabrics treated with HCHO-based resins and residence
in conventional and manufactured homes cohtaining construction
materials in which certain HCHO-based resins are used.

In addition to HCHO's potential cancer risks, HCHO's other
effects should be considered in any action to reduce health
effects from HCHO. ‘The assessment of the risks from acuﬁe
respiratory effects was prepared to be considered along with the
carcinogenic risk assessment in the overall inveétiéation of
HCHO. The hazard discussion of noncarcinogenic effects in the
risk assessment is based in part on reports from the Consensus
Workshop on Formaldehyde, a report of the Cosmetic Ingredient
Review Expert Panel, a hazard assessment by Ulsamer et al.
(1984), and the National Research Council report titled HCHO and

other Aldehydes prepared under contract to EPA. The risk




assessment fgcu5es on the possibility of determining a dose-
response for these noncancer effects because while many of the
effects are well documented, the dose-response patterns in the
human population are not. Methods used by HUD and OSHA to relate
the proportion of the human population responding at particular
expogure levels have been analyzed. In addition, EPA has
reviewed selected human studies to determine if dose-response

relationships can be described.
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3. PHYSICAL-CHEMICAL PROPERTIES

HCHO 1s the simplest member of the aldehvde chemical
category. It exists in many different forms. Both liTuid anA
qaseous HCHO polymerize readily at ordinary temperatures ans can
he Kept 1n pure monomeric state only for a limited time. Pure
monomerié HCHO is a colorless, pungent gas. Aqueous HCHO, called
formalin, is a clear, colorless solution containing about 37
percent by weight of dissolved HCHO in water (room temperature),
usually with 6 to 15 percent methanol added to prevent
polymerization. Solutions containing over 30 percent by weiqh;
become cloudy on standing and orecipitate polymer at ordinary
temperatures. Concentrated ligquid HCHO-water systems containing
up to around 95 percent HCHO are obtainable, but the temperature
necessary to maintain solution clarity and »revent separation of
solid polymer increases from around room t=-perature to 120°C as
the solution concentration is increased. T[he other forms of HCHO
are polymers, the Dbest knan of which are nara-HCHO and trioxane
(trioxymethylene). HCHO is sold and transportad only in solutionn
or in the polymerized state.

The molecular weight of HCHO is 30. It has the Eollowinq

structural formula:
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The chemical name used by Chemical Abstracts Service is
HCHO, and its Chemical Abstract number is 50-00-0. Synonyms*
include HCHO: HCHO gas: HCHO solution: formalin: formalin 40:
formalin 100%; formic aldehyde; methaldehyde; methanal: methyl
aldehyde: methylene glycol{ methylene oxide:; oxomethane:
oxymethylene; paraform:; para-HCHO: polyoxymethvlene glycols;
o(-polyoxymethylene; A -polyoxymethylene; tetraoxymethylene;

ol ~trioxane; trioxane; and o -~trioxymethylene.

Dry HCHO gas condenses on chilling to agive a liquid that
boils at -19°C and freezes to a crystalline solid at -18°C.

Vapor pressure is 400 mm at -33°C. dACHO gas is flammable having
a heat of combustion of 4.47 kcal per gram. It forms explosive
mixtures with air and oxygen. At atmospheric nressure,
flammability is reported t> range from 12.7 to 80 volume overcent,
HCHO-air mixtures containing 65 to 70 perc-1t heing the most
readily flammable. HCHO is soluble in watsr, acetone, benzene,
diethyl ether, chloroform and ethanol (IARC, 1982). Solutions
obtained with the nonpolar solvents are somewhat more stable but
also precipate polymer on storage. HCHO solutions have a
definite flash point which is lowered by the presence of
methanol. The flash point of commercial HCHO 37.5% solution with
14.0% methanol (by weight) is 56°C (132°F). In view of their
unique nature, it is recommended that flash noint values for HCHO
solutions be renarded as apnroximations and that the solutions be
regarded as potentially flammable at least 10°F helow the

reported figqures.
*Includes synonyms for polymeric fnrms of HCHO.

3-2



The partial.pressure of ECHO vanor over commercial solutinns
is also incréased by methanol. The partial pressure of HCHO nver
37 percent solution conta;ning 9 percent metﬁanol is 4.2 mm 3t
35°C, whereas a 37 percent solution containing 1 oercent‘methannl
has a partial pressure of 2.7 mm under the same conditions

(Walker, 1975).
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4, HAZARD OF CARCINOGENIC EPFPECTS

4.1. Long- and Short-Term Animal Tests

The first long-term study reporting the carcinogenicity of
HCHO in animals by the inhalationhroute was one by Kerns et al.
(1983) (CIIT-sponsored study performed at Battelle Columbus
Laboratories) which reported statistically significant increased
levels of squamous cell carcinomas in the nasal cavities of rats
at 14.3 parts per million (ppm). In the study, groups of
approximately 120 male and 120 female Fischer 344 strain .rats and
C578L/6 X C3HF, strain mice, were exposed by inhalation to 0,
2.0, 5.6, or 14.3 ppm of HCHO gas for 6 hours per day, 5 days per
week, for 24 months. The exposure period was followed by up-to
six months of nonexposure. Interim sacrifices were conducted at
6, 12, 18, 24, 27 and 30 months. All méjor tissues from each
organ system {approximtely 50 tissues/animal) in the control and
high exposure groups were ex;mined histologically. Squamous cell
carcinomas were observed-in the nasal cavities of 103 rats (52
females and 51 males) and 2 male mice exposed to 14.3 ppm of HCHO
and in 2 rats (one male and one female) exposed to 5.6 ppm of
HCHO gas. The first tumor clinically observed in female rats oE»
the 14.3 ppm group was at 358 dayé past first exposure and 432
days for males. The adjusted cumulative incidence rate (Kaplan-
Meier life table analysis) of squamous cell carcinomas in male
and fémale rats of the 14.3 ppm exposure group at 24 months was
67 and 87%, respectively. Tumors in male mice were discovered at
the 24-month sacrifice. The incidencé of nasal carcinomas in
rats showed a dose-response relationship. See Table 4-1 for a

summary of tumor response in rats.



Table 4-1.
SIMMARY (F NEXPLASTIC LESIONS IN THE NASAL CAVITY (F FISCHER 344 RATS EXPOSED TO FOSMALIENYLE GAS*

No. of nasal Poorly Wndifferentiated
Formaldehyde cavities Squamous cell Differentiated Adeno- carcinama or Carcino- Folypoid Gsteo—

(ppm) Sex evaluated carcinama carcinama carcinama sarcama saroama adenana chondrama
0 M 118 0 0 0 0 0 | 1
F 114 o 0 0 0 0 0 0
2.0 M 118 0 0 0 1] 1] 4 o
F 118 0 0 0 0 1] 4 1]
5.6 M 119 1 0 0 0 0 5 0
F 116 |} 0 0 0 0 0 0
14.3 " 17 51 0 1 2 1 2 0
F 115 52 1 0 0 0 1] 0

*Table adapted fram Kerns et al. (1983)

2 A rat in this group also had a squamous cell carcinama.



Althouéh the two squamous carcinomas in mice at 14 ppm were
not statistically significant in comparison with the incidence in
control mice in the study, the finding suggests that the effect
ls related to HCHO exposure because the natural background rate
Eor such nasal cancers is very low in this strain of mice, with
only one neuroepithelioma and one angiosarcoma having been
reported by Stewart et al., 1979 (Kerns et al., 1983).

The difference in susceptibility of rats and mice may be
due, in part, to a greater reduction in respiratory minute volume
in mice than in rats during exposure to an irritating agent. In
a study by Chang et al. (1983) changes in minute volume, nasal
cavity disposition, and cell proliferation were examined. ft was
found that mice exposed to 15 ppm HCHO for 6 hours experienced an
approximately 50% reduction in minute volume whereas rats
exhibited at 20% decrease. If a "dose" of HCHO is calculated
from adjusting for reduction in minute volume and other data, it
can be seen that for mice the dose received at 14.3 ppm in the
Kerns et al. (1983) stﬁdy is -one-half that received by rats at
14.3 ppm (see also Swenberg et al., 1983). Thus, the tumor
response in mice at 14.3 ppm is comparable to the response in
rats at 5.6 ppm. Interestingly, micé and rats at these exposures
showed nearly identical tumor responses, i.e,, two squamous cell
carcinomas out of approximately 240 mice and rats.

In addition to the squamous cell carcinomas, small numbers
of benign tumors characterized as polypoid adenomas were observed

in rats at each dose level. These benign tumors exhibited a
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dose-respon;e relationship with a negative trend. However,
because this type of benign nasal tumor is rare in control rats
it is likely related to HCHO exposure. For a further discussion
of these lesions and their use in this risk assessment see Data
Selection for Quantitative Analysis after this section.
Significant squamous metaplasia was also observed. See
Figure 4-1 for frequency and locations (also see Figqure 4-3). In
rats at 2.0 ppm, purulent rhinitis, epithelial dysplasia, and
squamous metaplasia were present in the anterior portion of the
turbinates (Level I) at 12 months. The frequency of metaplasia
increased up to 24 months and tben decreased significantly
(p<0.05) at 27 months (three months post exposure). In the 5.6
ppm group, purulent rhinitis, epithelial dysplasia, and squamous
metaplasia wére observed in the anterior and middle portions of
the nasal cavity (Levels I, II, and III). Significant (n<0.09%5)
regression of squamous metaplasia was noted at 27 months (post
exposure). Similar but more severe and extensive lesions were
observed in the 14.3 ppm exposure group in all regions of the
nasal cavity. Significant regression of squaméus metaplasia was
only observed in the posterior portion of the nasal cavity
(Levels IV and V). In all exposure groups, epithelial dysplasia

was detected earlier than squamous metaplasia.
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Figure 4-1. Frequency of squamous metaplasia in the nasal
cavity of Fischer 344 rats exposed to 2.0 ppm (top), 5.6
ppm (middle), or 14.3 ppm (bottom). of formaldehyde yas for
24 months. Nasal cavity Levels I, [I, IV, and V were not
evaluatad at the 6- and 12-month interim sacrifices in the
14.3 ppm exposure yroup. Figure taken from Kerns et al.
(1983).



Inflaﬁmatory, dysplastic, and squamous metaplastic alteracions
of the respiratory epithelium of mice were observed. These
lesions were most severe in the 14.3 ppm exposure qgroup (see
Figure 4-2). A few mice in the 5.6 ppm group had dysplastic
changes '‘with serous rhinitis at 18 months in Level II. By 24
months, a majority (<90%) of mice in the 14.3 ppm group had
dysplastic and metaplastic changes that were associated with
seropurulent rhinitis. At that time period, only a few mice in
the 5.6 ppm exposure group had dysplasia, metaplasis or serous
rhinitis in Level II. Mice in the 2.0 ppm group were generally
free of significant lesions with only a few animals with serous
rhinitis at 24 months.

One complication noticed during the Kerns et al. (1983)
study was a spontaneous outbreak in rats of sialodacryeo-
adenitis. The evidence for this consisted of (a) decreased body
we ight in all dosed and control rat groups at about the 52nd week
of the experiment, followed by prompt recovery of body weight:
and (b) histopathologic demonstration of typical lesions in
lacrimal and salivary glands of dosed and control rats in the
12-month sacrifice groups. Evidence of sialodacryecadenitis was
not found in rats sacrificed at 6 or 18 months or in those with
unscheduled deaths. Virus isolation, viral antigen
demonstration, and serologic tests for. antibodies were not

attempted in rats or mice.
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Figure 4-2. Frequency of squamous metaplasia in the nasal

cavity of B6C3F, mice exposed to 14.3 ppm of formaldehyde

gas. Figure taken from Kerns et al. (1983).

With regard to HCHO in the exposure chamber in the Kerns
study, a pahel of experts reviewed the method of generation of
HCHO and monitoring and agreed that "the Battelle approach to
HCHO vapor generation (heating paraformaldeﬁyde) was a suitable
adaptation of accepted methods and pfinciples and, therefore, was
sound and based upon the bésﬁ available technoloqy. The same
type of assessment applied to the chamber air monitoring system,
which also combined two well established procedures"” (Gralla et
al., 1980).

Other studies support the results of the Kerns (CIIT)
study. In two studies reported by Albert et al. (1982) (complete
results for one study and preliminary results for the other),
rats were exposed for life by inhalation to HCHO alone, mixtures
of hydrochloric acid (HCL) and HCHO, or HCL alone.

In the first study, 99 male Sprague-Dawley rats were exposed

to a mixture of HCl and HCHO (premixed at high concentrations
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before introduction into the exposure chamber to maximize the
production of bis(chloromethyl) ether (BCME)). This was done
because the investigators were studying the hazard associated
with ﬁhe use of HCl and HCHO in close proximity in ﬁhe
workplaée. A report had suggested the production of BCME from
mixing HCL and HCHO gas. The average concentrations were 10.6
ppm HCL, 14.7 ppm HCHO, and about 1l part per billion (ppb)

BCME. Of the 99 animals exposed to the test mixture, 25
developed squamous cell carcinomas of the nose. The contribution
by the BCME was thought to be minimal because the expected
response to 1 ppb of BCME was estimated to be less than 1.5 -
percent (based on authors' comparison of 20 exposure days at 100
ppb of BCME with 500 exposure days at 1 ppb of BCME) and there
was a 25 percent incidence of nasal tumors in the study. In
addition, BCME normally produces neurogenic carcinomas (mainly
esthesioneuroepitheliomas){ none of which were seen in the
study. The uncertainty of comparing different factors involved
in dose-rate versus total delivered dose in tumore induction is
not resolved, however.

The second Albert et al. (1982) study, in which male
Sprague-Dawley rats (100 per qroup) were exposed to HCL alone
(10.2 ppm), premixed HCL-HCHO mixture (14.3 ppm HCHO/10.0 ppm
HCL), nonpremixed HCHO-HCL mixture (l4.]1 ppm HCHO/9.5 ppm HCL),
or HCHO alone (14.2 npm), showed statistically significant
numbers of squamous cell carcinomas of the nasal cavity in the

rats exposed to HCHO alone and the HCL-HCHO mixtures. A control
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group of 100 rats was used. No nasal cancers were seen in the
HCL-only exposed rats or in the controls. Also, it appeared that
the irritant HCL gas did not enhance the carcinogenic response of
HCHO because the frequency of tumors was similar in ﬁhe HCHO
alone and HCHO-HCL groups. Table 4-2 displays final results of
the study (Sellakumar, 1985). Work by Swenberg et al. (1984) in
which Sprague-Dawley and Fischer 344 rats were'exposed to 0, 10,
20 or 50 ppm of HCL gas for 6 hours per day, 5 days per week, for
up to 90 days, indicates that HCL may be considerably less
irritating to the upper respiratory tract of rats than HCHO. For
those rats exposed for four days and killed 18 hours later, only
the 50 ppm group had significant HCL-induced lesions, consisting
of focal degeneration, epithelial hyperplasia, and early squamous
metaplasia on the dorsal tip of the maxilloturbinate of the most
anterior section. Since maximum nasal irritation in rats from
HCHO occurs within a few days after exposure begins, the lack of
significant nasal.irritation from HCL in-the 10 and 20 ppm groups
indicates that HCL in the Albert study was not sufficiently
irritating to draw conclusions regarding the réle of irritation
in HCHO-related carcinoqenesis.v

In a study reported by Tobe et al. (1985), groups of 32 male
Fischer 344 rats were exposed to HCHO for 6 hours per day, S days
per week, for 28 months. The five test groups were as follows:
colony control, room control, 0.3, 2.0, and 15 ppm HCHO. The
significant finding was squamous cell carcinoma (14 cases) ani

papilloma (S cases) in the 15.0 ppm group. No tumors were
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Table 4-2.

SUMMARY OF NEOPLIASTIC LESIONS IN THE NASAL CAVITY OF SPRAGUE-DAWLEY RATS*

Colony Premixed 14 ppm Non-premixed 14 ppm
Air controls controls 10 ppm HCL 14 ppm HCHO HCHO & 10 ppm HCHO & 10 ppm HCL
(99 rats) (99 rats) (99 rats) (100 rats) HCL (100 rats) (100 rats)
Squamous cell carcinama 0 0 0 38 45 27
Papillama or polyps 0 0 0 10 13 10
Fibrasarcama 0 0 0 1 1 0
Adenocarcinama 0 0 0 0 1 2
Esthesioneuroepitheliama 0 0 0 0 1 0

*Fran Sellakumar (1985)



observed in the 0.3 and 2.0 npm groups. Rhinitis, squamous
metaplasia and hyperplasia of the nasal respiratory epithelium
were observed in all HCHO exposed groups.

It should be noted that while the carcinoma response was
similar between the Kerns, Albert and Tobe studies, the henign
tumor response was markedly different. In the Kerns study only
benign polypoid adenomas were observed, whereas in the Albert and
Tobe studies benign papillomas were observed. The basis for
these differences is difficult to explain. It could represent a
strain difference or some unknown factof. (Tobe used the same
strain of rats as Kerns, Fischer 344, but the small number used
at each dose as compared to Kerns (32 vs. 240) may explain the
failure of polypoid adenomas to be detected.) Consequently,
statements about the significance of these lesions in discussions
of human risk must be approached with caution.

Two other chronic inhalation studies with HCHO designed to
investigate possibie cocarcinogenic effects of this agent in the
upper and lower airways have been reported (Horton et al., 1963,
and Dalbey et al., 1982). Since the nasal tissues were not
systematically examined histologically, the value of these
studies in assessing the carcinogenicity of HCHO is accordingly
limited. In spite of these reservations, the studies have some
bearing on HCHO carcinogenicity.

In the study reported by Horton et al. (1963), C3H mice were
exposed to coal tar aerosol and/or to HCHO at concentrations of

40, 80, 160 ppm. Exposures were carried out for 1 hr/day, 3



days/week for 351weeks, except for the 160 ppm group which was
exposed only for 4 weeks because of toxicity. Only 15 mice
survived to 1 year. There is no mention of histopathological
evaluation of nasal tissues, so presumably no grossly visible
tumors were observed. Coal tar aerosol exposure resulted in lung
tumor formation in S5 animals (1 invasive carcinoma), but HCHO
exposure did not. No evidence was found for any cocarcinogenic
effects of HCHO. The major shortcomings of this study for
evaluating the carcinogenicity of HCHO are that too few animals
 survived past one year, the individual exposures were short, most
groups were exposed only for 35 weeks, and complete
histopathology of nasal tissues was not reported.

In a study by Dalbey (1982) male Syrian golden hamsters were
used to study the chronic effect of HCHO and diethylnitrosamine
(DEN). 1In the first part of the study, 88 hamsters were exposed
to 10 ppm HCHO, 5 times/week for life. There were 132 untreated
controls. The second part of the study examined HCHO's
promotional potential. For the second part of the study the
hamsters were divided into 5 groups: 50 untreated controls; 50
hamsters exposed‘to 30 ppm HCHO, 5 hrs/day, 1 day/week for life;
and 3 groups receiving DEN injections of DEN (0.5 mg, once per
week for 10 weeks). Of the three groups receiving DEN, one
consisted of 100 hamsters receiving only DEN, a second group of
50 hamsters were exposed to 50 ppm (S hrs) of HCHO 48 hours prior
to each injection of DEN, and the third group was exposed to 30
ppm HCHO (5 hrs/day, 5 days/week) for life, beginning 2 weeks

after the last DEN injection.
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In the hamsters exposed to 10 ppm HCHO for life there was no
evidence of carcinogenic activity, but survival time was reduced
(p<0.05) relative to controls. Toxic effects of HCHO in the
nasal cavity were limited to hyperplastic and metaplastic areas
in 5% of the hamsters. No hyperplasia or metaplasia was observed
in the controls. The incidence of rhinitis was similar in both
control and exposed hamsters, and was not considered to be
related to exposure of HCHO.

Caution must be exercised when comparing this part of the
Dalbey (1982) study with the Kerns et al. (1983) study. One
factor that should be considered is that the'pathology evaluation
in the Dalbey (1982) study was less rigorous. Only 2 sections of
the nasal turbinates were examined as compared to sections taken
from 5 anatomical lévels of the nasal cavity of rats in the Kerns
et al. (1983) study.

Also, the Kerns et al. (1983) study used three HCHO exposurs2
levels ( 2.0, 5.6, and 14.3 ppm) whereas only 10 ppm of HCHO was
used in the Dalbey (1982) study. If one compares the ppm-hrs/week
received by rats at 5.6 ppm in the Kerns study and hamsters at 10
ppm, one sees that the ppm-hrs/week for the hamster is equivalent to
a hypothetical dosing regimen of 8.3 ppm for rats (5.6 ppm X 6
hr/days X 5 days = 168 ppm-hrs/week vs. 10 ppm X S hr/days X 5
days = 250 ppm-hrs/week; this is equivalent to 250 ppm-hrs/wk + 6
hr/day X 5 d/wk = 8.3 ppm). Since only two squamous cell

carcinomas were seen in the Kerns et al. (1983) study out of 240

rats at 5.6 ppm, the likelihood of detecting a tumor in the
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Dalbey (1983) study, which used 88 hamsters, is poor. 1In fact,
there is a 30% probability that the absence of tumors is due to
chance.

Finally, it is well established (Kane et al., 1979 and
Buckley.et al., 1984) that many sensory irritants decrease the
respiratory rate of exposed animals. For rats the RDSQ
(concentration required to reduce respiratory rate hy 50%) for
HCHO is approximately 32 ppm and for mice it is 3.1 ppm. 1If one
assumes that a HCHO-related sensory irritant response is found in
hamsters (little data have been developed on the hamster in this
regard) (see Alarie, 1985), it is possible that the hamsters in
the Dalbey (1982) study reduced their respiratory rate, which
would further lessen the dose to target tissue.

Although an RDSO value for HCHO has not been reported for
hamsters, a study by Feron et al. (1978) comparing the respnnses
of hamsters, rats, and rabbits to acrolein vapor indicates that
hamsters may resemble mice more in their respiratory response to
HCHO than rats. The hamsters were slightly affected (nasal
cavity lesions) at 1.4 ppm and severely affectd at 4.9 ppm by the
acrolein. In contrast, rats were slightly affected at 0.4 ppm
and were more severely affected at 1.4 and 4.9 ppm. This
response is similar to the difference in response (nonneoplastic
lesions) between rats and mice in the Kerns et al. (1983) study
where rats were affected at all dose levels whereas mice, because
of a lower RDS0 value for HCHO, were affected only slightly at

5.6 ppﬁ and more seriously at 14.3 ppm. However, in studies by

4-14



Kendrick et-al. (1976) and Rubin et al. (1978) in which the
effects of tobacco smoke inhalation were investigated for rats
and hamsters, it was found that at least for tobacco smoke, rats
and hamsters had similar reductions in breathing rate and minute
Qolume and in the amount of particulate matter retained in the
test aniﬁals. Consequently, conclusions regarding the comparison
of HCHO-induced respiratory changes in rats and hamsters must
await further research.

In the second part of the Dalbey (1982) study no tumors were
observed in untreated hamsters or those hamsters receiving only
HCHO. However, 77% of the DEN-treated controls had a tumor
(adenomas) at ten or more sites in the respiratory tract.
Although HCHO exposure concurrent with, or after, DEN treatment
did not increase the number of tumor-bearing animals (TBA), the'
number of tumors per animal (tracheal tumors) was nearly doubled
over DEN-only controls when HCHO was administered 2 days prior to
each of 10 weekly DEN treatments, whereas post-HCHO treatment had
no measurable effect. Thus, under conditions of the test, HCHO
was a cofactor in chemical carcinogenesis. However, there was a
corresponding decrease in lung tumors in hamsters exposed to ooth
agents: this suggests that the effect on the trachea may be
within the limits of experimental variability (Consensus Workshop
on Formaldehyde, 1984). In addition, survival in the HCHO-DEN
groups was poor, which further complicates the findings of this

part of the Dalbey study.
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In a study by Rusch et al. (1983), groups of 6 male
Cynomologus monkeys, 26 male and 20 female Fischer 344 rats, and
10 male and 10 female Syrian golden hamsters were exposed to O,
0.20, 1.0 and 3.0 ppm HCHO for 22 hrs/day, 7 days/week, for 26
weeks. The most significant finding was squamous metaplasia/
hyperplasia in rats and monkeys at 3.0 ppm; little or no responsé
was seen at the lower exposure levels. Hamsters did not show any
significant responses at any exposure level., The results from
this study indicate that concentration may be more important than
total dose if squamous metaplasia/hyperplasia is the response
measured, when the results are compared to those of the Kerns et
al. (1983) study. In the Kerns study, squamous metaplasia was
found in rats in the 2.0 ppm exposure group during the course of
the exposufe (2.0 ppm & hr/day, 7 days/week, for life). However,
.in the Rusch et al. (1983) study rats exposed to 1.0 ppm HCHO had
no squamous metaplasia, even though they received a total dose
2.5 times that received by the rats at 2.0 ppm in the Kerns et
ai. (1983) study. This study design was unlikely to sho@ any
neoplastic response because of its small number of animals and
short duration.

The carcinogenicity of HCHO also has been tested by a
variety of other routes of administration including subcutaneous
injection in rats (Watanabe et al. 1954, 1955), ingestion by mice
and rats (Della Porta et al. 1968, 1970), and application to the
buccal mucosa in rabbits (Meuller et al., 1978). Because of the

experimental protocols used, none of these studies permits firm
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conclusions regarding HCHO carcinogenicity. Nonetheless, some of
the studies give definite clues that HCHO may be carcinogenic to
a variety of target tissues as well aé to a variety of animal
species (and not only to the nasal epithelium of rats).

In o6ne experiment, Meuller et al. (1978), applied a solution
of 3% formalin to the oral mucosa of rabbits, using an "oral
tank." Each exposure lasted for 90 minutes and was repeated 5
times per week for a period of 10 months. As a result, 2 out of
6 rabbits developed grossly visible leukoplakias that, according
to the authors, showed histological features of carcinoma in
situ. Unfortunately, the information given on the
histomorphology of the lesions is very scanty.

Other experiments which suggest that HCHO produces
carcinogenic effects are those by Watanabe et al. (1954, 1953),
who injected rats (strain unknown) subcutaneocusly with formalin
and with hexamethylenetetramine (HMT, from which HCHO is
liberated in vivo) and produced injection-site sarcomas.

However, several other studies carried out with HMT by
Brendel (1964) who administered HMT by gavage to rats and Della
Porta et al. (1968, 1970) who administered HMT in drinking water
to mice and rats, resulted in negative findinés. The
significance of these finding must be tempered by the fact that
chemicals often give disparate results by different routes of
exposure. For example, hexamethylphosphoramide (HMPA) is a
potent nasal carcinogen by inhalation, but was not carcinogenic

in rats fed HMPA for 2 years (Lee and Trochimowicz, 1984).



A study by Klenitzky (1940) in which "formol oil" was
applied 50 times to the cervix uteri of mice resulted in no
tumors.

Finally, a study by Spangler and Ward (1933) has been
interpreted as showing weak promoting activity of HCHO:acetone
soluti&ns on Sencar mouse skin. However, in another study by
Krivanek et al. (1983) on CD-1 mice, no promotion was observed
when nonirritating applications of HCHO:acetone solutions were
used (Consensus Workshop on Formaldehyde, 1984).

4.2, Data Selection for Quantitative Analysis

As discussed above, there are a number of studies available
which indicate the carcinogenic potential of HCHO. For the
purpose of Quantitative Risk Assessment, the Agency generally
chooses a well-designed and conducted study that uses the most
sensitive species of animal (EPA, 1986).

In the case of HCHO, the Kerns et al. (1983) study (CIIT
study)fits these criteria. This study has been reviewed by a
number of'panels (IRMC, 1984; Consensus Workshop on Formaldehyde,
1984) and has been found to be of sufficient quality Egr risk
estimation purposes. The selection of the Kerns et al. (1983)
study is consistent with EPA‘s Carcinogen Risk Assessment
Guidelines (EPA, 1986). Since squamous cell carcinomas were the
only statistically significant malignant tumors observed in the
study, they are the primary end point used for quantitative risk
assessment. A small number of benign tﬁmors, were also

observed. The Guidelines state that benign tumors should be



combined with malignant tumors for risk estimation unless the
benign tumors are not considered to have the potential to
progress to the associated malignancieé. The following discusion
explores this question.

4.2.1. "~ Polypoid Adenomas/Other Tumors Observed

In the Kerns et al. (1983) study, a small number of polypoid
adenomas were reported in the rats: 1, 8, 6, and 5 adenomas in
the 0, 2.0, 5.6, and 14.3 ppm groups, respectively. Recause a
number of questions were raised about the accuracy of the
diagnosis of these lesions, they were reexamined by a pathology
working group (PWG) (Boorman, 1984; Consensus Workshop, 1984).
The results of the PWG reexamination are as follows: 1, 8, 5,
and 2 adenomas in the 0, 2.0, 5.6, and 14.3 ppm groups,
respectively. However, two adenomas diagnosed at 2.0 ppm and one
at 5.6 ppm were borderline calls between focal hyperplasia and
small benign tumors. See Table 4-3 for a breakdown by dose and
sex. In addition, two lesions originally diagnosed as nasal
carcinomas were rediagnosed as adenocarcinoma and poorly
differentiated carcinoma which were thought to be morphologically
related. This has relevance to the following discussion of the
potential of polypoid adenomas to progress to a cancer.

The PWG was asked to speculate about the possible
progression of the polypoid adenomas. The consensus of the PWG
was that there was no evidence that polypoid adenomas progressed
to squamous cell carcinomas and that they should not be combined
with squamous cell carcinomas for statistical purposes (Boorman,

1984). This recommendation was accepted by the Risk Estimation
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Table 4-3.
INCIDENCE OF POLYPOID ADENOMA AS

REPORTED BY PWG

DOSE (ppm) Statistically
Sex 0 2.0 5.6 14.3 Total Significant?
M 1 4* Sk * 2 12 No

Nasal cavities

evaluated*** (118) (118) (119) (117)

£ 0 4 0 0 4 No
Nasal cavities

evaluated (114) (118) (ll16) (115)

Combined 1 8 5 2 16 Yes at 2.0 ppm

Nasal cavities

evaluated (232) (236) (235) (232)

30ne tailed Fisher exact test. Significance determined for each
dose level.

*Two tumors in this group were judged to be borderline
lesions between small benign tumor and focal hyperplasia.

**One tumor in this group was judged to be a borderline
lesion between small benign tumor and focal hyperplasia.

***PFrom Kerns et al. 1983.



Panel of the Consensus Workshop on Formaldeﬁyde {1984). In
addition, an analysis of the localization of the tumors observed
in the Kerns study by Morgan et al. (1985) revealed that the
squamous cell carcinomas denerally occurred on the anterior
portion of the lateral aspect of the nasoturbinate and ad jacent
lateral wall (57%) or the mid-neutral nasal septum (26%), 1In
contrast, the polypoid adenomas were confined to a small area of
the anterior nasal cavity and were restricted to the margins of
the naso- and maxilloturbinates and lateral wall adjacent to
these margins. Consequently, it appears unlikely that polypoid
adenomas represent the benign counterpart of squamous cell
carcinomas.

A small number of other cancers were seen in the Kerns et
al. (1983) study. These included one adenocarcinoma, one poorly
differentiated carcinoma, one carcinosarcoma, and two poorly
differentiated carcinoma/sarcoma. The Carcinogenicity/
Histopathology/Genotoxicity Panel of the Consensus Workshop on
Formaldehydé (1984) stated that "([Tlhe polympoid adenomas can be
evaluated separately and in combination with the nonsguamous
carcinomas that were observed in the 14 ppm rats.”

Since an adenocarcinoma and a morphologically similar
carcinoma were seen in the study, the polypoid adenomas may
represent the benign counterpart of these lesions. The PWG
stated that these lesions might arise de novo, originate from
submucosal glands, arise in polypoid adenomas, or a combination

of the above. Also, the PWG stated that "not enough information



was available about nasal cavity tumors to predict the
possibility of benign tumors progressing to carcinomas.”

However, a recent analysis by Swenberng and Boreiko (1985) states
that polypoid adenomas are likely to be the benign counterpart of
adenocarcinomas and may be more common in control animals than
previously thought. In the Kerns study, one polypoid adenoma was
present in the same section as an adenocarcinoma in the 15 ppm
exposure qgroup. In contrast, no adenocarcinomas were found in
the 2 or 6 ppm exposure group, even though more polypoid adenomas
were found at each of these two exposure levels than at 15 ppm.
Even if polypoid adenomas are considered to be the benign
counterpart of adenocarcinomas, the conversion rate is low (a
conversion ratio of 1:19). As for the possibility that the
polypoid adenomas may be the benign counterpart of

carcinosarcomas, this seems unlikely due to different tissue
type. Added to this are the lack of dose-response, diagnoétic
uncertainties (3 of the 12 tumors were borderline calls), and the
poor statistical significance of these lesions.

Finally, as discussed earlier, in the Albert et al. (1982)
and the Tobe et al. (1985) studies, papillomas rather than
polypoid adenomas were observed and in the Kerns et al. (1983)
study only polypoid adenomas were observed. This intraspecies
(and intrastrain since Tobe et al. and Kerns et al. used Fischer
344 rats) difference also adds to the uncertainty in using the
polypoid adenoma data for risk estimation purposes. Whether the

difference in benign tumors observed is due to a strain differencef



1s not clear. However, the separate appearance of two distinct
types of benign tumors further calls into question the significance
of these lesions regarding their ability to progress to squamous
cell carcinomas and their relevance in estimating human risk.

Because the nature and progression of benign nasal tumors is
not well understood, studies on other chemicals can be looked to
for elucidation.

Studies by Lee and Trochimowicz (1984), Takano et al (1982),
and Reznik et al. (1980) have examined the morphology of nasal
tumors in rats caused by exposure to hexamethylphosphoramide
(HMPA), 1,4-dinitrospiperazine (DNP), and 1,2-dibromo-3-
chloropropane (DBCP), respectively. In thé‘Reznik et al. (1980)
study on 0BCP, 78% of the tumors in male and 66% in female F-344
rats in the low dose group were benign (adenomas and squamous-
cell papillomas). However, in the high dose group 89% and 76% of
the tumors in males and females, respectively, were malignant
(adenocarcinomas and squamous-cell carcinomas). It does not
appear that the shift from primarily benign tumors at the low
dose to primarily malignant tumors at the Biqh dose means that
the benign tumors were progressing go their malignant
counterparts. Most of the benign tumors were located in the
anterior part of the nasal cavity, while most of the malignant
tumors were located in the region of the ethmoturbinates and the
posterior part of the nasal septum. Adenomas and adenocarcinomas

were often seen in rats at the same time and dose, but in

different parts of the nasal cavity.
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In the Takano et al. (1982) study with DNP using F-344 ratd
5 different proliferative lesions were seen: simple hyperplasia,
papillary hyperplasia, nodular hyperplasia, papilloma, and
carcinoma (mostly adenocarcinomas). Papillary hypernlasia and
papilloma were mainly located in the anterior regions of the
nasal cavity. Nodular hyperplasia and adenocarcinoma, on the
other hand, were found in the posterior regions. Also, these
pairs of lesions often coexisted in their respective iocations.
The conclusion of the authors was that papillary hyperplasia
progresses to papilloma and that nodular hyperplasia progesses to
adenocarcinoma.

The studies by Lee and Trochimowicz (1982, 1984) using
Sprague-Dawley rats showed that HMPA caused mainly epidermoid
(squamous cell) carcinomas (71%), adenoid squamous carcinoma
(L5%) and squamous cell papilloma (8.2%). (A small number of
adenomatous polyps were seen with adenoid squamous carcinomas.)
The squamous cell papillomas were mostly exophytic, which may
indicate that they may not represent the benign counterpart of
the epidermoid carcinomas for two reasons. First, in the Takano
et al. (1982) study, nodular hyperplasias rather than papillomas
seemed to progress to adenocarcinomaé. Second, the .papillomas
and nodular hyperplasias are similar to human exophytic and
inverted papillomas, respectively. In humans, squamous
carcinomas apparently arise from inverted papillomas rather than
exophytic papillomas (Takano et al., 1982).

The experience with other chemicals (see Lee and
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Trochimowicz, 1982) and the foregoing illustrate the variability
of the types and locations of the tumors found. Also, except in
limited cases, the progression of preneoplastic and beniqgn
neoplasms to malignant neoplasms is not known with any
assurance. Although some studies of chemicals show a tumor
profile that is predominantly benign at low déses and malignant
at high doses (NTP, 1982a: NTP, 1982b) other studies, such as of
HMPA, show primarily malignant tumors at all dose levels
eliciting a response. This may be the result of a speed-up of
the carcinogenic process at higher doses in the former case or as
in the latter one the chemical may be so:potent that even at low
doses progression is completed before termination of the study..

Because there are so many uncertainties associated with the
polypoid adenoma data, it is recommended that (l) they not be
combined with squamous cell carcinomas (pooling) for statistical
purposes, and (2) risk estimates should be generated separately
using the polypoid adenoma data for analysis purposes (see
Sections 7.2 and 7.4).

4.3, Short-Term Tests: Genotoxicity and Cell Transformation

HCHO affects genetic material in a wide range of test
systems (Auerbach et al. (1977); Ragan and Boreiko (1981):
Boreiko et al. (1982); Golmacher and Thilly (1983): Ulsamer et
al. (1984); Consensus Workshop on Formaldehyde (1984); Dooley et
al. (1985); Ma et al. (1985); Scott et al. (1985): Cantoni and
Cattabeni (1985), and Stankowski et al. (1986)). Mut::enic

activity of HCHO has been demonstrated in viruses, Escherichia
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coli, Pseudomonas pluonescens, Salmonella typhimurium, and

certain strains of yeast, fungi, Drosophila, grasshopper, and
mammalian cells (Ulsamer et al., 1984). HCHO's ability to cause
gene mutations, single strand breaks in DNA, DNA-protein cross-
links, sister chromatid exchanges (SCE), and chromosome
aberrations has been demonstrated (Consensus Workshop on
Formaldehyde, 1984). 1In vitro studies have shown HCHO's ability
to transform BALB/c 3T3 mouse cells, BHK 21 hamster cells, and
C2H-10T1/2 mouse cells and to enhance the transformation of
Syrian hamster embryo cells by SA7 adenovirus, and to inhibit DNA
repair (Consensus Workshop on Formaldehyde, 1984). In a study by
Ragan and Boreiko (198l), treatment of C3H/10TV2cells with HCHO‘
did not result in significant rates of transformation. However,
;f HCHO treatment was followed by continuous treatment with the
tumor promoter l2-0O-tetradecanoyl phorbol-l3-acetate, significant
transformation occurred. HCHO also causes increases in the
frequencies of observed ﬁutatious in the presence of other
mutagens, such as X-rays, ultraviolet radiation, and hydrogen
peroxide. Compared to its effects on strains of E. coli and

Saccharomyces cerevisiae with normal repair mechanisms, HCHO

caused greater lethal and mutagenic effects in excision repair-
deficient strains (Ulsamer et al., 1984).

In reviewing much of the above literature, the Consensus
Workshop on Formaldehyde (1984) "found that the recent work is
more likely to find HCHO a mutagen than earlier studies, and is

also more likely to show a dose-response relationship. These
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results are-most probably attributable to the greater
sophistication in the way the later assays were carried out. It
should be noted that in ﬁhe apove studies, the relationship
between the cytotoxicity induced by HCHO and mutagenicity or
transformation induced by this agent is typical of most mutagens/
carcinogéns that are positive in these assays. The data we have
reviewed are consistent with HCHO acting as a weak mutagen {(i.e.,
less than a ten-fold increase over background)." In certain
bacterial tests it might be considered weak acting, but in a
recent NTP Drosophila sex-linked recessive lethal test, HCHO
would not be considered a weak acting mutagen (Woodruff ét at.,
1985). In fact, in some cases HCHO is used as a test standard.
In vitrq Cytogenetic studies have shown HCHb to be an efficient
inducer of sister chromatid exchanges (SCEs) and chromosomal
aberrations (Natarajan et al., 1983).

In a stddy by Grafstrom et al. (1983) using cultured
bronchial epithelial and fibroblastic cells, HCHO's ability to
cause the formation of cross-links between DNA and proteins,
cause single-strand breaks in DNA, and to inhibit the resealing
of single-strand breaks produced by ionizing radiation has been
shown. HCHO also inhibited the unscheduled DNA synthesis that
occurs after exposure to ultraviolet irradiation or to benzo-
(a]lpyrene diolexepoxide, but at doses substantially higher than
those required to inhibit the resealing of X-ray'induced single-
strand breaks, suggesting HCHO could exert its effects by Dboth

damaging DNA and inhibiting DNA repair.



As a fsllow-up to the above study, Grafstrom et al. (1984)
investigated the repair of DNA damage caused by HCHO in human
bronchial epithelial cells and fibroblasts, skin fibroblasts, and
DNA excision repair-deficient skin fibroblasts from donors with
xeroderma pigmentosum. Exposure of these cell types to HCHO
caused similar levels of DNA-protein cross-links and removal of
such cross-links in all cell types. The half-life for the cross-
links was about 2-3 hours. An examination of the induction and
repair of DNA single-strand breaks showed that the production of
the breaks was dose dependent, and that there removal occurred at
rates similar to the removal of cross-links. In addition, the
results indicate that exposure to HCHO causes single-strand
breaks without the involvement of excision repair, and that
excision repair of HCHO damage may increase the single-strand
break frequency. HCHO also enhanced cytotoxicity of ionizing
radiation and N-methyl-n~-nitrosaourea in normal bronchial
epithelial cells and fibroblasts. The authors speculated that
the inhibition of DNA-repair probably involves the interaction of
HCHO with cellular proteins of importance in DNA repair. They
noted that the repair of DNA lesions causéd by ultraviolet
radiation has been shown to he inhibited by alkylating agents.

In a related study, Grafstrom et al. (1985) investigated the
effect of HCHO on the repair of Os-methylguanine and the ability
of HCHO to potentiate the mutagenicity of N-methyl-N-nitrosourea
(NMU) in normal human fibroblasts. When rate of DNA repair was

measured for NMU-treated cells that were incubated with HCHO, a
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significangly lower rate of DNA repair was observed compared to
NMU-treated cells. The authors proposed that HCHO inhibits DNA
repair by binding to the active site of Oe-alkylguanine'DNA
alkyltransferase. Also, although NMU and HCHO are weak mutagens,
addition of HCHO to NMU-treated cells resulted in a significantly
higher mutation frequency than was found with HCHO or NMU

alone. The increase may be due to HCHO's inhibiting 06-methyl-
quanine repair (Grafstrom et al., 1985).

However, the results of a study by Snyder and Van Houten
(1986) guestion the finding of Grafstrom et al. (1983) that HCHO
inhibits UV-induced, unscheduled DNA synthesis. They found that
the inhibition only occurs when thymidine is used as a precursor,
which suggests an uptake artifact. Also, their results indicate
that HCHO has no significnat effect on the rate of repair of
Xx-ray-induced strand breaks or those by bleomycin. Consequently,
Snyder and Van Houten believe that it is likely that HCHO has no
significant effect on the sealing of most DNA breaks in human
fibroblasts: their work did not support a conclusion that the
ligation step of excision repair is preferentially sensitive to
HCHO.

In a study by Craft and Skapek (1986) using human
lymphoblasts, it was found that when these cells were exposed in
vitro to HCHO using single or multiple treatment regimens, a
difference ih the cumulative induced mutant fraction was
observed. Single treatment exposures (0-150 uM X 2 hr) resulted

in a nonlinear increase in induced mutant fraction. The multiple



exposure experiment u-ing either three treatments of 50 uM X 2
hr, five treatments of 30 uM X 2 hr, or ten treatments of 15 uM X
2 hr, all treatments administered on alternative days, resulted
in additive (linear) increases in mutant fraction.

The multiple treatment regimen produced a lower rate of
mutations compared to an equivalent single dose:; an induced
mutant fraction of 2.2 t 0.2 X 10~% for the five 30 uM exposures
vs. 4.8 £ 0.4 X 10~% for the single 150 uM treatment.

A recent study by Casanova~-Schmitz et al. (1984) has
reported the difference between metabolic incorporation and
covalent binding in the labelling of macromolecules in rat nasal
mucosa and bone marrow by inhaled [14C]- and [3H] HCHO. Rats
were exposed to labelled HCHO at concentrations of 0.3, 2, 6, 10,
or 15 ppm for 6 hrs, one day following a single pre-exposure to
the same concentration of unlabelled HCHO. The principal finding
reported by the authors was the apparent nonlinearity in the
amount of covalent binding of HCHO to DNA of the respiratory
mucosa. The amount of HCHO covalently bound to mucosal DNA at 6
ppm was reported to be 10.5 times higher that at 2 ppm, whereas
covalent binding to protein increased in a linear manner with
increases in HCHO concentration. ©No covalent binding was noted
in tissues from the olfactory mucosa or bhone marrow. The
apparent nonlinear covalent binding of DNA between 2 and 6 ppm
has been used as an input in quantitative estimation of risk from
HCHO exposure (Starr and Buck, 1984). Whether Casanova-Schmitz

et. al. measured covalent binding of HCHO to macromolecules has



been guestioned. See section 4.5.2 for a further discussion of

this issue.

various studies have been undertaken to determine whether
HCHO has geaotoxic effects in vivo. In mice, the dominant lethal
test was found to be negative (doses up to 40 mg/kg, IP).
However, in a more recent dominant lethal assay using higher
doses (50 mg/kg, IP) and a different mouse strain specify,
marginally positive results were obtained, but only in the first
and third week of the seven weeks studied (Consensus Workshop on
Formaldehyde, 1984). However, the positive response obtained may

not be indicative of a mutagenic change for the following

reasons:

"l. The week to week variation in implantations data are
common in dominant lethal studies. Therefore,
concurrent controls should be included in each weekly
mating. It is not clear from the paper how the control
matings were conducted; the control value is shown as a
mean with no indication of the extend of weekly
variation in control population.

2. The index of implantation deaths should probably be
analyzed on the basis of "per pregnant female" and not
on the total numbers as done in the paper.

3. Preimplantation losses as shown in week 1 and 3 should
be viewed as an index of dominant lethal effect only i€
the losses were found to be due to death of preimplants
and not dQue to failure of oocytes to become fertilized.'

(IRMC Report on Systemic Effects, 1984)

Negative results were obtained when the induction of micronuclei
or chromosomal aberrations were used as an endpoint. A small
increase in .sister chromatid exchanges (SCE's) has been reported
in the bone marrow of mice exposed to high (>25 ppm) HCHO

concentrations. Unfortunately, technical problems were



encountered during the HCHO exposures, and the actual
concentrations required to elicit this effect are not known
(cOngensus Workshop on Formaldehyde, 1984). In a recent study by
Ward et al. (1984) measuring changes in sperm morphology, nice
were treated by gavage with five consecutive daily doses of
formalin (100 mg/kg; 10 animals). No increase in abnormal sperm
morphology was observed in the treated mice.

The possibility of genetic effects in humans caused by
inhalation of HCHO has been investigated by a number of persons.

In a study reported by Spear (1982), significant numbers of
SCE's in eight students exposed to HCHO during an anatomy
laboratory class were found. Mean HCHO levels were 1 ppm during
dissections. Mierouskiene' and Lekevicius (1985) have reported a,
statistically significant increase in chromosome aberrations inAa
group of 50 workers exposed to phenol, styrene, and HCHO. The
control group consisted of 25 individuals which had no
occupational exposure to chemical substances. The finding of
increased chromosome aberrations was independent of age, exposure
length, and smoking habit. In a study by Bauchinger and Schmid
(1985) using lymphocytes from 20 males exposed to HCHO and
unéxposed males employed by a paper factory, a significantly
increagsed incidence of dicentrics or dicentriés and ring
chromosomes was observed for 11 exposed workers employed as
supervisors. Their total mean exposure time was 2.5 times longer
than for the 9 exposed paper machine operators. SCE values were
not significantly different for smoking and nonsmoking HCHO

workers when compared with the control group.
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No gen;tic effects in humans were seen in studies by Fleig
et al. (1982), ward et al. (1984), and Thomson et al. (1984). 1In
the study by Fleig et al. (1982), 15 employees exposed to HCHO
during HCHO manufacture and processing were studied. The
employeas had 23 to 35 years of exposure. Mean HCHO levels did
not exceed 5 ppm before 1971 and 1 ppm after that date, with most
workers exposed to a maximum of 0.25 ppm (post 1971). No
increase in chromosome aberrations was observed as compared to
controls. Similarly, in a study .of pathology staff exposed to
" HCHO by Thomson et al. (1984), no difference in chromosome
aberrations induction and SCE frequencies was seen between the
exposed and control groups (6 exposed and 5 controls). Time-
weighted average levels of HCHO ranged from 1.14 to 6.93 mg/m3,
with peaks greater than 11.0 mg/m3. The pathology workers were
generally exposed to HCHO for 2-4 hours per day, 2-3 days per
week. In the Ward et al (1984) study, sperm count, morphology,
and fluorescent body frequency in 1l autopsy service workers
‘exposed to HCHO and ll controls were evaluated. Time-weighted
average HCHO levels ranged from 0.61 to 1.32 ppm (weekly exposure
range 3-40 pm hours). No significant differences in the
endpointgs studied were obgerved between exposed and control
groups.

Finally, Connor et al. (1985) examined the mutagenicity of
urine from HCHO-exposed autopsy service workers. An exposed
group of 19 and a control group of 20 were matched by sex, age,

and use of tabacco, alcohol, and recreational drugs. Urine



samples were tested using S. typhimurium TA100 and TA98 with and

without S9 activation. Except for a sample from a smoker in the
control group and three samples from an individual receiving
metronidazole therapy, most samples produced little or no
increase in revertants using either strain. However, a
significant number of the samples from the exposed group were
toxic to TAlOO and TA98. Similar findings have been reported for
aluminum workers (exposed and control) and in nursing

personnel. The toxicity from the three gtudies appear to be
identical, but the toxicant has not been identified (Connor et
al., 1985).

As noted above, the literature reports conflicting data
concerning chromosomal effects in humans. However, the weight of
these data seems to indicate little potential for these effects
in the workplace, but this judgement must be tempered by the

limitations of the studies.



4.4. Othér Bffécts/Defense Mechanisms

4.4.1. Introduction

The cancer response observed in the Kerns et al. (1983)
study was very nonlinear, 1% of the rats responded at 5.6 ppm
while 50% responded at 14.3 ppm. A number of hypotheses have
been developed which attempt to explain this response and the
different responées seen in rats and mice in that study. These
hypotheses are based on the noncarcinogenic effects of HCHO.
Although these noncarcinogenic effects are not easily separated,
it is possible to discuss the nature of the effects themselves,
and how they may relate to results seen in long~-term animal tests
of HCHO, by examining three subject areas: sensory irritation;
cell-proliferation; and the mechanics of the mucou§ layer
"defense" system.

4.4.2. Sensory Irritation

In the Kerns et al. (1983) study, the response observed in
mice as compared to rats is markedly different, 2 mice responding
at 14.3 ppm versus 103 rats reéponding‘at this concentration.
Also, in studies using hamsters (Dalbey, 1982), no tumor response
was seen. One of the reasons given for the difference bhetween
rats and mice is the observation that mice exposed to 14.3 ppm
reduce their breathing rate in response to the irritant
properties of HCHO. Such an effect may be occuring in hamsters
aﬁ the doses tested, but experimental evidence is lacking. How
reduction in breathing rates (which is an effective defenée.
mechanism at certain concentrations) is weighed in terms of HCHO

cancer risk assessment is discussed below.
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It is.well established that sensory irritants evoke
responses by stimulating the free nerve endings of the afferent
trigeminal nerve located in the corneal, nasal, and oral
mucosa. Besides burning sensations, sensory irritants cause a
number of physiological reflex responses, one of which is a
decrease in respiratory rate. A number of chemicals have been
studied in this regard and have RDS0's established for them. The
RD5Q0 value is the concentration of an irritant that causes a 50%
reduction in respiratory rate. A proposal to use RD50's to
establish concentration standards for human exposure to sensory
irritants has been made (see Kane et al., 1979; and Buckley et
al., 1984). A number of chemicals have been investigated and
RD50 values established, including HCHO and hydrogen chloride.
Consideration of this effect may be important in interpreting
inhalation biocassays because a doubling of a nominal
concentration to which an animal is exposed may not result in a
doubling of the dose actually received by the animal. Fnor
instance, the RDS0 value of HCHO for Swiss~-Webster mice is 3.13
ppm. Consequently, results from a study using a dosing regimen
with concentrations above and below this number should be
interpreted in the light of the fact that the dose actually
received by the test animals does not increase in the same
proportion as the nominal concentration. Also, it should be
noted that respiratory rate suppression could change over the

course of a chronic study (Dallas et al. 1985).
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In thé case of the Kerns study, experimental data (Chang et
al., 1981; 1983) indicate that mice exposed to 14.3 ppm HCHO
reduced their breathing rate to such an extent that an adjusted
exposure concentration would show the mice being dosed with
approxi@ately the same amount of HCHO as rats at 5.6 ppm, where
the same cancer response was observed. If this factor is wholly
responsible for the difference in response between rats and
mouse, then adjusted doses can be used to calculate risks from
mouse data. Thus, it can be postulated that if mice could be
exposed to levels of HCHO that would approximate the amount rats
received at 14.3 ppm, then the response in mice would be similar.

The evidence indicates that mice are more sensitive or
better able to respond to the sensory effects of HCHO than rats,
and it may be this response which accounts for the different
carcinogenic response observed in rats and mice in the Kerns et
al. (1983) study. Adjusting dose levels for this response shows
that mice may be as sensitiQe as rats to the carcinogenic
potential of HCHO. Hamsters, on the other hand, appear to be
less sensitive to HCHO, although the response of hamsters and
rats to tobacco smoke is similar (as discussed in the section on
animal tests, two factors may account for the absence of an
observed effect in hamster; limited pathology work in the study,
and a low test dose.

4.4.3. Cell Proliferation, Cytotoxicity, and the Mucous Layer

Another important consequence of HCHO's irritant properties

is its effects on cell proliferation and damage it can cause to



the mucociliary clearance system (respiratory and olfactory
epithelium) of the nasal cavity. These effects have been cited
'(Starr et al., 1984) as important factors in HCHO induced
carcinogenicty from the standpoint of their impact on the
mucociliary clearance system, as a prerequisite for HCHO induced
cancer, and in understanding the importance of concentration
versus cumulative exposure. These factors have an important
impact on the model chosen for quantitative risk assessment and
the weighing of noncarcinogenic effects és a cancer risk factor.

4.4.3.1. Cell Proliferation and Cytotoxicity

Studies by Swenberg et al. (1983) and Chang et al. (1983)
have reported the relationship between HCHO concentration and
cumulative exposure on cell turnover in the nasal cavity of rats
and mice. A diagram indicating the codinag of the nasal cavities
of rats and mice for the test data discussed below is provided in

Figure 4-3.

Fiqure 4-3. Drawing indicating the level of sections from
the nasal passages of rats and mice. Figure taken from
Swenberg et al. 1983.
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In one tesf, rats and mice were exposed to 0, 0.5, 2, 6, and 15
ppm HCHO 6 hrs/day for 3 days, and then to 3H-thymidine 2 hours
after the end of exposure. As illustréted in Table 4-4,
increased cell proliferation as measured by increased
incorporation of labelled thymidine into célls was evident in

- rats at 6 and 15 ppm and in mice at 15 ppm.

Table 4-4.
EPFECT OF PORMALDEHYDE EXPOSURE ON CELL PROLIPERATION
IN LEVEL B OF THE NASAL PASSAGES®*

% of Labelled Respiratory Epithelial Cells***

Exposure* Rat Mouse
Control 0.22 + 0.03 0.12 + 0.02
0.5 ppm 0.38 + 0.05 0.09 + 0.04
2 ppm : 0.33 + 0.06 0.08 + 0.04
6 ppm 5.40 + 0.82 0.15 + 0.06
15 ppm 2.83 + 0.81 0.97 + 0.04

*Table taken from Swenberg et al. (19813).
**all animals exposed for 6 hrs/day for 3 days.
***Mean + standard error.

When the labelled thymidine is administered 18 hours after
the last exposure, a greater increase in cell turnover is seen as
illustrated in Table 4-5. The increase in cell labelling may be
because 2 hours post exposure may not be the most sensitive time
for DNA synthesis due to initial inhibition by HCHO (Swenberg et

al., 1983).
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~ EPPECT OP THE TIME OF ~“H-THYMIDINE PULSE ON CELL
REPLICATION AFTER HCHO EXPOSURE TO RAT (LEVEL B)*

Post-Exposure $ Labelled Cells**

Time of Pulse O/ppm 6 ppm***
2 hours 0.26 + 0.03 1.22 + 0.17
18 hours 0.54 + 0.06 3.07 + 1.09

*Table taken from Swenberg et al. (1983).
**Mean + standard error.
***6 ppm, 6hr/day for three day.

To determine whether concentration is more important than
cumulative dose, a series of concentration time products were
tested. Each product equaled 36 ppm-hrs of exposure. The
results of this test, which appear in Table 4-6, indicate that,

at least for the effect measured, concentration has a greater

affect in level B of the rat nasal cavity.

Table 4-6.
EPFECT OF HCHO CONCENTRATION vs. CUMULATIVE
EXPOSURE ON CELL TURNOVER IN RATS (Level B)*

$ Labelled Cells**

Exposure 3 days + 18 hrs 10 days + 18 hrs
Control 0.54 + 0.03 0.26 + 0.02

3 ppm X 12 hrs 1.73 + 0.63 0.49 + 0.19

6 ppm X 6 hrs 3.07 + 1.09 0.53 + 0.20
12 ppm X 3 hrs 9.00 + 0.88 1.73 + 0.65

*Table taken from Swenberg et al. (1983)
**Mean + standard error.
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However, the amount of labeling measured in the most
anterior region of the nasal cavity indicates the opposite. The
extent of labeling was essentially the same at each HCHO exposure

level. See Table 4-7 for details.

Table 4-7.
EFPECT OF HCHO CONCENTRATION vs. CUMULATIVE
EXPOSURE ON CELL TURNOVER IN RATS (Level A)*

% Labelled Cells

Exposure After 3 Days Exposure**
Control 3.00 + 1.56

3 ppm X 12 hrs 16.99 + 1.50

6 ppm X 6 hrs 15.46 + 10.01

12 ppm X 3 hrs 16.49 + 2.07

*Table taken from Swenberg et al. (1983)
**Mean + standard error.

Whether this difference in cell proliferation between levels
A and B is due to differences in mucociliary clearance in the
respective regions, to HCHO-laden mucous flowing from posterior
to anterior regions (Swenberg et al., 1983) or simply that the
"capture" capacity of Level A is exceeded which allows pass-by of
HCHO to Level B and beyond, or some other reason, is unknown.

The data developed on mice regarding cell proliferation are
not as‘clear. In a test to measure differences between
concentration and cumulative exposurehthere was an inverse
response as illustrated in Table 4-8. Perhaps the ability of
mice to reduce their breathing rate at high HCHO concentrations

played a role.



Table 4-8.
EPPECT OF HCHO CONCENTRATION vs. CUMULATIVE
EXPOSURE ON CELL TURNOVER IN MICE (Level A)*

% of Labelled Cells

Exposure After 10 Days Exposure**
Control 1.24 + 0.57

3 ppm X 12 hrs 10.14 + 3.20

6 ppm X 6 hrs 4.72 + 1.61

12 ppm X 3 hrs 1.76 + 0.49

*Table taken from Swenberg et al. (1983).
**Mean + standard error.

The difference between rats and mice has not been adequately
explained, except that there appears to be a significant species
difference regarding cell proliferation.

A study by Rusch et al. (1983) supports the concept that
concentration may be more important than cumulative exposure, at
least for rats. In the study, five gqroups of 6 male Cynomoloqus
monkeys, 20 male and 20 female Fischer 344 rats, and 10 male and
10 female Syrian golden hamsters were exposed to 0, 0.2, 1.0, and
3.00 ppm for 22 hrs per day, 7 dayé per week for 26 weeks.

The most significant finding was squamous metaplasia/
hyperplasia in rats and monkeys at 3.0 ppm. Hamsters were not
affected at any dose level. However, the most significant
finding is that even though rats at 1.0 ppm in the Rusch et al.
(1983) study received a cumulative exposure 2.5 times greater
than rats at 2.0 ppm in the Kerns et al. (1983) study, which

experienced squamous metaplasia, they were largely free of



squamous m;tapiasia. This strengthens the conclusion of the
Swenberg et al. (1983) study which indicates that, at least for
rats, concentration is more of a factor than cumulative exposure
for metaplasia.

In- the Kerns et al. (1982) study, significant levels of
noncarcinogenic lesions were noted in rats at all dose levels.
The severity and extent of these lesions were concentration and
time dependent‘and seem to be correlated with the cancer
response, i.e., these lesions preceded the appearance of squamous
cell carcinomas and their severity increased with increasing
cancer response. This observation, tied with the data showing
increases in cell proliferation due to HCHO exposure and a
threshold for squamous hyperplasia/metaplasia of between 1 and 2
ppm, leads some to the hypothesis that these effects are
important determinants in HCHO induced carcinogenicity and that
they help explain the nonlinearity of the cancer response.
Another factor suggested to contribute to the possibility of a
nonlinear response is the role of the mucousllayer in trapping
and removing HCHO. This hypothesis is that when its removal
capacity is exceeded or its flow impeded, HCHO can then impact
the respi;gtory epithelium, thus causing the noncarcinogenic
effects no£ed above. A discussion of the role of the mucous
layer follows this section.

As noted previously, there was a 50 fold increase in cancer
response due to a slightly more than a doubling of the dose in

the Kerns study (5.6 to 14.3 ppm). What was the change in
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response of the noncarcinogenic effects? Using data developed
for the incidence of sgquamous metaplasia in rats in the Kern
study, a rough compafison can be made. The incidence of séuamOus
metaplasia in level 2 (level B in Figure 4-3) of the rat nasal
cavity was chosen because it showed a positive correlation with
concentration rather than cumulative dose, moreover, it is in the
middle of the anterior part of the nasal cavity where the
squamous cell carcinomas were observed, and it is of the same
cell type as the carcinomas. If one compares the percentage
incidence of squamous meéaplasia in the three dose groups at the
sacrifice points in Table 4-9, one sees a clear dose-response,
but not a 50-fold increase between 5.6 and 14.3 ppm; there
appears to be only a 2-fold increase or less. While increased
cell turnovers could lead to greater interaction of HCHO and
single-strand DNA, and thus an enhancement of the cancer
response, incidence of sguamous metaplasia alone does not appear
to explain the extreme nonlinearity observed. A major limitation
of this comparison is that it does not account for the severity
and extent of the lesions which presumably increased at higher

concentrations.

y
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PREQUENCY OF SQUAMOUS METAPLASIA IN LEVEL 2
OF THE RAT NASAL CAVITY*

Incidence (Percent) of Squamous Metaplasia

Dose (ppm) Month of Sacrifice

6 12 18 24 27
5.6 . 50 45 60 65 30
14.3 75 90 98 100 100

*Estimated from Figure 4-1.

Other chemicals such as acetaldehyde and hexamethyphos-
phoramide (HMPA) are cytotoxic and cause cancer in rats. Data on
these chemicals may provide some insight.

If one examines the incidence and severity of the
noncarcinogenic lesions seen in the Woutersen (1985) acetaldehyde
study and the tumor response, one sees a roughly dose-related
response, i.e., a doubling of dose doubles the response seen
(cancer and noncancer). Although the olfactory epithelium was
severely affected at the highest dose, the cancer response is
hardly increased over the next lower dose (see the section on
Structure Activity Relationships for a full discussion of the
data on acetaldehyde).

An anatomical region that had a high incidence of noncancer
lesions that was dose-related was the larnyx (mostly squamous
metaplasia). Table 4#10 illustrates this response. However,

only one tumor was observed in the larnyx.



Table 4-10.
INCIDENCE OF LESIONS OTHER THAN TUMORS
IN THE LARNYX OF RATS EXPOSED TO
ACETALDEHYDE {NUMERIC]*

Dose (ppm)
0 750 1500 3000/1000
Number of Male Rats 50 50 51 47
Squamous metaplasia 3 6 23 41
Hyperkeratosis 1 4 13 32

*Data from Feron (1984)

The relationship between the noncancer and cancer response
seen in rats exposed to HMPA is unremarkable. As Table 4-11
indicates, an increase in dose did not lead to a many fold
increase in the cancer response although HMPA severely damaged

the nasal mucosa of the rats.

: Table 4-11.
INDICENCE OF EPIDERMOID AND ADENOID SQUAMOUS
CARCINOMAS IN RATS EXPOSED TO
HEXAMETHYLPHOSPHORAMIDE™*

Dose (ppb) 0 10 50 100 400 4,000
No. of Rats .
Examined 396 200 194 200 219 215

Tumor Incidence (%)

Epidermoid carcinoma 0 0 12.4 29.5 62.6 55.8
Adenoid squamous
carcinoma 0 0 2.1 2.5 9.6 19.1

*Data from Lee and Trochimowicz (1982)



As a g;nerai matter, it appears that there 1s no clear
relationship between cell proliferation/cytoxicity and tumor
response. It is clear that there is much variation in the way
tissues respond to carcinogens, and no firm conclusions can be
drawn.  The appearance of noncancer lesions is not surprising
given the acute toxicity of many carcinogens. However, it is
impossible at this time to clearly link the noncancer effects in
the Kerns study to the appearance of cancers and the nonlinearity
of the response. On the other hand, it is plausible that the
noncancer effects may enhance the cancer response of HCHO and
other carcinogens by providing an increased opportunity for HCHO
to interact with single-strand DNA during cell replication or to
promote an initiated cell. Consequently, prudence would dictate
that situations which cause cell proliferation or lesions shoul+
also be avoided. This includes short-term peaks especially if
cell proliferation and cytogicity contribute to the carcinogenic
process. Also, it must be remembered that there is a natural
background rate of cell turnover in the nasal mucosa which can
provide the opportunity for mutagenic/carcinogenic events to
occur. Although such events may be rare, only one such sequence
of events may need to occur in a population of 10,000 persons
over 70 yesars to give a cancer risk of 1 X 10794,

Finally when discussing acute responses to a chemical such
as irritating effects, it should be remembered that there can be
a no-effect level in individuals at or below which no response is

observed no matter how many days nf exposure occur. However,



once a minimum effect concentration is reached, the duration of
the exposure may have a major impact on the severity of the
effect. Although the occurrence of squamous metaplasia and other
responses to acute effects may influence the expression of a
carcinogenic response, the absence of these acute responses does
not signify a no-effect level or the absence of a carcinogenic
response. For instance, the well-known carcinogen urethan causes
skin tumors (papillomas and squamous cell carcinomas) in mice,
but not epidermal hyperplasia or inflammatory reactions (Iversen,
1984).

4.4.3,2. Mucous Layer

Besides HCHO's effect on cell proliferation and respiratory
response, it also hés a major impact on the mucociliary system of&
the nasal cavity through its ability to cause ciliastasis and
cell mortality at elevated concentrations. In addition, it has
been postulated that below certain HCHO concentrations (1-2 ppm)
the mucous layer can trap and remove much inhaled HCHO, thus
preventing it from reaching underlying cells. However, once the
mucous layer is saturated, HCHO can then begin to affect the
underlying cells as described in the sectién above. When this
occurs, the mucociliary clearance system is seriously compromised
which allows a greater amount of HCHO to reach the respiratory
epithelium. If the mucous layer removed most inhaled HCHO below
1l ppm then it would represent a threshold phenomenon at least for
thé nasal cavity. However, the evidence for this is lacking.

The discussion below describes the effects caused by HCHO on the

mucociliary system and its role in protecting the nasal mucosa.



The nasal cavity is primarily composed of ciliated
respiratory and olfactory epithelium which is covered by a moving
blanket of mucus. Mucus is composed of approximately 95% water,
0.5-1% glycoproteins, and other minor constituents. The human
nose has three functions, two of which depend on the presence of
a mucous layer. The first function of the nose is to inform us
of the presence of noxious gases, if these stimulate the
receptors of the olfactory nerves. The second function of the
nose is to drain the secretions of the sinuses and of the
lacrimal (tear) glands. The third function of the nose is to
prebare the inhaled air for the lungs. This includes warming,
moistening, and filtering inspired air. Dust and mény bacterial
found in the inspired air are impinged in the mucous that bathes
the mucous membrane and, by the action of the cilia of the nasal
passage, are moved outward (Tuttle et al., 1969).

As research by Morgan et al. (1983, 1984, 1986) indicates,
HCHO has a number of effects on the workings of thé mucociliary
apparatus. Using in vitro and in vivo techniques, Morgan et al.
(1983a) examined mucous flow patterns in the rat nasal cavity and
the effect of HCHO on the mucociliary apparatus. Results of the
in vitro analysis indicate that mucus was present as a flowing
continuous coat over the respiratory epithelium except.on the
most anteriorcentral extremity of the nasoturbinates and the
anteriomedial extremity of the maxilloturbinates. Mucous flow
rates ranged from 0.28 to 9.02 mm/minute. When rats were exposed

to 15 ppm HCHO, 6 hrs per day for 1, 2, 4, or 9 days, mucostasis



accompanied by ciliastasis was evident in a number of anatomicarl
regions of the rat nasal cavity. In another study by Morgan et
al. (1986), male rats were exposed for 6‘hours per day for 1, 2,
4, 9, or 14 days, t§ 0.5, 2, 6 or 15 ppm HCHO. There was a clear
dose-dependent affect on mucociliary activity. At 15 ppm there
was significant inhibition of mucociliary activity. Only slight
effects were noted in animals exposed to 2 or 6 ppm. At 0.5 ppm
no effects were observed. Finally, using frog palate, Morgan et
al. (1984) found that mucostasis, and ciliastasis occurred at
4.36 and 9.58 ppm, respectively. At 1.37 ppm an initial increase
in ciliary activity was observed but there was no mucostasis or
ciliastasis, while at 0.23 ppm there was no effect.

The above results indicate that a concentration relationship

exists where mucociliary flow would be impaired at 15 ppm and
less so at 6 and 2 ppm. This range corresponds to the range
where the steep dose-response in carcinogenicity of HCHO was seen
in the Kerns et al. (1983) study. Recent work by Bogdanffy et
al. (1985) demonstrated the ability of HCHO to bind with proteins
in human and rat nasal mucus and bovine serum albumin.
Incubation of HCHO in vitro with these materials indicated that
binding is rapid and that the main binding constituent in nasal
mucus is albumin. Consequently, some fraction of inhaled HCHO
would be e*pected to be bound and removed, thus protecting the
underlying epithelium.

Whether the mucous layer has some finite capacity to absorbd,

retain, bind, and metabolize HCHO and wash it away to prevent it



from reaching the underlying cells, or the response seen is
simply the overt signé of gradual cell toxicity, is unknown.
However, a number of factors can be considered when discussing
the protective ability of the mucous layer. First, humans can
detect HCHO at levels below 1 ppm which indicates that, at least
in the olfactory region of the nasal cavity, HCHO is not
completely removed by the mucous layer. The mucous layer is
reported to be immobile or flowing extremely slowly in this
region (CIIT, 1984). However, it would seem that if a greatly
reduced removal capacity of the mucous layer in the olfactory
region played a role, this region should have been a target for
effects in the Kerns et al. (1983) study. This was not the
case. The significant neoplastic and nonneoplastic effects were
generally seen in the anterior regions of the rat nasal cavity.
Second, in a study by Casanova-Schmitz et al., 1984), which
measured the difference between metabolic incorporation and
covalent binding of labelled HCHO to0 macromolecules, it was found
that covalent binding to protein increased in a linear manner
with increases in airborne concentrations (0.3-15 ppm). However,
the finding is complicated by the fact that labelled
extracellular as well as intracellular protein was measured and
the fact that the overall results of this study have been
questioned. Consequently, the relative proportions of these two
constituents may not be able to be compared at each dose level.
A discussion of the formation of DNA-HCHO adducts as studied in

this experiment may be found in section 4.5.2.4.



Finally, no data exist to show that other than a constant
proportion of HCHO reaches the respiratory epithelium at
concentrations below 2.0 ppm, levels that are generally not
acutely toxic to the underlying cells. At higher concentrations,
above the acute toxicity threshold, it is reasonable to expect
that higher, nonconstant proportions of HCHO reach the underlying
cells because of damage to and eventual destruction of the
mucociliary clearance system.

4.4,.3.3. Conclusion

In conclusion, it is consistent with some of the data
described above to assume that HCHO's irritant and cytotoxic
properties may have contributed to the nonlinearity of the
malignant tumor response seen in the Kerns et al. (1983) study.
HCHO's demonstrated ability to increase cell turnover could
provide greater opportunity for HCHO to interact with nuclear
material. As the concentration of HCHO increases, greater cell
proliferation and cell death occur which provide even more
opportunities for HCHO-DNA interactions. To what degree the
mucous layer protects against HCHO's cytotoxic effects is not
clear, but the experimental data do .suggest that it does play a
role. Although data show that HCHO reacts with protein in the
mucous layer, data have not been developed to show that the ratio
between the airborne concentration and the amount entering target
cells is nonlinear. Regarding the ihpact of changes in
respiratory response to sensory irritants, it is likely that this

response is responsible for the different response of rats and



mice in the-Kerné et al. (1983) study. Also, other data
presented by Swenberg et al. (1983) indicate that rats only
inhaled twice as much HCHO at 15 ppm as they did at 5.6 ppm,
which indicates that the dose-response curve may be even steeper
when target tissue dose is plotted rather than concentration.

It seems likely that many of the factors outlined above have
contributed to the differences seen among species in their
response to HCHO as well as the steep dose-response seen in the
Kerns et al. (1983) study. However, an examination of the data
described in the sections above (1) does not support the concepts
that the action of the mucous layer presents a barrier to HCHO or
that it causes a nonlinear relationship between air
concentrations and the amount reaching target cells at levels
helow overt acute toxicity, (2) that the appearance of and
severity of noncancer lesions can be used to predict the nature
of the cancer response, and (3) that the appearance of
noncancerous lesions is a necessary prerequisite for cancer
inauction.

4.5. Metabolism and Pharmacokinetics

4.5.1. Absorption

HCHO can enter the body as a result of inhalation,
ingestion, or dermal absorption. Absorption of HCHO through the
upper respiratory tract in doqgs haé been estimated to exceed 935%
of the inhaled dose (Egle, 1972), Nasal deposition in rats in
excess of 98% has been reported (Dallas et al., 1985). Studies

by Heck et al. (1983) indicate that most of the radiolabel from



radiolabelied HCHO inhaled by rats was found in tissues from the
anterior portion of the nasal cavity (the concentration was 10-
100 fold greater than other tissues). Radiolabel was found in
other tissues, but it is unlikely given HCHO's rapid metabolism
that the radiolabel found was HCHO. In another study by Heck et
al. (1982a), the quantity of HCHO was measured in rat tissue
before and after inhalation of HCHO or chloromethane. The
analytical method used cannot distinguish between free and bound
HCHO. Measured HCHO concentrations were as follows: 0.42 umol/g
for nasal mucosa, 0.097 umol/g for brain, and 0.20 umol/g for
liver. Inhalation of 6 ppm HCHO for 6 hrs/day for 10 days did
not significantly alter the nasal mucosa, brain, and liver HCHO
concentrations. A study by Bogdanffy et al. (1985) demonstrated
that nasal mucus reacts rapidly with HCHO, and suqggests that the
main binding constituent in nasal mucus is albumin,

Following oral exposure of dogs to HCHO, formate levels in
the blood increased rapidly, indicating rapid uptake and
metabolism (Malorny et al., 1965). Dermal absorption has been
demonstrated in guinea pigs (Usdin and Arnold, 1979), but does
not appear to be significant in comparison to inhalation or
ingestion. Studies have also demonstrated the dermal absorption
of [14C] HCHO in rats and monkeys, and rabbits (Ulsamer et al.
'13984). The chemical form of the radiolabel has not been
determined, but it has been reported by Ulsamer et al. (1984)
that data from in vitro diffusion studies using rabbit skin

indicate that free HCHO cannot be detected enzymatically.
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In a ;tudy by Bartnik et al. (1985), the percutaneous
absorption of HCHO was determined by applying [14C] HCHO=~
containing cream (0.1% HCHO) to the backs of rats. Over 70% of
the radiolabel was found in the treated skin, 2.3% in urine, 1.8%
in the carcass, 0.7% in feces, and 1.3% in CO, after 48 hours.
Thus total percutaneous absorption was 6.l% of the applied
dose. However, some fraction of this number may represent
methanol or formic acid which was present in the radiolabelled
sample (2 and 3%, respectively). Similar results were obtained

14C-labelled HCHO

by Robbins et al. (1984) using rabbits to which
was applied as a solution under an occluded patch.
Concentrations up to 37 dg HCHO per patch did not significantly
alter the proportion absorbed. When 14C-labelled DMDHEU
containing cloth was applied to the backs of rabbits under
various occlusion/perspiration conditions, only insignificant
amounts of the radiolabel penetrated the epidermis. Even under
the most severe test condition, only 2.5% of the radiolabel was
transferred from the cloth to the animal of which 80-90% was

found in the skin directly under the patch.

4.5.2. Pharmacokinetics

4.5.2.1. Conversion to formate

HCHO that enters the body appears to be converted rapidly to
formate and CO, (Malorny et al., 1965; McMartin et al., 1979) or
to combine with tissue constituents. The conversion of HCHO to
formate occurs following intravenous (i.v.) infusion,

subcutaneous injection, gastric intubation, or inhalation.



Studies using i;v. infusion of 0.2M HCHO to dogs have shown thaVl
only a small amount of HCHO appears in the plasma during exposure
(Malorny et al., 1965). This becomes undetectable within 1 hour
after cessation of infusion. The peak formate concentration
following HCHO infusion was the same as when formate (0.2M)
itself was infused. The plasma half-life for formate (between 80
and 90 min.) was also similar. In the same study, HCHO could not
be detected after oral administration of 0.2M HCHO, although
formate increased rapidly in the plasma with a half-life of 81.5
minutes.

Similar experiments using Cynomolgus monkeys, in which 0.2M
HCHO was infused i.v., showed no accumulation of HCHO in blood
(McMartin et al., 1979). The blood half-life was estimated to be
1.5 minutes. Similar half-lives for blood HCHO have been
observed in rats, quinea pigs, rabbits, and cats (Rietbrock,
1969). Studies by Heck (1982b) have shown that [14C1 formate and
[14CI HCHQ have similar distribution patterns in rat blood cells
and plasma following i.v. injection, and follow the same decay
curve. In a somewhat different experiment, McMartin et al.
(1979) administered cl4-1abelled methanol by gastric
intubation. Again, HCHO could not be detected in the blood
-although formate levels increased rapidly. A study in which
humans were exposed to HCHO gas (0.78 mg/m3) for 3 hours also
demonstrated a rapid rise in bloéd formate levels (Einbrodt et
al., 1976). Gottschling et al. (1984) studied a group of

veterinary medical students exposed to HCHO. An examiniation of
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pre- and poét-exposure urine samples did not indicate a formic
acid shift. In a more recent study by Heck et al. (1985), HCHO
concentrations in the blood of rats and humans were

investigated. The rats (8 exposed and 8 controls) were exposed
to approximately 14.4 ppm HCHO for 2 hrs. Blood was collected
immediately after exposure and analyzed by gas chromatography/
mass spectrophotometry. No significant differences were seen
between exposed and control rats. Six humén volunteers (4M, 2F)
were exposed to 1.9 ppm of HCHO for 40 minutes. Venous blood was
analyzed for HCHO levels before and after exposure. There was
not a statistically significant effect of exposure on the average
HCHO blood concentrations of the volunteers. However,
significant differences were seen’in some of the subjects'
(either decrease or increase) HCHO concentration between blood
taken before and after exposure.

The rapid conversion of HCHO to formate occurred in many
tissues in the various species examined, including human
erythrocytes (Malorney et al,, 1965), liver and brain; sheep
liver; rat brain, kidney, and muscle, rabbit brain; and bovine
brain and adrenals (Uotila and Koivusalo, 1974). The enzymes
involved have been studied by Strittmatter and Ball (1975) as
well by Uotila and Koivusalo (1974). The oxidative process is
initiated by formation of S-formyl glutathione, which is then
oxidized by NAD and finally cleaved by thiol esterase, releasing

formic acid and glutathione. HCHO also has been reported to be



oxidized to formic acid by a nonspecific aldehydehydrogenase and
through the tetrahydrofolic acid pathway (Huennekens and Osborn,
1959).

4.5.2.2. Reaction with Glutathione

The intracellular level of glutathione (GSH) affects the
metabolism and toxicity of HCHO. 1In a study by Ku and Billings
(1984), the relationship between HCHO metabolism and toxicity and
GSH concentration in isolated rat hepatocytes was investigated.
When hepatocytes were pretreated with diethyl maleate (DEM) to
deplete GSH, the initial rate of HCHO disappearance was decreased
approximately 50%. The concentration of HCHO used (5.0 mM) was
not toxic to DEM-treated or untreated cells. Thus cell viability
was not a factor. HCHO was also shown to decrease GSH
intracellular concentration in a dose and time-dependent
manner. DEM treatment followed by HCHO addition caused a similar
reduction in GSH concentrations even though DEM pretreatment
resulted in varying GSH concentrations. In studies measuring the
cell toxicity of HCHO, it was found that DEM pretreatment greatly
decreased cell viability, whereas HCHO treatment alone did not
after 60 minutes. When DEM was added to incubations containing
HCHO, toxicity was increased at all incubation times. Only at
120 minutes was there substantial toxicity in the HCHO only
treatment group. DEM/HCHO treatment increased lipid peroxidation
at HCHO concentrations which decreased cell wviability in other
studies. DEM alone had no affect on lipid peroxidation. To

determine if the enhanced toxicity is due to DEM treatment and



consequent reductions in GSH concentrations, L-methionine was
added to DEM/HCHO treated cells. L-methionine treatment reduced
'reduction in GSH concentration and prevented HCHO stiumulation of
lipid peroxidation and loss of cell viability. Thus, enhanced
toxicity can be traced to the effects of DEM on GSH
concentrations. As a further check on this hypothesis, the
addition of free radical scavengers, ascorbate, BHT, and

-tocopherol protected the cells from HCHO induced toxicity in
DEM-pretreated cells. On the contrary, the addition of
scavengers had no effect on HCHO-induced toxicity in the absence
of DEM treatment, which suggests a non-free-radical mode of
toxicity.

In studies using isolated, perfused rat lungs and livers,
Ayres et al. (l985)treported dose-related reductions in GSH
concentrations. However, the concentrations needed to
significantly reduce GSH levels are many times higher than those
expected in the environment. Studies by Heck et al. (1980) and
Casanova-Schmitz et al.(1984) indicate that carcinogenic
concentrations of HCHO in the rat (15 ppm) did not reduce
nonprotein sulfhydryl levels in rat nasal tissue or produce
plasma HCHO levels approaching the lowest HCHO concentration
causing GSH depletion in isolated lung/ liver. Thus, GSH
depletion does not appear to be a critical factor in HCHO-related
toxicity (Ayres et al., 1985).

The role of GSH depletion on the formation of DNA-protein

cross~links (DPX) has been reported by Casanova-Schmitz and Heck



({1984, 19855. IE was found that when GSH levels were depleted by
phorone, increases in interfacial (IF) DNA (a measure of DPX) and
the concentration of DPX in isolated DNA were observed. The
vyield of DPX was reported to increase nonlinearly with HCHO
concentration for both normal and GSH depleted rats. In
addition, DPX yields were greater at low HCHO concentrations in
GSH depleted rats indicating that the metabolism of HCHO at low
concentrations may be more effective (the significance of the
reported nonlinearity in the formation of DPX is discussed in
section 4.5.2.4). However, a study by Lam et al. (1985) reported
that the concentration of nonprotein sulfhydryls in rat nasal
mucosa was not significantly reduced at 6 6: 15 ppm HCHO, which
indicates that HCHO's toxic effects at these levels are not
related to GSH depletion.

4.5.2.3. Conversion to CO, and other metabolites

Additional studies (DuVigneaud et al., 1950) have shown that
following subcutaneous administration of l4c_hecHo to rats,

approximately 81% of the radioactivity was found in choline.
Almost 60% of a subcutaneous dose of 14C-formate appeared as

l4co,, with small amounts of radioactivity in choline. Neely
(1964) administered radiolabelled HCHO intraperitoneally (i.p.)
to rats and found that 82% of the radiolabel was recovered as CO,
and 13-14% as urinary methionine, serine, and a cysteine

adduct. At lower doses, only radiolabelled methionine was
formed. The author postulated that CO, was derived from serine

(formed from glycine and NS,Nlo methylene tetrahydrofolate) by
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deamination‘ﬁo pyruvate and oxidation in the Krebs cycle. 1In a
study by Mashford and -Jones (1982), it was found that in rats
administered 4 mg/kg of radiolabelled HCHO, most was exhaled
within 48 hrs as CO;; 5.5% was found in the urine. At a dose 10
times higher (40 mg/kg), 78% was exhaled as‘COZ after 48 hrs,
while 11% was found in the urine. When HCHO was administered to
rats by inhalation, 40% of the radiolabel was found in tissues,
40% was exhaled, and 20% appeared in the urine (Heck, 1982b). It
was found by Heck (1983), that the greatest amount of radiolabel
in the rat nasal mucosa was found in RNA, with a lesser amount in
protein and a small amount in DNA.

In a study of the disposition of HCHO in mice, Billings et
al. (1984) found that 70-75% of i.p. injections of 6 mg/kg or 100
mng/kg of 14c_4cHO was exhaled as CO, within 4 hours, with an
additional 10% exhaled at the end of 24 hours. When the rates of
CO, excretion between mice dosed with 100 ug/kg HCHO or 100 mg/kg
formate were examined, it was found that the rate of CO,
excretion in mice given HCHO was slower than the formate-dosed
mice. Since formate is an intermediate in HCHO oxidation, the
authors speculated that HCHO might accumulate in tissues.
However, subsequent testing did not bear this out. Robbins et
al. (1984), using rabbits found the following distribution of
radioactiviﬁy 48 hours after intravenous injection of L4c_hcHo:
blood 1.58%; skin/muscle/organs 3.26%:‘urine 4.14%; and 37.03% in

Cop.



The Edrmatibn of methionine from »3%c-HcHo and homocysteine
had previously been demonstrated by Berg (1951)., Formation of
methionine would also account for the labelled choline observed
by Duvigneaud et al. (1950) via methylation of phosphat idyl
ethanolamine. More recent work by Pruett et al. (1980) has
demonstrated the incorporation of l4c_geno into the nucleic acid
and protein fractions of WI 38 human diploid fibroblasts. Most
of the rédiolabel was found in RNA with lesser amounts in DNA and
protein. The purine bases of both DNA and RNA were most heavily
labelled.

In addition to the serine pathway to CO, postulated above
(Neely, 1964), two other pathways have been identified, and are

diagrammed in Figure 4-4.
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Figure 4-4. Simplified reaction sequence from drug
N-demethylation (cytochrome-P-450-dependent monooxyqgenase)
to HCHO, formate, and CO, production (from Waydhas et al.,
1978). Reactions are: a, HCHO dehydrogenase (GSH);

lb, aldehyde dehydrogenase; lc, catalase (peroxidatic
mode); 2a, l0-formyltetrahydrofolate synthetase:; 2b,
l0-formyltetrahydrofolate dehydrogenase; 2c, catalase
(peroxidatic mode).
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Waydhas et al. (1978), McMartin et al. (1977), and Palese
and Tephyl (1975) have demonstrated that the catalase reaction
(Figure 4-4) is not of major importance and that the primary
pathway to CO, from formate occurs via the tetrahydrofolic acid
pathway. This has been demonstrated in rat liver perfusates
(Waydhas et al., 1978) monkeys (McMartin et al., 1977), and rats
(Palese and Tephly, 1975). Since the tetrahydrofolic acid
pathway (Figure 4-5, from Kitchens et al., 1976) can lead to the
transfer of the carbon from formate to a number of other
compounds (including serine), it is not clear that the
l10-formyltetrahydrofolate dehydrogenase reaction (Figure 4-4) is
the only reaction of importance for Co, production in this

pathway.
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4.5.2.4. Reactions with Macromolecules

Besides being converted rapidly toCO2 and formate, and
being incorporated into other chemicals, HCHO can alkylate
macromolecules such as amino acids, proteins, nucleotides, RNA
and DNA- (Ulsamer et al., 1984; Casanova-Schmitz and Heck, 1983,
1984; Consensus Workshop on Formaldehyde, 1984; Mizenina et al.,
1984; Solomon and Varshavsky, 1985; Schouten, 1985; Foekens,
1985). |

A recent study by Casanova-Schmitz et al. (1984) has
reported the difference between metabolic incorporatin and
covalent binding in the labelling of macromolecules in rat nasal
mucosa and bone marrow by ihhaled [14C]- and [3H] HCHO. Rats
were exposed to labelled HCHO at concentrations of 0.3, 2, 6, 10,
or 15 ppm for 6 hrs, one day following a single pre-exposure to
the same concentration of unlabelled HCHO. The difference
between metabolic incorporation and covalent binding was
determined by the use of a phenol extraction procedure. This
procedure allows the separation of macromolecules into phases
after centrifugation (aqueous (AQ), organic, and interfacial (IF)
phases). DNA can be recovered from both the AQ and IF phases.
The convalently bound DNA is recovered from the IF phase. In
this way, the authors claim that the relationship between
metabolically labelled DNA and cross-linked DNA can be
determined. The principal ﬁinding reported by the authors was
the apparent nonlinearity in the amount of covalent binding of

HCHO to DNA of the respiratory mucosa. The amount of HCHO



covalently sound to mucosal DNA at 6 ppm was reported to be 10.5
times higher thét at 2 ppm, whereas covalent binding to protein
(intra- and extracellular) increased . in a linear manner with
increases in HCHO concentration. No covalent binding was noted
in tissués from the olfactory mucosa or bone marrow. The
apparent nonlinear covalent binding of DNA between 2 and 6 ppm
has been used as an input in quantitative estimation of risk from
HCHO exposure (Starr and Buck, 1984).

The Casanova-Schmitz study has been reviewed by Cohn et al.,
1985, EPA, and the Science Advisory Board (SAB) (1985). 1Its
implications for quantitative cancer risk assessment have also been
addressed. Cohn et al. came to the conclusion that the data were
interesting but preliminary in nature and thus not useable as inpu
to quantitative risk assessment. The SAB is composed of a group of
non-EPA scientists who advise the Administrator of EPA regarding the
scientific adequacy of agency risk assessments, testing and
assessment guidelines, research proposals, etc. The Agency agreed
with the SAB to seek a review of the study by an independent group
of scientists. The group's report to EPA (Report No. TR-835-20,
Expert Review of Pharmacokinetic Data: Formaldehyde) is provided in
Appendix 1 and is summarized by the group as follows:

L. Some doubt still remains as to the validity of the
assumptions which form the basis for distinguishing
m?tabo}icallg igiorporated and crosslinked (or adducted)
CdzO, i.e., 7H/*7C in DNA.

2. Experimental methods and controls were adequate with
respect to monitoring the CH,0 administration and
analysis of dual-labeled materials.  However, the

chloroform/iso-amylalcohol/phenol extraction for DNA and
DNA crosslinked to proteins was not validated in terms
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of the identities of materials separated nor the overall
efficiency and consistency of extraction. The
occurrence of underlying variability of incorporation
due to kinetic isotope effects on the disposition of
tritiated CHZO can neither be assessed nor discounted.

Sufficient documentation is still unavailable to state
unequivocably that all the crosslinked DNA-protein
complexes occur in the I[F-DNA fraction.

There remains a need for an effective biochemical
dosimeter to measure the dose of CHZO delivered to the
cells of the nasal epithelium. The data provided by
Casanova-Schmitz et al. are not considered a
sufficiently well-validated measure of this parameter.

The nonpt?aortionality of the calculated concentration
of bound o (CHZO)-DNA as a function of the
administered dose is documented adequately. Whether the
nonproportionality truly reflects crosslink formation or
is due to the small sample size, to a constant loss in
the recgvefx of IF-DNA, or to artifactual disturbances
in the °H/**C ratio remains to be elucidated.

The increase in concentration of bound 14C with the
concentration of CH,0 is well docugen&id. as 1s the
increase in the difference in the /*7C ratio between
IF-and AQ-DNA. The power of separate comparisons for
the 0.3 and 2 ppm doses is low because of small sample
size relative to the coefficient of variation. This
limits the potential for inferences about no-response
levels and low-dose extrapolations.

The study of Casanova-Schmitz et al. is an important
first step toward quantitative assessment of the
intracellular level of CH20 in the nasal mucosa of the
rat following inhalation exposure. At its present level
of validation, however, it does not provide a basis for
such gquantitation. Furthermore, the selection of an
acute study model may not be appropriate to the
assessment of chronic toxicity.

In response to the report, the Chemical Industry Institute

of Toxicology (CIIT) submitted detailed comments which strongly
disagree with the expert groups conclusions. CIIT's comments are
provided in Appendix 1. As with many emerging areas of

investigation there are bound to be disagreements among
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scientists; Thi5 is one of those cases. Additional work
underway at CIIT using primates may resolve areas of
disagreement, Until the issues réised concerning the Casanova-
Schmitz study are resolved, this study will not be used as a
basis for an alternate measure of HCHO exposure.

4.5.2.5, Endogenous HCHO

Endogenous HCHO is primarily produced from the degradation
of serine with some contribution from the deqradation of other
amino acids. Oxidative demethylation of N,N-dimethylglycine
(from choline degradation) also contributes significantly to
endogenous HCHO. HCHO is also produced from a wide range of
xenobiotics (Dahl and Hadley, 1983). Cytochrome P-450-dependent
N-demethylation of drugs can contribute HCHO. Other xenobiotics
including dihalomethanes, methanol, dimethylnitrosamine,
hexamethylphosphoramide (HMPA), bis(chloromethyl) ether (BCME),
dibromoethane, and dimethylsulfoxide lead to the production of
HCHO. HCHO is also formed in vitro in the presence of an amine
acceptor, apparently by nonenzymatic breakdown of
NS,Nlo-methylene-tetrahydrofolate. This reaction produces
alkaloids from biogenic amines or drugs in vitro and probably in
vivo. The role of HCHO in xenobiotic transformation has also
been studied (Kucharczyk et al., 1984).

Whereas the conversion of HCHO to CO, occurs in a similar
manner in the different species studied, the relative importance
of each reaction differs among species and tissues. Thus, the

rat is able to convert formate to CO2 at more than twice the rate
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of monkeys (or humans) and, as a result, has lower blood formate
levels (McMartin et al., 1977) and does not excrete formate in
the urine (Neely, 1964). Man additionally possesses 50% more
hepatic dehydrogenase than do rats (Goodman and Tephly, 1971).
Den Engelse et al. (1975) have shown that mouse (C3Hf/A) and
hamster (Syrian golden) lungs do not convert formate to CO, as
efficiently as liver tissue does.
4.5, 3. Summary

In summary, free HCHO is not usually found in plasma or
other body tissues in measurable quantities (this may be a
function of the analytic techhique and not necessarily the
absence of free HCHO), endogenous HCHO that is produced may be
reasonably presumed to be metabolized rapidly to formate or to
enter the one-carboh pool. When exogenous exposure occurs, HCHO
is likewise rapidly metabolized to formate and excreted,
converted to CO, and/or incorporated into other molecules. The
same pathways seem to occur in all mammalian species examined to
date, but reaction rates differ among various species and
tissues. WNeither the ratio of metabolic deactivation to binding
(to tissue or small molecules) nor the effect of route of
exposure on this ratio is known with assurance at this time;
However, Casanova-Schmitz et al. (1984) have made an important
contribution in this area. Egle's work (13972) suggests that the
respiratory tract tissues would receive the greatest dose.
Although effects at other body sites cannot be ruled out, the
we ight of the evidence indicates that effects at sites distant

from the area of exposure would not be expected.



The overall metabolism of HCHO is summarized in Figure 4-6

(adopted from Kitchens et al., 1976):
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Figures 4-6. Overall metabolism of HCHO (from Kitchens
et al., 1976).

As can be seen from Figure 4-6, HCHO is more chemically
active than any of its direct metabolites and would, therefore,
appear to be the chemical substance of most concern for
carcinogenicity. The possibility exists, that the actual
carcinogenic agent may be an amino HCHO=-acid (or other) adduct
(EPA, 1981).

4.6. Structure-Activity Relationships

HCHO is structurally similar to other aldehydes such as
acetaldehyde, malondialdehyde and glycidaldehyde. ihese
aldehydes have been shown to have oncogenic activity in
laboratory animals. For instance, inhalation of acetaldehyde has

produced tumors of the nose and larynx in hamsters and tumors of
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the nose in.rats, and glycidaldehyde has produced skin tumors in
mice in skin painting tests. Since acetaldehyde is the closest
in structure to HCHO, and its effects on animals have been
compared in a previous section, the significant studies related
to its oncogenic potential will be described.

Acetaldehyde was not mutagenic in the standard Ames test

using Salmonella typhimurium (Commoner, 1976) and Escherichia

coli WP2uvrA (Hemminki et al., 1980). It had weak mutagenic

activity in the fruit fly Drosophila melanogaster (Rapoport,

1948). The potential of acetaldehyde to damage chromosomes has
been indicated by the dose-dependent sister chromatid exchanges
in the Chinese hamster ovary cells (Obe and Ristow, 1977) and
human'lymphocyte cells (Ristow and Obe, 1978).

The carcinogenic effects of the inhalation of acetaldehyde
vapor were studied in hamsters by Feron (1979). A group of 210
male hamsters, which were further divided into six subgroups of
35S each, were exposed to 1500 ppm acetaldehyde vapor (7 hr/day, 5
days/wk) alone or simultaneously with benzo(a)pyrene (BP) as a
weekly intratracheal injection for 52 weeks. The weekly
concentrations of BP used were 0.0625, 0.125, 0.25, 0.5, and 1.0
mg/animal. The maximum dose of BP administered throughout the
entire experiment was 52 mg/animal. A group of 210 control
animals were exposed to air alone or simultaneously with the same
concentrations of BP. At the end of the treatment period, 5
randomly selected animals from each group were killed and
autopsied. All remaining animals were allowed to recover for 20

weeks and sacrificed by week 72.
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Exposﬁre of hamsters to 1500 ppm acetaldehyde vapor produced
abnormalities in the respiratory tract which were characterized
primarily by reversible hyperplastic, metaplastic, and
inflammatory changes. Neoplastic alterations attributable to
acetaldehyde exposure alone were not found. Intratracheal
instillation of the highest dose of BP (52 mg, 1 mg/wk for 52
weeks) combined with inhalation of acetaldehyde produced twice as
many tracheal tumofs (squamous cell carcinoma and squamous
adenocarcinoma) and a shorter latent period as intratracheal
instillation of BP alone. However, such a synergistic effect of
acetaldehyde was not noticeable at any of the lower BP levels.

No significant differences in the number of tumors in the larynx,
bronchi, bronchioles, or alveoli were found among the different
treatment groups.

In a separate experiment, qroubs of 35 male and female
hamsters were treated intratracheally with acetaldehyde for a
period of 52 weeks. The intratracheal instillations were given
either weekly or fortnightly~with acetaldehyde (2% and 4%) alone
or in the presence of either BP (0.25% and 0.5%) or
diethylnitrosamine (DEN, 0.5%), two proven carcinogens. Interim
sacrifices of 3 animals/sex/group were performed after 13, 26,
and 52 weeks. All remaining animals were sacrificed after 104
weeks.

Intratracheal administration of acetaldehyde at both dose
levels caused severe hyperplastic and inflammatory changes in the

bronchiocalveolar region of the respiratory tract; however, only
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one case of'pulmonary adenoma was found out of 134 animals
treated with acetaldehyde alone. This is not considered to be an
indication of carcinogenic activity of acetaldehyde. Despite the
high degree and frequency of peribronchiolar adenomatoid lesions
found following intratracheal instillation of acetaldehyde, the
neoplastic response of the bronchiocalveolar tissues was clearly
lower in animals treated with BP plus acetaldehyde than in those
given BP alone. Thus, acetaldehyde inhibited the effect of BP.
Similarly, the carcinogenic effect of DEN was also not influenced
by the treatment with acetaldehyde.

In another study, Feron et al. (1982), studied respiratory
tract tumors in male and female hamsters exposed to high
concentrations of acetaldehyde vapor alone or simultaneously with
either benzo(a)pyrene (BP) or diethylnitrosamine (DEN) were
studied. The animals were exposed 7 hrs/day, 5 days/wk for 52
weeks to an average concentration of acetaldehyde of 2500 ppm
during the first 9 weeks; 2250 ppm during weeks 10420:v2000 ppm
during weeks 21-29; 1800 ppm during weeks 30-44; and 1650 ppm
during weeks 45-52. Animals exposed to air or air plus BP or DEN
seryed as controls. Following the S52-week treatment period,
there was a 29-week recovery period after which all hamsters were
killed for autopsy. All remaining animals were sacrificed after
8l weeks.

At the end of the exposure éeriod. (i.e., at week 52)
distinct histopathological changes, similar to those of the
previous studies, were found in the nose, trachea, and larynges
of animals exposed to acetaldehyde. No tumors were fouﬁd in

hamsters killed immediately at the end of the exposure period.
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Acetaidehyde-exposed animals which were found dead or
sacrificed at week Bl'exhibited inflammatory, hyperplastic, and
metaplastic changes in the nose énd larynx, suggesting a
persistence of those alterations. Tumors were encountered in the
nose (adenoma, adenocarcinoma, anaplastic carcinoma) and the
larynx‘(papilloma, carcinoma in situ, squamous cell carcinoma,
adeno-squamous carcinoma); animals exposed to acetaldehyde plus
BP or DEN also exhibited tumors of the trachea and the lung. The
neoplastic and nonneoplastic lesions in the larynx were mainly
located either on the true vocal folds or in the most anterior
part of the larynx. None of the animals exposed to air alone
demonstrated nasal or laryngeal tumors nor atypical laryngeal
hyperplasia and metaplasia. The incidence of nasal and laryngea]}
tumors in hamsters exposed to acetaldehyde and treated with
either BP or DEN was similar to that found in hamsters exposed to
acetaldehyde alone. Carcinomas in situ and squamous cell
carcinomas of the larynges were found after combined treatment,
but were not observed after treatment with either BP or DEN
alone. Based upon these findings, the authors concluded that
“acetaldehyde is an irritant as well as a carcinogen to the nose
and larynx with a weak initiating and a strong 'promoting'
(cocarcinogenic) activity" (sic).

Finally, in a study by Woutersen et al. (1985) male and
female Wistar rats were exposed to 0, 750, 1500, and 3000/1000
ppm of acetaldehyde for 6 hrs/day, 5 days/week for 27 months.

There were significant nonneopiastic lesions of the olfactory



epithelium at each exposﬁre level. In contrast, significant
nonneoplastic lesions were seen in the respiratory epithelium
only at the highest dose. Statistically significant numbers of
adenocarcinomas were observed at each dose level in males and
females. Squamous cell caréinomas were observed at the two
highest dose levels in males and at the highest dose level in
females. Most of-the tumors originated from the olfactory
epithelium. Table 4-12 presents summary tumor response of the

nasal cavity for this study.
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1A 4

Site and Tumor Type

Table 4-12,

Nasal and Laryngeal Cancer in Rats Treated with
Acetaldehyde by Inhalation for 27 Months

(Woutersen et 91- 1985%)

Incidence @

Males

Acetaldehyde (ppm)

Females

Acetaldehyde (ppm)

of animals examined.

a ’u.m

g 750 1500 3000 0 750 1500 3000
Nose
Papilloma 0/49 0/52 0/53 0/49 0/50 1/48 0/53 0/53
Adenocarcinoma 0/49 16/50° 30/53P  20/49P 0/50 6/48C€ 26/53b 20/53b
Carcinoma in situ 0/49 0/49 0/53 1/49 0/50 0/48 3/53 5/53
Sgquamous cell
carcinoma 1749 1/49  10/53P  14/49b 0/50 0/48  5/53 17/53Db
Metastasizing 0/49 0/49 0/53 1/49 0/50 0/48 0/53 0/53
squamous cell carcinoma
Larynx
Carcinoma in situ 0/49 0/49 0/53 0/49 0/50 0/48 1/53 0/53
a2 Incidence is expressed as the number of animals with tumors over the number



4.7. Epidemiologic Studies Reviewed

4.7.1. Introduction

The EPA has reviewed the available cohort and case-control
studies related to formaldehyde. Many of these studies have been
released within the past three years. Only one study is
currently ongoing which relates to evaluating human risks
associated with formaldehyde exposure a case-control study of
nasal cancers by the Centers for Disease Control. Only cohort
and case-control designed studies were analyzed for this review
since they yield the best quality of information for judging
causality. Table 4-13 identifies these studies. Although these
studies are of optimal designs for evaluative purposes, many
studies suffer from limitations that can potentially influence
their conclusions. Major drawbacks are: (1) the inference of
formaldehyde exposure levels from industrial hygiene data:

(2) the inability to completely separate the contributions of
HCHO from the contributions of other occupational or personal
exposures; (3) small sample sizes for the cohort studies:

(4) small numbers of observed site-specific deaths: and

(5) insufficient follow=-up.

One outcome of the design limitations is low statistical
ocower in each study to detect small relative risks for rare for:s
of cancer.* The ability of a well-conducted study to detect an
increased risk depends upon sample size, years of follow-un,
*The power of a study is the ability to detect true

association of the exposure and disease. If a study is
likely to conclude that the exposure is not associated with

a disease, when in fact an association existed, it has a low
power for detecting that association.
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17. AR

Atlhar

Matanceki (1962)

tarringtm ard Shamm
(197%)

Harrington and Cales
(1982)

Levire et al. (1964)

Strap et al. (1964)

Wag (1963)

Tabershaw Bssociates
(1082)

Adesn et al. (1984)

Macsh (1983)

Hlair et al. (1985,
1987)
Stamer et al. (1986)

Walrath amd Fraaeni
(1083)

Walrath ard Franeni
(1984)

Marsh (1943)

Lieblirg et al. (1964)

Stayrer et al. (1965)

Table 4-13

Sanmary of Studies Relevant B Romalddwde

Saxy Gap

mtolagists

Qitario morticians (male)

Mataiists

* (harical workers

(hanical workers
hanical workers
hanical workers
Rmmldalyderainmﬂers
Famalddhyde prodoers ar
Gamert workers
N.Y. edalrers and
fineal diretars
Cali fmia entalmers
(hatical workers (male)
Famaldelyde production
dhaenical workers
Ganment. waders

Referent Gap

a) U.S. vhite male age ad aalemar year-
specific mxtality rates; b) menbers of the
Arericen Psydhiatric Association

Irelard, Wales ar Sotlamd male ae amd calendar
year sped fic moxtality rates )
Irelam] age-sex ard calendar year-specific
nortality rates

U.S. vhite male age am calendar year-
spedi fic nortality rates

a) Psydhiatrists; b)US.vmtenalea_:p-
gpedi fic mortality rates

U.S. age-sex amd calendar year-speci fic
mortality rates

U.S. age-sex anmd calendar year-speci fic
metality rates

Male noxtality rates of Bgland/Males

U.S. age-race-sex ad aalendar year
specific noxrtality rates

Naticnal ard local male specific mxtality rates
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spedi fic nxtality rates

U.S. age~race-sex ad aalerdar year-sped fic
mxtality rates

U.S. agerace aml calendar year-speci fic
paortias of deaths

U.S. age-race and calendar year-specific
portias of deaths

U.S. agerace-sex ard calendar year-

gped fic prpartians of deaths

U.S. vhite nale age amd calendar
year-sped fic prgportias of deaths

U.S. agerace and calenhr year-spedi fic
pgoactias of deaths
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Type of Sady
18. MR

19. Gase-Catral

21. Gase-Cmtxal

22. Gase-Cntral

23. Case-Gtntrol
24. Case-Gntrol
25. Case-Gmtrol
26. Case-Gtrol

27. Case-Cotrul

28. Gase-Cotrol
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(1963)
Fayerweather et al.
(1982)

Brintn et al. (19684a)

Dla et al. (1980)

Haoberg et al. (1963)

tarkell et al. (1982)
Qlsen et al. (1984)
iayes et al. (1980)
Roush et al. (1985) -
Fartenen et al. (1985)

Vagjwan et al.
(1986a,b)

Tble 413 (at.)
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e male aypiloyee matchal for age,
aljstal service date, plak
lomtion and pay class

T hogpital antmls ar ae hospital
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matchad fix agpe, sex, race, state,
exranic area of uanl residence, and
year of hospital aduission

Qe narespiratory cancer antral

- matchal for aye ad sex
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matchal for aye-at-diagwsis,

sex ard cantry
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evias stuly (Hhrdell et al., 1941)
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death certificates
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magnitude of the increase, background incidence of Ehe disease,
desired statistical significance, and type_of analysis.

Several newly released studies have strengthened our
knowledge regarding the potential carcinogenicity of HCHO. These
new studiés have contributed stronger evidence and suggest that
HCHO may be a human carcinogen. In particular 9 studies (Acheson
et al., 1984a; Blair et al., 1986, 1987; Hardell et al., 1982;
Hayes et al., 1986: Stayner et al., 1985; and Vaughan et al.,
1986b) show among different groups étatistically significant
associations between site-specific respiratory cancer and
exposure to HCHO-containing products. Three of these studies
(Blair et al., 1986; Blair et al., 1987, Stayner et al., 1986;
and Vaughan et al., 1986a,b) were specifically designed to detect
moderate elevations in human risk. In addition, the Epidemiology
Panel of the Consensus Workshop on Formaldehyde (1984) and the
EPA (1984b) examined a group of studies and concluded that a
group of professionals (anatomists, pathologists, embalmers, and
undertakers) have a significantly increased mortality from
leukemias and brain neoplasms; These excesses in mortality can
not be attributed to diagnostic bias since these excesses remain
when other professional or like socioceconomic groups are used as

referents.



4.7.2. Review of Studies Overview and Discussion

Twenty-eight studies (Table 4-13) of populations that may
have been exposed to HCHO have been reviewed. Appendix 2
contains a description of each of the studies. These studies
were of cohort or case-control designs. Results were expressed
as Standardized Mortality Ratios or Proportionate Mortality
Ratios ** or as odds ratios***. Eleven studies were.of chemical
or industrial workers and seven studies were of medically-related
professions. For medically-related professions, e.g.,
morticians, embalmers, anatomists, and pathologists, the exposure
was to foEmalin. This group has diverse chemical exposures, but
formalin is one exposure which is common. Ten other casé-control
studies examined occupational etiologies of sinonésal cavity and
pharyngeal cancers. Exposure in these studies was examined

directly by quantitating HCHO levels or indirectly through

**Standardized Mortality Ratios (SMR), from cohort studies, are
measures of the extent to which mortality in the exposed cohort
under study compares to the mortality experience among
unexposed persons. An SMR divided by 100 is called a risk
ratio. The SMR analysis uses death rates of a general
population to derive the expected number of deaths.
Proportionate Mortality Ratios (PMR) are measures in which the
cause-specific proportions of mortality among the exposed
(observed deaths) are compared to the expected proportion of
deaths among the unexposed (general population). In the PMR
study, large excesses of deaths due to one cause can deflate
the remaining proportions and can, thus, bias comparisons of
the other causes of deaths. :

***The odds ratio (OR), from a case-control study, gives the
extent to which exposed individuals are represented among the
affected cases more than among the controls to whom they are

compared. If the disease under study is rare, the odds ratio
is numerically very close to its associated SMR, but the causal
inference is not as direct. In addition, an odds ratio

obtained from a case-control study nested within a cohort
design can be used to support conclusions from the cohort
study.



particular occupations where HCHO exposure has been known to
occur.

The sparsity of individual exposure data made it difficult
to separate formaldehyde from the other occupational or
residential exposures. Table 4-14 shows that twelve studies have
exposure data for individual members of the study: 6 of these
studies (Acheson et al., 1984a; Blair et al., 1986; Stayner et
al., 1986; Fayerweather et al., 1982; Partanen et al., 1985; and
Vaughan et al., 1986) have enough information to examine an
exposure-response gradient. Other studies inferred exposure by
citing previous industrial hygiene data of similar occupational
groups. This review used exposure estimates identified in EPA
(1984b) of similar occupations as a surrogate for those
epidemiologic studieé where exposure levels were not
identified. It is not known whether the individuals under study
did or did not have formaldehyde exposures at the levels
identified in EPA (1984b). Table 4-14 presents exposure
estimates for occupations ideﬁtified in this review.

Each of the 28 studies has been evaluated with respect to
bias, confounding, and chance. Excesses, both statistically
significant and not statistically significant, in site-specific
mortality have been emphasized in this review. Deficits were
also noted. Deficits are hard to interpret except when examining
therapeutic treatments. rindings that are not statistically
significant are important in light of the small numbers of site-
specific neoplastic deaths expected or observed in many of the

studies (usually fewer than 5 deaths). Low statistical power is



Table 4-14

Formaldehyde Levels to Which Occupational Groups Might Be Exposed

Average
Formaldehyde
Occupation Level (ppm) . Reference
Embalmers 0.3 - 0.9 Levine, 1984
0.2 - 0.9 NIOSH, 1980
0.1 - 5.3 Ker foot and Mooney, 1
1.37 - 1.70 EPA, 1984b
Anatomists 0.07 - 0.14 Stroup, 1984
Pathologists 0.852, 3.2P EPA, 1984b
Resin Manufacturing ' 2.2 - 3.3 Bertazzi et al., 198¢
0.243, 1.40P EPA, 1984b
Textile Manufacturing 0.702, 0.42P EPA, 1984Db
Apparel Manufacturing 0.643, 0.23P EPA, 1984b
Wood Furniture Manufacturing 0.10P, 1.30P EPA, 1984b
Particleboard Manufacturing 0.333, 0.31P EPA, 1984b

8 personal sample

Area Sample



characteristic of several studies. The power of a study is the
ability to detect a certain level of risk. Insufficient follow-
up and small sample sizes in the cohort studies compound to low
power through insufficient person-years and through cancers not
yet having appeared. Thus, elevations in specific-site cancers
in individual cohort studies which are not consistently observed
across all studies should not be totally discounted because they
are not statistically significant. Likewise, the absence of rare
cancers, e.g., nasal, in all cohort studies (except Blair et al.,
1986) may be a reflection of power. A similiar situation may be
observed in the case-control studies. Small numbers of cases for
any given exposure lowers the detection power. Thus,
associations with a specific neoplastic site may not be
consistently obsérved across like exposures.

The question of the validity of multiple comparisons always
arises in an examination of many studies and sites. Twenty-eight
studies have been reviewed and to account for multiple
comparisons by dividing a commonly accepted p-value by the number
of comparisons yields a stringent rejection value. This
rejection value will not be employed for this review since its
use would haye the impact of diminishing the statistical power in
the 28 studies to detect a true positive. As previously
identified, many of these studies already suffer from low
statistical power.

Tables 4-15 through 4-17 present power calculations for the
reviewed studies. Each table summarizes, by study design,

observed and expected numbers of deaths for neoplasms of the
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Table 4-15

Powor _Ca_lculitﬁ_ns tor SMR Studles

Least Detectable
Ralative Risk®

with Power
Study Slze Cancer Site Observed Expected SMR | 8sog 903
— - —_— - _—
Matanoski (1982) 1336 buccal cavity and pharynx M(;b NG _—- _— —
pathologists lung NG NG -— -—- -
colon NG NG - —— _—
brain 5 1.1¢ 296 5.9 e
l ymphopolet ic 7 9.5° 74 2.0 2.3
loukemi a NG NG ——— ~—- -
nasal 0 NG -—— - -—
pathologists 1439 buccal cavity and pharynx NG NG -—- —-— -
lung 6 8.1°¢ 74 2.1 2.3
colon NG NG - - -
braln - | |.2z 82 4.5 5.6
tymphopolietic : 5 6.2 8l 2,2 2.5
leukemia NG NG -~ -——— -
nasal [} NG --- --- -~
Levine et al. (1984) 1477 buccal cavity ang pharynx } 2.1 48 3.8 . 4,4
morticlans lung 19 20,2 94 1.4 1.7
colon NG NG —— ——— _—
brain 3 2.6 115 3.0 3.6
lymphopoletic 8 6.5 124 2.3 2.6
leukemi a 4 2.5 160 3.2 3.7
nasal 0 0.2 --- 12.0 16.5
Harrington and Shannon (1975) » 2079 buccal cavity and pharynx NG NG --- --- ---
pathologlists lung 1 27.9 39 1.5 1.6
‘ colon NG NG --= --- ---
brain NG NG Ty --- ---
lymphopoletic 8 4.0 *200 --- ---
loukemi a 1 1.6 63 4.2 5.1
nasal o NG --- .- ---
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Harrington and Oakes (1984) 2307
male pathologlsts

Stroug (19684) 2239
anatomists
Uong (1983%) 2067

chemlcal workers

Tabershaw Assoclates (1982) 867
tormaldehyde
exposed
chomicatl workers

Table 4-15 (cont,)

buccal Cavity and pharynx
lung

colon

brain

lymphopoietic

loukemi a

nasal

buccal cavity and pharynx
lung

colon

brain

lymphopoletic

leukomi a

nasal

brain
leukam| a

buccal cavity and pharynx
lung

colon

braln

lymphopoletic

leukemi a

nasal

buccal cavity andg pharynx
lung

colon

brain

lymphopoietic

teukeml a

nasal

NG

NG

©C = N a

6.8
43.0
18.5
3.7
14,4

0.4

NG
5.2
NG
0.7
2.0
NG

5

28
108

271
125
i48

*579
*212

1.8
2.2
8.0

2,4
1.5
1.8

2.0
2.5
10.5
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Acheson ot aj, (19844a) 1716
2200 oF a).

chamlcal workers

BIP plant

Bertazzi ot al, (1985) 4462

tormaldenhyde
exposed
resin workers’

Blair ot a1, Y (1986) 2656 1

torma ldehyde
exposed

nanutocturlng and production
workers

h
With 20 years iatency

Staznor et al, (1986) 11030

garsent workers

Tabte 4-15 (cont,)

buccal cavity ang pharynx
lung

colon

brain

lymphopoiatic

leukeml a

nasal

lung
nose

buccal cavity and pharynx
fung

colon

brain )
lymphopoletic

leukemla

nasa)l

buccal cavity and pharynx
nasopharynx

tung

colon

brain

lymphopoietic

loeukeaml a e
Hodgk In's dlsease

nasal

I
fung
nasopharyngeal

buccal cavity ang pharynx
buccal cavity

pharynx

colon

brain

lymphopoletic

leukemi a

connactive tissue

nasal

205

18

201
4?2
17
56
19
14

148

4.3
196.0
NG
12,5
26.3
1.4
1.

141.0
0.7

3.7

NG
1.
NG

19

192
48
21
62
24
10
2,2

1io

3.9
1.2
1.8

1.0
19.6
1.9
U |
0.6

e
105

i
87
81
9
80
142
91

*135
300

155
"343
13

5.6
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Table 4-15 (cont.)
p < 0,05
These numbers were obtalned using Molina's tables of Polsson's Exponentiat Binamial Limit (Molina, 1942).
NG, observed or expected number ot deaths not glven In paper,
Age-specitic mortality rates of psychlatrists used as the comparison group
Power was not calculated tor sites where statlstically signiticant etevations were observed,

As described in Levine ot al, (1984) ) o

¢ Because the expected number of deaths was large, least detectable relative risks were obtalned by the approximation ot Beaumont and Bresiow (198)).

9

SMR for the Blalr et al. study are tor analyses based on white males with time-weighted average exposure of >0.1 ppm tormaidehyde.
White males with cumulative tormaldehyde exposure greater than 0 ppm-years.

G)Selrvod and expected numbers ot deaths are tor white male wage workers,
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Table 4-16

Condlt_lgnal_ Power__gc;!culatlons tor PMR Studlias?®

Lleast detectable PMR

Cancer with poumrb

Study Size Slte Observed Expected PR 808 903
Walrath and Fraumeni (1983%) 1132 buccal cavity and pharynx 8 1.1 113 230 250
NY ambaimers lung 12 66.8 108 130 140 °
and tuneral colon 29 20,3 .“}c - _—
directors braian 9 5.8 156 240 280
lymphopoietic 25 20.6 21 160 170

loukeml a 12 O.Sd 140 210 240

nasal 0 0.5 -—- 860 1060

Walrath and Fraumen! (1984) 1050 buccal cavity and pharynx 8 6.1 131 220 260
Calltornia lung 41 42,9 96 140 151
embaimers colon 30 16.0 "“187 ——— _—
brailn . 9 4,7 *)19y - ——

lymphopoletic 19 15.5 123 170 190

loukeml a 12 6.9 LR LY -— -
nasal 0 0.6 --- 720" 880?

Marsh (19483) 2490 . buccal cavity and pharynx 0 0.8 -——- 530 660
resin lung NG NG -——- -— -
manutacturing colon NG NG -—- --- .-
workers brain NG NG -—- -—- -
lymphopoletic 2 2.3 86 350 400

leukeml a NG NG -—- - -

nasal 0 NG -—- - _——

Llebling et al, (1984) 24 buccal cavity and pharynx 2 0.2 *870 -—- -—-—
formaldenyde lung NG NG - -——- -——
resin colon NG NG --- -——— -—
workers brain NG NG == --- ---
lymphopoletic | 0.5 217 860 1060

loukeml a NG NG --- --- ---

nasal 0 NG --- --- ---
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Table 4-16 ‘cont,)

Stayner et al. 256 buccal cavity 3 0.4 *750 - ——-
garment lung 1" 12,2 90 180 200
wor ker s colon NG NG —— -~ -

brain | 2.0 48 380 440

lymphatic and 10 6.1 163 220 250
hematopoletic .

teukemia/a laukeml a 4 2.4 168 350 380

nasal 0 NG -——- - ———

Detzell and Grutterman 4462 buccal cavity and pharynx 18 18.0 100 V70 180
toxtile Jung 106 17.8 90 120, 1302
workers colon 115 1"s 100 120 130

brain 17 18.9 90 170 180
tymphopoletic 121 64.2 188 130 140
leukemla 45 31.5 120 145 150
nasal NG NG -—— -~ -—-

* p<0.005

Conditional on the observed number ot deaths since distribution ot “0 and H‘ alght not have a Polssin distribution (Mlettinen and Wang, 1981).
° These numbers were obtalned using Molinat's tables of Polsson's Exponential Blnomlal Limit (Molina, 1942).

Power was not cCalculated tor those sites where statisticaliy signiticant elevations were observed,

d As published In Levine et ail. (1984),

Because the expected numbers of deaths was large, least detectable PMR's were obtalned by the approximation of Beawmont and bBreslow (1982).



Table 4-17

Power Calculations for Case-Control Studiesa'b

Cancer Site

Least Relative Odds to
detect with power®

R i il et e e e e e T T
- P A e et e s c e mr s, -— - -

Fayerweather et al. (1982)
cancer deaths
in chemical
workers

Brinton et al. (1983)

nasal and paranasal
sinus cases in NC and VA

nasal and nasopharyngeal
cases 1n Sweden

Olsen et al. (1984)

nasal cancer
cases in Denmark

___________ {1984)

-ﬂasal and nasal
8iNnsus cases in
the Netherlands

48) cases/
481 controls
(1:1) match)

160 cases/
290 controls
{1:2 match)

541 controls

839 cases/
2465 controls

144 cases/
353 controls
(1:2 match)

lung, bronchus
and trachea
lymphopolietic
prostate
brain '

nasal cavity
and sinuses

nasopharyngeal

nasdal cavity
and sinuses

nasal cavity
and sinuses

formaldehyde:

formaldehyde:

Odds
Exposure Ratio = P Ratio
o
formaldehyde:
ma les workers (20%) 0.74
0.72
. 3.20
0.45
textile workers:
females (17.44) 1.8
manufacture: 5.8
males (0.8%)
formaldehyde:
females (0.1%) 2.8
males (4.2%) 2.8
textile dust:
females (2.5%) 1.3
males (1.9%) 0.7

males with no or low

level wood dust

exposure (6.2%) 2.8
males with high

level wood dust

exposure (508) 1.9

males, controlled *}.9
for high wood dust exposure

(Classification A)

(Classification A)

80% 908
2.0 2.2
3.5 4.1
4.4 S.

11.6 16.8
2.5 2.4
15.0 18.0
2.8 3.2
2.4 2.7
3.4 3.7
6.9 8.0
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Partenen et al. (1985)
nested respiratory
cancer case-control

study

sinonasal and
pharyngeal cases in
the U. S.

55 cases/
169 controls

53 cases/
552 controls

27 cases/
552 controls

174 cases/
552 controls

respiratory
system

nasal cavity
and sinuses

nasopharyngeal

oro-hypo-
pharyngeal

formaldehyde:
ever exposed (26.6%) 1.4
level of exposure
0.1 - 1.0 ppm (16%) 1.5
> 1.0 ppm (7.7%) 1.4

occupational formaldehyde:
cumulative exposure
5 - 9 years (6.3%) 1.1
10 + years (10.9%) 0.3
occupational:
resins, glues and
adhesives
low expasure (6.5%) 2.0
high exposure (2.3%) *3.8
domestic:
mobi le home residence
1 + years (12.08) 1.7
occupational formaldehyde:
no. of years exposed
1 - 9 (25.0%) 1.2
10 + (10.3) 1.6
occupational:
stains, varnishes,
solvents
low exposureee 0.9
high exposure *4.0
domestic:
mobile home residence
1 - 9 years (12.0%) 2.1
10 + years (3.7s8) *5.6
occupational formaldehyde:
no. of years exposed

1 - 9 (25.08) 0.6
10 + (10.3%) 1.2
occupational:
resinsg, glues,
adhesives e
low exposure 1.3

high exposuree *3.9

[ w N
*

.

o W
.
VN

[ S
.« e
-~

w W
. e
O =

.

v e
w o

S-S
L]
[-al =)

1.9
2.4
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Table 4-17 (cont.)

stains, varnishes,
solvents
low exposure® 1.0
high exposure® *3.0
domestic:
mobile home residence
1l -9 years (12.08) 1.0
10 + years (3.7%) 0.9

NN
O O

*p<0.05

2 power calculations for Tola et al. (1980), Roush et al. (1985) and Hernberg et al. (1983) could not be calculated due
to the unknown exposure ratio (p,) among the controls.

P power was not calculated for studies where statistically significant elevations were observed.

C Obtained fram the study by Fayerweather et al. (1982) or was calculated using the method in Rothman and
Boice (1982) for the studies by Brinton et al. (1983), Olsen et al. (1984), Hayes et al. (1984), and
Hardell et al. (1982). .

9 Matching ratio not identified by Hardell et al. (1982).

€ prevalence of the exposure anong the controls not cited by Vaudhan et al. :(As reported in SAIC, 1986).



hematopoietic site cancer as an example, Table 4-15 shows that
Levine et al. (1984) could detect, with 80 percent power, a
relative risk of 2.3 or greater and with 90 percent power, a
relative risk of 2.6 or greater.

The above seven sites were selected for several reasons.
First, because the exposure is generally by inhalation and nasal
tumors were seen in the chronic rat study (Kerns, 1983), the
respiratory system is a reasonable place to look for effects.
Nasal tumors, buccal cavity tumors, and pharyngeal tumors were
included because man, unlike the rat, is not an obligatory nose
breather and inhaled formaldehyde would initially contact these
areas. Last, the Epidemiology Panel, Consensus Workshop on
Formaldehyde (1984) and Levine et al. (1984) report significant
excesses in brain, leukemia, and colon cancer mortality when
results across studies were combined.

Epidemiologists use five criteria for judging whether an
association is causal. These criteria are: 1) strength of the
association, 2) consistency across studies, 3) tempor;lly correct
association (disease occurs after exposure), 4) specificity of
the association, and 5) coherence with existing data. The
reviewed epidemiologic studies are of a cohort or case-control
design, designs which examine health consequences of previous
exposure, thus permitting point 3 to be satisfied.

The Blair et al. (1986), Blair et al. (1987), Vaughan et al.
(1986a,b), and Stayner et al. (1986) were designed to detect
moderate increases in formaldehyde-related risks. The Blair et

al. (1986) and Vaughan et al. (1986) studies observed significant



associations with nasopharyngeal cancer and apparent exposure to
formaldehyde, in either the occupational or residential
environment. Vaughan et al. (1986) reported a significant
association between the incidence of nasopharyngeal cancer and
living 10 or more years in a mobile home. This study also
reported statistically significant associations between sinonasal
cancer and oro-hypopharyngeal cancer and exposure to resins,
glues, and adhesives (SAIC, 1986). Mobile home residency and
occupational resins, glues and adhesives exposure were a priori
selected as likely surrogates for formaldehyde exposure. No
statistically significant associations were found between cancer
incidence at any of these sites with respect to occupational
formaldehyde exposure as assessed using an occupational linkage
system. The risk estimates, however, for the highest exposure
level and cancers of the oro-hypopharynx and nasopharynx appeared
elevated. These results for the occupational formaldehyde
exposure most likely were biased towards the null hypothesis
since a large proportion of the case interVviews were with the
next-of-kin, respondents less likely to report or remember all
jobs the case had ever held.

Blair et al. (1986, 1987) observed excesses of lung and
nasopharyngeal cancer mortality among U.S. workers exposed to
formaldehyde in 10 plants. The highest risks were observed for
lung cancer among men with a 20-year latency and for
nasopharyngeal cancer among men with exposure to formaldehyde-
containing particulates. An apparent dose trend was observed

vbetween nasopharyngeal cancer mortality and exposure to

4-95



formaldehde and particulates (Blair et al., 1987); no clear
trends were observed between lung cancer mortality and
formaldehyde level (Blair et al., 1986). Blair et al. (1986)
argued ﬁhe data provide little evidence that lung cancer
mortality is associated with formaldehyde exposure at levels
experienced by workers in this study, although they concluded
that simultaneous exposure to formaldehyde and particulates
appear to be a risk factor for nasopharyngeal cancer. Blair -
et al. (1987) additionally state that further investigation is
needed regarding the dose-dependent association between
nasopharyngeal cancer mortality and exposure to formaldehyde and
particulates. The significant excesseés in total lung cancer
mortality, in analysis either with or without a latency period
equal to or greater than 20 years, and in nasopharyngeal cancer
mortality among ever-exposed workers are meaningful. Inhalation
is the primary route of expoéure for this cohort. Second,
misclassification of exposure, the lack of specificity between
the narrow exposure categories, may account for the lack of a
statistically significant trend between lung cancer mortality and
formaldehyde level. Blair et al. (1986) relied upon historical
industrial hygiene data, process changes, and human recall to
reconstruct past exposure to formaldehyde. The oObserved wide
variations in historical industrial hygiene data for any given
job and the reliance upon human memory may have contributed to
misclassification.

Stayner et al. (19865 reported significant mortality
excesses from neoplasms of the buccal cavity, connective tissue,

and tonsils among formaldehyde-exposed garment workers. The risk

4-96



ratio for buccal cavity cancer was significantly elevated among
workers with a long duration of employment (exposure) and follow-
up period (latency). Although it is not presented in Stayner et
al. (1986), EPA calculations showed a statistically significant
trend between buccal cavity cancer mortality and increasing
duration of employment. A significant excess in deaths from
cancer of the tonsils (located in the otopharynx) was also
reported, but there were too féw deaths (only 2) to examine any
trends with exposure.

The significant associations between formaldehyde exposure
and excesses in site-specific buccal cavity and respiratory
cancers support observations from EPA's previous review of the
epidemiological literature. These other studies had limited
ability to detect formaldehyde-related risks due to lower
power. Even with this potential limitaticn, 6 studies (Olsen et
al., 1984; Hardell et al., 1982: Hayes et 3l., 1986:; Acheson et
al., 1984a: Liebling et al., 1984; and Stayner et al., 1985)
reported significant associations between excess site-specific
respiratory or buccal cavity and pharyngeal cancer and exposure
to formaldehyde. |

The Hayes et al. (1986) and Olsen et al. (1984) studies
report significant excesses of sinonasal cancer and exposure %>
oboth formaldehyde and wood-dust. Both studies controlled £or
simultaneous wood-dust exposure, and by doing so, the detec-=izn
limits exceeded excesses in expected sinonasal neonlastic risx.
dardell et al. (1982) reported a significant excess in sinonasal

cancer and employment in particlebcard manufacturing.



The other 3 studies examined mortality among workers
occupationally exposed to formaldehyde-containing products.
Acheson et al. (1984a) observed a significant elevation in lung
cancer among formaldehyde resin workers in 1 plant in the U.K.
Acheson et al. (1984a) observed at this plant a marginally
significant trend with dose. Acheson et al. (1984a) concluded
that the increased lung cancer mortality and positive trend were
not related to formaldehyde exposure since analyses using local
cancer rates as the comparison were not statistically
significant. EPA believes that the risks and trends from
analyses using local lung cancer rates as the comparison appeared
sufficiently increased for corroborative use. EPA notes,
however, it was not known how many of the formaldehyde-exposed
lung cancer deaths were included in the deaths of the local
comparison group. This would lead to a reiuction in power since
the same death could be counted in both the numerator and
denominator.

The 2 other studies (Stayner et al., 1985 and Liebling et
al., 1984) reported statistically elevated SMR's for buccal
cavity cancer among garment workers and for buccal cavity and
pharyngeal cancers among formaldehyde resin workers in 1 plant.
Portions of the Liebling et al. (1984) and Blair et al. (1986,
1987) studies overlapped as did portions of the two Stayner et
al. (1985; 1986) studies. The nonoverlapping portions and
improved design of the more recent studies (i.e., Blair et al.,
1986; Blair et al., 1987; Stayner et al., 1986) reinforce the

conclusions of the earlier studies.



The studies of embalmers, anatomists and pathologists
reported deficits in mortality from site-specific respiratory
cancers. Although individual characteristics are not known, this
observation may be a reflection of decreased smoking habits among
these professional grodps in comparison to the general
population. Since expected deaths are based on general
population site-specific mortality, the number of expected deaths
may be biased upwards with the resultant SMR being lower. The
lack of lung cancer excesses in these studies may additionally
reflect the lower statistical power to deteét moderate increases
in site-specific respiratory cancer mortality.

Site-specific excesses in lymphopoietic, leukemia, colon, .
and brain neoplasms have been observed in five studies
(Harrington and Shannon, 1975; Harrington and Oakes, 1984;
Stroup, 1984: Walrath and Fraumeni, 1983; walrath and Fraumeni,
1984), but these excesses were not statis-ically significant
across all studies. This lack of consistency may reflect lack of
a causal relationship or may reflect limited power to observe
excesses at specific sites because of small sample sizes,
insufficient follow=-up, different exposure levels, and different
routes of exposure in the individual studiesi The Epidemiology
Panel of Consensus Workshop on rormaldehyde (1984) summarized the
oobserved and expected numbers of site-specific cancers £from both
SMR and PMR studies and noted statistically significant excesses
in mortality from brain cancer and leukemia among embalmers,

pathologists, and anatomists. Levine and co-workers (1984) usei



this same method and, additionally, noted a statistically
significant excess in mortality from colon cancer.

The same conclusions were reached through the use of another
approach by summarizing all SMR and all PMR site-specific
findings according to Fisher's combined probabilities method
(Sokal and Rolf, 1969). Fisher's combined probabilities can be
used on different sets of data that test the same scientific
hypothesis and where for one reason or another a joint
statistical analysis is not optimal. This methodology does not
assume all studies are equal. Again, Fisher's combined
probabilities may not be an ideal test. 1Its use on discrete or
count data tends to bias the results toward non-significance
(Gastwirth, 1983). A detailed description of the procedures and
analyses are presented in EPA, 1984b. Table 4-18 presents the
summarized results. Thus, where site-specific mortality has been
reported, it can be concluded from SMR stuilies that brain cancer
mortality is significantly elevated (p<0.05) among pathologists,
anatomists, and embalmers, and from PMR studies that leukemia and
brain cancer mortalities are significantly elevated (p<0.05) for
these professions. Likewise, from.PMR studies, colon and
lymphatic and hematopoieﬁic cancer mortalities are significantly
elevated (p<0.05) for manuf@éturing workers.

To further examine power, the human data were compared to
estimates of the upper pound risk that were calculated based con
the malignanﬁ tumors in Kerns (1983). This comparison assumes
the excess risk calculated from the animal low-dose extrapola-ion

i1s the excess above a risk of one for the study population
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Table 4-18

Fisher's Oc':nbined Probability(p) for MR and for PMR Studies

Cancer Site Study Design Study Population Fisher's pa
Buccal cavity SMR Bmbalmers, Anatamists, Pathologists 0.64
and pharynx Marufacturing Workers 0.40
PMR Hnbalmers, Anatamists, Pathologists 0.36
Manufacturing Workers 0.10
Lung MR ' Embalmers, Anatamists, Pathologists 0.99
Marnufacturing Workers 0.35
PMR Hnbalmers, Anatamists, Pathologists 0.54
Manufacturing Workers 0.83
Colon MR Brbalmers, Anatamists, Pathologists <0.35
Manufacturing Workers 0.22
PMR Hnbalmers, Anatamists, Patholoists <0.01
Manufacturing Workers 0.48
Brain MR Embalmers, Anatamists, Pathologists <0.01
Manufacturing workers 0.95
PMR Enbalmers, Anatomists, Pathologists 0.02
Manufacturing workers 0.75
Lymphatic and MR Embalmers, Anatomists, Pathologists 0.08
hematopoietic Manufacturing Workers 0.56
PMR Bubalivers, Anatanists, Pathologi.sts 0.17
Hanufacturing Workers <0.01
Leukemia SR frbalmers, Anatamists, Pathologists 0.17
sanufacturing workers 0.26
PMR Brpalmers, Anatomists, Pathologists 0.04
Hanufacturing Workers 0.10
a K
Probability of -2 %E;:i Ln oy distributed as a chi-square with 2k degraes of

freedam (Sokal and Rolf, 1969). Small values indicate a statistically signiZizant
elevation over 100.
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relative to the U.S. population (Margosches and Springer,

1983). Hence, human site-specific neoplastic relative risks are
calculated by adding the percentage increase in site-specific
tumors to a relative risk of one.

TWo major assumptions are made to carry out this
prediction. First, the number of human cancer site-specific
deaths approximates lifetime incidence. Second, site~to-site
concordance between animals and humans does not necessarily hold,
and only one site is examined at a time.

Table 4-19 presents the upper bounds on predicted human
relative risk for seven neoplastic sites. Based on Table 4-19,
we would expect to see a relative risk of around 1.26 for buccal
cavity and pharyngeal neoplasms for funeral service workers
(morticians and embalmers). It must be noted that the predicted
relative risks vary greatly with the mortality. The rarer the
cause of mortality the higher the predicted relative risk will
be. Comparing the occupation-associated predicted human relative
risks with the least detectable risks identified in Table 4-15 to
4-17, we see that very few of the SMR and PMR studies had 90%, or
even 80%, power to detect this upper bound predicted human nasal
sinus and cavity risk. Most of case-control studies had 30%
power to detect such excess nasal cavity and sinus risks, 1£

average exposure to formaldehyde for the cases was around

(T

o~ -

1.3 ppm. Note, the reviewed studies had over 90% power to de

"

«
<

i

(7]

a predicted upper bound on nasal cavity and sinus relative
(RR=101.0) that was based on animals bearing either nasal cavi=zy

and sinus squamous cell carcinomas or polypoid adenomas if
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Table 4-19
redictad Hien Relative Risks fxr Selected mcu;am'asa

Garcer Site  Rneral Savice Mrufactrirg _ , _
wxiers AgErel Resin FAmitire Rarticle fard Textile
(L0pmb  (0.64pgmb  (1.40 gaub (1.0 pgonb (0.10 gowb (.33 gam)  (0.70 gam)
Brml avity 1.2%c 1.2x (5.65d  1.5% L4 1.0x l.llc 1.26c
ard garyrx
Lrg - 1.02 1.02 (1.38) 1.04 1.04 1.00 1.01 1.02
&l 1.06 1.04 (1.0) 1.10 1.09 1.01 L 1.05
Brain 1.4 1.2 (5.44) 1.51 1.42 1.03 L1 1.24
Lynphooietic 1.6 105 (2.04) 1.12 1.10 1.4 103 1.06
Ladamia 1.13 112 (3.41) . 1.23 1.01 1.06 1.13
Masal cavity 6.45 5.83 (101) 12.45 10.65 1.60 2.4 6.50
ard sirus

a This procedre is describad by Margosches ard Sxinger (1963). It is ased
 an assuption that excess risk calailatad fron amimal lowdose extrgoolation
is the epess d&owe a risk of ae fixr a huen exposad population relative
to an wneqosal ar gerexal population.

Prefictel hren relative dgk = 1+ - )0y Sstage rockl
Fropxaa ot aads de D St e
Prapxrticons of deaths calaulated fran 1980 martality data.
(A1, are described in EFA, 198b.
b Rersmal exposxe estimetes fram EPA, 196b.

c . . .
Ugoer band pradicted human relative rigks asad an a P(d) model, vhere
P(d) is estimated &cnd’enxtba‘cfamm]sbeadrgqamt%'cmmé.

d . . .

Ugper ord @radictad human relative risks tased an P(d)[n e
P(d) sm&mmmmdmmmé@m&mw
mlymid adenoms.
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exposure was around 0.64 ppm or greater. None of the studies
could detect the predicﬁed relative risks that were based on
animals bearing only squamous cell carcinomas for brain, or for
leukemia, or lymphopoietic, or colon, or lung neoplasia for the

populatioﬁs studied. -

4.7.3 Conclusion

The EPA has examined 28 studies which related to
formaldehyde. Three of these studies (Vaughan et al., 1986a,b:
Blair et al., 1986, 1987; and Stayner et al., 1986) were designed
to detect moderate elevations in human cancer risks; the
remaining 25 studies had detection limits that exceeded
corresponding expected excesses in site-specific neoplastic
risks. Results from 9 studies (Vaughan et al., 1986a,b; Blair et
al., 1986, 1987; Stayner et al., 1986; Ols=n et al., 1984;
Hardell et al., 1982; Hayes et al., 1986; Acheson et al., 1984a:
Liebling et al., 1984; and Stayner et al., 1984) suggest that
lung, nasopharyngeal, sinonasal, and oro-hypo-pharyngeal cancers
are associated with formaldehyde exposure.

In each of the above 9 studies, the populations were also
undoubtedly exposed to other agents and these exposures may have
contributed to the observed increase in cancer risk. Five
studies, however, addressed confounding. Vaughan et al.
(1986a,b) controlled for smokiny and alconol consumption in their
analyses. Hayes et al. (1986) and Olsen et al. (1984) controlled
for wood-dust exposure; the detection limits in both studies

exceeded corresponding expected excesses in sinonasal neoplastic
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risk. Stayner et al. (1986) measured possible confounders such
as phenol or particulate dusts in their study and thought the
contribution of the confounders to the observed excesses in
buccal cavity or pharyngeal mortality were minimal to none.

Note, Stayner et al. could not measure the impact of smoking on
their observed excesses in mortality. Blair et al. (1986), on
the other hand, stated that the lack of a consistent elevation
for tobacco-related causes of deaths suggested that their
cohort's smoking habits did not differ substantially from those
of the general population. Regarding diagnostic bias accounting
for the observed brain cancer excesses, the brain cancer excesses
remained when other like socioeconomic groups were used as the
comparison. Sociceconomic status may be a confounder in the
observed associations with upper respiratory cancers, but no .ata
currently exist for evaluation. As identiZied earlier, smoking,
sometimes associated with socio-economic szatus, either has been
taken into account in analyses or was thought to be appreciably
similar within the individual study comparison groups.

Based on the above human evidence, formaldehyde can be
placed in the "limited evidence of carcinogenicity" category.
This category is defined as "indicates that a causal
interpretation is credible, but that alternative explanations,
such as chance, bhias, or confouniding, could not adequately Se
addressed" (EPA, 1986).

Formaldehyde should not be placed in the categories
"inadequate evidence" or "“sufficient evidence of )

carcinogenicity.” "Inadequate evidence" 1s defined as
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“indicating that one or two conditions prevailed: (a) there were
few pertinent data, or (b) the available studies, while showing
evidence of an association, did not exclude chance, bias, or
confounding." Placement into the "inadequate evidence" category
would imply that the studies contained insufficient data to
consider adjusting for alternative interpretations. The
aforegoing discussion shows this is not the case. "Sufficient
evidence of carcinogenicity" is defined as "indicates that there
is a causal relationship between the agent and human cancer." A
variety of plausible important exposures could have confounded
these results, but no adjustment could be made for them. 1In
addition, the association between mobile home residence and
nasopharyngeal cancer was a first report:; future epidemiological
studies would be needed to confirm a causal agsociation between
the formaldehyde exposure in a mobile home and the incidence of
nasopharyngeal cancer.

On this basis, EPA has concluded that the epidemiologicél

evidence is "limited".
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4.8. Weight-of-Evidence

4.8.1. Assessment of Human Evidence

EPA examined 28 epidemiologic studies relevant to HCHO.
Three of these studies, two cohort (Blair et al., 1986; 1987
Stayner et al., 1986) and one case-control (Vaughan et al.,
(1986a,b), were well conducted and specifically designed to
detect small to moderate increases in HCHO-associated human
risks. Each of these three studies observed statistically
significant associations between respiratory site-specific
cancers and exposure to HCHO or HCHO=-containing products. 1In
each of the above three studies, the populations studied were
also undoubtedly exposed to other chemicals and these exposures
may have contributed to the observed increases in cancer risk.
Only the study by Vaughan et al. (1986a,b) controlled for smoking
and alcohol consumption.

The Blair et al. (1986; 1987) cohort study observed
significant excesses in lung and nasopharyngeal cancers among
U.S. workers occupationally exposed to HCHO at 10 industrial
sites. Blair et al. (1987) conclude that formaldehyde and
particulates apbear to vte a risk factor for nasopharyngeal
cancer. Blair et al. (1986), however, argued that the lung
cancer excesses provided little evidence of an association with
HCHO exposure since the lung cancer risk did not increage
consistently with either increasinjy intensity or cumulative HCHO
exposure. EPA, after reviewing these data, nhas concluded that

the significant excesses in total lung cancer mortality, in
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analyses either with or without a latency period equal to or
greater than 20 years, and together with nasopharyngeal cancer
mortality among HCHO-exposed workers are meaningful despite the
lack of significant trends with exposure.

The S£ayner et al. (1986) cohort study reported
statistically significant excesses in mortality from buccal
cavity tumors among HCHO-exposed garment workers. The SMR was
highest among workers with a long duration of employment
(exposure) and follow-up period (latency).

Results from the case-control study by Vaughan et al.
(1986a,b) showed a significant association between nasopharyngeal

cancer and having lived 10 or more years in a "mobile home" .
Persons for whom this association was drawn had lived in mobile
homes that were built in the 1950s to 1970s. This study also
reported significant associations between sinonasal cancer and
orohypopharyngeal cancer and exposure to resins, glues, and
adhesives (SAIC, 1986). No significant trends were found in
cancer incidence at any of these sites with respect to
occupational HCHO exposure; however, the risk estimates for the
highest exposure level and cancers of the orochypo-and naso-
pharynx appeared elevated. However, this population, like the
two previously discussed, was also undoubtedly exposed to other
chemicals which may have contrivbuted to the observed increases in
cancer risk.

EPA reviewed 25 other epidemiologic studies. These studies

had limited ability (lower power) to detect small to moderate

4-108



increases in HCHO-related risks due to (1) small sample sizes;
(2) small numbers of observed site-specific deaths; and (3)
insufficient follow-up. Even with these potential limitations,
six of the 25 studies (Acheson et al., 1984a; Hardell et al.,
1982; Hayeé et al., 1985; Liebling et al., 1984; Olsen et al.,
1984; Stayner et al., 1985) reported significant associations
between excess site-specific respiratory (lung, buccal cavity,
and pharyngeal) cancers and exposure to HCHO.

The Olsen et al. (1984), Hayes et al. (1986), and Hardell
et al. (1982) studies reported significant excesses of sinonasal
cancer in individuals who were exposed to both HCHO and wood-
dust, or who were employed in particleboard manufacturing where
HCHO is a component of the resins used to make particleboard.
Only the Hayes et al. (1986) and Olsen et al. (1984) studies
controlled for wood-dust exposure; the detaction limits in both
studies, however, exceeded corresponding expected excesses in the
incidence of sinonasal tumors and, therefore, no significant
excesses were likely to have been observed.

The Acheson et al. (1984a) study conducted in the United
Kingdom supports the results of Blair et al. in that, when
compared to mortality rates of the general population,
significant excesses in mortality from lung cancer were observed
in one of six HCHO resin producing plants in England. A trend of
borderline significance with dose was observed for this one
plant. Acheson et al. concluded that the increases in mortality

from lung cancer were not related to HCHO exposure since the
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elevation and trend were not statistically significant when
compared with local lung cancer rates. EPA believes that the
risks and trends from analyses using local lung cancer rates as
the comparisbn risks appeared sufficiently increased for
corroborative use.

The remaining two studies reported significant excesses of
buccal cavity cancer among garment workers in 3 plants (Stayner
et al., 1985) and excesses of buccal cavity and pharyngeal cancer
among HCHO resin workers in 1 plant (Liebling et al., 1984).
Portions of the Liebling et al. (1984) and Blair et al. (1986,
1987) studies overlapped as did portions of the two Stayner
et al. (1985; 1986) studies. However, the non-overlapping
portions and improved design of the more recent studies (i.e.,
Blair et al. 1986, 1987; Stayner et al. 1986) reinforce the
conclusions of the earlier studies.

Analyses of the remainiﬁg'l9 epidemiologic studies have
indicated the possibility that observed leukemia and neoplasms of
the brain and colon may be associated with HCHO exposure. The
bioloéical support for such postulates, however, has not yet been
demonstrated.>

Based on a review of these studies, EPA has concluded that
under EPA's Guidelines for Carcinogenic Risk Assessment there is
"limited"” evidence to indicate that HCHO may be a carcinogen in
humans. Nine studies reported statistically significant
associations between site-specific respiratory neoplasms and

exposure to HCHO or HCHO-containing products. This is of
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interest since inhalation is the primary route of exposure in
“humans. Although the cohmon exposure in all of these studies was
HCHO, the epidemiologic evidence is categorized as "limited"
primarily due to possible exposures to other agents which may
have confounded the findings of excess cancers.

4.8.2. Assessment of Animal Studies

The principal evidence indicating that HCHO is able to
elicit a carcinogenic response in animals are the studies by CIIT
(Kerns et al., 1983), Albert et al. (1982) and Tobe et al.

(1985). 1In the CIIT study, statistically significant numbers of
squamous cell carcinomas of the nasal cavity of Fischer 344 male
and female rats were seen. The CIIT study was a well coﬁducted,
multidose inhalation study. 1In addition, while not statistically
significant, a small number of squamous cell carcinomas were seen
in male mice. Because this type of nasal l2sion is rare in mice,
these data must be considered biologically significant. Benign
tumors (i.e., polypoid adenomas) were seen in male rats in the
CIIT study at all dose levels and in female rats exposed to 2 ppm
of HCHO. Notably, the dose-response curve for the benign tumors
in this study did not mirror the carcinoma response; the tumor
incidence was highest at 2.0 ppm and decreased at higher doses.

Tobe et al. also observed a statistically significant
increase in the numbers ©of sguamous cell carcinomas in the same
strain of male rats as was used in the CIIT study. Albert et al.
reported a statistically significant elevation of thé same

malignant tumor type in male rats of a different strain. In both
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the Tobe et al. and Albert et al. studies benign squamous cell
papillomas were seen. This observation was in contrast to the
CIIT study in which polypoid adenomas were the only benign tumors
observed. Hamsters have been tested in long-term inhalation
studies (Délbey, 1982) but no increased incidence of tumors was
seen in HCHO-treated animals. Ho&ever, deficiencies in the study
design and poor survival limit the interpretation of the results
from these studies. |

Additional support is provided by studies by Dalbey (1982)
in which HCHO increased the production of tumors caused by a
known animal carcinogen; Meuller et al. (1978) in which a
solution of formalin produced lesions in the oral mucosa of
rabbits which showed histological features of carcinoma in situ:
and studies by Watanabe et al. (1954, 1955) in which injections
of formalin and hexamethyenetetramine produced injection site
sarcomas and one adenoma.

HCHO is mutagenic in numerous test systems, and it is able
to transform a number of cell lines. In addition, HCHO has been
shown to be able to form adducts with DNA in both in vivo and iﬂ
vitro tests (Consensus Workshop on Formaldehyde, 1984). 1Its
ability to interfere with DNA repair mechanisms has also been
demonstrated. However, evidence demonstrating HCHO's mutagenic
potential in in vivo tests is lacking (IRMC Report on Systemic
Effects, 1984b). The literature reports conflicting data
concerniﬁg chromosomal effects in humans. However, the weight of

these data seems to indicate little potential for these effects

4-112



in the workplace, but this judgement must be tempered by the
limitations of the studies.

Although HCHO's acute effects do not demonstrate its
carcinoéenicity, they do help explain differences in species
response, and the severity of the carcinogenic response in the
animal studies. HCHO's acute effects may be factor in the
promotion of its carcinogenic potential at concentrations greater
than 1 ppm in rats and possibly in humans. |

Another factor that bears on the possible carcinogenicity of
HCHO, is the different responses seen in laboratory animals to
HCHO. HCHO has been studied in rats, mice, hamsters, and monkeys
by inhalation. In rats a highly statistically significant
response was obtained in two strains. In mice only males of one
strain showed a marginal response, while hamsters and monkeys
showed no neoplastic response. However, the studies of
respiratory response to sensbry irritants indicate that when dose
received is adjusted for reductions in respiratory rate, rats and
mice appear to respond similarly. The cancer test data on
hamsters are negative, but this finding is tempered by poor
survival, limited pathology, and other factors. The study using
monkeys (Rusch et al.) indicates that, at least for nonneoplastic
lesions (squamous metaplasia), rats and monkeys respond
similarly.

HCHO is not the only aldehyde that is carcinogenic in
animals. Acetaldehyde, the closest aldehyde to HCHO in

structure, is carcinogenic in hamsters and rats, causing cancers
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in the nose and trachea of the former, and nasal cancers in the
latter (by inhalation). 'In addition, other aldehydes such as
glycidaldehyde and malondialdehyde have been shown to be
carcinogenic.

Finaliy, HCHO's rapid metabolism and pharmacokinetic data,
the protective action of the mucous layer, and respiratory
response to sensory irritants have been discussed in the HCHO
literature as factors that may bear on judgements of the
mganitude of the potential human cancer risk posed by HCHO and
will be discussed in sections 7 and 9.

In conclusion, based upon a review of the above data, EPA
has concluded that there is ﬁsufficient" evidence of
carcinogenicity of HCHO in animals by the inhalation route. This
finding is based on the induction by HCHO ~f an increased
incidence of a rare type of malignant tumor (i.e., nasal
squamous=-cell carcinoma) in both sexes of rats, in multiple
inhalation experiments, and in multiple species (i.e., rats and
mice). In these long-term laboratory studies, tumors were not
observed beyond the initial site of nasal contact nor have other
mammalian in vivo tests shown conclusive effects at distant
sites.

4.8.3. Categorization of Overall Evidence

In conducting risk assessments of suspect carcinogens, EPA
generally evaluates the overall weight-of-evidence including bvoth
primary and secondary evidence of carcinogenicity. As specifie!

in EPA's Guidelines for Cancer Risk Assessment (EPA, 1986),
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primary evidence derives from long-term animal studies, and
epidemiological data insofar as this is available. Secondary, or
supplemental, evidence includes structure-activity relationships,
the results of short-term tests, pharmacokinetic studies,
comparative metabolism studies, and other toxicological responses
which may be relevant.

In the process of categorizing HCHO, two lines of evidence
were assessed, one of which is an assessment of studies of humans
and the other is the assessment of evidence from studies in
animals. The results from each assessment are then combined to
characterize the overall evidence of carcinogenicity. The EPA
Guidelines also suggest that quantitative risk numbers be coupled
with EPA classifiations of qualitative weight of evidence.

Consequently, based on the determination that there is
sufficient evidence that HCHO is an animal carcinogen and the
determination that there is limited human evidence, HCHO can be
classified under the draft guidelines as a Group Bl-Probable

Human Carcinogen.
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5. HAZARD OF NONCARCINOGENIC EFFECTS

5.1. HCHO-Related Effects of the Eyes and Respiratory System*

Irritation of the eyes and mucous membranes 1s the principal
effect of lLow concentrations of HCHO observed in humans. Human
responses to airborne HCHO at various concentraﬁions are
summacrized in Taﬁle 5-1. Table 5-1 shows a wide range in HCHO
concentrations ceported to cause specific health and sensory
effects. At concentratiqns below 0.05 ppm none of the effects

Listed have been reported.

REPORTED HEALTH EFFECTS OF PORMALDEHYDE
AT VARIOUS CONCENTRATIONS

Approximate HCHO

Health Effects Reported Concentration, ppm*

None reported 0-0.05

Odoc threshoid 3.05-1.0

Eye irritation ‘ 0.01=2.0**

Upper airway irritation 0.10-25

Lower airway and pulmonacrcy 5-30
effects

Pulmonacy é@ema, inflammation, 50-100
pneumonia :

Death 100+

*Range of thresho.ds for effect listed.
**The 1ow concentration (0.01) was observed in the presence of
other poilutants that may have been acting synergisticaily.

*Unless otherwise cited, from NRC (1981).
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Most persons can perceive the odor of HCHO at about 1 ppm,
but some persons can detect it as low as 0.05 ppm. Eye
irritation has been reported at concentrations as low as 0.05
ppm. At concentrations at or above 1 ppm, nose, throat, and
bronchial irritation have been noted. Such irritation was nearly
uniformly reported by persons when the concentration reached §
ppm. HCHO concentrations exceeding 50 ppm cause severe puimonacy
reactions, inciuding pneumonia, bronchial inflammation, pulmonary
edema, and sometimes resuit in death.

Table 5-1 shows the variability and overlap of threshoids
for responses among subjects. Tolerance to olfactory, ocular, or
upper respiratory tract irritation occurs in some persons.
Factors such as smoking habits, socioceconomic status, preexisting
disease, and interactions with other poli:-ants and aerosols are
expected to modify these responses.

5.1.1. .Exg

A common compiaint of persons exposed to HCHO vapor is eye
lrritation. Some persons can detect HCHO at 0.0l ppm, but it
produces a more definable sensation of eye irritation at 0.05-0.5
ppm. Marked irritation with watering of the eyes occurs at a
concentration of 20 ppm in air. Permanent eye damagé from HCHO
vapor at low concentration is thought not to occur because people
close their eyes to avoid discomfort. Increased blink rates are
noted at éoncencrations of 0.3-0.5 ppm in persons studied 1in
chambers. Blink rate, although used a§ an objective measure of

eye irritation, appears variabie for any given subject. In smog-
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chamber testé human subjects tested could readiiy detect and
ceact to HCHO at as lLow as 0.0l ppm. The irritant effects of
HCHO seem to be accentuated when it is mixed with other gases.

Accidental splash exposures of human eyes to aqueous
solutions ' of HCHO have resulted in a wide variety of injuries,
depending on concentration and treatment. These range from
discomfort and minor, transient injury to delayed, but permanent,
corneal opacity and loss of vision.

In summary, human eyes and adnexal are very sensitive to
HCHO, detecting atmospheric concentrations of 0.01 ppm in some
cases (when mixed with other pollutants) and producing a
sensation of irritation at 0.05-0.5 ppm. Tolerance to eye
irritation is reported to occur. Lacrimation 1s produced at
higher li1evels, but démage is prevented by :-losing the eyes 1in
response to discomfort. Aqueous solutions of HCHO accidenta..y
splashed into the eyes must be immediately fliushed with water to
prevent serious injury, such as 1id and conjunctival edema,

corneal opacity, and loss of vision.



5.1.2. Qlfactory System

The odor threshold of HCHO is usually around 1 npm, but may
be as low as 0.05 ppm for a small percent of the population.
General olfactory fatigue with associated increases in olfactory
threshold; for rosemary, thymol, camphor, and tar has been
reported among plywood and particleboard workers and is thought

to be associated with HCHO exposure.

5.1.3. Upper Airway Irritation (Yose and Throat)

Symptoms of upper airway irritation include the feeling of a
dry or sore throat, tingling sensation of the nose, and are
usually associated with lacrimation and pain in the eyes.
Irritation occurs over a wide range of concentrations, usually
beginning at approximately 0.1l ppm, but is reported more
frequently at l-11 ppm (see Table 5-1). Tolerance to eye and
upper airway irritation may occur after 1-2 hours of exposure.
However, even if tolerance develops, the .rritation symptoms can
return after a l- to 2-hour interruption of exposure.

Finally, examinations of the hose and throat reveal chronic
changes that are more severe in persons occupationally exposed t»9
higher concentrations HCHO. Exposure to HCHO can cause
alterations in the nasal defense mechanisms that include a
decrease in mucociliary clearance and a loss of olfactory
sensitivity.

5.1.4. Lower Airway and Pulmonary Effects

Lower airway irritation which is characterized oy cough,
chest tightness, and wheezing is reported often in people exposed

to HCHO at 5-30 ppm.
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In a study of workers exposed to phenolic resin fumes by
Schoenberg and Mitchell-(l975): there was evidence of chronic
airway obstruction in workers exposed for more than five years.
This was measured by lower FEV 1.0/FVC and MEF S50%/FVC ratios.
However, as opposed to the high percentage of workers creporting
acute respiratorcy symptoms, only smail decreases 1in pulmonary
function during the workday and workweek were found. In a
similar study, it was found that workers exposed to a phenol-HCHO
type resin, hexamethylenetetramine-resorcinal, experienced
significant acute lung effects (lung funciion measured before and
aftef shifts) as measured by decrements in tests measuring "small
airways" effects. However, there was no difference in baseline
lung function tests in the exposed and control populations
(Gamble et al., 1976). Finaiiy, workers exposed to HCHO from the
manufacture of fiberglass batts and the f-xation of tissues
(histology technicians) had similar symptcn profiles. Chest
tightness, burning, shortness of breath, cough, and palpitations
increased in frequency from unexposed to increasingly exposed
groups. Significant reductions in baseline flow rates were noted
for batt makers and were most likely due to chronic HCHO exposure
and cigarette smoking. Deficits persisted so that they were seen
in baseline studies done after a 20-day shutdown period (Kilburn
et al., 1985a).

In contrast to the studies described above, studies by Main
and Hogan (1983), Levine et al. (1984), and Day et al. (1984)

reported no deficits in pulmonary function of workers in mobiLie



trailers, morticians, and residents of UFFI homes,

respectively. However, Main and Hogan did find signifiéantly
Lncreased symptoms of eye and throat irritation and headache and
fatirue among the exposed group. The residents of UFFI homes
experience& a high frequency of eye icritation and moderate rates
of nasal congestion and tearing when exposed to 1.0 ppm HCHO for
90 minutes in a chamber (Day et al., 1984). No significant
increase in respiratory disease was found in the morticians
studied by Levine et al.

In reviewing a number of mocrbidity studies, including the
Schoenberg et al. (1975) and Gamblie et al. (1976) studies, the
Epidemiology Panel of the Consensus Workshop (1984) concluded
-that: |

No important reductions in forced vi=il cavacity were
observed. Reductions in forced expiratory volume in
one second and forced expilratory volu-e (expressed as a
. percentage of forced vital capacity) ~hen observed were
small. These were not detected when =2xposure to
formaldehyde was solely as a vapor. There was either a
weak or absent association of reduced pulmonary
function tests with exposure in the few studies- where
this factor was analyzed. Workshift (acute) changes in
pulmonary function tests (PFT) have been assessed oniy
when other dust’'was present and/or the formalidehyde
itself was a particulate or incorporated in
particles. Acute PFT reductions were not consistently
present, were small and showed no reguiac association
with exposure. Although some symptoms were present,
the changes in PFT were clinicaily insignificant, and
there is no convincing evidence formaidehyde exposure
results in restriction or obstruction at the doses
studied. There is some suggestion that the symptoms
are reversible and of minor import. However, because
of the demonstated irritant notential of formaidenyde,
selection bias may be occurring in the exposed
populations so that these studies are likely to
underestimate adverse effects of formaldehyde exposure.
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Studies cited that were not avallable to the Panel do not

materially affect their findings.

Pulmonary edema and pneumonitis could result from very nigh
HCHO concentrations, 50-100 ppm. It is not known what
concentrations/durations are lethal to humans, but concentrations
exceeding 100 ppm would probably be extremely hazardous to most
and might be f£atal in sensitive persons (NRC, 1981).
5.1.5. Asthma

In addition to its direct irritant effects on the
respiratory system, HCHD has been shown to cause bronchial
asthma-like symptoms in humans (Hendrick et al., 1282; Burge et
al., 1985; and Yordman et al., 1985). Although asthmatic attacks
may in some cases e due specifically to HCHO sensitization or
allerqy, the evidence for this is less than certain (Consensus
Workshop, 1984). HCHO seems to act more :ommonly as a direct
alrway irritant in persons ‘who have broncnial asthma from other
causes {(Burge et al., 1985 and Nordman et al., 1985). However,
the HCHO concentrations required to elicit such attacks are
relatively high, higher than would be expected in most
nonoccupational environments. For example, no
bronchoconstriction was observed in seven nmild asthmatics who
were exposed to 1 ppm HCHO for 19 minutes at rest and to 1 or 3
ppm during mild exercise (3heppard et al., 1984). Ian 2 study of
21 asthmatics living in UFFI homes, no consistent bronchial
effects were produced from three hour exposures to: Placebo,

0.54 ppm HCHO, UFFI particles 0.5/ml, and HCHO free UFFI 0ZZ-



gases (Lees et al., 1985). Witek et al. (1985) reports no
effects in healthy and asthmatic individuals exposed to 2.0 ppm
HCHO with and without mild exercise, and in a group of laboratocy
workers coutlinely exposed to HCHO.

In a.study'of 230 persons who had been exposed to HCHO and
suffered asthma-iike symptoms, 218 did not respond when
challenged with 2.0 ppm HCHO, including 71 subjects with
demonstrated bronchial hyperactivity (histamine oc¢ methachoiine
challenge test). The 12 individuals that did respond were
diagnosed as "true HCHO asthmatics” and aili had been exposed
occupationally (Nordman et ai., 1985). Finally, in a study of 15
workers occupationally exposed to HCHO who were exposed to
approximately 4.0 ppm HCHO under contcrolled conditions, six
workers developed immediate asthmatic reac-=ions, which were most
likely due to its irritation oroperties, wh.le three workers
deveioped what was diaghosed as HCHO-causei hypersensitivity
(Burge et al., 1985).

Persons with bronchial asthma respond to numecous agents,
such as exogenous irritants and allergens, respiratory
infections, coid air, smoke, dust, and stress. The asthmatic
person seems to crepresent an extreme on the scale of respicatory
sensitivity to inhaled icritants. A paper by Brooks et al.
(1985) reports two cases in which asthma-iike symptoms may have
been caused by a single exposure to high leveis of an irritac.nz
agent. Syhptoms persisted for at least four years and were

accompanied by early inflammatory responses in the iung. YNo



documented preexisting respiratory illness was found. The
authors have termed the illness observed reactive ailrways
dysfunction syndrome (RADS). Because many occupations have the
potential for episodic, high level HCHO exposure, .RADS should be
considerea as a possibility.

Diagnosis of immune sensitization has been based upon
xnowledge that individuals were exposed to HCHO before the onset
of symptoms, reported complaints and symptoms, and spirometric
pattern on obstructive changes in respiratory function upon
bronchial provocation vy inhalation challenge with HCHO.
Although the production of specific Immunoglobulin Type E (I3E)
antivody has been demonstrated to other chemicals (e.g.,
trimellitic anhydride, and phthalic anhydride), IgQE antibody hés
not Yeen shown to ve produced in response -> HCHO exposure.
However, a study by Patterson et al. (198¢: has demonstrated the
nresence of IgE antioodies against HCHO-human serum albumin
conjugates and human serum albumin (HSA). The authors believe
thhe immunologic response is HCHO related because of a similar
pattern in dogs immunized with HCHO or HCHO-dog albumin and the
fact that anﬁi-HSA antibodies have not been identified in
patients reactive to other hapten-HSA compounds. Respiratory
sensitization with HCHO has not been demonstrated with animals
(Lee et al., 1984). In sore human studies in which patients
complained of respiratory illness, they did not respond
positively to bronchial challenge testing with HCHO gas, bu- 1i-=

does appear from the work of Hendrick et al. (1982), Burge et al.



(1985), and Nordﬁan et al. (1985) that HCHO can induce
hypersensitivity by the inhalation coute. However, the data
indicate that this may be a rare event. In addition, no data are
availabie describing induction concentrations, but it appears
that challenge concentrations as low as 1.0 ppm can eiicit a
cesponse (Nordman et al., 1985).
5.1.6. Summacy

‘A number of lower airway and pulmonary effects may occur
from HCHO exposure. Thresholds have not been established for the
Lrritant effects of inhaled HCHO. However, within the range of
0.1 to 3 ppm, most people experience irritation of the eyes,
nose, and throat (Consensus Workshop, 1984). In most healthy
persons exposed to HCHO, concentrations greater than 5 ppm will
cause cough and possibly a feeling of ches:- tightness. In some
susceptiblie persons, concentrations below 3 ppm can cause these
symptoms, including wheezing. 1In persons ~ith bronchial asthma,
the irritation caused by HCHO can precipitate an acute asthmatic
attack, sometimes at concentrationé below 5 ppm. Although
conclusive evidence is not available, it appears that HCHO is
capable of inducing respiratory tract allergy, but data are
lacking on induction concentrations. In concentrations greatec
than SO0 ppm, severe lower respiratory tract effects can occur,
with involvement not on.y of the.airways but aiso of aiveoiar
tissue. Acute injury of this type includes pneumonia and
pulmonary edema. Finaily, a dose-response analysis of the human

data appears in section 8.



5.2. Irritation/Sensitization--Dermal and Systemic

In reviewing any analysis of ce;pi:atory effects, it is
important to remember that irritation and sensitization are two
distinct physiologic responses. Irritation 1s a purely local,
immediate'response resuiting from a chemical reaction between
HCHO and the epithelial lining. The irritant response will
resolve with cessation of exposure. It is scientifically
accepted that there is a threshoid for the irritant response.

A chemical sensitization response is a far more complicated
physioiogic effect. Some chemical sensitization responses are
mediated by the immunologic system, for others antibodies have
not yet been identified and the mechanism is as yet unknown. The
sensitization response may have one Or more components, immediate
and/or delayed. The key distinction betwean sensitization and
lrritation, Ls the absence of a clear threshold in the former.
Once an individual is sensitized, he/she ~.1l respond to low
effect-triggering exposures. There 1s debate in the scientific
community as to whether or noﬁ a threshold exists for the initial
chemicali sensitizing event(s), but the data are not availabie to
resoive the issue.

It is established that HCHO is a primary skin sehsitizing
agent producing allergic contact dermatitis. It 1s aiso prooabiy
a cause of immunologic contact urticaria (Consensus Workshop,
1984).

HCHO induces allergic contact dermatitis by a delayed ctvpe

(Type 1IV) hypersensitivity mechanism. Besides contact with HCHD
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itself, allergic contact dermatitis can be caused by contact with
disinfectants and tissue preservatives containing HCHO, HCHO
releasers (resins in clothing, and paper products), and with
preservatives used for cosmetics, detergents, polishes, etc.
Table'5-2 illustrates some induction concentrations which
induce sensitivity and the range of chailenge concentrations
which elicit the allergic reaction. The threshold for induction
has not been clearly defined, but it has been estimated as less
than 5 percent formalin in water. The appropriate thresholdifor
elicitation of allergic contact dermatitis in sensitized subjects
ranges from 30 ppm for patch testing to 60 ppm for actual product
concentrations of HCHO (formalin). However, because of the
limited data base these estimates should be used with caution
(Congensus Workshop, 1984). Data (inducti>n and challenge
concentrations) regacding the ability of H“IHO-resin treated
textiles to cause allergic contact dermatizis 1n garment workers

for instance are lacking.



Table 5-2.
DELAYED TYPE HYPERSENSITIVITY (HUMAN SKIN) DUE
TO LOW LEVELS OF PORMALDEHYDE*

Induction Chailenge Results (No.
Concentcation Concentration Reacting Humans)
370 ppm 3,700 ppm 0/45
3,700 ppm 3,700 ppm 4/48 (4.5%)
11,000 ppm 3,700 ppm 5/58 (5.7%)
18,500 ppm 3,700 ppm 4/52 (7.7%)
Uaknown 30 ppm 4/8 (50%)
(cLinical) 60 ppm 5/8 (63%)
100 ppm 6/8 (75%)
10,000 ppm 8/8 (100%)
Unknown 32 ppm 0/14
55 ppm 2/14  (14%)
144 ppm 7/14 (50%)

*IRMC 1984a

The CIR Expert Panel (1984) stated that "the formulation and
manufacture of a cosmetic product should be such as to ensure use
at the minimal effective concentration of -“>rmaldehyde, not to
exceed 0.2 percent measured as free formal ishyde."

HCHO skin irritation is non-immunologic: how 1ts mechanism
may differ from other forms of dermali irritation is not Xnown.

Induction of contact urticaria by HCHO has been reported and
1s presumably a Type 1l allergy (Consensus Workshop, 1984).
However, proof that the immunological reactions are due to an
aillerglic regsponse must await the demonstration of specific immune
reactions such as the production of IgE or IgG antibody specific
for HCHO (IRMC Subgroup on Sensitization, 1984a). YNonimmunoLogic
contact urticaria which requires multiple applications at the

same site has been reported (Consensus Workshoo, 1984).



Sensitivity caused by the release of HCHO into the blood
from blood dialysis treatment has been reported. Frequent
eosinophilia (increase in eosinophil leukocytes) and some severe
hypersensitivity and asthma-like reactions have been associated
with this occurrence. Antibodies reacting with HCHO conjugated
red blood cells is evidence of Type II auto allergy. The asthma-
Like reactions are suggestion of Type I allergy (Consensus
Wworkshop, 1984). However, commenting on this the IRMC Subgroup
stated that:

The hemodialysis patient population should not be

considered a source of IgE antibody since: (1)

formaldehyde levels present during dialysis have been

mackedly reduced; (2) these reactions were due to

systemic exposure and primarily induced an antigenic

change in red blood celil surface mackers: (3) oniy one

possible case has been reported of (anaphylactic)

sensitization by this route; this may resemble some
reactions caused by endotoxins preser- in dialysis
equipment. In this case patients wer= exposed to

allergens other than formaldehyde (pe:sonal

communication from Ronaid M. Easteri.~g, M.D.).

However, a study by Patterson et al. (1986) has demonstcated
the presence of IgG, IgM, IgA, and IgE antibodies against HCHO
human serum albumin (HSA), but no correlations could be drawn
between the antibodies against HCHO-HSA and symptoms or
complication in patients using dialysis equipment steclized with

HCHO.

5.3. Cellular Changes

Inhalation exposure to HCHO causes a number of cellular
effects depending on the concentration and duration of exposure.
In the Kerns et al. (1983) study, rats exposed to 2.0 ppm

HCHO experienced rhinitis, epitheiial dyspliasia, and sguamous
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metaplasia after 12 months of exposure. The frequency of
squamous metaplasia increased toO nearly 100 percent at the end of
the exposure period at 24 months. Considerable regression was
noted at 27 months (see Figure 4-1). In a more recent study by
Tobe et al. (1985), slight increases in rhinitis and squamous
metaplasia were obsecrved in F-344 rats exposed to 0.3 ppm for 28
months anq those found dead. However, the frequency of squamous
metaplasia falis within the 15 percent background rate for this
type of lesion as seen in the Kerns et al. (1983) study.

A study by Rusch et al. (1983), which measured similar
endpoints in monkeys, rats, and hamsters, reported a NOEL for
squamous metaplasia of 1.0 ppm. Tablie 5-3 clearly shows that a
threshold for this response exists at about 1 ppm (rats in the
Kern study experienced squamous metaplasia at 2.0 ppm). A
similar threshoid level is suggested for ~:-nkeys as Table 5-4
indicates. Although, the auﬁhors did not attribute the one case
of squamous metaplasia to HCHO exposure, it is possible that HCHO
1s causing effects, other than squamous metaplasia, at Or beLow
1.0 ppm due to the increased incidence of nasal discharge in
monkeys at 0.2 and 1.0 ppm as illustrated in Tabire 5-5. Such a
response may be due to damaged cilia of the respiratorcy
epithelium. Data submitted by Woutersen et al. (1984b) on a
subchronic (l3-week) Lnhalation toxicity study with HCHO ia cats
(10 rats per sex at each dose) showed no squamous metaplasia :n
the controls, 3 of 20 at 1 ppm, 20 of 20 at 10 ppm, and 20 of 20

at 20 ppm.



Table 5-3.
Significant Findings in Nasal Turbinates

in Rats*
Squamous Basal Cell
Group . Level (ppm) Meta/Hyperplasia Hyperplasia
I (combined
(controls) 0 5/77 4/77
II 0.20 1/38 0/38
III 1.00** 3/36 0/36
v 3.00 23/37 25/37

*Adapted from Rusch et al. (1983)

**NOEL
Table. 5-4,
Significant Pindings in Nasal Turbinates
in Monkeys*
Group Level [ppm] Squamous Meta/Hyperplasia
I 0 0/é
II 0.2 0/6
III 1.00** 1/6
v 0 0/6
\Y 3.00 : 6/6
*Adapted from Rusch et al. (1983)
**NQEL
Table 5-5.
Total Incidence By Groups of Monkeys*
Grou I II III Iv \Y
prm; (0) (0.2) (1.0) (0) (3.0)
Hoarse 0 0 0 0 32
Congestion 0 0 0 0 36
Nasal dischacge 9 - 30 45 5 62

*Adapted from Rusch et al. (1983). o0ut of a total of 156
Observations per group.



The effect of HCHO on nasal mucociliary function in the rat
has been studied by Morgan et al. (1986) (see Section
4.4.3.2.). Male Fischer 344 rats were exposed for 6 hours per
day for 1, 2, 4, 9 or 14 days, to O.S,.2, 6 or 15 ppm HCHO.
There was a clear dose-dependent affect on mucociliary
activity. At 15 ppm there was significant inhibition of
mucociliary activity which progressed from anterior to posterior
regions of nasal tissue. 2nly slight effects were noted in
animals exposed to 2 or 6 ppm. At 0.5 ppm no effects wece
observed.

The affects of HCHO on the human nasal system has been
studied by a number of authors. Anderson and Molihave (1983)
reported decreases in nasal mucus flow rates at air
concentrations as lLow as 0.38 ppm. In a s-udy of five employees
of a sporting goods store in which oresse’ wood panels were used
Ln the basement, Solomons and Cochrane (1234) report finding
nasal turbinate swelling in all five employees that persistent at
least four months beyond the point measures were taken to reduce
exposure to the point that no irritation symptoms remained.
Unfortunately, actual HCHO concéntrations were not measured.
However, the lack of eye irritation may indicate that HCHO
concentration had been reduced to below about 1.0 ppm or may
indicate tolerance to HCHO. Initlal concentrations may have Tteen
much higher (>3 ppm) because the employees could not stay in the
basement: for more than a few minutes due to intolerabie eve and

upper respiratory tract irritation, choking, and macked



Adyspnea. .Lacrdix et al. (1985) report on.the clinical assessment
of 76 children who had been exposed to UFFI. Among the many
symptoms observed were apnormal nasal mucosa and nasal
secretions. Finally, in a study of workers processing
particleboard by Edling et al. (1985), it was found that the
group exposed.(ZO men) had a significantly higher nasal mucosa
histological score (points were assigned to eight factors
describing histological characteristics, e.g. loss of cilia,
xeratosis, etc.) than a referent group of 25 men. HCHO exposure
levels were in the range of 0.1-1.1 ppm. Average exposure time
for the men was seven years. Five of the exposed group (25%) had
swollen or dry changes, or both, of the nasal mucosa. This was
characterized histologically as loss of cilia and goblet cells,
squamous metaplasia, and, in some instanc=s, mild dysplasia.

In summary, it 1is clear that observatle cellular changes
begin to occur above 1 ppm [ICHO in animals, with the extent and
severity dependent on concentration and duration of exposure.
Based on data developed in rats and monkeys the NOEL for squamous
metaplasia and rhinitis can be placed at 1.0 ppm. The human data
indicate that mucocillary élearance system effects may be
occurring in humans at concentrations as low as 0.1 ppm, but Jata
in this regard are sparse. Consideration of the animal data
indicates that the rat model is a reasonable predictor of human
effects, even though a rat is oblijged to breathe through i:s

nose, whereas a human is not.
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The practical consequence of the cellular changes noted is a
disturbance of the mucociliary clearance mechanism. Since this
system 18 an important defense mechanism in the removal of
particulate matter, inciuding microbes, impairment of this
defense mechanism may increase the susceptability of persons to
infections and other respiratory diseases (Proctor, 1982; Comrcoe,
1974; widdicombe, 1977). Reports suggesting that inhibition of
the clearance system may éredispose certain children to
cespiratory infections were reviewed by the Consensus Workshop
(1984). Their conciusion was that better designed studies are
needed to characterize this effect. 1In a study by Tuthill (1984)
of respiratory disease in chiidren and woodstove use, i1t was
found that the strongest relationship of all study variables was
that of HCHO exposure. EXxcess acute respr:3itory lLliness was
significantly related to HCHO exposure. *=:wever, HCHO
concentration was estimated using pafamete:s such as remodeling,
UFFI in walls, and mobile homes. Thus the results of this study
must be tempered by this and certain design limitations.

5.4. Central Nervous System Effects

Reports in the literature link HCHO with a number of
behavioral and physiologic effects such as thicst, dizziness and
apathy, inability to concentrate, sleep disturbances, etc.
Central nervous system (CNS) responses to HCHO have been tested
in a variety of ways, including determination of optical
chronaxy, electroencephalographicalliy, and by measuring the

sensitivity of the dark-adapted eye to light. Responses are
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reported to begin in some persons at 0.05 ppm and are maximal in
individuals at about 1.5 ppm. HCHO at less than 0.05 ppm
probably has little or no objective adverse effect (NRC, 1981).
However, in general, how HCHO affects the CNS is not clearly
defined (éonsensus Workshop, 1984).

5.4.1. Neurochemical Changes

Studies using radiolabeled HCHO have shown radioactivity in
the brains of rats after inhalation exposures. However, the
chemical identity of the radiocactive material has not been
determined. It is uniikely to be HCHO because of its capid
metabolism. Some kind of condensation product or labeled amino
acid from one-carbon metabolism may be present.

HCHO has been shown to affect the firing rate of
nasopalatine and ethmoidal nerves of the =-igeminal nasai sensory
system. Besides being able to effect charjes in the respiratory
rate of animals, HCHO also appears to be aole to depress
trigeminal nerve response to other irritants, although the data
in this regard are not conclusive because of the testing
protocol.

HCHO (aﬁ high concentrations) has been reported to cause
cerebral acid proteinase activity in rats in one study and
decrease in cerebral RNA concentration, together with decreases
in the succinate dehydrogenase and acid proteinase activities, .n
another (Consensus Workshop, 1984). 1In a study by Boja et al.
(1985) in which rats wece exposed to 5.0 ppm HCHO, for 3 hours on

2 consecutive days, levels of 5-hydroxyindoleacetic acid,
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3,4-dihydroxyphenylacetic acid, and dopamine wece increased in
the hypothalamus. The toxicological significance of these
neurochemical changes is unclear.

Whether HCHO is capable of causing morpholiogical changes in
the CNS is unclear. In two studies reviewed by the Consensus
Workshop (1984), conflicting results were seen. In one study,
structural and cytochemical changes were seen in the cerebral

amygdaloid complex of rats exposed to 1 to 3 mg/m3 of HCHO for 3
months. In contrcast, monkeys injected intgavenously over several
hours with HCHO for a totali dose of 0.9 g/kg showed no
histoiogically detectable effects in the CNS.

5.4.2. Human Studies

Several reports are available which link chronic HCHO
exposure to a numbec'of psychological/behaioral problems
including depression, irritability, memorw Loss and decreased
attention capacity, and sleep disturbances. Unfortunateliy, these
studies for the most part have involved field surveys using
subjective seif-report symptom inventories. Control data are
often inadequate or completely absent. This is a significant
probiem when dealing with HCHO, which in addition to any direct
toxic effects possibly associated with it, produces distinct
oifactory cues which may stimuiate a spectrum of secondary
psychological reactions (e.g., expectancies, irritations,
anxieties, fears, etc.). These reactions may in turn exacerbate,
mask, or interfere with the more direct neurologic, biochemical,

and physiologicai responses to HCHO {(Consensus Workshop, 1984).



Nine studies of human populations were reviewed by the
Consensus Workshop (1984), but most had serious methodologic
problems. For instance in studies by Dally et al., Sardinas et
al., Garrcy et al., and Woodbury and Zenz, health complaints such
as headaches and difficulty in sleeping were linked to HCHO
exposure. However, these studies do not include control
populations and suffered from selection bias.

Thun and Aitman have pointed out some of the difficulties 1n
prevalence surveys of symptoms in cresidents from UFFI homes,
inciuding olfactocry cues, respondent and recall biases, and the
objective outcomes measured. No significant difference was found
in the occurrence of headaches or insomnia in residents of homes
with UFFI, compared to neighborhood controls.

In contrast, a study by Olson and Dossing found a
significantly greater prevalence of nose and throat irritation,
unnatural tiredngss, and headaches in exposed subjects than in
controls. While this study overcomes many of the design problems
previously discussed, responses still may have been based by an
awareness of the subjects of the study goals and hypotheses.

Attempts have been made to evaluate reported symptoms using
formal tests of neuropsychological function. A studylby Schenker
et al. found that persons living in UFFI homes who had ‘complained
of memory impairment had negative results on formal tests of
memory function, although positive findings were seen for many
regqarding attention span. In addition, a study by Anderson found

no effect on performance tests of 16 healthy volunteers exposed



to HCHO under controlled laboratory conditions (Consensus
Wworkshop). More recent étudies by Kilburn et al. (1985a, 1985b)
of histology technicians showed disturbances of memory, mood,
equilibrium and sleep that occurred simultaneously with headache
and indigeétion in 76 women technicians, while male technicians
were not appreciably different than a male comparison group.

When 25 technicians were evaluated using neurobehavioral tests
(block design, digit symbol, and embedded figure), a few deficits
were seen compared to expected results (IRMC Subgroup on Systemic
Effects, 1984b).

Commgnting on the human data the Workshop Panel stated that
the information "suggests that formaldehyde may affect thé
psychological functioning of the individual in three ways: (1)
directly, as a result of the immediate tox.: properties of the
substance on the peripheral and central ne:vous systems; (2)
indirectly, as a result of the individuai's monitoring and
awareness of the aforementioned changes and his/her
interpretation and reaction to such changes, which, 1in tufn,
feeds back into the central nervous system:; and (3) as a resulit
of the individual's psychological reaction and concomitant CNS
response to the glfactory properties of the substance. 1In
practice, these processes are interdependent, yet this simple
analysis of a complex series of responses underlines the need o
controi for 'expectancy' effects in formaldehyde research to
permit a differentiation of the direct effects of formaldehyde on

psychological functions from it secondary effects.”



5.4.3. conclusion
Based on the body of data available on the effects of HCHO
on the nervous system, the Workshop Panel concluded that:

The effects of formaldehyde .and/or its metabolites
on the biochemistry of the nervous system have not been
clearly defined. Various possibilities exist whereby
such effects might be mediated.

Some evidence exists that exposure to formic acid
(the principal metabolite of formaldehyde) in vapor
form at high concentrations exercises nervous system
toxicity in intact rats.

The irritant effects of formaldehyde may be
reflected in altered function of sensory nerves such as
the trigeminal nasal sensory system. The presence of
morphological changes in the CNS has been observed in
one study and not in another.

The difficulties inherent in any study of
psychological/behavioral effects of formaldehyde have
not yet been overcome in the course of conducting field
surveys.

Epidemiologic studies evaluatinc neuro-
psychological symptoms potentially dus to occupational
or environmental exposure to formaldenyde have failed
to overcome the problems commonly associated with such
studies. However, some studies merit further
investigation. '

5.5. Developmental and Reproductive Effects

5.5.1. Animal Studies

A number of studies have been reported which measured the
potential for teratogenic or reproductive effects of HCHO.

Ulsamer et al. (1984) revigwed four inhalation studies. No
teratogenic effects were reported. However, other effects in
dams and fetuses were reported such as, increased duration of
gestation and body weight of offspring, microscopic changes in

the liver, kidneys, and other organs of fetuses from exposed



dams, and decreased levels of nucleic in the testes of exposed

males.

A dermal study by Overman (1985), reported that applications
of formalin to the backs of pregnant hamsters for 2 hours per day
on day 8, 9, 10 or 11 of gestation increased resorptions but did
not cause birth defects. The author speculated that the
increased incidence of resorptions may have been stress related
because of evidence that rats and mice subject to stress
experience increased resorptions, but no teratogenic effects in
the survivors (see Kimmel et al., 1976).

A study by Marks et al. (1980) was reviewed by the Consensus
Workshop (1984) which concluded that it was the only adequate
study (at that time) of possible teratogenic effects of HCHO in
mammals.

The Workshop review is as follows:

Marks and colleagues intubated pregnant mice on

days 6 through 15 of gestation with 0, 74, 148 or 185

mg/kg/day. At the highest dose, 22 of the 34 pregnant

mice died. At that dose, there was an increased

incidence of resorptions, but that increase was not

statistically significant. At no dose did the

incidence of resorptions differ between the treated and

control groups. There were also no treatment-related

differences in the mean number of implantations,

stunted fetuses, live fetuses per litter, or average

fetal body weight per litter. At a dose which killed

more than 50 percent of the dams, no adverse

reproductive outcomes were observed except for the

increase in the incidence of resorptions that was not

statistically significant.

To measure the teratogenic potential of HCHO generated in

vivo, a number of investigators exposed animals to hexamethylene-

tetramine by feeding or by drinking water. Studies by Della



Porta et al., Hurni and Ohder, and Natvig et al. were variously
reviewed by the CIR Expert Panel (1984), Ulsamer et al. (1984),
NRC (1981), and the Consensus Workshop (1984). No malformations
were noﬁed in any of the studies.

Glycefol formal (GF), a possible slow HCHO-releasing agent,
has been reported to be teratogenic in the rat. However, Asby et
al. (1986) studied the hydrolysis of GF and its effects in a
mouse bone marrow micronucleus assay, which is known to be
sensitive to certain slow HCHO-releasing agents. No hydrolysis
was observed and the micronucieus assay was negative.
Consequently, the teratogenic activity of GF is unlikely to be
due to HCHO (Asby et al., 1986).

The Consensus Workshop (1984) reviewed studies of
reproductive effects. In one study, prolonged diestrus, but no
impairment of reproductive function was resocrted. Ovarian
involution and endomentrial atrophy were ooserved in another
study, but only in female mice exposed to 40 ppm HCHO (a
concentration which killed 80 percent of the animals). Other
studies were reviewed but were found to be of little value
becaﬁse of methodologic problems.

5.5.2. Human Data

No data have been found linking HCHO to teratogenic effects

in humans.



Review of reports of reproductive effects by the Consensus
Workshop (1984) and the IRMC Systemic Effects Subgroup (1984b)
did not lead to firm conclusions regarding HCHO's potential to
cause reproductive effects for a number of reasons. In a studj
by Shumilina, workers exposed to urea-HCHO resins were reported
to have a threefold increase in menstrual disorders and produced
more babies weighing between 2500 and 3000 g than the controls.
The IRMC Systemic Effects Subgroup concluded that because of a
lack of information on the worker environment and the
socioeconomic conditions of the study and control groups, plus
the fact that other conditions such as stress and personal and
nutritional habits are associated with the effects reported, the
role of HCHO in the development of the reported disorders is
uncertain. In a better designed study, re-iewed by the IRMC
Subgroup and the Workshop, Olson and Doss:ng studied a group of
female workers in a mobile home day care canter who were exposed
to 0.43 mg/m3 of HCHO. They reported increased incidence of eye
irritation, headache, and use of analgesics in the group. In
addition, 30 percent of the exposed group had a histocy of
menstrual irregularity. The Coﬁsensus Workshop (1984) felt that
these two studies point to the need for further research, but do
not show a causal relationship between exposure to HCHO and
menstrual disorders.

In two other reports reviewed by the IRMC (1984b), an:
increased incidence of miscarriages, changes in menstrual cyc.es,

and an increase in ovarian cysts were creported in one study of



female histotechnicians and a high incidence of sexual
dysfunction among male workers making fiber-reinforced plastic
was reported in another. In both instances, the workers were
exposed td chemicals other than HCHO, especially the male
workers. Consequently, it is uncertain whether the effects
reported are due to HCHO itself, to another chemical agent, or to
the interaction of numerous chemicals.

The Consensus Workshop (1984) reviewed three studieé related
to the potential of HCHO to cause germ-cell mutations. A study
by Fonlignie-Houbrechts reported increased pre- and post-
implantation losses in the first week of mating, following
exposure of male mice to 50 mg/kg of HCHO by injection, and an
increase in preimplantation loss in the third week. No evidenée
of increased dominant lethal effects were seen in a study by
Epstein et al. where mice were exposed at ioses of up to 40
mg/ kg, IP. Finally, Cassidy reported increased sperm
abnormalities in rats exposed to a 200 mé/kg, but not in rats
given 100 mg/kg orally. "Thus the data are not consistent and do
not adequately test the posgibility that formaldehyde causes
germ-cell mutations" (Consensus Workshop, 1984). However, these
data may not be inconsistent given different routes of
exposure. More wérk in this area may be needed.

5.5.3. Conclusion

Ulsamer et al. (1984), the Workshop, and the IRMC Subgroup
concluded the following regarding the potential of HCHO to cause

teratogenic or reproductive effects.



Ulsamer et al.:

The currently available data do not show that the
embryo is unusually sensitive to formaldehyde nor is
there any information to show that formaldehyde is
tecratogenic in rodents when administered orally or
applied dermally in nontoxic amounts to the dams.
Also, the in vitro data do not provide any evidence to
support the conclusion that formaldehyde causes terata
at exposure concentrations that are not toxic to the
adulte.

Inhalation of formaldehyde has caused fetotoxic
effects but not teratogenic effects. Further studies
of formaldehyde exposure by inhalation are needed to
elucidate the meaning of these changes. Limited
evidence suggests that formaldehyde may affect the
menstrual cycle and perhaps reproduction in women
repeatedly exposed. Additional work is needed to
vaiidate these findings.

IRMC Subgroup:

Reproductive function depends upon a sensitive and
integrated feedback system between the nervous system
and the reproductive organs. Thus, many chemicals that
affect the nervous system have the potential to affect
reproduction. It is possible that formaldehyde, by
affecting the nervous system induces :.ndirect changes
Ln reproductive behavior and reproduc-ion. Although
mechanisms for such have not been deiLineated, several
recent reports that show an increase in the incidences
of brain tumors in humans exposed to formaldehyde
provide indirect evidence of the potential of
formaldehyde to significantly affect the CNS.
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Consgnlus Panel:

In summary, the panel could find no evidence
clearly demonstrating that formaldehyde caused adverse
reproductive outcomes. What it found was a paucity of
information from which to make inferences and data that
suggested hypotheses to be tested in future studies.
This panel feels that formaldehyde poses little, if
any, risk as a potential human teratogen. This
judgment is based on the irritation potential of
formaldehyde at extremely low ambient concentrations
(0.05 ppm), existing data from in vivo mammalian
studies, and toxicokinetic and metabolism data
indicating an extremely short half-life (not detected
to 1.5 min) of the parent compound, and relatively
short half-life (80 to 90 min) of the only known
metabolite (formate) in the blood, regardless of the
route of exposure.

5.6. Effects on Visceral Organs

The potent;al effects of HCHO on viéceral organs has
received relatively little attention. One recent review article
by Beall and Ulsamer (1984) summarizes the association between
exposure to HCHO and effects on the liver. Based on the
literature reviewed, it appears that HCHO causes hyperemia or
infliammation in liver and kidhey in rats. Microscopically, HCHO
also causes cloudy swelling, cytoplasmic vacuolization, and
necrosis in the liver, and hyperemia, edema, and necrosis in the
kidney. Mac;oscopic changes in the liver have also been produced
by HCHO. When exposure is repeated over a period of weeks,
changes include a mottled appearance and a decrease in liver
weight. Pollowing a single high exposure, liver size may
increase. Effects on viscera could result from indirect
mechanisms or be secondary to other effects near the site of
first contact. Undér some circumstances, GSH detoxification

mechanisms may be involved (IRMC, 1984b).
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Trangient effects on the hematopoietic system occurred in
rats and mice after 6 months of exposure to HCHO by inhalation.
These effects were reflected by statistically significant
decreases in kl) reticulocytes in female m;ce exposed to 2.1, 5.6
or 14.3 ppm: (2) mean corpuscular hemoglobin in male and female
rats exposed to 14.3 of HCHO: and (3) mean corpuscular hemoglobin
concentration in male rats exposed to 2.1, 5.6 or 143. ppm of
HCHO. Male and female rats had significant (p<0.05) increases in
mean corpuscular hemoglobin, mean corpuscular hemoglobin
concentration, and myeloid to erythroid ratios after 13 weeks of
exposure by inhalation to 12.7 pom of HCHO. This could indicate
myeloid hyperplasia or erythroid hypoplasia. Thus, it is
possible effects on visceral organs could be partially caused .
through changes in the hematopoietic system as well as through
other mechanisms (IRMC, 1984b).

Gibson (1984), in reply to Beall and Ulsamer (1984), notes
the absence of any hepatic changes attributed to HCHO in the
Kerns et al. (1983) (CIIT study) study. Also,Aother than effects
in the respiratory systems of rats and mice, HCHO has not been
shown to cause toxic effects at other sites. In the Tobe et al.
(1985) study, where rats were exposed to 15 ppm HCHO for 28
months, no changes other than in the respiratory system could be
attributed to HCHO exposure. A decrease in liver weight was
noted, but this was assumed to be caused by a decrease in food

intake, not by a direct toxic effect.
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Addressing the issue of systemic effects, the Consensusg

Workshop (1984) stated that "There is no convincing evidence in

experimental animals that inhalation éXposure causes significant

primary toxicologic effects in organs other than the upper

respiratory tract."
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6. EXPOSURE ASSESSMENT

6.1, Introduction

The sources of HCHO can be grouped into two major
categories: commercial production and indirect production. The
chemical is not imported in any appreciable quantities.

Commercially, HCHO is produced from the catalytic oxidation
of methanol, using either silver oxide or a mixed-metal oxide as
the catalyst. Processes accounting for the indirect production
of HCHO include the photochemical oxidation of airborne
hydrocarbons released from incomplete combustion processes, the
nroduction of HCHO during incomplete combustion of‘hydrocarbons
in fossil fuels and refuse, and certain natural processes.

The 1984 commercial production of HCHO amounted to about 6
billion pounds. The major derivatives are urea-HCHO resins,
phenol-HCHO resins, acetal resins, and butanediol. The urea- an:
phenol-HCHO resins account for about 53 percent of HCHO
production.‘ Adhesives and plastics are the major end uses.

The "“consumption" of HCHO can be broken down into three
major categories: nonconsumptive uses, pseudo-consumptive uses,
and consumptive uses. In nonconsumptive uses, the chemical
identity of the HCHO does not change. In pseudo-consumptive
uses, the chemical ideﬁtity of HCHO does channge, but it is not
irreversibly altered. Under appropriate conditions, some or all
of the original HCHO may be reqgenerated. Consumptive uses, 2on
the other hand, are those uses in which HCHO serves as a

feedstock for the preparation of other chemicals. The



derivatives afé irreversibly formed and usually contain only
residual levels of unreacted HCHO. Under extreme conditions,
such as very high temperatures or highly acidic conditions, some
of the derivatives may deqrade and release HCHO.

HCHb's major nonconsumptive uses are (1) disinfectant, (2)
preservative, (3) deodorant, and (4) textile and paper uses.

The major pseudo-consumptive uses are (l) urea-HCHO resins
which are used in fiberboard, particleboard, plywood., laminates,
urea-HCHO foams, molding compounds, and paper, textiles, and
protective coatings; (2) urea-HCHO concentrates which are used to
produce time-release fertilizers, and (3) hexamethylenetetramine
which is used as a snecial anhydrous form of HCHO to cure resins
and to treat textiles and rubber.

The major consumptive uses are (1) melamine-HCHO resins
which are used for molding compounds, fiberboard, particleboard,
plywood, laminates, paper and textiles, (2) phenol~-HCHO resins
which are used in fiberboard, particleboard, plywood moldina
compounds, and insulation: (3) pentaerythritol which is used to
produce alkyd resins, (4) l,4-butanediol which is used to produce
tetrahydrofuran, (5) acetal resins which are used in the
manufacture of engineering plastics, and (6) trimethylolpropane

which is used in the production of urethanes.

6.2, Estimates of Current Human Exposure
To obtain estimates of human exposure to HCHO, the Agencvy
commissioned a contractor study (Versar, 1982). This studv

integrated the existing monitoring data, engineering or modeling



estimates, use data, population estimates, and assessment of the
likelihood of exposure from HCHO-related activities into an
exposure assessment detailing those activities having a high HCHO
exposure potential. EPA updated some portions of this assessment
to reflect new data received in response to the FEDERAL REGISTER
notice of November 18, 1983 and other data gathered by EPA. The
combined data were used as the basis for the May 1985 draft risk
assessment.

Subsequent to the draft risk assessment, the Agency
comnissioned additional contractor studies to assess garment
worker (PEI, 1985) and residential (Versar, 1986a,b,c) exposure
to HCHO in more depth. The exposure estimates from these reports
were used as the primary basis for thi; risk assessment. The
conclusions of these contractor feports are summarized in this
document; more detailed information regarding exposure can be
obtained by referring to the contractor reports.

6.3. Populations at Risk

The two populations at risk examined here are certain home
residents and garment workers.

6.3.1. Home Residents

Based on a projection of manufactured housing starts by
Schweer (1987), it is estimated that 7,800,000 persons may occupy
new manufactured homes during the next ten years. This figure
assumes 295,000 starts per year and 2.64 persons per home.

Similarly, an estimated 214,000 new conventional homes
containing significant quantities of pressed wood products as

construction materials will be started each year for the next ten



years with an occupancy rate of 2.95 persons for a total of

6,310,000 persons.

6.3.2. Garment Workers

The number of potentially exposed garment workers is
estimated'to be 777,000 (Veréar, 1982) out of 1,100,000 workers
employed in the U.S. apparel industry (Ward, 1984). This figure
‘may drop in the future due to increased foreign competition and
the introduction of labor saving equipment.

6.3.3. Summary

Table 6-1 presents population estimates for the two housing
segments. Assuming that the number of potentially exposed
garment workers remains steady at 777,000, then a total of almost
15,000,000 persons over the next ten years may have the po;ential

to be exposed to elevated levels of HCHO.

Table 6-1.
POPULATIONS AT RISK
Population
Category Estimates
per yr 10 yrs
Manufactured homes 779,000 7.790,000
Conventional homes 631,000 6,310,000

* Schweer (1987)



6.4. Sources of HCHO in Population Categories of Concern

The principal sources of HCHO in the two population
cateqgories of concern are HCHO-based resins, principally urea-
HCHO (UF) resins. In homes, these resins are used to bond the
wood plys used to make plywood and to bind the wood particle and
fibers used to make particleboard and medium density
fiberboard. For garments, HCHO-based resins are used to impart
permanent press finishes to the garments.

6.4.1. Homes Containing Pressed-Wood Products

6.4.1.1. Pressed-wood product descriptions

Pressed-wood products are used in flooring, interior walls
and doors, cabinetry, and furniture. The three principal type;
of products containing UF-resin are particleboard, medium-density
fiberboard (MDF), and hardwood plywood.

Particleboard ﬁs composition board comprised of 6 to 190
percent resin (by weight), and small wood particles. UF resin is
used in the majority of particleboard (about 90 percent of total
production capacity). The 1983 production of particleboard was
over 3 billion square feet, of.which 70 percent was used in
furniture, fixtures, cabinets, and similar products. The
remaining 30 percent was used for construction, including deckina
in manufactured home manufacture and flooring underla}ment in
conventional housing.

Recent data indicate that particleboard is used in home
consﬁruction at a rate of 0.16 square feet (£t?) (T 0.5 m2) ner !

cubic foot (Et3) of indoor air volume in mobile homes. The
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locading rate (ftz/ft3) in conventional homes is lower on average,
approximately 0.05 £t2/£t3 (¥ 0.17 m2/m3) (see Table 6-2),
However, loading rates in conventional homes may vary
considerably from homes that contain only particleboard as a
cabinet material to homes whose floors are constructed with
particleboard underlayment.

MDF is also a composition board.' It is comprised of wood
fibers and 8 to 14 percent UF resin solids by weight.
Approximately 95 percent of MDF production (over 600 million
square feet in 1983) was used to'manufacture furniture, doors,
fixtures, and cabinetry. No data are available on the precise
extent of MDF's use in either mobile or conventional homes.

Unlike the two composition boards discussed above, hardwood
plywood is a laminated product; the resin is used as a glue to
hold thin layers of wood and veneers together. Of the nearly 4.3
billion square feet consumed in 1983, 55 percent was used for
indoor paneling, 30 percent for furniture and cabinets, and 15

percent for doors and laminated flooring.



Table 6-2. Use of Pressed-wood Products in Home Construction

Category Type of hamef

S0 ™ 4

i2

New Homes (U.S5.)4.

Percent units containing
Hardwood plywood paneling

U most
Particleboard under)ayment 30.

most

— o
-~ W0

Average loading rates,C (mé/md)
Hardwood plywood paneling 0.066 0.0%% 0.049 1.0
Particleboard underlayment 0.118 0.092 0.033 -
Particleboard shelving 0.010 0.016 0.020 -
Particleboard kitchen cabinets 0.03% 0.052 0.0%9 -
Tota)l particieboara 0.167 0.160 0.112 0.5

New Homes (Canada)d

Percent units containing
Particleboard 100 100 100 100

Average loading rates (m/m°)
Total particleboard 0.145 3.100 0.0719 0.479

Exigting Homes (U.S.)®

Percent units containing

Hardwood p!lywood pane!ing 35.8 .- -- most
Particleboard 90.3 - - most

Average loading rate (m2/m3)
Hardwood plywood paneling
Particledoard

co
wo

.098 - 1
.058 -- - 0.

Oata reflect only interior uses of UF pressed wood products.
Loading rates are for those hames containing these products.

Asource: WPA (1984) and WPWA (1984) for conventional hames - Based on
interpretation of the resuits of a survey of 900 hame builders (103
responses) regarding the extent of use of particleboard and hardwood
plywood paneling in new hames containing these products (NAHB 1984).

BSource: Meyer and Hermanns (1984a), NAHB (1984), MMI (1984) for mobile
hames.

{Footnotes continued on next page)
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Table 6-2. Footnotes (continued)

S of produce surface area/m3 of indoor air volume.

dsource: InterArt (1983) - based on in-hame surveys at 9 SFO, )| ™M, | ¥
and | WM. Total loading includes underiayment, shelving and cabinets.
SFO loadings ranged fram 0.028 to 0.491 a2/m3.

®source: Schutte (1981) - Based on in-hame surveys at 31 SFD. Average
loadings based on hames containing these products.

f  $FO = Single family dwelling
TH = Townhouse
¥ s Multifamily deelling
M = Mobile hane



6.4.1.2. HCHO release from pressed-wood nroducts

Each of the pressed-wood products described above contain UF
resins which release HCHO over rtime. The release is attributable
to two hasic sources (Podall, 1984):

l. - Free (unreacted) HCHO present as a result of incomplete

crosslinking during resin cure.

2. Decomposition of unstable UF resin or resin-wood
chemical species as a result of their intrinsic
instability and/or due to hydrolysis.

Free HCHO, which is present in cured resin at low levels (<l
percent) is the most significant source of HCHO release from
pressed-wood products in the initial period after they are
manufactured (Podall, 1984). The specific time period in which
free HCHO dominates releases is not known.

The second source, decomnosition and hydrolysis, pertains to
the large proportion of HCHO-bearing species like methylene
ureas, urea methylene ethers, and cellulose-crosslinked species
that may release HCHO for a much longer period of time (Podall,
1984). These species differ in their susceptibility to
hydrolytic attack and decomposition, and their relative rates and
durations of release can only be hypﬁthesized at this time.

Release of HCHO from UF-resin containing pressed-wood
products is complex, with numerous interrelated aspects. The
pressed-wood product manufacturing process, and other factors,
affect the amount of each HCHO-releasing species present in tha

finished product. The resin formulation has a direct effect on



release; :esiné with a low HCHO:urea ratio have, when cured, a
lower level of free HCHO but may be less stable and more
susceptible to hydrolysis (Myers, 1984). Other additives to the
resin, such as acid catalysts, chanqge the resin chemistry and
influence the release profiles. The conditions under which the
resin is cured.affect bond strength, determining to some extent
the stability of the resin components. The character of the wood
itself also affects HCHO release; the more acidic the wood, the
greater the tendency for acid hydrolysis and HCHO release
(Podall, 1984).

Under normal use conditions, the release of HCHO decreases
with time, as discussed previously. Emission reductions linked
to product aging relate to a decrease over time in both the HCHO
present in the board as a residual from manufacturing and the
latent HCHO present in the board in hydro.ytically labile resin
and wood components. The emission rate decay curve for a board
is apparently exponential with time: the residual HCHO is emitted
at relatively high rateé followed by a slow release of latent
HCHO. Although the short-term emission rate behavior of boards
has been reported in numerous studies, little gquantitative
information is available on the long;term emission rates,
particularly for newer products made with low HCHO=-urea ratio
resins or treated with scavengers.

6.4.1.3. Other Sources of HCHO

Indoor HCHO concentrations may be attributable to sources
other than pressed-wood products containing UF resin. The other

sources can be characterized as follows:
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o Urea-HCHO foam insulation (UFFI) (existing homes only)
o Products with phenol HCHO resins (PF)
-- softwood plywood
-- hardboard
-- wafarocard
-- d>riented strand board
-- fibrous glass insulation
-- fibrous glass ceiling tiles
o) Consumner products that may contaia HCHO resins
-- upholstry fabric
-- drapery favric
-- other textiles
o) Combustion products
-- unvented Xerosene and gas appliances
-- smoke from tobacco products
- combustion of wood or coal in fireplaces

o Qutdoor air
- ventilation system air exchange

Compared to pressed-wood products, with the exception of
UFFI, the other sources are usually minor contributors to HCHO
concentrations in conventional and manufact ired homes.

The Consumer Product Safety Commission (CPSC) in 1982
prohibited the installation of UFFI in residential buildings and
schools. Although it was later overturned by a Federal court,
the CPSC ban on UFFI caused the virtual elimination of the UFFI
industry (Formaldehyde Institute, 1984). There is considerable
debate among the regulatory agencies and the UFFI industry as to
the extent of long-term HCHO emissions from UFFI présently in
place (Hawthorne et al., 1983). UFFI is not discussed in detail
in this section; refer to Versar (1986ci for further information
and references.

Though no residential sources of HCHO have been as well-
studied as urea-HCHO foam insulation and pressed-wood products

made from UF resins, there are fairly complete data on the
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importance of pressed-wood products with PF resins, on fabrics
‘treated with UF resins for permanent press, on fueled appliances,
and on cigarette smoke as sources of residential levels.

Coﬁmon applications of PF resin pressed-wood oroducts
include roof and wall sheathing, subflooring, and siding. Small
anounts aré used for shelving, cabinets, indoor paneling, and
Eixtures (APA, 1984). 2aenol-d4CHO resins are innerently more
staole than are UF resins, and pressed-wood products made of 2F
resin emit HCHO at much lower rates than Jdo products made with UF
resins. The small amount of HCHO that is emitted from the panel
products is the result of residual HCHO that remains in the resin
(APA, 1984).

There are several published studies on HCHO emissions from
PF pressed-wood panel products. Myers and Nagaoka (1981) found
that HCHO levels in chamber tests rarely ex.eeded 0.l ppm in the
presence of PF particleboard at 25°C. Matthews et al. (1983,
reports X-XV) tested‘PF hardboard and softwood plywood and
obtained similar results. Myers (1983) measured higher levels
(0.3 ppm) initially in tests of waferboard and particleboard made
with PF resins, but levels declined rapidly. The American
Plywood Association (APA, 1984) has submitted data (reviewed by
Versar, 1986¢c) indicating that PF-resin pressed wood products
emit little HCHO.

Other generic product lines containing PF that are used in

construction applications are fibrous glass insulation and

6-12



ceiling tiles. In 1983, as a result nf a study on HCHO release
from consumer products (Pickrell et al., 1982), CPSC decided to
further evaluate HCHO emissions from fibrous glass insulation and
ceiling tiles. These products, when compared with other products
tested, were among the highest group of emitters tested by
Pickrell et al. (1982). Concern about.these test results arose
Secause of the high loading rates of these products in homes.
Under normal use conditions (in attics), insulation would h»e
subjected to temperatures much higher than normal room
temperatures, thereby increasing potential HCHO emissions.
Further evaluation by Matthews et al. (1983) and Matthews
and Westley (1983) (under contract to CPSC) indicated that a
predicted increase of no more than 0.022 ppm in indoor HCHO level
would result from use of new ceiling tiles or new insulation., As
the products age, the HCHO emission rates iand resulting indoor
concentrations would be expected to declin2s significantly.
Available data on treated fabrics (Pickrell et al., 1982,
1984) indicate that, with emission rates only as high as 115
ug/mz/hr, these can be relatively important sources in homes only
with large surface areas of furnishings like draperies (at least
when new). The data on combustion appliances show that HCHO
release is a.function of whether the appliance is tuned and
functioning properly. Gas stoves may emit less thsn 2 to nearlv
30 mg HCHO per hour of use:; gas heaters can emit less than 3 t2
over 60 mg/hr, depending on the efficiency of burning; and new

kerosene heaters emit up to of 3.9 mg/hr of HCHO (Traynor et 1al.,



1982; éirman ét al., 1983; Fortmann et al., 1984; Traynor et al.,
1983; Caceres et al, 1983).

The emissions data on sidestream cigarette smoke range from
20 ug per cigarette (Bardana, 1984) to nearly 1.5 mg/cigarette
(reported by Matthews et al., 1984). Several studies, however,
concur on an emission rate of 1.0 to 1.2 mg/cigarette. The
importance »f this source is »bviously related to use oattarns.
Studies where numerous persons chain-smoked in a poorly
ventilated room (Timm and Smith, 1979) did indeed show that {CHO
levels were elevated after a short period of time, but other
studies (Traynor and Nitschke, 1984) in the homes of smokers
indicated that, at a smoking rate of 10 cigarettes per day, HCHO
levels were not elevated over controls with similar loading rates
of other sources.

6.4.2. Garment Manufacture

The principal source of HCHO in the garment manufacturing
workplace, is the release of HCHO from_fabric treated with resins
that impart durable or permanent press properties. ' The textiles
normally treated are blends of cotton, acetate, and rayon. These
fabrics account for 60-80 percent of the textile produced
annually.

The resin of choice is dimethyldihydroxyethylene urea
(DMDHEU) and its alkylated derivatives. It is estimated that
approximately 90 percent of the durable press resin market is
accounted for by DMDHEU. Other resins used are urea-HCHO,
melamine HCHO, and carbamate resins, plus a HCHO/sulfur dioxide

vapor phase process.



HCHO is released from treated fabric in three phases. 1In
Phase I, any HCHO loosely held by Van der Waal forces is releaseq
as the fabric is dried. Release of HCHO by this mechanism is
usually complete by the time garment workers receive the
fabric. Surface desorption occurs Jduring Phase II. This
represents the release of HCHO which is not covalently bound t»
thie favric, and can last up t> 240 mours. The material is
normally stored during this phase, and increased ventilation can
increase the rate at which HCHO is desorbed. Phase III, in which
hemiacetal hydrolysis is the mechanism of.release, is thought to
be the phase of HCHO release which results in worker exposure at
the manufacturing site. Release of HCHO by the hydrolysis
mechanism is independent of air changes, but dependent on
humidity and temperature (Ward, 1984)

6.5. HCHO Levels in Homes and Garment Manufacturing Sites

6.5.1. HCHO Levels in Homes

| Table 6-3 briefly summarizes the residential HCHO monitoring
studies reviewed by Versar (1986a, c).  However, because of the
changing nature of pressed-wood products with UF resins and the
constant evolution and improvemént in monitoring techniques, this
residential monitoring data base is not the most apprépriate for
describing current HCHO exposure in homes. Many data sets are
based on investigation of homes from which complaints of HCHO
symptoms have been filed: these data sets may not be
representative of average exposure because of bias toward high

concentrations. Homes studied before 1980 were built with
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Table 6-3. Swumary of Residential Formaldehyde Monitoring
Rean (ppm) or )

Study/sampling date(s) umber of homes Number of samples  range of means Range (ppm) Comment s

{reference) '

CONVENT IONAL HOMES

Fleming & Associates 0 - 0.040 0.007-0.151 Non-camplaint homes.

New York Study
{Iraynor & Nitschke 1984)

Univ. Mashington (1982-1983) 59 n - <0.1 to > 1.0 Primarily camplaint homes. Only 4 of 11}
(Breysse 1964) seasurements >0.5 ppm.

LBL (1979 -present) 24 (EE) - .- <0.005 to 0.214 Includes energy-efficient (E€) and older,
(Girman et al. 1983) 16 (W) <0.005 to 0.0)9 weatherized (W) non-complaint homes around

the U.S.

Geomet (19]8) [} ~7l4 0.02 to 0. 16 <0.0% to 0.50 Includes conventional, "experimental”, and

(Moschandreas et al. 1918) 0.05 (overall) apartment hames around U.S. Non carplaint
homes. Assuming 601 of total aldehydes i-
formaidehyde.

Canadian FFI/ZICC (1981) 319 — 0.034 <0.01 to < 0.20 Study of WFF1 and non\FFI hames; mean s
(UFFI/1ICC 1981) for non-UFF1 homes. (Mean w/UFF1 = 0.0%4

ppm for 1,891 homes) .

ORNL/CPSC 40 lennessee home 29 -~ 0.060 <0.025 to > 0.25 Study of UFFI and non WUFFI homes; mean i
Study (1982) for non-\KFfF1 homes. (Mean w/UFFL = 0.07!
(Hawthorne et al. 1984) pem for 11 homes).

Private Washington labs (1983) 25 specified 16 -- <0.05 to >0.5 None exceeded 1.0 ppm. 45 of 16 between
(Breysse 1964) convent ional 0.05 and 0.09 ppm.

UK study (~1980-1962) S0 - 0.04} — Study was of UFF] and non-UFF I homes; mean

(Everett 1983)

is for non-UFFI homes. (Mean w/UEFL = O U3

Pom) .
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largely

Table 6-3. (continued)
Nean (ppm) or
Study/sampling date(s) tmber of homes mber of samples  range of means Range (ppm) Conment s
{reference)
Dutch study (1917-1980) » - -- 0.032 to 1.444 Prior to contro) isplemsatation.
(Van der Wal 1982) (range of complaint homes.
max immms)
H — — 0.048 to 0.602 After panel coating.
Houston, lexas study (1980) 38 conventional 38 0.04 <0.008 to 0.14 Non-camplaint homes; no UFFI.
(Stock and Mendez 1985) 1 energy-efficient 7 0.0} 0.04 to 0.11
conventional
19 apartments 19 0.08 0.02 to 0.27
11 condominiums n 0.09 <0.008 to 0.29
3 energy-efficient 3 0.18 0.15 t0 0.20
condominiums
Sacramento, Californie (1962) 12 1} 0.106 0.018 to 0.163 Al) homes less than S yrs old. Al b&m-s
(Wagner 1982) with air exhange rates less than 0.5 per
hour.
San Francisco, California (1964) LY LY 0.038 0.013 to 0.085 Only 2 hames less than 6 yrs old.
(Sexton et al. 1985b) 39 homes more than 10 yrs old.
Non-complaint homes.
lowa study (1960) N 312 0.063 0.013 to 0.24 Non-camplaint hames.
(Schutte et al. 1982) '
SAl California survey (1984) 6 — 0.084 0.046 to 0.153 New, non-camplaint homes.
(SAl 1964) 64 - 0.050 0.018 to 0.120 Older, non-camplaint homes.
Indiana 8oard of Health 120 120 0.09 ND to 1.35 Study of UFFI and non WFFI homes; mean is

study (1979-1983)
(Xonopinski 1963)

for non-UFfl hames; includes some camplaint
homes. (Mean w/UFFL = 0.05 ppm for 119
hames) .
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Table 6-3. (continued)
Mean (ppm) or
Study/saspling date(s) tmber of homes Vumber of samples range of means Range (ppm) Comment s
{reference) —_—
Godish (1983) 3 — 0.05 0.03 to 0.0 Study of WFl and non-UFFI homes; mean 1
for non-UFFL homes containing no
particleboard flooring, cabinetry or
paneling. (Mean w/UFFl = 0.01 ppm for 28
homes) .
Cohn (1981) 103 - 0.027 -—
Swiss homes (1983) 46 - — ~0.1 t0 0.7 Highest level prior to occupancy.
{xubn and Wanner 1984)
Netherlands study (1961-1982) 52 — 0.048 t0 0.055 — Homes without particleboard, as measured by
(Cornet 1983 - Holland study) the chramotropic acid method.
Swedish homes (19)5-191]) 39 -- 0.58 0.1 020 few details available.
(Sundin 1978)
Danish hames (1973) 23 — 1.44 0.07 to 1.8} Homes known to have particleboard
(Andersen et al. 19]5) construction materials.
MOBILE HONES
Geamet (1918) 2 84 0.2) 0.0} to 0.46 Assuming 608 of total aldehydes is
(Moschandreas et al. 1918) formaldehyde. Non-complaint hames.
Univ. Washington (1982-1963) 430 822 - <0.1 t0 >1.0 31 of 822 measurements >1.0 ppm. Canplaint
(Breysse 1964) homes .
il (1964) 1 5 0.4 0.24 t0 0.46 3-month old home built specifically for tesd
(Conners 1964)
Clayton (1980-1981) 259 -- 0.62 0.02 to 2.9 Non -camplaint, occupied and ponoLcupiIed.
(Singh et al. 1982a) {adjusted) (adjusted)

Concentration by home age eva"led.
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Table 6-3. (continued)

fean (ppm) or
Study/sampling date(s) mber of homes Mmber of samples range of means Range (ppm) Comment s
(reference) - —
Misconsin (1980) 137 920 0.38 0.02 t0 2.26 Non-camplaint, occupied hames.
{Anderson et al. 1983) : Concentration by hame age evaluated.
Minnesota (1980-1981) 109 — 0.61 -- Average home age <2 yrs. Complaint homes.
(Stone et al. 1981) .
Tennessee (1902-1983) n - 0.30 0.02 to 1.43 Camplaint hames; no age data.
(Hodges 1964)
5S - 0.23 0.02 to 1.92 Complaint hames, see lable 27 for data by
home age.
Kentucky (1979-1980) 103 - 0.43 0.01 to 1.9 Cosplaint homes, see lable 28 for data by
{Conyers 1904) : home age.
lexas study (1982-1983) 1”21 _ -— 0.18 0.04 to 0.35 Non-camplaint homes. Excludes results fram
(Univ. Texas 1983) one county (E1 Paso) where evaporative
coolers were in use.
SAl California survey (1984) 3 -- 0.114 0.068 to 0.144 Passive LBL sampler; one week; non camplaint
(SAl 1964)
California State survey (1964) 663 663 0.9 <0.010 to 0.464 Passive AQR monilor; one week during swner,
(Sexton et al. 19852, 1985b) non-complaint .

- Insufficient data in reviewed literature to report value.

N0 = Mot Detectable, or Below Detection Limit.



with products'ﬁade of high HCHO:urea ratio resins that are no
longer on the market; they canﬁot be considered as baseline
exposures for that reason. The most appropriate data for
describing current exposures in mobile and conventional homes
are, thérefore, those generated by random sampling of
noncomplaint homes after 1980, nreferably after 1982 (when
manufacturers began using resins with mole ratios of 1.5 (F:U) or
less). These restrictions on the "appropriate" data base still
leave a considerable volume of monitoring data on levels in
homes. Table 6-4 summarizes the noncomplaint (random) dat; on
HCHO levels in conventional and mobile homes.

6.5.2. Manufactured Homes

HUD has recently promulgated changes in its Manufactured
Home Construction and Safety Standards (24 CFR 3280). The
changes, published in the FEDERAL REGISTER of Auqust 9, 1984 (47
FR 31996), set product emission standards for particleboard (0.3
ppm) and plywood (0.2 ppm). HUD believes that if the product
standards are met and no other major emitters of HCHO are present
(e.g., medium density fiberboard). ambient levels will not exceed
0.4 ppm (EPA estimate of 0.15 ppm as a 10 year averaqge).under
certain temperature, humidity, and véncilation rate conditions.
The HUD regulations, however, were designed to reduce acute
reactions to HCHO and are not based on HCHO's potential

carcinogenicity in humans.



Table 6-4.

Summary of Residential Monitoring Data from Random!y-Savpled Homes

NuTDer Investigator, date
of hames Mean (ppm) Range (ppm) (cate of monitoring)
Conventional
30 0.040 0.007 - 0.151 Traynor 1964
4 - <0.005 - 0.214  Girman 1983 (1979-83)
17 | 0.08 <0.0! - 0.50 Moschandreas 1978 (1978)
29 0.060 <0.025 - >0.25  Hawthorne 1984 (1982)
31 0.063 0.013 - 0.34 Schutte 1982 (1980)
6 0.084 0.045 - 0.153  SAI 1984 (1984)
120 0.09 - Konopinski 1984 (1979-1983)
29 0.0S 0.03 -0.07 Godish 1963 |
103 0.027 - Cohn 1981
18 0.07 <0.008 - 0.29 Stock and Mendez 1985 (1980)
(includes apartments and
condami niums)
51 0.038 0.013 - 0.08% Sexton et al. 198Sb (1984)
Mobile |
.2 0.21 0.07 - 0.48 moschandreas 1978 (1978).
259 0.62 0.02 - 2.9 Singh 1982 (1960-1981)
137 0.3 0.02 - 2.26 Anderson 1983 (1980)
12 0.18 0.04 - 0.35 University of Texas 1963 (1982)
3 0.114 0.068 - 0.144 SAI 1984 (1984)
663 0.09 <0.01 - 0.48 Sexton et al. 1985 (1984)




EPA estimates a ten-year average ambient HCHO level of 0.10
ppm for new manufactured homes. EPA has used this estimate and
the estimated l0-year average for new homes that just meets the
HUD tarset level of 0.4 ppm (0.15 ppm) in the quantitative cancer
risk asiessment. Another study has reported average levels of
0.54 ppm for manufactured homes less than three years old and
0.19 ppm for homes older than three vyears (State of Wisconsin,
1983). The Exposure Panel of the Workshoﬁ (1984) reported
studies that showed average ambient levels of 0.38 ppm for
manufactured homes not subject to complaints about HCHO odor by
residents, and averages of 0.38 ppm to 0.90 ppm for complaint
homes. Thus, an unrealistic worst case exposure estimate was not
used to estimate human risk. Also, only 10 years of exposure
"were assumed for manufactured homes. Specific exposure data
follow.

The average HCHO level in mobile homes appears to have
declined in recent years due to the use of lower-emittina pressed
wood products in mobile home construction and tn the natural
decay of HCHO emissions from products in existing mﬁbile homes.
Average levels in the existing stock of mobile homes aré now
around 0.2 to 0.5 ppm, with mean levels in individual homes
(including complaint homes) ranging from less than 0.l to over
1.0 ppm.

This apparent decline is shown qréphically in Fiqure 6-1.
The Conyers (1984) study of complaint mobile homes, initiated in

1980, showed mean HCHO levels of 0.85 ppm in new homes. An
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exponential function describing the relationship between HCHO
level and home age (r2=0.35) for the combined Singh (1982) and
Anderson (1983) data (i.e. the Clayton/Wisconsin data set) (1200
data points) predicts an average level of 0.5 ppm in new 1970 to
1980 vintage mobile homes (noncomplaint). Results of studies
bejun in more recent years (University of Texas, 1984; MHI, 1984;
Sexton et al., 1985; Groan et al., 1985) indicate that initial
HCHO levels in new homes on average fall within the range of 0.2
to 0.3 ppm.

Using the egponential function describing the Clayton/
Wisconsin data to estimate decay of HCHO emissions over time, 10
year average concentrations can be estimated. For initial
concentrations in new homes of 0.5 ppm (i.e., Clayton/Wisconsin
data set), 0.4 ppm (i.e., the HUD target l=vel), and 0.25 ppm
(i.e., midpoint of range of recent study of new home levels), the
104year average concentratién estimates are 0.19 ppm, 0.15 ppm,
and 0.10 ppm, respectively.

The fraction of homes with elevated levels of HCHO also
appears to have declined in recent years. Figure 6-2 shows that
the majority of homes less than 215 days old in the Clayton/
Wisconsin data set had HCHO concentrations above 0.4 ppm. More
recent studies indicate that this fraction is decreasing. The
California survey of 663 mobile homes (Sexton et al., 1985)
reported levels exceeding 0.4 ppm only in two and three-year old

homes. The Texas study (University of Texas, 1984) reported that
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the highest mean in any group of homes was 0.35 ppm (ten homes in
one county less than one vear old); it is likely that one or more
of these had levels above 0.4 ppm, but not aoproaching 1.0 ppm.

Levels measured at any one temperature and humidity can,
however,: be misleading. Table 6-~5 which illustrates the effect
of temperature and humidity changes on a 0.4 ppm reading at 25°C
and 50 percent relative humidity (the HUD target) shows that
under more extreme conditions (30°C/70 percent RH), the predicted
level could rise to 0.92 ppm. Because changes in temperature and
humidity occur over the course of a day and with seasonal weather
fluctua;ions, homes without constant climate control would
therefore be affected.

These data illustrate clearly that HCHO levels in homes are
the functions of multiple variables; neither age nor temperatura
and humidity, nor any other variables can account for all
variations in residential levels (Versar, l986b).

As the foregoing illustrates, HCHOllevels in new
manufactured homes were tending toward 0.4 ppm and in some cases
above, until about 1979, After that date, mean HCHO levels in
new manufactured homes began to fall or level off slightly below
0.4 ppm. Even so, peak levels above 0.4 ppm can be expected at
times due to adverse temperature and humidity conditions. Tha
Erequency for such peaks is not known with confidence, but based
on the data available (see Tables 6-6 and 6-7, and Figure 6-1)
they could he expected to occur in a substantial fraction of new

manufactured homes.
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Table 6-5.

Potential Effects of Temperature and Relative Humidity

Changes on Formaldehyde Air Concentrations (ppm)®

Relative humidity

" Temperature k), «n S0 601 0N
S9°F (15°%C) 0.0 o.n 0.4 o.M 0.19
68°F (20°C) 0.1% 0.19 0.2¢ 0.29 0.13
17°F (25°C) 0.24 0.32 0.0 0.8 0.%%
98°F (30°C) 0.40 0.53 0.66 9.9 0.92

"Calculated using equationsin Mvers, 1984 which were developed
primarily fram data on relatively new pressed wood products and new
homes. Assumes a tamperature cosfficient of 8,930 and a Mmidity

coafficient of 0.0195.

Assumps a base forwaldetyde ssasurewent of
0.40 ppm at 25°C and 50 perceant relative humidity.



Table 6-6.
FREQUENCY OF OBSERVATIONS FOUND IN CONCENTRATION
INTERVALS BY CLAYTON ENVIRONMENTAL CONSULTANTS

Concentration Percent of Sampled Homes?
Interval (ppm) ' <0.5 yrs >6.5-1 yr All tdonmes
0.0 - .10 3.6 8.0 8.1

.11 - .20 7.9 4.0 19.7

.21 ~ .30 6.5 36.0 14.3

31 - .40 7.2 16.0 9.3

.41 - .50 5.8 0.0 5.0

.51 - .60 : 6.5 12.0 4.6

.61 - .70 5.8 16.0 4.6

.71 - .80 5.8 4.0 3.9

.81 - .90 §.5 0.0 3.9

.91 - 1.00 12,2 4.0 7.7
1.1 = 2.00 24.5 0.0 14.7
2.1 - 3.00 7.9 0.0 4.2
Number of homés 139 25 259

a 259 "noncomplaint" mobile homes up to eight years old were
sampled in 1980-1981. Three measurements were typically taken
in each single-wide home and four measurements were taken in
each double-wide home. The data in the Table reflect the
average concentration measured in each home.

Source: Versar (1986a) statistical analysis of data supplied by
Singh et al. (1982).
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Table 6-7.
FREQUENCY OF OBSERVATIONS FOUND IN CONCENTRATION
INTERVALS BY WISCONSIN DIVISION OF HEALTH

Concentrétion Percent of Observations®
Interval (ppm) <0.5 yrs >0.5-1 yr All Homes
0.0 - .10 2.63 3.8 14.1

.11 - .20 29.0 13.6 20.4

.21 - .30 Q0.0 21,1 18.4

.31 - .40 10.5 14.6 14.0

.41 - .50 10.5 11.3 . 9.2

.51 - .60 13.2 12.2 8.0

.61 - .70 10.5 8.9 5.2

.71 - .80 7.9 5.6 3.6

.81 - .90 2.6 3.3 2.2

.91 - 1.00 2.6 0.0 0.7
1.1 - 2.00 10.5 5.2 3.8
2.1 - 3.00 -0.0 0.5 0.3

Number of observations 38 213 976

a 137 "noncomplaint" mobile homes up to nine years old were
sampled in 1980-1981. Each home was sampled at least six
times at monthly intervals. The data in the table reflect
the results of 976 measurements.

Source: Versar (1986a) statistical analysis of data supplied by
Wisconsin Division of Health (1984).



6.5.3. Conventional Homes

The average HCHO levels reported in several monitoring
studies of conventional homes range from less than 0.03 to 0.09
ppm (see Téble 6-4). Newer homes and enerqgy efficient homes with
low air exchange rates tend to have higher HCHO levels (often
exceeding 0.1 ppm) than older howes (Versar, 1986c). Rasults »f
recent studies indicate that initial HCHO levels in new
coaventional homes generally fall within the range of 0.05 to 0.2
ppm; few measurements exceeded 0.3 ppm (Stock and Mendez, 1985:
Hawthorne et al., 1984; SAI, 1984:; Wagner, 1982). Computer
modeling to estimate initial HCHO levels in conventional homes
built using significant amounts of pressed wood (i.e., either
underlayment, paneling or both) yields values ranging from 0.1 to
0.2 ppm (Versar, 1986 ). Using the exponen:ial decay function
described in Section 6.5.2, the 10 year average concentration for
a home with an initial concentration of 0.15 ppm (i.e.,
approximate midpoint of range of new home levels) is estimated to
be 0.07 ppm. Summaries of some of the major HCHO monitoring
studies are presented below.

The Lawrence Berkeley Laboratory.(LBL) has summarized HCHO
concentrations in 40 residential indoor environments since 1979
(Girman eé al., 1983). They have found that HCHO concentrations
in homes designed to be energy-efficient are somewhat higher than
concentrations in conventional homes. The maximum reported value
is 0.214 ppm in an energy-efficient home in Mission Viejo,

California. Data are not sufficient to allow calculation of mean

levels.



As part of the development of an indoor air pollution model
based on outdoor polluéion and air exchange rates, Moschandreas
2t al. (1978) studied the patterns of indoor aldehyde levels
monitored in 17 houses in the U.S. These data can be useful if
we assume HCHO constitutes 60 percent of total aldehydes, based
on LBL data (Girman et al., 1983). The 17 houses had an averaqge
aldehyde concentration of 0.09 ppm. Applying the 60 percent
factor, the average HCHO concentration for the houses would he
3.05 ppm. The highest mean for any one home was 0.26 ppm; the
range for that home was 0.2 to2 0.45 ppm. Another home with a
mean of 0.20 ppm reported a range of 0.07 to 0.5 ppm. For no
other conventional home did levels exceed 0.4 ppm.

A University of Iowa StudyA(Schutte et al., 198l1), performed
for the Formaldehyde Institute, monitored 31 conventional,
detached homes not containing urea-HCHO foam insulation (UFFI)
for HCHO concentrations in the indoor air. Samples were
evaluated in relation to outdoor HCHO concentrations, age of the
home, and other environmental factors monitored at each of the
sampled homes. The average indoor concentration found in the
homes was 0.063 ppm (standard deviation = 0.064) with a ranqge of
0.013 to 0.34 ppm. In only S of the 31 homes were average
concentrations higher than or egual to 0.l ppm.

The 1981 Canadian study (UFFI/ICC, 1981l) also studied non-
UFFI homes. Table 6-8 summarizes thése data, showing that levels

in none of the 378 homes exceeded 0.2 ppm.



Table 6-8. Comparison of Non-UFFI Canadian Homes
by Average HCHO Concentration

Average

forma ) dehyde Maber of Percentage Cumylative
concentration (pom) homes parcentage
<.01 - 12.1 2.7
.01-.02% m F+ N | Q.1
.025-.040 9 3.1 61.8

. 040~ . 055 6?7 1.7 | 8.5
.058%-.070 k ) 1.9 93.¢4
.070-.088 15 4.0 ' 9.4
.08S-.10 -— -— .

=018 9 2.4 9.8
.19-.20 | 0.3 100.)

>.2 - - -
Totals kY 100.1

Source: FFI/ICC (198)).
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A report by Virgil J. Konopinski (1983) of the Indiana State
Board of Health summarizes the results of a series of
lnvestigations conducted from 1979 through 1983 to determine HCHO
levels in conventional homes in Indiana. The mean HCHO level in
the 120 homes without UFFI was 0.09 ppm (0.05 for homes with
UFFI). That mean could be skewed by the maximum concentration of
1.35 ppm reported in one home. Neither the age of the homes nor
" the age of the UFFI installations was reported.

From April to mid-December 1982, Oak Ridge National
Laboratory (ORNL) with the U.S. Consumer Product Safety
Commission (CPSC) studied indoor air quality in 40 east Tenessee
homes. The objective of the study was to increase the data base
of HCHO monitoring in a variety of American homes and further
examine the effect of housing types, inhaditant lifestyles, and
environmental factors on indoor pollutant levels.

Homes to be sampled were selected based on a stratification
to ensure representative home age, insulation types, and heating
sources. All were voluntarily enrolled. Twice a month, four
samplers at each location monitored HCHO levels in three rooms
and outside the house. Samplers were exposed to the air for
24-hour periods. No modifications to the residents' life styles
were requested during these measurements.

Table 6-9 summarizes these data by home age and season
(indicative of temperature and humidity). HCHQO measurements in

the 40-home east Tennessee study led to the following major

conclusions:



Table 6-9.

ORNL/CPSC Mean Formaldehyde Concentr
4% 2 Function of Age and Season

Less Than 25 ppd Detection Limit)

ations (pem)

(Outaoor means Are

. Age of house Season sd ) n
an an 0.082 o.on $903 L
0-$ years an 0.084 0.091 3210 18
5-1S yeurs al 0.042 0.042 2n n
older an 0.032 0.042 1482 n
0-5 years Ppring 0.087 0.093 1210

suwar 0.1 0.102 1069
fal 0.047 0.058 9
S-15 years spring 0.043 0.040 626
sumer 0.049 0.048 326
fal 0.034 0.038 %59
older spring 0.036 0.051 197
suwer 0.029 0.037 )
fan 0.026 0.023 B4
an pring 0.062 0.076 2593
S 0.083 0.9 1736
fal 0.040 0.047 1574

NOte: x = mBan concentrations.
$ = standard deviation.

0 = MmEDer of msasurements.

N = maber of hames.
Includes hames with and without UFFI.

Source: Hawthorne et al. (1984)-.



(1) The average HCHO levels exceeded 100 ppb (0.l pom) in 25 .
percent of the homes.

(2) HCHO levels were found to be positively related to
temperature in homes. Houses with UFFI were frequently
found to exhibit a temperature-dependent relationship
with measured HCHO levels.

(3). HCHO levels generally decreased with increasing age of
the house. This is consistent with decreased emission
from materials due to aging.

(4) HCHO levels were found to fluctuate significantly both
during the day and seasonally. :

Studies by Breysse (1984) evaluated conventicnal, non-UFFI
homes. The University of Washington studied 59 such homes;
private laboratories in the state studied an additional 25. The
frequency distribution for measured levels are presented in Table
6-10. A total of 6 of the 189 samples (3.1 percent) were over
0.5 ppm and 56 samples (26.5 percent) were over 0.l ppm.

Traynor and Nitschke (1984) monitored indoor air pollutants
in 30 homes with and without suspected combustion (and other)
sources. The average HCHO level observed in all the test homes
was 40 ppb:; a high value of 151 ppb was found in one of the
tested residences categorized as containing new furnishings and

new paneling as a suspected pollution source.



Table 6-10.

in Wwashington Conventional NON-AFFI Homes

Frequency Distridution of Formaldehyde Levels

Forma ) dehryde Mumber of Sawples
concentration S9 U. wash 25 Private Frequency

(pom) hemes lab hames (parcent)
> 1.0 2 0 1.0
20.5-09. 2 2 2.1
>0.1-0.49 Q 9 2.5
<90.1 68 6S 70.4
TOTAL OBSERVATIONS n3 76

{199

Source: Breysss (1984)
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The results can be summarized as follaws:

o The 4 homes with no identified source had a range »f
means of 0.007 to V.034 ppm. '

o) The 3 homes with new furnishings had a range of means of
3.015 to 0.061 ppm.

o . The 4 homes with cigarette smokers had a range of means
of 0.032 to 0.060 ppm.

o The 18 homes with gas, coal, and wood fueled
appliances/heaters had a range of means of 0.012 to
0.056 ppm. '

o) The 12 homes with a combination of sources reported a

range of means from 0.013 to 0.064.

Variations in home levels could not be attributed to combustion
sources.

Stock and Mendez (1985) measured HCHO concentrations iﬁside
78 homes in the Houston, Texas area during the summer of 1980.
No mobile homes, UFFI homes, or complaint homes were sampled.
Indoor concentrations ranged from less than 0.008 ppm to 0.29 pom
with an average value of 0.07 ppm for detectable concentrations
(Number of samples, N=75). Three energy efficient condominiums
had, as a housing category, the highest mean level (0.18 ppm).
Condominiums (N=11), apartments (N=19), and energy-efficient
houses (N=7) represented the mid-range with mean levels of 0.09,
0.08, and 0.07 ppm, respectively: the mean of 38 conventional
houses was 0.04 ppm. |

Wagner (1982) measured HCHO levels in 12 California homes
that fall into a prescribed "worst-case" category of building and
occupancy characteristics (i.e., low infiltration and ventilation

rates, new construction, presence of gas stoves). Weekly averaqge



concentrations ranged from 0.078 to 0.163 ppm with a mean of
0.106 ppm.

Sexton et al. (1985) measured HCHO levels in 51 home
dwellings.. Weekly average concentrations ranged from 0.013 to
0.085 ppm with a geometric mean of 0.035 ppm and an arithmetic
mean of 0.038 ppm. Seventy-six percent of the homes were more
than 10 years old and only twn were less than six years old.

A downward tend in HCHO levels in conventional homes is seen
in Figure 6-3. The relative proportion of low HCHO levels in
homes that have been monitored has increased over the past six
years, and the proportion of high levels have decreased. These
data are limited and caution in interpretation is recommended
(Versar, 198é6a).

6.5.4. Garment Worker Exposure

HCHO levels in apparel manufacturing facilities were
generally below 3 ppm prior to 1980 (see Table 6-11). OSHA had
established a 3 ppm TWA (time~weighed average) in 1967. However,
OSHA is presently considering establishing a new level (see 50 FR
S0412;: December 10, 1985). The ACGIH (American Conference of
Government Industrial Hygienists) recommended level is 1 ppm
TWA. In recent years, HCHO levels observed were generally below
1 ppm (see Table 6-12). The data in Tables 6-11 and 6-12 must be
viewed with caution because in 1983, the National Institute for
Occupational Safety and Healﬁh (NIOSH) discovered that the
commercially prepared inpregnated charcoal tubes which had been

used in previous personal monitoring studies were unstable.
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Table 6-11. PRE-1980 MONITORING DATA FOR GARMENT MANUFACTURING AND
CLOSELY RELATED INDUSTRIES
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table 6-12.  RECENT MONITORING DATA FOR FORMALDENYDE IN TiE GARMENT

MANUFACTURING INDUSTRY
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Table 6-13.  NIOSH Monitoring Data--Ranges
by Department
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Thus, the monitoring data above may be suspect since the loss of
HCHO fram the tubes was not consistent. Consequently, the HCHO
levels recorded most likely represent lower levels than actual
conditions. The NIOSH method at that time was also used by OSHA.
NIéSH subsequently developed a stable medium for collecting
the HCHO and did two in-depth industrial hygiene studies. The
surveys were done at two large manufacturing sites producing
men's dress shirts. HCHO exposure levels were determined for 54
of 72 job titles in two different plants. The number of
individuals within each job title whose exposure levels were
sampled was based on the total number of employees in that
category and reflect a 95 percent confidence level that the
highest and lowest exposed individuals were included in the
sampling. A summary of the data are presented in Tables 6-13 ard
6-14. These tables show that all levels of exposure were less
than 0.51 ppm TWA. Also, as Table 6-13 illustrates, the combined
range of data was very narrow (0.01-0.39 ppm) for 5 of the 6
departments in the two plants. The range of mean concentrations
of all departments (0.13-0.20 ppm) is very narrow and compares
well within the overall combined mean exposure level of 0.17 onm,
which was used for the quantitative cancer risk assessment. In
addition, the average exposure levels used in EPA's section 4(f)
determination (EPA, 1984), 3.23 ppm (area) and 0.64 ppm
(personal) (Versar, 1982), were also used for this cancer risk

assessment.
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Table 6-14,

FORMALDEHYDEMEONCENIRAT %E LS (PPM)

T MANUFACTUR
NOMUEN  pweles g SR
ADMINISTRAT {ON 56 0.01 - 0,51 0.13
Currine 41 <0.01 - 0.39 0.14
COLLAR - 60 0.02 - 0.39 0.16
PARTS 76 <0.01 - 0.35 0.20
ASSEMBLY 139 <0.01 - 0.35 0.17
 PACKAGING | 65 0,01 - 0.27 0,14

(437) (<0.01 - 0.51) (0.17)



All of the determinations made in the NIOSH studies were at
one point in time and~may not reflect the variation of exposure
over a longer period. Factors that could affect variation in
HCHO levels in these plants include variation in ambient
temperaﬁure, humidity, type of fabric or resin system, and volume
of stored materials or completed work.

The exposure range-across departments, within plants, as
well as between plants, appears to be narrow. Both these plants
were large manufacturing sites, producing similar products. Both
plants had central ventilation/cooling systems. This type of
plant may potentially represent only 10 percent of the total
number of manufacturing sites (though up to 25-30 percent of the
workforce may work in such plants) (Ward, 1984).

6.6. Summary

The data presented above indicate that HCHO levels in new
manufactured homes are generally below 0.5 ppm, with l0-year
averages for new HUD Standard homes of 0.15 ppm or less.
However, some fraction of new homes experience peak levels thatA
could exceed 1.0 ppm for periods of time. It would be expected
that as temperature/humidity exceed 75°F/50% RH, HCHO levels
would rise as Table 6-3 illustrates. Thus, depending on heating
and cooling preferences, HCHO levels in new homes may
substantially exceed the reported mean for new homes.

The situation is similar for conventional homes, although
reported mean levels are lower, 0.03 to 0.09 ppm. However,

because conventional housing is much more heterogeneous, peak
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levels in some new homes may substantially exceed reported
means. Although ﬁempérature and humidity conditions play a large
role, construction techniques which tend to limit air exchanges,
such as in energy efficient homes, and building product mixes are
also of major importance. The ten-year average HCHO
concentration for a new home built with significant amounts of
pressed wood is estimated to be 0.07 ppm.

Reported HCHO levels during garment manufacture are below
1.0 ppm and in some plants below 0.5 ppm, and the NIOSH data
indicate rather tight ranges (none exceeding 0.51 ppm). However,
much of the reported monitoring data must be approached with
caution due to the technical fault discussed earlier. Building
design, ventilation, and temperature/humidity changes may be

responsible for daily or seasonal variations.
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7. ESTIMATES OP CANCER RISKS

In principal, data from studies of humans are preferced for
making numerical risk estimates. However, as is often the case,
the available epidemiologic data on HCHO were not suitable for
low dose gquantitative cancer risk estimation, mainly because of a
lack of adequate exposure information in the studies.
Accordingly, results from studies in animals were used to
estimate low-dose human cancer risk. This is done by fitting
mathematical models to the observed animal data. In addition,
even though the epidemiologic studies were not suitable for
quantifying a dose-response curve, those studies with observed
statistically elevated cancer risks provided some support for the
animal-based predicted uppercr bound risk. This comparison, whiie
yielding valuable information to the assessment, should be viewed
with caution since exposure levels in these epidemiologic studies
were subject to some variation.

7.1. Risk Estimates Based on Squamous Cell Carcinoma Data

Data from three different studies were considered for their
appropriateness to this risk assessment, studies by Kerns et al.
(1983) (the CIIT study), Albert et al. (1982) (the NYU.study),
and Tobe et al. (1985). Dose-response modeling was applied to
the CIIT data for Fischer 344 rats using squamous cell carcinomas
of the nasal turbinates as an endpoint. See Table 7-1 for the
statistical significance of the response in ;he CIIT and Tobe
studies. The NYU study provides corroborating evidence of a

similar response in another strain of rats (Sprague-Dawley).



Table 7.1
Carcinoma tumor incidence in Fischer 344 rats and male B6C3F1 mice

Fisher Exact Test Results

Species Dose (ppm)
Control 2.0 5.6 14.3
Fischer 344 : a/
Rats of the 0/156 (0) 0/159 (0) 2/153 (.01) 94/140 (.67)
CIIT Study »
(males and b/
females pf=0.24 pf<o.01
combined)
Control 2.0 5.6 14.3
B6C3F1 Mice 0/109 (0) 0/100 (0) 0/106 (0) 2/106 (.02)
of the CIIT
Study (Males) A ' pf-0.24
Control 0.3 2.0 15.0
Fischer 344 0/32 (0) 0/32 (0) 0/32 (0) 14/32 (.44)
Pats of the
Tobe Study Pg<0.01

a/- Numbers in parentheses are proportions responding.

§£~ Fisher Exact Test p-value. Small values indicate that the response in
dosed animals may be significantly different from the response in the
control animals. This p-value should be compared to 0.017 for

significance at the 0.05 level. This is a multiple comparison, which uses
a critical value of a/k for k (in this case k=3) comparisons with the same

control group.



Tahle 7-1

Neoplastic polypoid adenoma incidence in Fischer 344 rats.

Fisher Exact Test Results

Species Dose (ppm)
Control 2.0

Polypoid

Adenomas in 1/156 (1) 7/159 (.04)
FPischer 344 Rats pf=0.04
of the CIIT

Study.



That study, however, was considered less appropriate for risk
estimation since it conﬁains only one nonzero exposure
concentration, and, based on the CIIT data, one would expect the
true dose-response curve in the experimental range to be highly
nonlinear. The Tobe study was not crelied on for primary risk
estimation because a tumocr response was seen only at the highest
dose group and the number of animals per group was celatively
small (32). However, risk estimates based on the Tobe data are
discussed in sections 7.3 and 7.4. Although not statistically
significant, the squamous cell carcinoma response in two B6C3Fl
mice of the CIIT study at 15 ppm is suggestive of carcinogenicity
from formaldehyde inhalation in another species due to the rarity
of this tumor. This data set was not considered for dose- .
response modeling, however, because of the lLimited response at
the highest dose level. The CIIT study was chosen as the source
of data for several reasons: it was an experiment by inhalation,
which is the primary route of exposure to man; the quality of the
study is considered to be high; and it includes four exposure
levels and responses at those levels for determining the shape of
the dose-response curve (Grindstaff, 1985).

It was decided to estimate the risk of tumor to rats
chronically exposed up to time of death without intervention, or
to a terminal sacrifice at 24 months. With some adjustments for
earlier sacrifice kills discussed below, this was e§timated from
the CIIT data. The dosing regimen assumed is that of the CIIT

study, where exposure was six hours per day for five days per



week. For estimation purposes, the animals that lived beyond 24
months were included with the animals sacrificed at 24 months.

An adjustment was necessary to correct for animals that died
very éarly in the CIIT study ocr that were sacrificed prior to 24
monthé. ‘The rats that died prior to the appearance of the first
squamous cell carcinoma at 11 months were not considered at
cisk. Rats sacrificed at 12 and 18 months would be treated as
though they would have responded in the same proportion as the
cats that remained alive at the respective sacrifice times.

From this approach an estimate of the probability of death
with tumor within 24 months and an estimate of its variance was
obtained. The number of animals at risk and the number with
tumors that would give the same estimates of mean and variance.
for a 24-month study with no interim kills at 12 and 18 months
was determined, and used as the input data for risk an;lysis.
The data adjusted for sacrifice kills obtained in this manner are
0/156, 0/159, 2/153, 94/140 (figures rounded), at nominal dose
levels of 0, 2, 5.6, and 14.3 ppm. These numbers were for the
significance tests in Table 7-1.

Another method, which was not used, would simply omit from
the analysis all rats sacrificed prior to 24 months. The data
adjusted for sacrifice kills by this method are 0/156, 0/159,
2/155, and 95/141. The two constructed data sets produce a
negligible difference in estimated risk at very low doses under

the dose-response model discussed below.



Administefed dose expressed as ambient air concentration was
used directly as the measure of aose in this assessment. An
alternative method suggested by Casanova-Schmitz et al. (1984)
and Starr et al. (1984) using data derived from the formation of
HCHO-DNA radducts was not used because of the uncertainty
associated with this approach (as discussed previously).
However, use of these data reduces the maximum likelihood
estimate of risk approximately by a factor of 50 and reduces the
upper bound estimate of risk by a factor of 3.

Since risk at low exposure levels cannot be measured
directly either by animal experiments or by epidemiologic
studies, a number of mathematical imodels and procedures have been
developed to extrapolate from high to low doses. Different
extrapolation methods may give a reasonable fit to the observed
data but may lead to large differences in -the projected risks at
low doses. In keeping with. EPA's Guidelines for Carcinogen Risk
Assessment and the OSTP Principle Number 26, the choice of low
dose extrapolation method is based on consistency with current
understanding of the mechanisms of carcinogenesis and not solely
on goodness of fit to the observed tumor data. When data and
information are limited, and when uncertainty exists regarding
the mechanisms of carcinogenic action, the OSTP principles
suggest that models or procedures which incorporate low-dose
linearity are preferred when compatible with the limited
information available. EPA's Guidelines recommend that the

linearized multistage procedure be employed in the absence of



adequate information to the contrary and specify the possible
presentation of various other models for comparative purposes.
This presentation is given in Appendix 3. In addition, see Cohn
(1984), Siegel et al. (1983), Brown (1984), Sielken (1983) and
Clement Associates (1982) for discussions concerning quantitative
methods/models for quantifying the potential risks to humans from
HCHO based on the Kerns et al. (1983) study.

The behavior of eleven models used to extrapolate risks was
examined in Appendix 3. These were all dichotomous models
("tumor-no tumor" models). These models along with their

parameter estimates, standard errors, log-likelihoods, and %2

goodness-of-fit test statistics and p-values are presented for
the CIIT Fischer 344 rat data on squamous cell carcinomas. Those
interested in the underlying assumptions of these models and
their mathematical form are referred to Appendix 4.

Cach of the eleven models listed in Appendix 3 was used to
extrapolate risks from the CIIT rat study. They were the
additive and independent forms of the probit, logistic
regression, Weibull, and gamma-multihit models and the one, three
and five stage multistage models.

The multistage model without restrictions on thé order of
the polynomial in dose is the model of choice. As discussed
above, the Guidelines specify that unless another model can be
justified, the linearized multistage procedure will be employed
(EPA, 1986). 1In the case of HCHO, we know that it is mutagenic,

can react with nuclear material and processes, is structurally



related to other carcinogens, is cytotoxic, and is clearly
carcinogenic in the rat. All reasons that taken together justify
use of the linearized multistage procedure.

The formulation of the model for quantal response data was
preferred to one including time as a variable. Based on
simulation studies conducted under contract to EPA, it was not at
all clear that inclusion of time as a variable would provide
meroved estimation, and there would have been some question
about the validity of the results in this case, due to lack of
knowiedge of the cause of death of experimental animals, and due
to adjustments made for sacrifice data (Howe et al., 1984). Risk
is summarized as model-derived point estimates and associated
upper bounds in the dose ranges of interest. The latter
corresponds to the number from a linearized multistage model
procedure.

Although arguments have been made that there may be a dose
level below which the added risk of cancer is zero, there 1s no
consensus within the scientific community on this topie. Through
use of mathematical models of dose-response, there iLs curcently
no way to demonstrate either the existence or nonexistence of a
threshold. 1In addition, if any thresholds exist, they are likely
to vary among members of the population at cisk, and may be
modified by other environmental agents. Therefore, use Qf a
dose-response model incorporating a single threshold woulid
provide an estimate of an average population threshold that wou.d

have little practical utility. 1In the absence of clear evidence



of a threshold and quantifiable supporting data that could be
utilized in risk assessment, it was felt that for dose-response
modeling of HCHO i1t should be assumed that there i1s no |
threshoid. Such a conclusion 1s supported by the Consensus
WOrkshop'on Formaldehyde (1984). 1In addition, although much data
have been developed to elucidate the possible mechanism for the
nonlinear carcinogenic response observed ;n the CIIT rat study,
at this time low dose linearity cannot be ruled out.

The likelihood of response was treated as equal in rats and
humans for the same exposure regimen and proportion of lifetime
exposed. Although differences have been apparent in
susceptibility among the species that have been exposed to HCHO,
there are no data suggesting that man may be less suéceptible .
than rats.

The estimated risk to rats is based on the CIIT dosing
regimen for a period of 24 months, which may need to be adjusted
upward to obtain an estimate of risk for lifetime exposure. It
may also be necessary to convert the estimated cisk to a shorter
exposure duration in some cases, or to adjust for a different
exposure schedule (i.e., other than six hours per day, five days
per week). However, there is little scientific knowledge that
addresses these problems. Consequently, each estimate of
lifetime rigsk from the model (assumed to be equivalent for humans
and rats as discussed in the preceeding issue) was muitipiied by
the proportion of a human lifetime actually exposed.

Hypothetically, then, at an exposure concentration producing a
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Lifetime risk of 1/1000, the risk for exposure of half a lifetime
was estimated as 1/2000. Similarly, Lf exposure was for 45 hours
per week ingtead of for 30 as in the CIIT study, the risk
estimate wouid be multiplied by 45/30 = 1.5, giving 3/2000.
Exposure Sf half a lifetime but at 45 hours per week would give
.5 times 1.5 times 1/1000 = 1/1333. It should be noted that due
- to the upward curvature of the dose-cresponse curve the resultant
risk will be less than if the scaling factor were applied to dose
before substitution into the model if the factor is greater than
one, and would be greater if the factor is less than one (in both
instances the difference would be less than 2 fold). If the
response curve were linear there would be no difference between
scaling risk or scaling dose. It is acknowledged that this ruie
for adjustment is based on very simpirified assumptions.

The unit risk and estimated individua. and population risks
to humans for various exposure categories are presented in Table

7“2-



Table 7-2.

ESTIMATED RISKS BASED ON SQUAMOUS CELL

CARCINOMA DATA FROM CIIT STUDY.
POPULATION RISKS (number of excess tumors) APPEAR
IN PARENTHESES BELOW INDIVIDUAL RISK ESTIMATES.

Category . Population Exposure
Mobile Home 7,800, 000*
Residents
1. Based on 0.10 pEmn
current (112 hrs/wk
monitoring for 10 yrs)
data
2. Based on HUD 0.15 ppm
target level (112 hrs/wk
for 10 yrs)
Manufacturers 777,000
of Apparel s _
1. OSHA standard 3.0 ppm
(36 hrs/wk
for 40 yrs)
2. Personal 0.64 ppm
sample (36 hrs/wk
for 40 yrs)
3. Area 0.23 ppm
"~ sample (36 hrs/wk
for 40 yrs)
4. NIOSH data 0.17 ppm
(36 hrs/wk
for 40 yrs)
M®rnventional 6,310,000* 0.07 ppm
Home Residents (112 hrs/wk
for 10 yrs)
Unit Risk 1 ug/m3--
0.00082 ppm
(for 70 yrs)

Maximum Likehihood
Estimate of Risk

2 x 10710 [B1]
(<1)

1 x 102 {B1]
(<1)

6 X 1074

6 X 10~7 [B1]
(<1)

9 x 102 [B1]
(<1)

4 X 1079 [B1]
(<1)

6 X 10711 [B1]
(<1)

Upper Bound
Estimate of Risk

1.5 X 1079 [B1]**
(1,170)

2 X 1074 [B1]

(1,560)

6 X 1073

1 x 103 [B1]
(777)

4 X 1074 [B1]
(311)

3 X 104 [B1]
(233)

1 X 1074 [81]
(630)

1.3 X 107° [81]

*Population estimates are based on anticipated additions to the housing
- stock over the next 10 years as estimated by Schweer (1987).

**Classification under EPA'S Guidelines for Carcinogen Risk Assessment--
(Bl]=Probable Human Carcinogen.
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7.2. Risk Estimates Based on Polypoid Adenoma Data

There appears to be little credible evidence that polypoid
adenomas progress to any of the malignant tumors seen in the Kern
et al. (1983) study. However, while the adenomas shouid not be
combined statistically with the squamous carcinomas for hazard
identification purposes, they represent an endpoint that can be
quantified separately for analysis pruposes.

Because it is beyond the capability of the various
extrapolation models to fit data with a negative slope, an
aiternative extrapoliation procedure is to drop the two highest
doses and use the data from the 2.0 ppm rat exposure gcoup
(straight line to zero). However, since the true slope of the
dose-response curve 1is unknown below 2.0 ppm, this approach may
vastly overestimate the true risk if the curve is convex, and
underestimate it if it is concave. The reason the occurrence of
polypoid adenomas has a negative slope probably lies with the
fact that the cell type in the respiratory epithelium from which
these tumors arise i3 lost sooner and to a greater extent with
increasing dose due to squamous metaplasia. The less crespicatory
epithelium available the smaller the chance for adenomas to
develop. Other explanations are also possible as discussed in
section 7.4.1.

Risk estimates using polypoid adenomas appear in Table
7-3. For polypoid adenoma as the endpoint instead of squamous
cell carcinoma there is no difference between the two procedures

described earlier to adjust for animals at risk. The first



observation of a polypoid adenoma was in a rat sacrificed at 10
months. Eliminating all rats dead of any cause prior to that
time and applying the method used for the carcinoma data leads to
7/159 for the response at 2 ppm with 1/156 at control, the same
as if all rats dead prior to an including the 18 month sacrifice

were excluded.

Table 7-3.
RISK EXTIMATES USING POLYPOID ADENOMA DATA
95 Upper
' Maximum Likelihood Confidence
Category Dose Estimate of Risk LJ.rrut on Risk
Mobile Hame
Residents ‘
Based on HUD 0.15 ppm 1 x 1073 3 x 1073
Target Level (112 hrs/wk
for 10 yrs)
Manufacturers
of Apparel
1. Personal sample 0.64 ppm 8 x 10-3 2 X 102
(36 hrs/wk
for 40 yrs)
2. Area sample 0.25 pgm 3x 1073 5 X 1073
(36 hrs/wk
for 40 yrs)
3. NIOSH data 0.17 pmm S 2x 1073 5 X 1073
(36 hrs/wk '
for 40 yrs)
Unit Risk 1 ug/m3— " 1.7x 107¢
0.00082 ppm
(for 70 yrs)



7.3. Uncertainty in Risk Estimates

Model-derived risk’estimates should be viewed in the proper
context. The upper bound estimate should not be viewed as a
point estimate of risk. As the Guidelines state (EPA, 1986):
"the linearized multistage procedure leads to a plausible upper
limit to the risk that is consistent with some proposed
mechanisms of carcinogenesis. Such an estimate, however, does
not necessarily give a realistic prediction of the risk. The
true value of the risk is unknown, and may be as low as zero."
Other factors are also important.

As Table 7-2 illustrates, there is a wide range between the
MLE and upper bound estimates, approximately 4 or 5 orders of
magnitude. This illustrates the statistical uncertainty of thé
estimates generated due to the input data Srom the study used,
which in this case is highly non-linear. For instance, the
individual risks for apparel workers range from 1 X 1073 [Bl] o
6 X 1077 [B1]. 1In addition, it has been shown that the MLE is
sensitive to small changes in response data when the response ils
very nonlinear in the experimental range. For instance, the dose
giving a risk of 1 X 108 (MLE) varies significantly due to small
changes in the :esponsé data of the Kerns et al. (1983) study

(Cohn, 1985b). The following illustrates this:

Response at 2 ppm Dose foEGRisk of
(malignant) 1 X 10 (MLE)
1. 0 (actual) 0.67 ppm
2. 1/1,000 0.0022 ppm
3. 1 0.0006 ppm



Ten perturbations of the squamous cell carcinoma data for
the Fischer 344 rats were selected by slight alteration in one of
the dose-response poroportions or the elimination of a dose level
from ﬁhe«study in an attempt to show sensitivity to these
perturbaiions was examined by modeling. These estimates appear
in Appendix 5. It was found that, in general, slight
pertucrbations of the data do not significantly disturb the
predictive power of the model for upper bound estimates. This is
not the case for MLEs. Only extreme perturbations significantiy
affect upper bound risk estimates. Consequently, when modeling
data that are very non-linear, one should not place great
certainty on MLE estimates. In addition, model choice can lead
to uncertainty. As Appendix 3 iilustrates, there is a wide
divergence in cisk estimates obtained using the CIIT rat data.
Independent background, tolerance distribution models such as,
the probit, logit, and Weibull, produce estimates indicating
virtually zero risk (probit nredicts zero risk). The independent
and additive background gamma-multihit models produce similar
results. However, when additive background models are used cisk
estimates are much higher, with the multistage model giving the
highest risks. As discussed in section 7.1, the linearized
multistage procedure was used for primary risk estimation.

As discussed above, the major contcibutor to the uncertainty
seen in the risk estimates using the multistage model is the
steep dose-response seen in the Kerns et al (1983) study. Thece

were no carcinomas at 2 ppm, 2 at 5.6 ppm, and 103 at 14.5 ppm,



which is a 50-fold increase for only a 2.5 times increase in
dose. If changes in respiratory rate are taken into account (the
rats at 14.3 ppm are receiving the equivalent of a 12 ppm
exposure--use of this data lLeads to . no significant change in
estimated risks at exposures of concern) (Grinstaff, 1985), there
is a 50-foid increase for only a doubling of the dose.

HCHO's ability to cause rapid cell proliferation, cell
killing and subsequent restogrative cell proliferation, its
ability to interact with single-strand DNA (during replication),
intecfere with DNA repair, its demonstrated mutagenicity, and the
fact that the dose was delivered to a finite area may help
explain the abrupt increase in the response. However, none of
these factors demonstrate the presence of a threshold or minim&l
cisk at exposures below those that cause significant
nonneoplastic responses such as cell proliferation, restorative
cell growth, etc. For instance, although HCHO causes varying
degrees of cell proliferation in the nasal mucosa of rats due to
HCHO exposure, it must be remembered that there is a natural rate
of cell turnover in this tissue. While it is low in comparison
to HCHO induced increases, it does provide the opportunity for
HCHO to react with single-strand DNA during cell replication
possibly resulting in a mutant cell which, if proper conditions
are met, could result in a neoplasm. While an event such as this
may be rare, it is not unreasonable when one considers that the
opportunities for this event to occur are great due to the

immense number of cell-turnovers which may lead to defects in



some cells of the population of the individuals exposed. Even
so, the marked nonlinearity of the response introduces
congiderable uncertainty into any discussion of the possible
mechanism of HCHO induced carcinogenicity at exposures below the
experimeﬁtal range.

The different responses seen in the animals tthed also
leads to a degree of uncertainty. Although rats, mice, and
hamsters have been tested in long-term biocassays, only in rats
have statistically significant numbers of neoplasms been
observed. Only two carcinomas were seen in mice at the highest
dose in the CIIT study, but the nature of this response is
complicated by the fact that mice are able to reduce their
breathing rate to a greater extent than crats. If this effect is
accounted for, the "dose" mice received at 14.3 ppm is
approximately that which the rats received at 5.6 ppm, where two
carcinomas were observed. Consequently, on a "dose" reéeived
basis, rats and mice may be equally sensitive to HCHO. Although
no neoplasms were seen in the hamster study, a number of factors
may be responsible. First, there was poor survival. About 40%
of the 88 hamster died before eighty weeks, and only 20 hamsters
survived ninety weeks or more. If a response comparable to that
of the CIIT study were expected, 25% or five of the hamsters
surviving ninety weeks or more would have had tumors. However,
the duration of the study may not have permitted them to be
grossly visible. Second, the limited pathology protocol may not

have been able to detect small tumors. And third, the dosing



regimen and physiologic factors (changes in breathing rate) may
have been factors (see section 4.1).

Although the foregoing helps explain some of the species
differences observed, there remains the possibility that other,
unknown, factors may be important. However, in any event, no
data have been developed to show that humans would respond
differently to HCHO than rats and data exist showing that rats
and-monkeys respond similarly to HCHO when nasal irritation and
squamous metaplasia are used an endpoints.

I« is often useful to compare lifetime excess risks
estimated from the epidemiologic studies to those risks estimated
from animal data. Tables 7-4 and 7-5 and Figure 7-1 present such
a comparison. Estimated lifetime excess risk can be determined
for either occupational or domestic exposure to HCHO. This
comparison assumes that exposure to HCHO is associated with an
increase in neoplasms at one site only and that the site-specific
excess risk observed in the epidemiological study is the excess
above a risk of one for the study population relative to the U.S.
population (Margosches and Springer, 1983). Hence, lifetime
excess risks based on the epideﬁiological studies are calculated
by multiplying the excess risk observed in the epidemiologic
study by the site-specific mortality ratio. 1980 mortality data
are used in this calculation.

The estimated lifetime excess risks were based on
significant associations observed in the Blair et al. (1986},
Vaughan et al. (1986a,b), Hayes et al. (1986), Stroup, Harrington

and Oakes (1982), and Harrington
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Table 7-4.
Upper Bound Risk Zstimates Based on
the CIIT Data for Given Exposures to HCHO

Animal Based

Exposure - Level (ppm) Upper Bound?
Resin Worker 0.24 s x 10”4
1.4 3 x 1073
Turniture Worker 0.1 x 1074
1.3 x 1073
patholocists 3.2 5 ¥ 107°
Mobile Home €.19 3 % 10°%
Residents
(10 years)

a Based on the linearized nmultistaqgqe model and the rat data
from Xerns et al, (1983).
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Table 7-5

Estimated Lifetime Excess Risks
Calculated from the Epidemiologic Studies

Risk Estimated Lifetime
Exposure Author Site Ratio Excess Risk?
Resins Blair et al. Lung 1.32° 2 X 1072
Nasopharynx  2.0€ 8 x 10-4
Resin, Glue Vaughan et al. Nasal 3.8 7 x 1074
Cavity &
Sinuses
HCHO & Wood Hayes et al. Nasal 1.9¢ 2 X 10™3
Cavity &
Sinuses
Pathologists Harrington & Leukemia 2.0 2 X 1072
Shannon
Harrington & Brain 3.31 1 X 1072
Oakes
Anatomists Stroup . Brain 2.7 8 x 1073

l # of site-specific deathsAJ

Estimated lifetime excess risk = (RR’l)‘Efoprotion oihSite specifiSJ
aths

Mortality proportion based on 1980 deaths.

Analysis of white male wage workers with greater than 20 years latency
and HCHO exposure above Oppm-year.

Analysis of white male wage worker with HCHO exposure greater than Oppm-
year.
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Figure 7-1.

Tauchan et al.,

Masopharvnx

Pathologists F %
-5 -
107" 1074
Stroup, Harrington& Harringto
Brain Rakes, &Shannon,
Rrain Leukemia
0.24 ppm 1.4 ppm
Resin Workers | { ‘ l L
1 l | I I
— — —’ —-— —
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. . I | I | |
-Pdrniture Workers I | | l [
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aves et al.
SNC, Controlled
for high wood dust
exposure
0.19 ppm
Mobile Home | | ,1 | |
Pesidents I s | . | ; i , .
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-

Comparison o€ the upper bound risks based on the animal

data to estimated lifetime excess risks hased on the epidemiological

studies.

level to HCHO are above the line.

Animal-based upper hound risks for the identified exposure
The estimated excess lifetime

risks based on the observed excesses in site-specific necplasms are

below the line.
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and Shannon (1975) studies. For example, when one examines lifet,'.e
risks from exposure to resins, the estimated lifetime excess risk
associated with the 35% increase in lung cancer among white males
with a greater than 20 years latency reported by Blair et al. (1986)
would be 2 X 1072 and the estimated lifetime excess risk associated
with their reported 200% increase in nasopharyngeal cancers would be
8 X 10”%. The 280% increase observed by Vaughan et al., (as
reported in SAIC, 1986) for nasal sinus and cavity neoplasms in
conjunction with exposure greater than 10,000 hours to resins,
glues, and adhesives gives an estimated lifetime excess risk of 7 X
1074, The upper bound risk for an exposure of 0.24 ppm HCHO based
on the animal data is 5 X 10~%4, and for an exposure of 1.4 ppm
HCHO, would be 3 X 1073,

Comparing the results reported by Hayes et al. (1986) is
more complicated since Hayes et al. do not delineate the exposed
population. However, 1if one chooses an exposure group, such as
furniture workers who may be exposed to both wood dust and HCHO,
one can make some observations. The reported exposure for
furniture workers ranges from 0.1 ppm to 1.3 ppm HCHO as an
8-hour, time-weighted-average. Upper bound risks based on the
animal data associated with these expoéures are 1 X 10™4 and
2 X 10'3, respectively. Using the 90% increase in nasal cavity
and sinus risk observed in analyses which controlled for high
wood dust exposure, the estimated lifetime excess risk based on
the Hayes et al. study would be 2 X 1073,

Thus, when individual tumor types are examined, one can see

that the upper bounds are not indicating larger excesses than
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seen in certain studies given uncertainties about exposure.
Although HCHO's potential carcinogenic effects are not expected
to be limited to one site in humans because humans do not
necessarily breathe through their noses as rats do, the anaiysis
described'above provides a check of the risks derived from animai
data and those seen in human studies.

Finally, a factor that can have a major bearing on
population risk estimates is the quality of the available
exposucre data. Assumptions made in reporting exposure levels can
have a major impact. For instance, it is not uncommon ducring a
monitoring exercise to find a number of samples that are below
the detection limit of the analytical technique used. Tﬁus, when
a mean exposucre level is calculated it should be realized that if
the nondetectable (ND) samples are counted as O the calculated
mean will understate the actual situation. Conversely, if the ND
sampies acre counted as the Limit of detection, the mean will
overstate the true situation. Another factor that can skew
exposure estimates are changes in non-governmental exposdre limit
recommendations and the number of years over which the data are
collected. Since a numberc of years of exposure data are often
used to calculate means, it is possible that the mean will be
weighted by samples taken prior to changes in voluntar§ exposurce
limits. Thus, the reported mean could be substantially
overestimating the true situation. For instance, in the gacment
industry, HCHO levels have apparently been falling since the late

70's and early 80's as a result of increased concern and a



downward revision of the ACGIH recommendation for HCHO.
Consequently, an industry average calculated from data predating
1980 could cause the reéorted mean to be overstated. This may
have a significant impact on the estimated population risks. For
the apparel industry there are approximately 800,000 workers
exposed to HCHO. The mean personal exposure level used for the
section 4(f) determination and this assessment is 0.64 ppm which
leads to population risks of <1-777 (MLE-upper bound). If the
mean area exposure level of 0.23 ppm is used, and there is some
evidence that personnel levels may now be approaching this
figure, population risk estimates would range from <1-311, which
is a 60% reduction aﬁ the high end. H&wever, the exposure data
for apparel workers are poor in its ability to characterize the
industry, and great confidence cannot be placed on an industry
mean as a fair representation of actual exposure levels in the
approximately 20,000 sites where workers are exposed.

The data for mobile homes is qualitatively better in its
ability to characterize this group because of a greater number of
well conducted monitoring surveys. Mobile home exposure studies
have been done by HUD, state and local government agencies, and
academic researchers. Although data is generally only_available
to estimate 10 year averages, data from complaint and non-

complaint homes produce 10 year averages which range from 0.19 to

0.25 ppm.



7.4. Presentation of Risk Estimates

As discussed in "Data Selection for Quantitative Analysis"
above, the recommendation is that risk estimates should be
separaﬁely derived from squamous cell carcinoma and polypoid
adenoma data. However, three positions can be taken concerning
the presentation of the risk estimates. One 1is to calculate cisk
estimates separately for squamous cell carinomas and polypoid
adenomas. The second is to add the risk estimates for an overall
estimate of carcinogenic risk, and the thicd is to assume some
conversion rate for the benign tumors and then add the risk
estimates as in the second position. These are discussed below.

7.4.1. Separate Risk Estimates Derived From Sgquamous

Cell Carcinoma and Polypoid Adenoma Data

Because two risk estimates can be calculated, the
significance and uncecrtainties associated with each must be
explained.

The squamous carcinomas observed in the Kerns et al. (1983)
study are frank evidence of carcinogenicity in the rat. The
response at 14.3 ppm HCHO was highly significant in both sexes.
While not significant at 5.6 ppm, the observation of two squamous
cell carcinomas in 240 rats is considered biologically
significant, since the historical incidence of squamous cell
carcinomas in male and female F-344 rats is 1 in 3,000 rats (NTP,
1985). In addition, significant numbers of squamous carcinomas
were observed in rats in two other long-term inhalation studies
(Albect et al., 1982; and Tobe et al., 1985). Consequently,
there is little uncertainty about the caccinoma rcesults.
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There is a positive dose~response relationship for squamous
cell carcinomas in the Kerns et al. (1983) study. However,
because of the nonlinearity of the dose-response relationship,
there is a wide divergence between the upper bound and maximum
likelihood estimates (MLE) of cisk. This introduces a large and
variable level of uncertainty into the risk estimates (see
preceeding section--Uncertainty in Risk Estimates).

The situation for the polypoid adenoma data 1s not clear.
Aithough apparently causally related to HCHO exposure, the
statistical significance is poor. The adenomas are not
significant at any dose leveli for male and female rats
separately. Only when the response is pooled at 2.0 ppm is there
significance. However, even this is questionable since the |
response rate in male and female rats is not comparable. At the
5.6 ppm level responses in males and females wecre significantly
different from one another. Moreover, two of the cresponses at
2.0 ppm were borderline diagnostic calls between focal
hyperplasia and polypoid adenoma (Boorman, 1984), and if these
two responses are dropped, significance is lost at 2 ppm. Also,
there is a negative dose-response relationship. Several possible
explanations for these observations follow in roughly increasing
order of likelihood (SAB, 1985):

o lack of a causal relationship,

o tumor modulating factors in the cat, which are induced
or enhanced by HCHO exposure,

o) chance (random) fluctuations in the data,

o target size decreases with loss of cell type of origin,
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o differences in time to tumor,

o differences in diagnostic efficiency between the two
kinds of tumors, and

o competition with the simultaneously occurcing carccinomas
.at higher doses.

Thus, it is difficult to adequately chacracterize the relationship
between HCHO exposure and the polypoid adenoma response. Because
of the negative dose-response relationship, it was necessary to
drop the two highest doses (5.6 and 14.3 ppm) and extrapolate
from 2.0 ppm to O (a straight line from 2.0 to O ppm). Thus, if
the true dose-response relationship is concave between 0 and 2.0
ppm, estimated risks will be too low. If upward convex they will
be too high (this seems more plausible given ﬁhe benign and
malignant tumor responses in the Tobe et al. (1985) study and the
squamous cell carcinoma response in the Kecrns et al. (1983)
study).

As discusssed above, there is a greater level of certainty
in the squamous cell carcinoma response-and risk estimates
derived from them. - Conversely, because of the nature of the
polypoid adenoma response, its weak statistical significancé at
best, and the manner of risk estimation, the confidence in this
response and associated risk estimates is low.

7.4.2. Calculate Risks Sepacately But Add The Risks

The rationale for this option is that the polypoid adenomas
together with the squamous cell carcinomas observed in the Kecrns
et al. (1983) study are an indication of HCHO's potential human

carcinogenicity. Moverover, benign tumors may be expected to
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appear in the human population (not just in the nasal cavity),

It may also be assumed that they have some ability to progress to
cancers as a result of the promoting activity of other agents or
of the initiating agent. Consequently, adding the risk estimates
from the ‘benign (polypoid adenomas) and malignant (squamous cell
carcinomas) data provides an overall estimate of carcinogenic
risk to humans.

While such a line of reasoning is plausible, a number of
factors must be considered.

Ficst, 1f the separate risk estimStes are added, that
estimated from the squamous cell carcinoma data is dwarfed by the
estimated adenoma response. For instance, the upper bound
estimate of risk to garment workers exposed to 0.64 ppm of HCHd
is 1 X 1073 using squamous cell carcinoma Jjata. The cisk
estimate based on benign tumors at the same concentration is
2 X 1072, Adding the two estimates gives 2.1 X 10-2, Following
the Guidelines (EPA, 1986) this would be counded to one
significant figure, i.e., 2 X 10~2. Thus, the contribution to
the risk estimate from the frank experimental evidence of
carcinogenicity is removed. 1In addition, the uncertainties
unique to estimates of risk based on the squamous cell carcinoma
and polypoid adenoma data are not carried clearly fonwérd in a
combined estimate of risk.

The second, and major assumption is that there 1is
equivalence between benign and malignant tumors, i1.e. a benign

tumor will progress to a cancer. This is necessary because the
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combined risk estimate i1s nearly entirely weighted by a risk
component generated frém the benign polypoid adenoma tumor

data. Since the estimate 1s presented as a cancer risk estimate,
equivalence (progression) must be assumed. However, the basis
for this assumption must be reviewed. Certainly there is much
literature on the progression of benign tumors, but equivalence
is not automatically assumed, especially when the experimental
study (the Kegrns study) suggests otherwise (see section 4.2.1).

It may not be correct to assume that the majority of tumors
estimated for the human population from the Kerns study will
occur in the nasal cavity, since humans are not obliged to
breathe through their nose. Consequently, it may be worthwhile
to look at the nature of benign tumors seen in the nasal cavit?
of humans and animals as well as in other epithelial tissues in
humans.

As discussed in section 4.2.1l., the nature and progcession
of benign tumors in the nasal cavity of rats is poorly
understood. The polypoid adenomas observed in the Kérns'et al.
(1983) study do not appear to be the benign countercparts of the
squamous cell carcinomas or other cancers observed. The
situation for humans is similar, although based on clinical
experience some generalizations can be made. However, it must be
remembered that the clinical cases are the cesulit of diverse
causes and may not share the same course as an HCHO-induced
lesion. The following discussion is presented to highlight the

uncertainty involved in any discussion of cancer induction.



The common types of benign lesions seen in the nasal cavity
of humang are nasal polyps.‘squamous papillomas, and transitional
type papillomas.

Nasal polyps are a common clinical condition in humans and
are frequéntly associated with allergic rhinitis, inflammatory
diseages, and other disocrders (Paludetti, 1983; Jacobs, 1983:
Frazer, 1984; Drake-Lee, 1984). These polyps are not considered
tO be true neoplasmsg, but are merely inflammatory hypectrophic
swellings (Robbins, 1974).

On the other hand, squamous and transitional type papillomas
are true neoplasms. Squamous paplilloma of the vestibule is the
most common tumor Oof the nasal cavity, representing approximately
one-thicrd of all benign tumors found. Malignant change is
considered a rare event (Friedmann and Osbogrn, 1982).
Transitional type papillomas have an incidence that is reporcted
to vary from 0.4 to 19 percent of all nasal and sinus neoplasms
of the mucosa (Bosley, 1984; Friedmann and Osborn, 1982; Hyams,
1971; Sellars, 1982; Lampertico et al., 1963; Seydell, 1933).
Their clinical appearance may varcy from that of ficm, bulky,
opaque polypdid lesions with marked vascularity to having the
same appearance as common inflammatory nasal polyps (Bosliey,
1984; Perzin et al., 198l), and are variously described as
inverted squamous papilloma, cylindrical or transitional ceil
papilloma, and inverting papilloma (Friedmann and Osborn,

1982). The reported associated frequency of squamous cell

carcinoma with transitional papilloma is between 1.5 to 50



percent (Bosley, 1984; Friedmann and Osborn, 1982: Hyams, 1971:
Snyder et al. 1972; Ridoifi et al., 1977; Lasser et al., 1976;
Vrabec, 1975: OSborﬁ, 1970; Yamaguchi et al., 1979; Brown, 1964).

The most common benign mucosal gland tumor is the
microcystic papillary adenoma, which is the human counterpart of
the rat polypoid adenoma (Kerns, 1985). In humans, these tumors
represent 1.6 percent of all tumors of the nose and sinuses and
2.4 percent of all tumors in the nasal cavity region. In
addition, malignant transformation has never been encountered
(Friedmann and Osborn, 1982)

A number of benign tumors are seen in the oral mucous
membrane of humans. Fibromas, papillomas, hemangiomas,
lymphangiomas, and le§s commonly myoblastomas and congenital
epulis. However, in contrast approximately 90 percent of oral
malignancies are squamous cell carcinomas (Robbins, 1974).

The two most common benign tumors of the human larynx are
polyps and papillomas, other less common types run the gamut of
every cell type found within the larynx (Robbins, 1974).
Squamous papillomas are the most common type 6f benign tumors
seen in the larynx and are the most common of all childhood
laryngeal tumors. These are frequently divided into adult and
juvenile groups. However, recent work has contradicted some of
the classical descriptions used to separate adult from juvenile
papillomas (Nikolaidis, 1985).

However, while juvenile papillomas are thought not to, or to

rarely, undergo malignant transformation (Nikolaidsis, 1985; and



Robbinsg, 1974) the adult typé is.regarded as having the potenital
to progress to a malignancy (squamous cell carcinoma) (Robbins,
1974). In a study of 83 cases (73 juveniie and 10 adult) of
cumors of the larcynx, only one adult case was associated with a
squamous cell carcinoma (Nikolaidié, 1985). This suggests a less
than one-to-one relationship between papillomas and carcinomas:
it should be pointed out that there was surgical intervention and
no follow=-up.

Although the above does not show that benign tumors caused
by HCHO will not progress to a malignant neoplasm, it does show
the great uncertainty involved in assuming that there is a one-
to-one relationship between risk estimates generated from benign
and malignant data sets. ‘

7.4.3. Calculate Risks Separately But Acdd the Risk After

Assuming a Conversion Rate for the Benign Tumors

This option is the same as the option described in section
7.4.2 except that the risk estimates generated from the benign
tumor data would be adjusted to ceflect the potential to progress
to malignancies. This method may provide a more realistic
estimate of carcinogenic risk, but it still suffers from the
problem of adding estimates derived from diffecent extrapoliation
procedures.

However, 1f one were to assume cecrtain conversion rates
based on the biocassay and human data, overall estimates of cancer

risk can be presented.



In the Kerns study, 15 polypoid adenomas were observed in
the exposed groups (see Table 4-~1) versus one adenoccarcinoma
(possible malignant counterpaft), which is a 1:15 ratio. For the
most common human benign tumor of the nasal mucosa, transitional
type papilloma, Friedmann and Osborn (1982) have documented 12
possible conversions related to between 700 and 800 papillomas, a
ratio of 1:50. In contrast, the human counterpart of the rat
polypoid adenoma is the microcystic papillary adenoma (Swenberg
and Boreiko, 1985) which has never been reported to convert to
malignancy (Friedmann and Osborn, 1982). In addition, multistage
carcinoggnesic protocols on mouse skin and in rat liver produce
malignant to benign ratios of 1:20 to 1:100 (Swenberg and
Boreiko, 1985). As discussed above, the conversion rates rangé
from O to about 7 percent. Since there is uncertainty in any of
the ratios discussed, assuming a 1:10 ratio, or a 10 percent
conversion rate, appears reasonable. If the estimates in Tables
7-2 and 7-3 are combined using a 10 percent conversion rate, then
risk estimates would be about a factor or 2.5 higher than those
based on the malignant tumor data.

7.4.4. Other Considerations-Squamous Papillomas

In contrast to the Kerns study, the studies by Tobe and
Albert found significant numbers of squamous papillomds instead
of polypoid adenomas. Because these tumors are of the same cell
type as the squamous cell carcinomas, these lesions are thought
to represent the benign counterpart of the carcinomas (Consensus

Workshop on Formaldehyde, 1984). However, Takano et al. (1982)



have questioned the importance of papillomas in relation to
cércinoma development. In any event, papillomas weré seen 1n two
HCHO studies suggesting that both types of benign tumors should
 be evalu;ﬁed. |

The relationship between the papilloma/carcinoma cesponse in
"the Tobe and Albert studies is quite constant. In the Tobe
study, 5 of 19 tumors observed or 26 percent were papillom&s. A
similar result was seen in the Albert study were 34 of 110 tumors
or 24 percent were papillomas. The papilloma response is clearly
HCHO related and appeared in two strains of rats (Fischer 344 and
Sprague-Dawley rat). It is not clear why no papillomas were
observed in the Kerns study. However, the behavior of papillomas
seen in the human population should also be evaluated since there
ls no reason to assume that the polypoid adenoma response in the
CIIT study 1s more important in determining human cisk than the
papillomé response.

To determine the contribution benign tumors would make to
risk estimates derived from the Tobe study, three data sets were
used to derive risk estimates. (These estimates were not used as
primary estimators of risk because there was no response at the
lower dose levels which consequently leads to higher estimates of
risk than those derived from the CIIT data.) One consisted of
the benign tumors (5 per 32 rats), the second was the carcinoma
response (14 per 32 rats), and finally combined malignant/benign
(19 per 32 rats). The results from the exercise appear in Table

7-60
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Table 7-6.
RISK ESTIMATES BASED ON TOBE STUDY

Response at 15.0 Rigsk Estimate Added Risk
ppm (32 rats) (upper bound) Estimates
Papilloma 5 2.3 x 1073 5.1 X 1073
Carcinoma 14 2.8 x 1073
Pooled 19 2.8 X 1073
carcinoma/
papilloma

As Table 7-6 illustrates, the benign tumors do not have any
impact on the risk estimate derived from the pooled data. If one
were to simply add the separate benign and malignant risk
estimates, the resulting estimate would be about two times higﬁer
than that derived from the pooled data. Discounting the benign
estimate by 90 percent (assumes 10 percent will progress) and
then adding it to the malignant estimate gives a combined number
that is only slightly higher (3.0 X 103) than that derived from
the pooled data (2.8 X 10”3). This illustrates some of the
uncertainty one encounters when using different methods of risk
estimation and, in this case, shows that if pooled or a
conversion rate is used, the benign tumors contribute little to
the risk estimates.

7.4.5. Conclusion

Because of the uncertainties associated with the polypoid
adenoma data set, its statistical significance, the mannec of

cisk estimation, and the question of progression to malignant



tumors, it is recommended that unadjusted risk estimates (for
progression) derived fram them not be added to estimates derived
from squamous cell carcinomas. It 1s recommended that risk
estimétes derived from squamous cell carcinomas be used to
estimate'human risk because of the frank expression of
carcinogenicity in the rat, evidenced by a statistically
significant, positive dose-response relationship. Little weight
should be accorded risk estimates derived from adding adjusted
benign risks to carcinoma risks because of the uncertainties (1)
inherent in adding risk estimates derived from different
mathematical procedures, (2) the nature of the benign tumor
response, and (3) uncertainties surrounding the rate of benign to
malignant conversion.
7.5. Summary

Although a number of factors that represent more or lesser
degrees of uncertainty have been discussed above in relation to
the quantitative estimates of human cancer risk, no factor alone
or in combination with others indicates that the estimates of
risk are not reasonable as upper bounds. The true risk could
certainly be lower, but no data or modeling procedure is
available to determine the true risk. Consequently, it is
recommended that the risk estimates derived from the CIIT rat
squamous carcinoma data be used as the estimates of potential
human cancer risk from exposure to HCHO with due consideration

given to the strengths and weaknesses of the data base.



8. ESTIMATES OF NONCANCER RISKS

8.1. Introduction

Although some of HCHO's noncarcinogenic effects are well
characterized, the problem of determining the dose-reponse
characteristics in populations for these effects remains. This
section focuses on human data to determine if dose-response
relationships can be drawn. Six cross-sectional and three
controlled human studies were selected for review. These studies
were identified by Battelle Columbus (1985) from review articles by
Ulsamer et al. (1984) and the NRC (1982). From this group, six
studies were extensively analyzed for presence of dose-response
relationships. Additional searching identified six studies which
were thought to have shown a possible dose-relationship:; these were
also analyzed. For a study to be selected for review, the exposure
level and the prevalence or incidence of a health effect must have
been identified.

Generally, an increase in the prevalence or incidence of eye,
nose, or throat irritant effects with increasing HCHO exposure was
observed across the studies.  Since exposures are identified as
ranges in seven of the studies, reductions in the prevalence or
incidence of the irritant endpoints from small changes in HCHO
levels are difficult to gquantify.

One study of randomly selected mobile home residents (Hanrahan
et al., 1984) reports a dose-response relationship between the
reporting of eye irritation and HCHO level. Three clinical studies
of volunteers (Kulle, 1985, Andersen and Molhave, 1984, and Bender

et al., 1983) report irritant responses over several exposure
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levels and EPA.analyzed these data in a similiar manner as that of
Hanrahan et al. (1984). The predicted response curve of Andersen
and Molhave and Bender et al. are similiar to that of Hanrahan et
al., but the response curve for Kulle predictes lower percentage
response.

None of the twelve studies provides adequate data to quantify
population risks for the irritant effects of HCHO. The studies, at
best, provide a qualitative estimate of population response over a
wide exposure range and quantitative estimates of responses for
very selected groups.

8.2. Studies Reviewed

Studies examznlng ocular or nasal effects are revxewed since
studies of these endeLnts comprise the majority of literature
which reports both exposure level and magnitude of the effect.
Studies which examined dermal responses were not selected since
exposure is by either patch testing or dermal injection. Results
from this route of exposure are often difficult to generalize for
dose-response relationships. The reviewed studies are of two
designs: cross-sectional and controlled clinical experiments. A
search of the literature did not reveal any case-control designed
study. The cross-sectional}studies were of mobile home residen<s
and of occupationally exposed workers. In the clinicail studies,
small groups of healthy volunteers, fewer than 30, were exposed %o
varying concentrations of HCHO and their responses were recorded.

8.3. Limitations of Studies

Even though response trends are identified for individuals

under study, the studies reviewed have major limitations which
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prevent their use to infer the magnitude of general population
risks.

8.3.1 Study Design Limitations

The data on acute effects come from controlled human studies
or cross-sectional studies. The majority of the studies were
designed as cross-sectional studies, also known as survey
studies, where random or nonrandom sampling frames were
employed.* In addition, two of these studies' designs did not
incorporate a nonexposed or control group (Garry et al. and
Anderson et al.). Without a control group, it is impossible to
determine the attributable magnitude of a reported symptom.

A cross-sectional study measures the study factor level, in
this instance the HCHO level, and disease ocutcome at the same
time. This type of study does not incorporate a follow-up
period, so that the prevalence of the disease outcome, and not
the incidence, is obtained.** (Cross-sectional studies are often
uéed to generate hypotheses, but they have serious limitations in
making causal inferences.

Controlled human studies test etiologic hypotheses and can
identify acute effects. The three controlled human studies
identified did not utilize a randomization scheme. Study
participants were self-selected and may not e representative of
the general population.

* Use of nonrandom sampling prevents extrapolating the results
beyond the studied population. Random sampling, on the other

hand, allows statistical inference from the studied population

to the general population.

**pPrevalence is the number of cases existing with the outcome at
a single point in time. Incidence is the number of new cases
observed over a period of time.
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8.3.2 Bias Limitations

Other limitations regard potential bias in the results. The
cross-sectional studies do not control for confounding exposures,
such as other occupational exposures, and an observed effect may
not solely.be due to HCHO exposure. Second, many studies report
subjective or self-reported symptoms. These symptoms have not been
medically verified, and thus results may be biased by over-
reporting or underjreporting. A third problem of the cross-
sectional studies concerns the quality of the environmental
exposure measurement. HCHO levels vary depending on the season of
the year, hour of the day, temperature, and humidity. These
factors must be known to evaluate the intensity of the disease
endpoint.

8.4 Results

The principal acute effects of HCHO, reported by all studies
which were extensively examined, are those of irritations to eyes,
nose, throat, upper respiratory tract, and skin. Tables 8-1 and 8-
2 list, by study design, the prevalénce or incidence of each effect
and the associated HCHO level.

Evaluation of the results documented in the different papers
indicates that these effects exist in varying degrees in people
exposed to HCHO. The exposure levels may range between 0.037-3.0
ppm. However, the intensity of the symptoms differs depending on
the location of the study (mobile homes, industry, anatomy lad), on
ambient air conditions, and on individual characteristics and

personal habits.
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TABLE 8-1

SUMMARY OF SELECTED CROSS SECTIONAL STUDIES® ‘P

EXPOSURE ESTIMATED ,
LEVEL (ppm) SYMPIOMS SUBJECT OF STUDY PREVALENCE STUDY COMMENT'S
<0.02-0.78 Cold Symptams females (>16 yrs) 2.24€ Texas Indoor Study ot mobile hames.
Headaches females (5-15 yrs) 4.64¢ Air Quality
Sneezing females (>16 yrs) 1.91€ Study
Any nasal males & females 1.73¢
abnormality (>11 yrs)
Seborrhea males & females 11.859
Pressure in chest males (>16 yrs) 11.74€
Sneezing females (5-15 yrs) 2.86C
Inflamed males & females 4.4949
mucous membranes {>11 yrs)
0.037 Persistent coujh 50 non- 10% Gamble et al. HR exposed workers had signiticant
© & phlegm hexamethylene- reductions in expiratory flow at lon
' Itch tetramine workers 23% lung volumes, indicating increa:axi
w Rash resorcinol 178 resistance in small airways when
Shortness of workers in a 17% campared to a group of workers
breath tire fran the entire plant.
Chest sputnum manufacturing 20%
Burning sensation plant 11¢
in heart region
a4 gattelle Columbus (1985h) .
b nly those studies where both exposure and prevalence are represented.

3

Provalence rat (o calculatat tean the data gathered (n the madical interyiew, S
Proevalence rat o catealatal teon the data gatheral in the clinical examination of individuals.,



TABLE 8-1 (Continued)

EXPOSURE ESTIMATED
LEVEL (ppm) . SYMPTOMS SURJECT OF STUDY PREVALENCE STUDY COMMENTS
0.02-0,05 Persistent cough 52 hexanethylene-  13%
& phlegm tetramine
Itch resorcinol workers 35%
Rash 23%
Shortness of breath 19%
Chest sputnum 238
Burning sensation : 178
in heart region
0.04-0.09 Eye irritation 34 permmanent day 15% Olsen and Control group and 34
Nose, throat care center staff 23% Dossing mobile hame day care centers.
irritation
0.19-0.44 Eye irritation 70 mobile home day 57%
®© Sinusitis care center staff 16%
é\ Nose, throat ' 73%

irritation



TABLE 8-1 ((ntinued)

EXPOSURE ESTIMATED
LEVEL (ppm) SYMPI(MS SUBJECT OF STUDY PREVALENCE STUDY COMMENTS
<0.10-2.84 Burning eyes Residents of 25% Anderson Study of mabile homes.
Watering eyes mobile hames 20% et al.
Iry throat 24%
Swollen glands 6%
Diarrhea 10%
Running nose 35%
Sheezing 45%
Phlegm 25%
Wheezing 17%
wh 448
Headache 29%
Rash 11%
0.1-0.8 Runny nose Residents of 34% Hanrahan et al. Study of mobile hames.
© Dxy/Sore throat Mobile hames 33%
) Coughing 28%
~4
0.1-3.0 Ear, nose, throat Adults 79% Garry et al. Mobile hames. _
0-12 yrs 60% Measurament of formmaldehyde
Cogh & wheeze Adul ts 38% vary with month of measurement.
3-12 yrs 54%
0-2 yrs 61%
Respiratory Adults 36%
problen 0-12 yrs 24%
Diarrhea Adults 22%
3-12 yrs 19%
0-2 yrs 58%
Headaches Adults 50%
: : 3-12 yrs 3ige
0-2 yrs 0%
Nausea & vaniting  Adults 204
3-12 yrs 15%
0-2 yrs 38
Skin rash Adults (1R Y
dh2se 0



TABLE 8-1 (Continued)

EXPOSURE ESTIMATED
LEVEL (ppm) SYMPTOMS SUBJECT OF STUDY PREVALENCE STUDY COMMENT'S
0.40-0.80° Cough Present-line Schoenberg 63 filter manufacturing worke:s.
>S5 yrs 33 & Mitchell No significant differences
1-5 yrs 30% (p>.05) among any of the groups
<1 yr 40% in either FVC or FEV, ,. "The
Previous on line 12.5% group, present line more than
Never on line 6.7% 5 years or more, had a lower
FEV, /FVC ratio; ami signiti-
cantly lower (p<0.05) MEFg;/FVC
than the never-on-line group.
Phlegm Present-line
o >S yrs 26.7%
) 1-5 yrs 20%
@ <1l yr 26.7%
Previous on line 0.0%
Never on line 6.7%
Dyspnea Present line:
>5 yrs 6.7¢
1-5 yrs 20.0%
<1 yr 20.7%
Previous on line 12.5%
Never on line 6.7%
Y oExposure levels are tor present-on-line-workers only.



TABLE 8-2 (Continued)

Level of

Exposure (ppm)

Symptam

Study Subject Response

Author

3.0

S.O

0.24

0.40

0.80

1.60

Cdor perception
Conjunct ival
sensitivity
Nose, Throat
sensitivity
Throat dryness

Cdor perception
Conjunctival
sensitivicy
Nose, Throat
sensitivity
Throat dryness

Conjunctival
irritation amd
dryness in nose,
throat

Conjunctival
irritation and
dryness in nose,
throat

Conjunctival
irritation ard
dryness in nose,
throat

Conjunctival
irritation ard
dryness in nose,
throat

30
80

75
15

20
190

200
10

2 (19%)

Healthy students

S (31%)

15 (94%)

15 (94%)

Andersen
ard !Molhave

C Number of camplaints among 16 subjects after a S~hour exposure to formalaehyde.
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TABLE 8-2 SUMMARY OF SELECTED OONTROLLED HUMAN STUDIES

Levels of

Exposure (pgm)

Symptam

Study Subject

Response Author

O.l

0.2

O.s

1.0

b

Cdor perception
Conjunctival
sensitivity
Nose, Throat
sensitivity
Throat dryness

Cdor perception
Conjunct ival
sensitivity
Nose, Throat
sensitivity
Throat dryness

Cdor perception
Conjunctival
sensitivity
Nose, Throat
sensitivity
Throat dryness

Cdor perception
Conjunctival
sensitivity
Nose, Throat
sensitivity
Throat dryness

Odor perception
Conjunctival
sensitivity
Nose, Throat
sensitivity
Throat dryness

Anatany lab students
Each group contains
six students

8-9

132 Rader®
25

20

14
15

21
15

35
35

35

30
18

20

40
30

40

3Response represents the log of a weighted average of the concentration x time-factor.
Dose response tremd was observed for all camplaints.



TABLE 8-2 (Continued)

Level of
Exposure (pom) Symptam Study Subject Response Athor
0.0 Eye/Nose/Throat Healthy Volunteers 39 (143) Kulle
Irritation
Eye Irritation 1 (4%)
Nose/Throat 3 (14%)
Irritation
0.5 Eye/Nose/Throat 1 (10%)
Irritation
Eye Irritation 0 (0%)
Nose/Throat 1 (10%)
Irritation
1.0 Eye/Nose/Throat 63 (27%)
Irritation
Eye Irritation 4 (18%)
Nose/Throat 2 (9%)
Irritation
2.0 Eye/Nose/Throat 129 (55%)
Irritation.
Eye Irritation 10 (468)
Nose/Throat 7 (32%)
Irritation
3.0 Eye/Nose/Throat 9f (100%)
Irritation
Eye Irritation 9 (100%)
Nose/Throat 2 (22%)
Irritation

da total of 22 subjects were exposed.

£

A total of 10 subjects were exposed.
A total of 9 subjects were exposed.
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Table 8-2 (continued)

Level of
Exposure
(ppm) Symnptom Study Subject Response Author
Q Eye irritation Research Staff - Bender et al.
0.35 Eye irritation 41.7%gh
0.56 Eye irritation 53.88l
0.7 Eye irritation 57.1%7
0.9 Eye irritation 60.0%8
1.0 Eye irritation 74. 131

— - -— -—

Subjects with HCHO response time less than clean air response time.
Total of 12 subjects were exposed.
Total of 26 subjects were exposed.
Total of 7 subjects were exposed.
Total of 5 subjects were exposed.

Total of 27 subjects were exposed.
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Five of the studies (e.g., Texas Air Quality, 1983, Ancerson
et al., 1983, Garry =2t al., 1980, Olsen and Dossing, 1982 ang
Hanrahan et al., 1984) were of occupants of mobile homes. Among
these studies, the symptoms with the highest prevalence acrass
different age groups were headaches, muscle aches, eye symétoms
(burning eyes, watery eyes, itchy eyes), nose symptoms, and
coughing. Some differences were detected among the different age
groups. The youngest groups (0-2 yrs) experienced a higher rate
of diarrhea while the adults had a relatively high rate of
complaints from headaches (Texas Air Quality, 1983). Three
studies (Texas Air Quality, 1983, Anderson et al., 1983
Hanrahan, 1984) report significant (p<0.05) dose-response
relationships between certain acute effects and HCHO level. The
Texas Air Quality (1983) study reports significant increases in
the prevalence of certain acute effects such as headaches,

sneezing, and nasal symptoms among occupants exposed to either

1.0 ppm HCHO or greater, or 2.0 ppm HCHO or greater. Anderson et
al. (1983) reported in occupants of a random sample of 100 mobile
homes that burning of the eye was significantly associated with
the level of HCHO in the home. Not only did the prevalence of
burning eyes increase significantly with increasing mean HCHO
level, but also the proportion of individuals who believed their
burning eyes were related to household conditions went from 50
percent to 87 percent. Hanrahan et al. (1984) reported a
significant dose-response relationshié between burning eyes/eye
irritation and HCHO among study volunteers who lived in mobile

nomes. This observation had been adjusted for age.
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when studies of mobile home residents are evaluated, i~ -uge
be noted that not only ambient conditions within the home., bu-
also seasonal temperature/humidity fluctuations can affect the
rates of of f-gassing (Anderson and Lundquist, 1985). Because
most nobile homes are tightly sealed and do not use a continuous
influx of outside air, other gases such as carbon monoxide, which
were not measured, may contribute to the acute effects
experienced by the residents. Hanrahan et al. (1984), however,
stated that these factors did not influence HCHO levels in their

study.

In three studies of workers in occupational settings,
statistically significant increases in the number of complaints
from acute sensory effacts were observed among workers exposed to
HCHO. The reported symptoms -- itch, rash, breathing better away
from work, cough, chest tightness, burninj eyes, running nose ani

ourning sensation in the heart region -- all were significantly

increased in a group of rubber workers exposed to a HCHO-resin
when compared to non-HCHO exéosed workers (Gamble et al.,

1976). Assessment of lung functiqn in these workers showed
significant reductions in expiratory flow rates, with the
greatest reductions being shown by smokers. Area sampling of
formaldehyde showed a mean concentration of 0.06 mg/m3 for those
workers who were in the exposed group. In another study of
acrylic-wool filter manufacturing workers exposed to phenol-
formaldehyde resin, Schoenberg and Mitchell (1975) ocoserved
significant increases in the prevalence of cough and cough-plus-

phlegm symptoms when compared to never-on-line and previcus-line
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workers. Workers exposed for S or more years had lower lung
function parameters (FEV,/FVC ratio) than a group of workers who
nad smoked more but who had never been consistently exposed to
resin fumes. B8reathing zone measurements of HCHO ranged 0.40 -
0.80 ppm in this study. with higher levels (8.48 - 13.04 ppm)
observed when cross~-current fans were not operational. Kerfoot
and Mooney (1975) also reported nose and eye irritation in
morticians. These results are qualitative in nature; they
indicate that morticians who spent moré time embalming than in
general funeral work more often complained of upper respiratory
irritation. For all three studies, other chemical exposures were
present and it is not known to what degree the observed effects
were due to possible interactions.

Four studies were of volunteers in controlled clinical
experiments. Findings from these studies are similar to those of¢
mobile home and occupational populations. Rader (1975), in
testing six student volunteers in an anatomy laboratory, found
that the concentration levels of HCHO in ambient air are affected
by seasonal changes, time of measurements, room temperature, ani
humidity level. Dose and response showed correlations and there
was a statistically significant increase in each of the dose
Jroups over the control group for the total complaint score* of
acute effects. The summed complaint score was for the acute
effects: odor perception, conjunctival sensitivity, nose/throa-:

irritation, throat dryness, nasal secretions, and tear flow.

*The complaint score was a sum of the number of complaints times
the severity of the response.
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In a study by Bender et al. (1983)., varying size groups nf
volunteers preselected by responding positively to HCHO at 1.3
and 2.2 ppm HCHO, were exposed to HCHO or clean air for six
minutes (O, 0.35, 0.56, 0.7, 0.9, or 1.0 ppm). Eye irritation
was measured as response time which was the length of time from
initial exposure of the subject's eyes to the gas until eye
irritation was noticed. Subjects were also asked to rate the
severity of the response using a 0-3 scale (O=none, l=slight,
2=moderate, 3=gevere).

Although only the response at 1.0 ppm was statistically
different than clean air, there was a trend toward earlier
response to HCHO with increasing concentratibn. If the exposure
groups for 0.7 and 0.9 ppm had been larger (5 and 7 subjects,
respectively), the fesponse might have been statistically
different than clean air.

Severity of response was rated slightly to moderately
irritating only at 1.0 ppm. The rating was less than slightly
irritative for 0.35 to 0.9 ppm. In addition, severity was rated
lower at the end of the six minute exposure indicating dimunition
of response. This effect has been noted by Weber-Tschopp et al.
(1977) and Kane et al. (1977) (Bender et al.).

Andersen and Molhave (1984) assessed the human healta
effects associated with prolonged exposure to HCHO under
controlled thermal and atmospheric conditions. They observed an
increasing trend in eye and nose irritation between exposure
levels of 0.3 to 2.0 mg/m3 HCHO. Among 16 subjects, human

response increased from 19 percent to 94 percent over this
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exposure range. In addition, mean mucous flow rate Jdecreased a-
the higher concentrations of HCﬁO. Changes in airway resistance
were significant for nasal pressure drop, vital capacity, and
several lung function parameters.

Finally, Kulle (1985), of the University of Maryland,
examined irritant symptomology among volunteers who were exposed
randomly to HCHO concentrations of 0.5, 1.0, 2.0, and 3.0 ppm.
Odor and irritation determinations were made before exposure and
at 180 minutes after exposure completion. Statistically
significant increases in the number of eye and eye/nose/throat
combined symptoms were observed for exposures over 2.0 ppm. The
number of subjects detecting HCHO odor was statistically
increased at HCHO levels of 0.5 ppm and above. Kulle notes that
for subjects exposed to 1.0, 2.0, and 3.0 ppm HCHO, a significan=
linear trend with dose was observed for both odor and eye
irritation and for all eye/nose/throat irritation.

8.5. Discussion

Both HUD and OSHA have assessed the acute effects due to
HCHO. HUD's assessment was used to support changes in the

Manufactured Home Construction and Safety Standards, while OSHA's
assessment will bé used to support a possible change in OSHA's.
permissible exposure level for HCHO.

HUD's assessment consisted of an evaluation of the cost-
benefit relationships of regulatory alternatives to control HIHO
levels in mobile homes. A computer model was developed using
data from mobile home residents in Wisconsin, Minnesota, énd

Washington to assess the relationship between HCHO levels and
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mobile home age. The cost of illness was calculated for a 20-
year exposure period under var;Ous assumptions, such as initial
HHCHO concentrations in homes, type and cost of resulting health
effect, and number of homes and persons affected. HUD used the
CPSC Lnjury-cost model to estimate an average cost of illness
assuming that exposure to HCHO could cause one of several types
of health problems (for example, dermatitis of the face or
conjunctivitis). The HUD document did not report the incidence
or prevalence of symptoms for persons residing in homes with

varying detectable levels of HCHO. HUD's study method assumed
that 75 percent of the occupants of the mobile home with HCHO
would experience a health problem, but the concentration
producing this effect was not derived or estimated.

There were no data presented in the HUD analysis which
support a dose-response relationship between sensory effects and
HCHO levels in mobile homes. Data presented do support a
qualitative relationship. It is also important to note, however,
that HUD's review does not address the gquestion of concentration
levels of HCHO in the mobile home and the magnitude of the
possible effect on the resident.

OSHA has produced an assessment of both noncancer irritant
and cancer effects. For the noncancerous effects assessment,
OSHA relies on data submitted by industry (SOCMA, 1979) and
certain assumptions. SOCMA collected information on nose and eye
irritation from 17 industries where HCHO exposure occurs and
calculated average exposure levels. OSHA only used the endpoint

"nose irritation" in their assesgssment, which SOCMA defined as che

8-18



ability to detect HCHO odor. One must assume, however, that odor
recognition coincides with eye,‘nose, and throat irritation. It
may in somé individuals, but not in others. For instance, an
individual may have a high odor threshold (1.5 ppm), but a low
eye irritation threshold. Odor perception (strength) is very
subjective.* .Consequently, odor recognition and strength should
only be used as qualitative markers of HCHO level and any
corresponding eye, nose, and throat irritation.

In summary HUD's and OSHA's approaches provide some
qualitative measure of acute effects‘from HCHO exposure. These
techniques, however, can not identify a true dose-response
relationship. The individual reviewed studies can only be used
in the same manner; for qualitative estimates of population-based
risks.

All but two of the reviewed studies estimate the prevalence
of irritant effects for a given exposure level. Table 8-3
presents response data over a range of exposures for three acute
endpoints. As can be seen from the table, reductions in the
prevalence of these endpoints from small changes in HCHO levels,
say from 0.4 to 0.1 ppm, are difficult to quantify.

Only the studies by Bender et al. (1983), Andersen and
Molhave (1984), Hanrahan et al. (1984), and Kulle (1985)
presented response data over a range of doses so as to allow
estimation of irritation prevalence for a particular exposure
*0lfactory receptors can become saturated when breathing HCHO for

a period of time and, when this occurs, people become refractory
to the odor perception. Also, when saturation occurs, it would

ve extremely difficult to link odor perception to the
manifestation of symptoms such as irritation.
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Table 8-3, FXPOSURE RANGFS FOR SELFCTED ENDPOINTS

Acute Fffect Fxposure Level Prevalence Author

Nose Irritation 0.04-0.09 213% Olsen and hossing
<0.01-2.84 45% Anderson et al.
0.10-3.00 79% Garry et al.
0.19-0.44 73% Olsen and Dossing

Fye Irritation 0,04-0.09 ) 15% Olsen and Dossing
0.10-0.09 57% Anderson et al.
0,.40-0.80 25% Olsen and hossing

Cough and 0n.02-0,05 13% Gambhle et al.

Wheezinqg <0,10-2.84 44% Anderson et al.
0.10-3.00 54% Garry et al.
0.40-0,80 334 Schoenherq and

Mitchell




level. The data of Andersen and Molhave (1984) and Kulle (1985)
have been analyzed by EPA using logistic regression analyses for
comparability. Hanrahan et al. (1984) presented in their paper
results of logistic regression analyses of their data. The
Hanrahan et al. (1984) results were controlled for age, gender,
and smoking. Figures 8-1 - 8-4 show the percent response
predicted at selected exposures for eye irritation (Hanrahan et
al., 1984) and eye, nose, and throat irritation (Andersen and
Molhave, 1984 and Kulle, 1985). The trends for all three curves
are statistically significant. The predicted response curves for
Hanrahan et al., (1984) who studied randomly sampled mobile home
residents, and for Andersen and Molhave (1984) and Bender et al.
(1983), who clinically studied volunteers, are very similiar.

The response curve for Kulle (1985), on the other hand, predicts
a lower percentage résponse thaﬁ the three above studies for a
given exposure level. Likewise, for exposure levels above 0.5
ppm, the upper 95% confidence intervals for predicted résponse
from Kulle's data are lower than the 95% confidence bounds of the
Andersen and Molhave and the ﬁanrahan et al. predicted response

curves.
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Figure B8-1. Predicted irritative response over a
range of HCHO levels
(Data from Hanrahan, et al. 1984) .
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Figure B8-2. Predicted irritative response over a

range of HCHO levels
(Data from Andersen and Molhave 1984) .
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Figure 8-3. Predicted irritative response over}a
range of HCHO levels
(Data from Kulle 1985) .
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Figure 8-4. Eye irritation response over a
range of HCHO levels
(Data from Bender, et al.).
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Care mmst be taken in inferring from the results in Figures
8-1 to 8~4 %o the general population. First, three of the
studies are based on study subjects who are volunteers and
selection bias may be present. The one study whose population
was randoﬁly selected is of a cross-sectional design, making
causation difficult to infer. Second, all studies had small
numbers of subjects, 16 in Andersen and Molhave, 28 in Bender et
al., 61 in Hanrahan et al., and 22 in Kulle. Larger studies of
randomly selected subjects are needed to estimate general
population risks.

In conclusion, none of the reviewed studies provide adequate
data to quantify general population risks for the acute effects
of HCHO. At best, the studies provide a qualitative estimate of
population responses 6ver a wide range of exposure and
guantitative estimates df responses for very select populations.
Consequently, for small differences in concentration, say 0.4 to
0.8 ppm, it is not possible to determine the change in response

rates of a given exposed population.
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