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1. EXECUTIVE SUMMARY

Since 1979, when the preliminary results from the Chemical
Industry Institute of Toxicology (CIIT) study indicated the
formation of nasal cancer in rats, much attention has been
focused on the potential human carcinogenicity of formaldehyde
(HCHO). However, it was HCHO's acute effects that initially
prompted the Federal government's effort to control HCHO |
exposures from Urea-HCHO foam (UFFI) installations and high HCHO
emitting building materials in manufactured homes. Although
attention has shifted to the potential human carcinogenicity,
HCHO's other effects have the most immediate impact on persons
and continue to yenerate a substantial number of consumer
complaints. Conseqguently, this risk assessment will address
HCHO's carcinogenic and noncarcinoyenic effects.

1.1. Carcinggenic Effects

Formaldehyde (HCHO) is carcinoyenic by inhalation in males
and females of one strain of rat and in males of another strain,
and there is evidence of its carcinogenicity in mice. 1In the
CIIT study (Kern et al., 1983), HCHO producgd';pmors of a type
wiﬁh very loQ backéround rates after a~§ﬁoftilatency period and
with a dose-response relationship. The same malignaht tumors
were also seen in the Albert Et al. (1982):and Tobe et al, (1985)
studies. Negative studies in other species, in this case the
hamster, do not reduce the weight given to the positive findings.

Other data support the bioassay data. HCHO's mutagenic

activity has been shown in a number of tests and it has been



shown to be a weak promoter on mouse sSkin. HCHO has been shown
to be capable of eliciting beniyn tumors at concentrations which
fall within human exposure ranges and malignant tumors within an
order of magnitude above estimated human exposure. In addition,
other aldehydes which are structurally similar to HCHO, such as
acetaldehyde, malondialdehyde, and glycidaldehyde, have been
shown to have oncogenic potential., Finally, the existing
epidemiologic data indicate thet HCHC may be a human carcinogen.

The body of epidemioloyic data does not demonstrate that
HCHO is a human carcinogen because confounding due to exposure to
other substances cannot be eliminated; however, the studies do
éuggest that HCHO may be a humah carcinogen. Excesé mortality
from leukemias and brain cancers have been noted in a group of
professionals who use formalin. In addition, two case-control
studies show an association between nasal cancer and HCHO and
wood dust.

EPA has determined that, based on its proposed Cancer Risk
Assessment Guidelines, HCHO can be classified as a Group Bl-
Probable Human Carcinogen. This classification under the
Gu;delines means that EPA has determined that there is limited
" evidence of carcinogenicity to humans from epidemiologic studies
and sufficient evidence of carcinogenicity from animal studies.

l1.2. Other Effects

Acute effects, irritation of the eyes and upper respiratory
system, are responsible for the majority of consumer complaints

about HCHO. Most persons experience discomfort within the range
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1. EXECUTIVE SUMMARY

Since 1979, when the preliminary results from the .Chemical
Industry Institute of Toxicology (CIIT) study indicated the
formation of nasal cancer in rats, much attention has been
focused on the potential human carcinogenicity of formaldehyde
(HCHO). Hdowever, it was HCHO's acute effects that initially
prompted the Federal government's effort to control HCHO |
exposures from Urea-HCHO foam (UFFI) installations and high HCHO
emitting building materials in manufactured homes. Although
attention has shifted to the potential human carcinogenicity,
HCHO's other effects have the most immediate impact on persons
and continue to yenerate a substantial number of consumer
complaints. Conseguently, this risk assessment will address
HCHU's carcinogenic and noncarcinoyenic effects.

1.1. Carcinogenic Effects

Formaldehyde (HCHO) is carcinogenic by inhalation in males
and females of one strain of rat and in males of another strain,
and there is evidence of its carcinogenicity in mice. 1In the
CIIT study (Kern et al., 1983), HCHO produced tumors of a type
with very low background rates after a short latency period and
with a dose-response relationship. The same malignant tumors
were also seen in the Albert Et al. (1982) and Tobe et él. (1985)
studies. Negative studies in other species, in this case the
hamster, do not reduce the weight given to the positive findinés.

Other data support the bioassay data. HCHO's mutagenic

activity has been shown in a number of tests and it has been



shown to be a weak promoter on mouse skin. HCHO has been shown
to be capable of eliciting beniyn tumors at concentrations which
fall within human exposure ranges and malignant tumors within an
order of magnitude above estimated human exposure. In addition,
other aldehydes which are structurally similar to HCHO, such as
acetaldehyde, malondialdehyde, and glycidaldehyde, have been
shown to have oncogenic potential. Finally, the existing
@pldemioloygic data indicate that HCHO may be a human carcinogen.

The body of epidemioloyic data does not demonstrate that
HCHO is a human carcinogen because confounding due to exposure to
other substances cannot be eliminated; however, the studies do
suggest that HCHO may be a human carcinogen. Excesé mortality
from leukemias and brain cancers have been noted in a group of
professionals who use formalin., In addition, two case-control
studies show an association between nasal cancer and HCHO and
wood dust.

EPA has determined that, based on its proposed Cancer Risk
Assessment Guidelines, HCHO can be classified as a Group Bl-
Probable Human Carcinogen. This classification under the
Guidelines means that EPA has determined that there is limited
. evidence of carcinogenicity to humans from epidemiologic studies
' §ﬁd“sufficient evidence of carcinogenicity'frqm animal studies.

ii.é. ‘,Othef'Bffeéts

Acute effects, irritation of the eyes and upper respiratory
sfstem, are responsible for the majority of consumer complaints

about HCHO. Most persons experience discomfort within the range



of 0.1 to 3 ppm HCHO. The eyes are generally the mostA
sensitive. For most persons odor recognition occurs at about 1
ppm HCHO and can be a marker for acute effects. More serious
effects occur at exposures above 3 ppm.

In addition to its sensory effect on receptors of the eyes,
nose, and throat, HCHO also causes inflammation and cellular and
tissue damage. Experiments in rats and monkeys indicate that
chronic exposures over 1 ppm causes squamous metaplasia and
hyperplasia. Also, subchronic exposures of 2 ppm or greater
affect the mucociliary clearance system, causing mucostasis and
ciliastasis. Ultrastructural changes to cilia may be occurring
below 2 ppm. Possible impairment of the nasal mucociliary system
(and other mucociliary systems of tne respiratory system) by HCHO
has been linked to increased episodes of respiratory tract
infections in children.

A small number of reports associate HCHO with allergic
asthma-like symptoms. However, there are no sufficiently
well-controlled studies to establish whether HCHO is an inhalant
sensitizer.

On the other hand, HCHO is a uell-knoﬁn dermal sensitizer
and irritant. After sensitivity is induced, concentrations which
elicit allergic response range_from as low as 30 ppm in a patch
.test to 60 ppm HCHO from'ﬁctual use of formalin. HCHO causes
allergic contact dermatitis (Type IV allergy) and probably
immunoloyic contact urticaria (hives or rash) (Type I allergy).
Nonallergic céntact urticaria has also been reported from

multiple exposure.




HCHO has been associated with a number of central'ﬁervous
system (CNS) disturbances such as memory loss, irritability, and
sleep disturbances. However, the human studies linking these CNS
effects to HCHO have many technical and design faults which make
the results‘questionable.

A limitgd number of reports have suggeﬁted that HCHO may
- cause reproductive disorders. #However, no clear evidence exists
£o link HCHO to adverse reproductive outcoﬁes. In addition,
- based on the available literature it is not likely that HCHO
poses a risk as a potential human teratogen.
1.3. Exposure

Tvo;exposure categories are of primary concern: those
associated Qith manufacture of apparel from fabrics treated with
HCBO—based resins and those who reside in conventional and
manufactured homes containing construction materials in which
certain HCHO-based resins are used. Based on the monitoring data
available to EPA, the estimated exposure for apparel workers
‘ranges from 0.17-0.64 ppm. The estimated l0-year average
exposure to current manufactured home residents is approximately
0.20 ppm, while the 10-year average for manufactured homes under -
the new Housing and Urban Development (HUD) Manufacturedhﬂome
¢ Standard is 0.15 ppm. Exposures of conventional home residents
‘j;re lower, lesé than 0.1 ppm. However, this segment is not well
characterized, and exposures can be higher in new, energy |

efficient homes.



1.4. Risk Estimates

EPA estimates that there are approximately 800,000 apparel
workers, 4,200,000 manufactured home residents, and >100,000,000
conventional home residents exposed to HCHO.

Model-derived 95% upper confidence limits (UCL) and maximum
likelihood estimates (MLE) based on squamous cell carcinoma data
range from 1 X 10”3 (B1) to 3 x 10~4 (Bl] at the UCL and 6 X 10”7
[B1] to 4 x 1079 [Bl) at the MLE for apparel workers, 2 X 10~4
[B1l]) (UCL) and 1 X 1079 [B1) (MLE) for manufactured home
residents (at the HUD standard), and a minimum of 3 X 10”4 [B1]
(ucL) and 7 X 1012 (MLE) for conventional home residents,
Associated maximum likelihood estimates are less than 1 X 107
for all catgories of concern. Risks based on polypoid adenoma
data are approximately an order of magnitude greater for the
exposures of concern.

Attempts to establish definitive dose-response relationships
for acute effects have not been successful. Techniques used by
the Occupational Safety and Health Administration (OSHA) and HUD
have some limited value in determining the percent responding at
any given HCHO exposure level. It appears that based on the
current human studies only broad response ranges can be
described. 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. However, based oﬁ
animal daga, the NOEL for cellular effects in the nasal cavity‘is

about 1 ppm. Because the mucociliary clearance system of the



nasal cavity is an important bodily defense system, subchronic
exposures to HCHO greater than 1 ppm could be harmful. . The
margins of safety for the cellular and sensory effects at various
HCHO exposures were examined. At the OSHA standard of 3 ppm
there is no margin of safety. For garment workers small margins
- of safety exist except for eye irritation. The situation is

-essentially the same for home residents.



2. INTRODUCTION

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 had developed nasal cancer after
inhalation of HCHO.

In November of 1980, the Federal Panel on Formaldehyde,
formed by several Federal agencies under the aegis of the
?ational Toxicology Program, published a report finding that
CIIT's bioassay methodology was consistent with accepted testing
standards. Using the data available through the 18-month peint
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 finding statistically
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.

In February 1982, based on its evaluation of the toxicity
and exposure data on HCHO then available, EPA decided that,
although HCHO had been found to be carcinoygenic 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 assist 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 60
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/
‘Irritation; (5) Structure Activity/Biochemistry/Metabolism;

(6 Reproduction/Teratology: {7) Behavior/Meurotoxicity/

- Paychological Effectsz and (8} Risk Estimation. Each Panel

. (except the Risk Estimafion Panel) was charged with the task of
reviewing the major scientific studies relevant to that Panel's
area. Also, the Panel members were 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 integrated to make reasonable risk estimates for humans
exposed to‘HCHU at various levels and through different routes.

‘The decision process of the February 1982 decision under
section 4(f) of TSCA generated consjiderable controversy and
formed the basis for a lawsuit by the Natural Resources Defense
cguncil (NRDCZ and the American Public Health Association (APHA)
‘*(RRDC v. Ruckelshaus, 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 aﬂd

policy issues associated with the Agency's section 4(f) decision



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
HCQQ should be given priority consideration under section 4(f) of
TSCA. Comments were due at EPA by January 17, 1984; EPA

qnnounced that it expected to reach 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 manufacture of
apparel from fabrics treated with HCHO-based resins and residence
in conventional and manufactured homes cbntaining construction
materials in which certain HCHO-based resins are used. 1In
addition, EPA also published on the same day an Advance Notice of
Proposed Rulemaking (49 fR 21870) announcing the initiation of a
full investigation of regulatory options for the two categories.
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 acute

respiratory effects was prepared to be considered along with the

‘carcinogenic risk assessment in the overall investigation of

HCHO. The hazard discussion of noncarcinogenic effects in the _
risk assessment is based in part on reports from the Consenéus

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

Asseasment_focuses 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
‘exposure levelsbhéve been analyzed. In addition, EPA has
reviewed selected human studies to determine if dose-response

relationships can be described.



3. PHYSICAL-CHEMICAL PROPRETIES

HCHO is the simplest member of the aldehyde chemical
category. It exists in many different forms. Pure monomeric
formaldehyde is a colorless, pungent gas at ordinary
temperatures. Agueous formaldehyde, called formalin, is a cléar,
colorless solution containing about 37 percent by weight of
dissolved formaldehyde in water, usually with 10 to 15 percent
methanol added to prevent polymerization. ‘The other forms of
-formaldehyde are polymers; the best known of which are
paraformaldehyde and trioxane (trioxyméthylene).

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

étructural formula:

H-C-H

The chemical name used by Chemical Abstracts Service is
formaldehyde, and its Chemical Abstract number is 50-00-0.
Synonyms* include formaldehyd; formaldehyde gas; formaldehyde
solution; formalin; formalin 40; formalin 100%; formic aldehyde;
methaldehyde; methanal; methyl aldehyde; methylene glycol;
methylene oxide; oxomethane; oxymethylene; paraform;
paraformaldehyde; polyoxymethylene glycols;
& -polyoxymethylene; ﬁ-polyoxymethylene; tetraoxymethylene;

~ e|-trioxane; trioxane; and ¢g{-trioxymethylene.

*Includes synonyms for polymeric forms of HCHO.
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The boiling and melting points for HCHO are -19°C and
-118°C, respectively., Vapor pressure is 400 mm at -33°C. HCHO
is soluble in water, acetone, benzene, diethyl ether, chloroform

and ethanol (IARC, 1982).
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4. HAZARD OF CARCINOGENIC EFPFECTS

4.1 Long- and Short-Term Animal Tests

The first long-term study reporting the carcinogenicity of
HCHO in animals by the inhalation route was one by Kern et al.
(1983) (ClIT~sponsored study performed at Battelle Columbus
‘ Labotatories) which reported statistically significant increased
levels of sguamous 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
C57BL/6 X C3HF; strain mice, were éxposed 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. Sguamous 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 incidence of
nasal carcinomas in rats showed a dose-response relationship.
See Table 4-1 for a summary of tumor response in rats.

Althouygh the two sguamous carcinomas in mice at 14 ppm were
not considered by the investigators to be statistically
significant in comparison with the incidence in control mice in
the study, the finding suggests that the effect is related to
HCHO exposure because the natural backyround rate for 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 (Kern et al., 1983).
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SURSEY (7 WAIPLASTIC LESIOG IN THE WAGAL CRVITY OF PISONER 344 RATS EXPOSED T0 POISALINIVIR QAS®

. of nasal oo 1y Unditferent lated

Pormaldehyds cavities Squamous cell Differentiated Neno- carcinawa Cxrcino- Polypoid  Osteo-

{ppm) Sex avaluated . carcinoma carc_lmm carcinoma Sarcomd SarCone adencoma chondrans
0 " 118 0 0 0 0 0 1 1

r 114 0 (] 0 0 (] 0 0
2.0 ] 118 0 0 0 0 0 L} 0

[ 4 118 0 1] 0 0 0 4 0
5.6 n 119 1 0 0 0 0 S 0

[ 4 116 1 0 0 0 0 0 0
14.3 " 1?7 : si ()} 1 2® 1 2 0

4 115 - S2 1 0 0 0 0 0

*Table adapted from Kern et al. (1903)
4 a rat in this group also had a squamous cell carcinoma.



The difference in susceptipility of rats and mice may be
due, in part, to a greater reduc;ion in respiratory minute volume
in mice than in rats during exposure to an irritating agent, 1In
a study by Chang et al. (1983) changes in minute volume,.nasal
cavity disposition, and cell proliferation were examined. It was
found that mice exposed to 15 ppm HCHO for 6 hours experienced an
approximately 50% reduction in minute volume. 1If a "dose" of
HCHO is éaléulated from adjusting for rgdhction in minute volume
-and other data, it can be seen that for mice the dose received at
14.3 ppm in the Kern et al. (1983) study 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, mice 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 sguamous cell carcinomas, small numbers
of beniygn tumors characterized as polypoid adenomas were observed
in rats at each dose level. Theée benign tumors did not exhibit
a dose-response relationship. However, because this type of A
benign nasal tumor is rare in control rats it is likely related
to HCHO exposure. For a further discussion of these lesions and
iheir use in this risk assessment see Data Selection for
Quantitative Analysis after this section.

significant non-neoplastic lesions were also observed. See

FPigure 4-1 for type, severity, and locations. 1In rats at 2.0
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Figure 4-1. Frequency of sguamous metaplasia in the nasal
cavity of Fischer 344 rats exposed to 2.0 ppm (top), 5.6
ppm (middle), or 14.3 ppm (bottom) Oof formaldehyde gas for
24 months. Nasal cavity Levels I, II, IV, and V were not
evaluated at the 6- and l12-month interim sacrifices in the

14.3 ppm exposure group. Figure taken from Kern et al.
(1983).



ppPm, purulent rhinitis, epitnelial dysplasia, and sguamous
metaplasia were present in the anterior portion of the .turbinates
(Level I) at 12 months. The freguency of metaplasia increased up
to 24 months and then decreased at 27 months (three months post
exposure). In the 5.6 ppm group, purulent rhinitis, epithelial

- dysplasia, and squamous metaplasia were observed in the anterior
and middle portions of the nasal cavity (Levels I, II, and

III). Regression of sguamous metaplasia was noted at 27

months. Similar lesions were observed in the 14.3 ppm exposure
group in all regions of the nasal cavity. Regression of sgquamous
metaplasia was only observed in the posterior portion of the
nasal cavity (Levels 1V and V).

Inflammatory, dysplastic, and squamous metaplastic
alterations of the respiratory epithelium of mice were
observed. These lesions were most severe in the 14.3 ppm
exposure group (see Figure 4-2). A few mice in the 5.6 ppm ygroup
had dysplastic changes at 18 months. At 24 months, there were .
only a few mice with dysplasia, metaplasia, or serous rhinitis.
Mice in the 2.0 ppm group were generally free of significnat
lesions with only a few animals with serous rhinitis at 24
months.

Oone éomplication noticed during the Kern et al. (1983) study
was a spontaneous outbreak in rats of sialodacryeoadenitis. The
evidence for this consisted of (a) decreased body weight in all
dosed and control rat groups at about the 52nd week of the |
experiment, followed by prompt recévery of body weight; and (b)
histopathologic demonstration of typical lesions in lacrimal and

4-5



0 18 Monere
B 2« Morers
£3 27 Morere

A W LW
Saaion ¥ FUERAS SEPIIE ¢ AIN OBy

?igure 4-2. Freqguency of squamous metaplasia in the nasal

cavity of B6C3F, mice exposed to 14.3 ppm of formaldehyde

gas. Figure taken from Kern et al. (1983).
salivary glands of dosed and control rats in the l2-month
sacrifice groups. Evidence of sialodacryeocadenitis was not found
'in rats sacrificed at 6 or 18 months or in those with unscheduled
deaths. Virus isolation, viral antigen demonstration, and
serologie tests for antibodies were not attempted in rats or
mice.

With regard to HCHO in thé exposure chamber, a panel of
experts reviewed the method of generation of HCHO and monitoring
andhigreed that “the Battelle approach to HCHO vapor generation .

' was a suitable adaptation of accepted methods and principles and,
;#gherefore, was sound and based upon the best available
?:tbcﬁﬁology."rhe same type of assessment applied to the chamber
14air-non1toring system, which also combined two well established

procedures” (Gralla et al., 1980).



Other studies support the results of the Kern (ClIT)
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 rats were exposed to a mixture
of HCl and HCHO (premixed at high concentrations 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 the use of
HCl1 and HCHO in qlose proximity in the workplace. A report had
suggested the production of BCME from mixinyg HCL and HCHO gas.
The average concentrations were 10.6 ppm HCL, 14.7 ppm HCHO, and
about 1 parf 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 and there was a 25 percent incidence of
nasal tumors in the study. 1In addition, BCME normally produces
neuroygenic carcinomas (mainly esthesioneuroepitheliomas), none of
which were seen in the study.

The second Albert et al. (1982) study, in which male rats
(100 per group) were exposed to HCL alone (10.2 ppm), premixed
HCL-HCHO mixture (14.3 ppm HCHO/10.0 ppm HCL), nonpremixed HCH&-
HCL mixture (14.1 ppm HCHO/9.5 ppm HCL), or HCHO alone (14.2

ppm), showed statistically significant numbers of sgquamous cell



carcinomas of the nasal cavity in the rats exposed to HCHO alone
and the HCL-HCHO mixtures. A control group of 100 rats was

used. No nasal cancers were seen in the HCL-only exposed rats or
in the controls. Also, it appeared'tha; the irritant HCL gas did
not enhance the carcinogenic response of HCHO because the

‘ frequehcy of-tumoré was similar in the HCHO alone and HCHO-HCL
groups. Table 4-2 Adispilays final results as reported to OSHA by
Albert (see OSHA, 1984).

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, 5 dafs
per week, for 28 months. The five test groups were as follows:
colony control,.room control, 0.3, 2.0, and 15 ppm BCHO. The
significant finding was Qquamous cell carcinoma (14 cases) and
papilloma (5 cases) in the 15.0 ppm group. No tumors were
observed in the §.3 and 2.0 ppm 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 Kern, Albert and Tobe studies, the benign

tumor response was markedly different. 1In the Kern study only

benign polypoid adenomas ve?éyéséeEQQG:”wheiégéhin the Albert and
‘Tobe studies benign papiliomas were observed. The basis for
“these differences is difficult to’'explain. It could represent a
strain difference or some unknown factor. (Tobe used the same

strain of rats as Kern, Fischer 344, but the small number used at

each dose as -compared to Kern (32 vs. 240) may explain the

4-8



6-v

Table 4-2.

SUMIARY (P NECPIASTIC LESIONS IN THE NASAL CAVITY (P SPRAGUE-DANLEY RATS*

Colony Premixed 14 ppn Non-premixed 14 ppm
Air controls controls 10 ppm HCL 14 ppm HCOHO HOHO & 10 ppm HCHO & 10 ppm HCL
(99 rats) (Y8 rats) (99 rats) (100 rats) HCL (100 rats) (100 rats)
Squamous cell carcinama 0 0 0 39 45 27
Squamous cell papillama 0 0 0 10 13 10
Fibrosarcoma 0 0 0 1 1 0
Adenocarcinama 0 0 0 0 1 2
Esthesioneurocepithel iama 0 0 0 0 1 0
Polyp 0 0 0 0 0 1

*pata fram OSHA (1984)



failure of polypoid édenomas to be detected.) Conseguently,
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 possible cocarcinogenic effects of this agent in the
upper and lower airways have been reported (Horton et al,, 1963,
and Dalbey et al., 1982). sSince the nasal tissues were not
systematically éxamined histoleogically, 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 a1.1(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 35 weeks, 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 5 animals (1 invasive carcinoma), but HCHO

ééaxpoéﬁte-di& not. No evidence was found for anyncocarcinogenic
effects of HCHO. The major shortcomings of this study for

%a@valuatiﬁg~the carcinogenicity of HCHO are that too few animals |

1-iurvived past one year, the individual exposures were short, gbst
groups were exposed only for 35 weeks, and histopathology uaé'

inadequately reported.
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In a study by Dalpey et al. (1982) male Syrian gclden
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
lifetime. 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
receividg only DEN, a second group of 50 hamsters were exposed to
50 ppm (5 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.

In the hamsters exposed to 10 ppm HCHO for life there was no .
evidence of carcinogenic activity. 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 HCHd.

Caution must be exercised when comparing this part of the
Dalbey et al. (1982) study with the Kern et al. (1983) study.

One factor that should be considered is that the pathological
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evaluation in the Dalbey et al. (1982) study was less rigorous.
Only 2 sections of the nasal turbinates were examined as compared
to sections taken from 5 anatomical levels of the nasal cavity of
rats in the Kern et al. (1983) study.

Also, the Kern et al. (1983) study used three HCHO exposure
;evels ( 2.0, 5.6, and 14.3 ppm) uhéreas only 10 ppm of HCHO was
_-used in the Dalbey et al. {1982) study. If one compares thé ppm-
hrs/week received by rats at 5.6 ppm in'the Kern study and hanmsters
at 10 ppm, one sees that tﬁe 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
5 hr/days X 5 days = 250 ppm-hrs/week; this is equivalent to

250 ppm-hrs = :
6h/d X 5d/wk 250 ppm-hrs/wk + 6 hr/day X 5 d/wk = 8.3 ppm).

Since only two sguamous cell carcinomas were seen in the Kern et
al, (1983) study out of 240 rats at 5.6 ppm, the likelihood of
detecting a tumor in the Dalbey et'al. (1983) study, which used
88 hamsters, is poor. In 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 RD50
) &qpncentration requite¢ to reduce respiratory rate by 50%) is
-i;bbtoxiﬁatély 32 ppm and for mice it is 3.1 ppm. 1If one assunmes
that the senéoky irritant response is found in hamsters (littié
data have been developed on the hamster in this regard) (see -

Alarie, 1985); it is pbssible that the hamsters in the Dalbey et
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al. (1982) study reduced their respiratory rate at the 10 ppm
level by some percentage, say 20 percent. This would be the
equivalent of a hypothetical exposure of 6.6 ppm in the Kern et
al. (1983) study which would further lessen the chance of
detecting a tumor response.

Although an RDSO valué has not been reported for hamsters, a
study by Feron et al. (1978) comparing the responses 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. 1In
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 Kern et al. (1983) study where rats were
affécted at all dose levels whereas mice, because of a lower RD50
value for HCHO, were affected only slightly at 5.6 ppm and more
seriously at 14.3 ppm. Since the mouse RD50's for acrolein and
HCHO are 1.7 ppm and 3.13 ppm respectively (Kane et al., 1977),
which indicates that acrolein is a more potent sensory irritant,
one would expect that rats would experience more severe lesions
fron acrolein at exposure levels below those of HCHO that evoked
‘responses in the Kern et al; (1983) study. This is in fact the
case. In a study by Rusch et al. (1983), rats were unaffecteqjit
1.0 ppm HCHO, whereas in the Feron et al. (1978) study rats were

affected at 0.4 ppm (acrolein). Thus, it seems, plausible that
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hamsters are more like mice in their response to certain sensory
irritants.

In the second part of the Dalbey et al. (1982) study no
tumoré 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 exposu?e concurrent with or after DEN
treatment did not increase the number of tumor-bearing animals
(TBA), the number o: tumors/TBA (tracheal tumors) was nearly
doubled over DEN-only controls when HCHO was administefed
concurrently with DEN treatment, whereas post-HCHO treatment ﬁad
no measurable effect. Thus, under conditions of the test, HCHO
appears to be able to act as a cofactor in chemical
carcinogenesis. However, there was a corresponding decrease in
lung tumors in hamsters exposed to both agents, this suggests
that the effect on the trachea may be within the limits of
experimental variability (Consensus Workshop on Formaldehyde,
1984).

In a study by Rusch et al. (1983) groups of 6 male
Cynamologus monkeys, 20 male and 20 female Fischer 344 rats, and

10 male and 10 female Syrian golden hamsters were exposed to 0,

0.20, 1.0 and 3.0 ppm HCHO for 22 hrs/day, 7 days/week, for 26
?@uﬁekse The most significant finding was squamous metaplasia/
”'hyperplasia in rats and monkeys at 3.0 ppm, little or no respoﬁse
?*uas seen at the lower exposure levels. Hamsters did not show‘any

significant responses at any exposure level. The results from
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this study indicate that concentration may be more impoftant than
total dose if squamous metaplasia/hyperplasia is the response
measured when the results are compared to those of the Kern et
al. study. 1In the Kern study squamous metaplasia was found in
rats in the 2.0 ppm exposure group during the course of the
exposure (2.0 ppm 6 hr/day, 7 days/week, for life). However, in
the Rusch et al. (1983) study rats exposed to 1.0 ppm HCHO had no
sgquamous metaplasia even though they received a total dose 2.5 |
times that received by'the rats at 2.0 ppm in the Kern et al.
(1983) study. However, this study was inadeguate to show a
neoplastic response because of the small number of animals and
its short duration.

The carcinogenicity of HCHO also has been tested by a
varjety of other routes of administration including subcutaneous
injection in rats (watanabe et al. 1954, 1955), inyestion by mice
and rats (Della Porta et al. 1968, 1970), and application to the
buccal mucosa in rabbits (Meuller et al., 1978). Because of
shortcomings in exper imental protocols, none of these studies
permits firm conclusions regarding HCHO caécinogenicity.
Nonetheless, some of the studies give definite clues that HCHO
way be carcinogenic to a variety of target giSSues as well as to
a variety'of animal species (and not only to the nasal epitheljum
of rats).

The most revealing study in this regard is that by Heulléf
et al. (1978) who applied a solution of 3% formalin to the oral

mucosa of rabbits, using an "oral tank." Each exposure lasted
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for 90 minutes and was repeated 5 times per
10 months. As a result, 2 out of 6 rabbits
visible ;eukoplakias-that, according to the
histological features of carcinoma in situ.

information given on the histomorphology of

'.cantYo

week for a period of

developed grossly

authors, showed
Unfortunately, the

the lesions is very

Other @experiments which suggest that HCHO produces

~ garcinogenic effects are those by Watanabe et al. (1954, 1955),

who injected rats (strain unknown) subcutaneously with formalin

and with hexamethylenetetramine (HMT, from which HCHO is

liberated in vivo).

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 f£indings. The

significance of these finding must be tempered by the fact that

chemicals often ygive disparate results by different routes of

exposure. For example, héxamethylphosphoramide (HMPA) is a

potent nasal carcinogen by inhalation, but was not carcinogenic

in rats fed HMPA for 2 years (Lee et al., 1984).

A study by Klenxtzky (1940) in which “"formol o0il" was

i”tumors.

- applied 50 times to the cervix uteri of mice resulted in no

Finally, a study by Spangler et al. (1983) has been

interpreted as showing weak promoting activity of HCHO on mouse

skin. However, in another study by Krivanek et al. (1983) no
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promotion was observed when nonirritating applications of HCHO
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,

In the case of HCHO, only one multidose, long-term study is
available, the Kern et al. (1983) study (CIIT study). This study
has been reviewed by a number of panels (IRMC, 1984; Consensus
Workshop on Formaldehyde, 1984) and has been fodnd to be of
sufficient guality for risk estimation purposes. The selection
of the Kern et al. (1983) is consistent with EPA's proposed
Carcinogen Risk Assessment Guidelines (EPA, 1984a). Since
sguamous cell carcinomas were the only statistically significant
malignant tumors observed in the study, they will be used for
quantitative risk assessment. A small number of benign tumors,
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 progréss to the associated malignancies. The following
discusion explores this question.

4.2.1. Polypoid Adenomas/Other Tumorsg Observed

In the Kern et al. (1983) study, a small number of polypoid

adenomas were reported in the rats: 1, 8, 6, and 5 adenomas in

4-17



the 0, 2.0, 5.6, and 14.3 ppm groups, respectively. Because 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 reexaminatibn are as follows: 1, 8, 5,
and 2 adenomas in the 0, 2.0, 5.6, and 14.3 ppm groups, -
_ﬂtespectiveiy. 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. 1In addition, two lesions originally diagnosed as nasal

carcinomas were rediagnosed as adenocarcinoma and poorly

differentiated carcinoma which were thought to be morphol°gica11y'

related. This has relevance to the following discussion of the
potential of polypoid adenomas to progress to a cancer.
Table 4-3.

INCIDENCE OF POLYPOID ADENOMA AS
. REPORTED BY PWG

DOSE (ppm) Statisticall

{

sex 0 2.0 5.6 14.3  Total Significant

M 1 4* S * 2 12 No
Nasal cavities
evaluated*** (118) (118) (119) (117)

F 0 4 0 0 4 o No
Nasal cavities , _ '
- evaluated €114) €118) (116) (115)
“_éhﬁgfgeé ' i 8 5 2 16 Yes at 2.0 ppm

Nasal cavities
_~eva1uated (232) (236) (235) (232)

8one tajled Fisher exact test.

"*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.
***prom Kern et al. 1983.
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The PWG was asked to speculatea 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
Panel of the Consensus Workshop on Formaldehyde (1984). However,
a small number of other cancers were seen in the Kern 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
Formaldehyde (1984) stated that "[T)he polypoid adenomas can be
evaluated separately and in combination with the nonsquamous
carcinomas that were observed in the 14 ppm rats." 1t is
possible that one of these lesions may represent the malignant
counterpart of polypoid adenoma. However, the nature and
progressién of benign nasal tuﬁors is not well understood.

Studies by Lee et al. (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, and 1,2-dibromo-3-chloropropane,
respectively. 1In the Reznik et al. (1980) study, 78% of the
tumors in males and 66% in females in the low dose group were J
benign (adenomas and squamous-cell papillomas). However, in ihe

high dose group 89% and 76% of the tumors in males and females,
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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 high dose means that the benign tumors were progressing to
their malignant countérpafts. 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 poséérior part of the nasal septum.
~Adenomas and adenocarcinomés were often seen in rats at the same
time and dose, but in different parts of the nasal cavity.

In the Takano et al. (1982) study, 5 different_proliferative
lesions were seen:. simple hyperplasia, papillary hyperplasia,
nodular hyperplasia, papilloma, and carcinoma (mostly
adenocarcinomas). Papillary hyperplasia 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 locations. The conclusion of
the authors was that papillary hyperplasia progresses to
papilloma and that nodular hyperplasia proygesses to

adenocarcinoma. o

‘The studies by Lee ot al. (1982, 1984) showed that HMPA

S
.-
T -

sé@baused:matnly epidermoid 4squamoué cell) carcinomas (71%),
-adenoid squamous carcinoma (158%) and squamous cell papilloma
" {8.2%). (A small number of adenomatous polyps were seen with

adenoid squamous carcinomas.) The squamous cell papillomas were
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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
adenocarcinomas. Second, the papillomas and nodular hyperplasias
are similar to human exophytic and inverted papillomas,
respectively. In humans, carcinomas apparently arise from
inverted papillomas rather than exophytic papillomas.

The experience with other chemicals (see Lee et al., 1982)
and the foregoing illustrate the variability of ﬁhe types and
locations of the tumors found. 1In addition, except in limited
cases, the progression of preneoplastic and benign neoplasms to
malignant neoplasms is not known with any assurance. Also,
although some studies of chemicals show a tumor profile that is
predominantly benign at low doses 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.

" In the Kerﬁ et.al. (1983) study, two main typés of tumors
were seen: polypoid adenomas and squamdus cell carcinomas. Iﬁ
discussing these two lesions the Consensus Workshop on
Formaldehyde (1984) recommended that they not be combined 'fof

risk estimation because of differences in the cell type of
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origin.” Howevef, the Conference did recommend that they be
evaluated separately and in combination with the nonsqﬁamous
carcinomas. Since an adenocarcinoma and a morphologically
similar carcinoma were seen in the study, the polypoid adenomas
may represent the beﬁign counterpart of these lesioqs,- However,
the PWG stated that these lesions‘@ight arise de novo, originate
from subchosal glands, arise in polypoid adenomas, or a
combination of the above. Also, the PWG stated that "not enouﬁh
information was available about nasal cavity tumors to predict
-thevpossibility of benign tumors progressing to carcinqmas.' 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, diagnostic 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 Kern et al., (1983)
study only polypoid adenomas were observed. This intraspecies
(and intrastrain since Tobe et al. and Kern et al. used Fischer
‘344 rats) difference also adds weight to the uncertainty in using
the polypoid adenoma data for risk estimation purposes. Whether
t£§ difference in benign tumors observed is due to a strain
‘difference is not clear. However, the separate appearance_ofitwo

distinct types of benign tumors further calls into question the
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significance of these lesions.regarding their ability to progress
to squamous-cell carcinomas and their relevance in estimating
human risk.

Consequently, because there are so many uncertainties
associated with the polypoid adenoma data, it is recommended that
(1) 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 (see
Sections 7.2 and 7.4).

4.3. Short-Term Tests: Mutagenicity/Genotoxicity

HCHO has been shown to produce mutations in a wide range of

test systems. Mutagenic activity of HCHO has been demonstrated

in viruses, Escherichia coli, Psendomonas pluonescens, Salmonella

typhimurium, and certain strains of yeast, fungi, Drosophila,

grasshopper, and mammalian cells (Ulsamer et al., 1984). HCHO's
ability to cause single strand breaks in DNA, DNA-protein cross-
links, sister chromatid exhanges (SCE), and chromosome
aberrations has been demonstrated (Consensus Workshop on
Formaldehyde, 1984).

In 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
embr yo cells by SA7 adenovirus, and to inhibit DNA repéir
(Consensus Workshop on Formaldehyde, 1984). HCHO also causes’
fncreases in the frequencies of observed mutations in the

presence of other mutagens, such as X-rays, ultraviolet



radiation, and hydroyen peroxide. Compared to 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

wore likely to £ind HCHO a mutagen than earlier studies, and is
also wmore likely to show a dose-response relationship. These
results are most probably attributable to the greater
sophistication in the way the later assays were ca;;ied out. It
should be noted that in the above studies, the relationship
between the cytotoxicity induced by HCHO and mutagenicity or
transformation induced by this agent is typical of most mutagens/
cércinogens that are positive in thése 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 a study 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 inhibit the resealing of
oingiertrand breaks prodhced7by-ionizind-radiation has been
shown. HCHO also inhibited the unscheduled DNA synthesis that
-occurs after exposure to ultraviolet irradiation or to benzo-
<(ajpyrene diolexepoxide, but at doses substantially higher thgﬁ
- those required to inhibit the resealing of X-ray induced aindie-

‘gtrand breaks.
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As a follow-up to the above study, Grafstrom et al. (1984)
investigated the repair of DNA damage caused by HCHO in human
bronchial epithelial cells and fiproblasts, skin fibroblasts, and
DNA excision repair-deficient skin fibroblasts from donors with
exeroderma pigmentosum. Exposure of these cell types to HCHO
caused similar levels of DNA-protein cross-links (DPC) and DPC
removal in all cell types. The half-life for DPC's was about 2-3
hours. An examination of the induction and repair of DNA single-
strand breaks (S$SB) showed that the production of SSB was dose
dependent, and that the removal of SSB occurred at rates similar
to the removal of DPC. 1In addition, the results indicate that
exposure to HCHO caﬁses SSB without the involvement of excision
repair, and that excision repair of HCHO damage may increase the
$SB 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 prdteins of importénce in DNA repair. They
noted that the repair of DNA lesions caused by ultraviolet
radiation has been shown to be inhibited by alkylating agents.

In a related study, Grafstrom et al. (1985) investigated the
effect o£‘HCHo on the repair of ob-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

significantly lower rate of DNA repair was observed compared to
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_ NMU-treatéd cells. The authors proposed that HCHO inhibits DNA
repair by binding to the active site of 06-alkylguanine DNA
alkyltransferase. Also, although NMU and.HCHO are weak mutagens,
addition of HCHO to NMU-treated cells resulted in a significantly
higher mutation freguency than was found with HCHO or NMU
alone. The increase may be due to HCHO inhibiting 06-methyl-
~guanine repair {(Grafstrom et al., 1985).

& zecent study by Casanova-Schmitz et 51; (1984) has
reported the difference between metabolic incorporation and
covalent binding in the labelliny of macromolecules in rat nasal
mucosa and bone marrow by inhaled [14C]- and [3H] HCHO. Rats
were eprsed 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. Thé 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

_4in tissues from the'olfactory mucosa or bone marrow. The

f;appkrent.nonlinear covalent binding of DNA between 2 and 6 ppm

E"'~“ihas bééﬁ used as an input in guantitative estimation of risk from
acao exposure (Starr et al., 1984). .

" “The interpretation of the results from the Casanova-Schmitz
et al. (1984) study have been intensively reviewed (Cohn et al.,
1985) The principal conclusions of the reviewers are as follows:
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i.

The implication that the number of DNA-protein cross-
links is important to risk assessment must be viewed in
light of the facts that the mechanism of formaldehyde
carcinogenesis is presently unknown, and that
formaldehyde may contribute to carcinogenesis in more
ways than directly damaging the genome (Cohn, 1984).
The relationship between DNA-protein cross-links and
carcinogenesis has not been defined for formaldehyde or
other chemical carcinogens.

The assertion that the measurement made "is a direct
measure of the dose of formaldehyde that reacts with
DNA" requires proof that the parameter measures the
result of all agent reactions with DNA, including DNA
adducts, reactions with cellular nucleic acids (Beland
et al., 1984; Feldman, 1975; Wilkins and Macleod, 1976),
and possible DNA small molecule cross-links, etc.
Approximately 80% of DNA-protein cross-links are
eliminated in one hour (Wilkins and Mcleod, 1976), a
fairly rapid repair which may not be characteristic of
all formaldehyde DNA damage, such as stable DNA-
formaldehyde adducts (Beland et al., 1984). Also, there
is no reason to expect that short-term exposure is
representative of chronic exposure. 1In fact, there is
evidence to the contrary since cell proliferation
decreases after 9 days (Swenberg et al., 1983), and
squamous cells eventually replace respiratory epithelial
cells (CIIT, 1981), processes which occur long after the
exper iment terminates.

The assertion that the authors are measuring DNA-protein
cross-links needs to be validated by actual
characterization of the DNA fractions by sensitive
analytical techniqgues. 1In this regard, other work has
shown that the great majority of radiolabel associated
with DNA after exposure of either "naked" DNA or tissue
culture cells to radiolabeled formaldehyde, in the
absence of the use of NaBH is noncovalently bound HCHO
(Beland, 1983). If NaBH, fs used, the adduct profile is
not altered (F.A. Beland, personal communication).

Caution is indicated when attempting to estimate isotope
ratios due to metabolic incorporation. For example, if
the isotope ratios observed in olfactory mucosal .
interfacial DNA rather than those in respiratory mucosal
agueous DNA are used to indicate the ratios resulting
from metabolism, similar to what is done for proteins by
the authors, the relationship of administered dose, and
“covalently bound” DNA is not demonstrably nonlinear
throughout the entire dose range, especially when the
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“nonlinearity" between 6 and 2 ppm referred to by CIIT
is examined. The authors indicate that olfactory
mucosal interfacial DNA contains no DNA-protein cross-
links, and since it is isolated by the same method as
respiratory mucosal interfacial DNA, it is likely to be
more structurally similar to respiratory mucosal
interfacial DNA and may therefore be the more
appropriate control for the endpoint of DNA-protein
cross-links. The result also demonstrates the
sensitivity of the experiment.

S. The paper as published cannot be adeguately evaluated
because it excludes the specific activity of the.
administered doses, and actual counts, Using these data
{provided to us separately by the authors), the specific
activity for the administered dose is much lower than
doses usually used for in vivo studies. The resultant
*DNA binding” is, however, quite high. For example, at
6 ppm, the binding is approximately one adduct per
10,000 nucleotides, approximately 10 to 100 times higher
than that observed in "naked”™ DNA or in tissue culture
for formaldehyde binding (Beland, 1984) or cross-links

- {Wilkins and Macleod, 1976); it is also very high when
conpared to binding of even chronically administered
"strong” carcinogens with an intense biological effect
(Poirier et al., 1983; Swenberg et al., 1984). These
facts again urge caution in interpretation of the
measuraments as DNA-protein cross-links. Also, the (dpm
= background) values for a number of points, espgcially
those at the }gwet doses, are low (151, 176 for “H, and
121, 123 for C at 0.3 and 2.0 ppm, for example),
necessitating special care in measurement and
interpretation.

Various studies have been undertaken to determine whether
HCHO has genotoxic effect in vivo. 1In mice, the dominant lethal
.. test was found to be negative,(doses up to 40 mg/kg, IP)e - -
L Bowsver, in a more recent dominant lethal assay using higher

doses (50 mg/kg, IP) and a different mouse strain, marginally

A:positive results were obtained. but only in the first and thitd
week of the seven weeks studxed (Consensus Workshop on '
Formaldehyde, 1984). However, the positive response obtained may
not be indicative of a mutagenic change for the following
reasons:
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1. 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 {f
the losses were found to be due to death of preimplants
and not due 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 SCE's has been reported in the bone marrow of mice
expoéed 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 (Consensus Workshop on Formaldehyde, 1984). 1In a
recentAstudy by Ward Jr. et al. (1984) measuring changes in sperm
morphology, mice were treated by gavage with five consecutive
daily doses of formalin (100 mg/kg: 10 animals). No increase in
abnormal sperm morphology was obseved 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 an unpublished study 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. However, no genetic effects in humans were seen in



studies by Fleig et al. (1982), Ward Jr. et al. (1984), and
Thomson et al. (1984). |

In the study by Fleig et al. (1982), 15 employees exposed to
HCHO during HCHO manufacture and processing were studied. The
employees had 23 to 35 years of exposure. Mean HCHO levels 4did
not exceed 5 ppm before 1971 and 1 ppm after that date, with most
workers exposed to 2 maximum of 9.25 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
aﬁerrations induction and SCE frequencies was seen between the
exposed and control groups (6 exposed and 5 controls). Time-
weidhted 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, Finally, in the Ward Jr. et al (1984) study, sperm count,
morphology, and fluorescent body frequency in 11 autopsy service
workers exposed to HCHO and 11 controls were evaluated. Time-
weiéhted average HCHO levels ranged from 0.61 to 1.32 ppm (weekly
exposure range 3-40 pm hours). No significant differences in the
endpoints studied were observed between exposed and control
groups. _ |
4.4, Other pffects/Defense Wechanisss

'4.4.1. Introduction

The cancer response observed in the Kern et al. (1983) dtudy

was very nonlinear, 1% of the rats responded at 5.6 ppm while SO%
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responded at 14.3 ppm. A number of hypotheses have been
developed which attempt to explain this response and the
different responses 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 them in three subject areas: sensory
irritation; cell-proliferation; and the mechanics of the mucous
layer “"defense™ system.

4.4.2. Sensory Irritation

In the Kern 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 responding at this concentration.
Also, in studies using hamsters (Dalbey et al., 1982), no tumor
response was seen. One of the reasons given for the difference
between 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
at the doses tested, but experimental evidence is lacking. How
reduction in breathing rates (which is an effective defense
mechanism at certain concentrations) is weighed in terms of HCHO
cancer risk assessment is discusséd below.

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 RD50's established for them. The
RD50 valué is that 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 effeét may be important in interpreting
inhalation bioassays 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. For
instance, the RD50 value of HCHO for Swiss-Webster mice is 3.13
ppm. Consequently, tesulfs 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.
"~ In the case of the Kern 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
i;§xposure concentration would show the mice being dosed with
?@gpgroximately the same amount ©f HCHO as rats at 5.6 ppm, where
:7the same éance; response was observed. If this factor is wholiy

. responsible for the difference in response between rats and

‘mouse, then adjusted doses can be used to calculate risks from
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mouse data. Thus, it can be postulated that if mice could be
exposed to ievels of HCHO that would approximate -the amount rats
received at 14.3 ppm, then the response in mice would be similar
and estimated risks would parallel those estimated from rat

data. If mice are less sensitive than rats to HCHO's
carcinogenic potential, then the risk would be less. However,
experimental data in this regard are lacking, and there is no
evidénce that mice would be more or less sensitive to HCHO on a
dose received basis., Since experimental data regarding the
respiratory responselof hamsters to sensory irritants is lacking,
one can only surmise from the bioassay data that hamsters are
less sensitive to HCHO's carcinogenic properties. EPA's proposed
guidelines address this point by stating, "Because it is possible
that human sensitivity is as high as the most sensitive |
responding animal species, in the absence of evidence to the
‘contraty, the biologically acceptable data set from long-term
animal studies showing the yreatest sensitivity should generally
be given the greatest emphasis, again with due regard to
biological and statistical considerations." 1It should be noted
that all the rat inhalation studies of HCHO (Kern et al., 1983;
Albert et al., 1982; and Tobe et al., 1985) had comparable
response rates at 14 ppm HCHO. = If one looks at the cancer data
for acetaldehyde, one sees roughly comparable responses in
hamsters and rats at similar dose levels, although the anatomical
location of the effects are different. This raises the

possibility that the carcinogenic response of hamsters and rats



to closely related aldehydes may be similar. However, much data
needs to be developed in this regard.

In conclusion, the weight of the gvidence indicates that
mice are moré sensitive to the sensory effects of“HCHo than rats,
and it may be this response which accoﬁnts for the different

- carcinogenic response obserted in rats and mice in . the Kern et
al. (1983) study. Adjustiﬁg dose ;eveis for this response shoqs
that mice may be as sensitive 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 acetaldehyde is similar, which presents the possibility
of comparable responses to HCHO (as discussed in the section on
animal tests, two factors may account for the absence of an
observed effect in hamster; pathology, and the lack of a multi-
dose test). Consequently, as provided for in the Guidelines, the
selection of the rat data for risk estimation purposes is
Justified.

Finally, although a reduction in respiratory rates is a
defense mechanism at ceftain concentrations and above, its
ptactical importance to low-dose risk estimation is n11 provided
that when quantxtative tisk estimation is done, dose levels are
ad;usted, if necessary, to reflect the actual dose received

"“thereby ensuring an accurate dose-response. This defense
:aechanism is not indicative of a threshold or nonlinearity at. low

adoses.
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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 fdr quantitative risk assessment and
the weighing of noncarcinogenic effects as 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 coding of the nasal cavities
of rats and mice for the test data discussed below is provided in

Figure 4-3.



Figure 4-3. Drawing indicating the level of sections from

the nasal passayges of rats and mice. Figure taken from
Swenberg et al. 1983.

In one test, 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-thymidiﬁe 2 hours
after the end of exposure. As illustrated in Table 4-4,
increased cell proliferationAas measured by increased
incorporation of labelled thymidine into cells was evident in

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

Table 4-4.
EFFECT OF FORMALDEHBYDE EXPOSURE ON CELL PROLIFERATION
IN LEVEL B OF THE NASAL PASSAGES®*

% of Labelled Respiratory Epithelial Cells*+®¥

N Exposure* Rat Mouse
’ Contzol | 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 ppn 5.40 + 0.82 0.15 + 0.06
15 ppm 2.83 + 0.81 0.97 + 0.04

*Table taken from Swenberg et al. (1983).

**2A11 animals exposed for 6 hrs/day for 3 days.
***Mean + standard error,
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wnen the lapelled 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 (Swenbery et
al., 1983). |

Table 4-5.
EFFECT OF THE TIME OF “B-THYMIDINE PULSE ON CELL
REPLICATION AFTER HBCHO EXPOSURE TO RAT*

Post-Exposure % labelled Cells**

Time of Pulse Oo/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, inqicate that,
at least for the effect measured, concentration has a greater

-affect in level B of the rat nasal cavity.



Table “‘60
EFFECT OF HCHO CONCENTRATION vs. CUMULATIVE
EXPOSURE ON CELL TURNOVER IN RATS (Level B)*.

t Labelled Cells**

Exposure 3 days + 18 fairs 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

é 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 Swenberyg et al. (1983)
**Mean + standard error.
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 4-70
EPPECT OF HCHO CONCENTRATION vs. CUMULATIVE
EXPOSURE ON CELL TURNOVER IN RATS (Level A)*

% Labelled Cells

o,

Exposure ) After 3 Days Exposure**
Control 3.00 + 1.56

3 ppm X 12 nrs : 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 Swenbery et al. (1983)

. ®%Mean + standard error.
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Whether this difference in cell proliferation between levels
A and B is due to differences in mucocillary 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. 1In a tést'tp measure differences between
concentration and cumulative exposure there was an inverse

response as illustrated in 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

*Taple 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. 1In the study, five groups of 6 male Cynomologus
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 days per week for 26 weeks.

The most significant finding was squamous metaplasia/
hyperplasia in rats and monkeys at 3.0 ppm; Hamsters were not
X affected at any dose level. However, the most significant
finding is that even thouyh rats at 1.0 ppm in the Rusch et al.
--(1983) study received a cumulative exposure 2.5 times greater
ﬁhan rats at 2.0 ppm in the Kern et al. (1983) study, which
expérienced sguamous metaplasia; they wére largely free of
sguamous metaplasié. This strengthens the conclusion of the
'Sﬁénberg et al. (1983) étudy which indicates that, at least for
rats, concentr#tion is more of a factor than cumulative exposure.

In the Kern et al. (1982) study, significant levels of
nqncarcinogenic 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 lésions preceded the appearance of squamous
cell carcinomas andbtheir severity increased with increasing
cancer response. This observation, tied with the data showing
increases in cell proliferation due to HCHO exposure and a
ﬁ%hf;shold for sguamous hyperplasia/metaplasia of between 1 and 2
ppm, leads some to the hypothesis that there is a threshold fbf
vﬁcuo's carcinogenicity or that the dose-response is nonlinear at

Aloﬁ doses. Another factor suggested to contribute to the
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possibility of a threshold between 1 and 2 ppm HCHO, is the role
of the mucous layer in trapping and removing HBCHO in this

range. This hypothesis is that when its removal capacity is
exceeded, HCHO can then impact the respiratory epithelium, thus
causing the noncarcinogenic effects noted 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 Kerﬁ study (5.6 to 14.3 ppm). What was the change in
response of the noncarcinogenic effects? Using data developed
for the incidence of sguamous metaplasia in rats in the Kern
study, a comparison can be made. The incidence of sguamous
metaplasia in level 2 of the rat nasal cavity was chosen because
it showed a2 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. 1If
one compares the percentage incidence of squamous metaplasia 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, the data on the incidence'ﬁf
squamous metaplasia alone do not appear to explain the extreme

nonlinearity observed.
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Table 4-9. :
FREQUENCY 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, hexamethyphos-
phoramide (HMPA), are cytotoxic and cause cancer in rats. What
can the data on these chemicals tell us?

_If one examines the incidence and severity of the
noncarcinogenic lesions seen in the Feron et al. (1984)
acetaldehyde study and the tumor response, one sees a roughly
dose-related response, i.e., a doubling of dése 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). ~ -~ S S -
. An anatamical region that had a high incidence of noncancer

'fv1ésions that were 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 QF RATS EXPOSED TO
ACETALDEHYDE ([NUMERIC]*

Dose (ppm)
0 750 1500 3000/1000
Number of Male Rats 50 50 S1 47
~Squamous metaplasia 3 6 23 41

Hyperkeratosis 1 4 13 32
*pData from Feron et al. (1984)

Finally, 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 BMPA severely damaged

the nasal mucosa of the rats.

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

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 et al. (1982)



As a general matter, it appears that there is no clear
relationship between cell proliferation/cytoxicity and .tumor
response. It is clear that thefe 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 effécts in
the Kern 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 to
interact with single-strand DNA during cell replication or to
promote an initiated cell. Consequently, prudence would dictate
;hat exposure at levels that cause cell proliferation or lesions
be avoided. This includes short-term peaks especially if
concentration is more important than cumulative dose. Also, it
must be remembered that there is a natural background rate of
cell turnovers in the nasal mucosa which can provide the
opportunity for mutagenic/carcinogenic events to occur. Although

such events may be rare, only one such segquence of events may

need to occur in a pOpulation of 10, 000 persons over 70 years to
; give & ¢ancer risk of 1 x 1074 '
L “finally when discussing acute responses to a chemical such
a8 itritating effects, it should be remembered that there can be
a no-effect level at or below which no response is observed hd

matter how many days of exposure occur. However, once a minimum
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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 for a carcinogenic response.
4.4.3.2. Mucous Layer

Besides HCHO's effeét on cell proliferation and respiratory
response, it also has a major impact on the mucociliary system of
the nasal cavity through its irritation and cell killing
properties at elevated concentrations. In addition, it has been
postulated that below certain HCHO concentrations (1=-2 ppm) the
mucous layer can trap aﬁd remove inhaled HCHO, thus preventing it
from reaching underlying cells. However, once the removal
capacity of the mucous layer is exceeded, HCHO can then begin to
affect the underlying cells as described in the section above.
1f the mucous layer removed inhaled HCHO below 1 ppm then it
would represent a threshold phenomenon at least for the nasal
cavity. However, the evidence for this is lacking and the idea
is directly contradicted by experimental data. The discussion
below describes the effects caused by HCHO on the mucocilary
system and the support for the "barrier" action postulated.

The nasal cavity is primarily composed of ciliated
respiratory and olfactory epithelium which is covered by a moying
blanket of mucus. Mucus is composed of approximately 9Y5% water

and 0.5-1% glyéoproteins and other minor constituents. The human



nose has tnree functioné, 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 yases, if these stimulate the
receptors of the olfactofy 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 ﬁose is to
prepare the inhaled air for the lungs. This includes warming,

- ®oistening, and filtering inspired air. Dust and many bacteria-
'foﬁnd in the inspired air are precipitated 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. (1983a, 1983b, 1984) indicates,

HCHO has a number of effects on the workings of the mucociliary
qppara£us. Using in vitro and‘iguxi!g.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 anterjiorcentral extremity Qf the nasoturbinates and the
anteriomédial extremity of the maxilloturbinates. Mucous flow

- rates ranged from 0.28 to 9.02 mm/minute. When rats were exposed’
to 1% ppm'ucao, 6 hrs per day for 1, 2, 4, or 9 days, mucostasis

= :followed by ciliastasis was evident in a number of anatomical
fegions ofvthe:rat nasal cavity. In another study by Morgan gf
-al. (1983b), male rats were exposed for 6 hours per day for 1; 2,

4 or 9 days, to 0.5, 2, 6 or 15 ppm HCHO. There was a clear
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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.
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 mucous stasis, and
ciliastasis occufredlat 4.36 and 9.58 ppm, respectively. At 1.37
ppm an initial increase in ciliary activity was observed but
there was no mucous stasis 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 Kern et al. (1983) study. Whether the mucous layer has
some finite capacity to absorb HCHO and wash it away to prevent
it from reaching the underlying cells, or the response seen is
simply the overt signs of gradual cell toxicity, is unknown.
However, a number of facto;s must be considered when discussing
the protective abi;ity 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 greatl&

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 Kefn 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 to macromolecules, it was found
that covalent binding to protein increased in a linear manner

" with increases in airborne concentratiéns (0.3 - 15 ppm). These
data do not support the concept that at dosgs lower than 1-2 ppm
the mucous layer can act as a sink for inhaled HCHO which |
prevents it from reaching underlying cells;

Finally, no data have been presented that show that HCHO is
bound and removed by the mucous layer. This is not to say that
fhe mucous layer has no capacity for HCHO removal, but in the
face of no pertinent data in this regard and the results of the
Casanova-Schmitz et al. (1984)‘study discussed above, it must be
concluded, at this time, that there is little support for a
threshold effect due to the mucous layer. Although it is clear
that HCHO disrupts the mucociliary system, this is more likely

' sfdue to a gradual poisoning of mucosal cells once the thresold for

+ delaterious affects is reached, and not because the removal

<l
.,'5.'-‘._" -

' capacity is exceeded.

- .4.4.3.3. Conclusion
L In conclusion, it is consistent with some of the data

‘described above to assume that HCHO's irritant and cytotoxic
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properties may have contributed to the nonlinearity of the
malignant tumor response seen in the Kern 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 fof HCHO-DNA interactions. To what degree the
mucous layer protects against HCHO's cytotoxic effects is not
‘clear, but the experimental data do not suggest a large role for
this. Although it seems probable that some HCHO could react 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, on the contrary, data have
been developed to show that it is linear. (Data relevant to the
formation of HCHO-DNA adducts is discussed in another section--
Short-Term Tests-Mutagenicity.) Regarding the impact 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 Kern et al. (1983) study. Also, other data
presented by Swenberyg 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 tissue dose is plotted rather than concentration.

Thus, it seems likely that many of thelfactors outlined '
above have contributed to the differences seen among specijies in

their response to HCHO as well as the steep dose-respbnse seen in



ol

the Kern et al. (1983) study. However, an examination of the
data described in the sections above (1) does not support the
concept ihat the action of the mucous layer presents a "parrier"
to HCHO and thus a threshold for its carcinogenic effects, (2)
that the appearance of and severity of noncancer lesions can be
used to predict the nature bf the cancer response, and (3) that

the appearance of noncancerous lesions is a necessary

. pretéquisité for cancer induction.

4.5, tletabolism 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 dogs has beér estimated to exceed 95%

-of the inhaled dose (Egle, 1972). Studies by Heck et al. (1983)

indicate that most of the radiolabel from radiolabelled 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 guantity

‘of HCHO was measured in rat tissue before and after inhalation of

'acub or chloromethane, rhé analytical method used cannot

distinguiéh between free and bound HCHO. Measured HCHO

concentrations were as follows; 0.42 umol/g for nasal mucosa, 2

B 0.097 umol/g for brain, an 0.20 umol/g for liver. Inhalation of

6 ppm HCHO for 6 hrs/day for 10 days did not significally alter
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the nasal mucosa HCHO concentration. 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 [14Cl HCHO in rats and
monkeys, and rabbits, respectively (Ulsamer et al. 1984). 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.

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, gastrié intubation, or inhalation.
Studies using i.v. infusion of 0.2M HCHO to dogs have shown that
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 experimenté 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, guinea pigs. rabbits, and cats (Rietbrock,
1969). Studies by Heck (1982b) have shown that 114Cl formate and
[14C] HCHO 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-labelled 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 risé in blood and urine formate levels
(Einbrodt et al., 1976). 1In a more recent study by Heck et al.
(1985), HéHO concentrations in the blood of rats and humans were
_investigated. The rats (8 exposed and 8 chtrols) 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 human volunteers (qu,fzé)-
. -were exposed to 1.9 ppm of HCHO for 40 minutes. Venous blooa was

ahalyzed for HCHO levels before and after exposure. There was
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not a statistically significant effect of exposure on the averaye
HCHO blood concentrations of the volunteers. Howevér,.
significént 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 fofmate 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
brajin 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. Conversion to CO, and other metabolites

Additionai studies (DuvVigneaud et al.,'1950) have shown that
following subcutaneous administration of Y4copcHo to rats,

approximately 81% of the radioactivity was found in choline.
Almost 60% of a subcutaneous dose of l4C-formate appeared as

14Coz, 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 C02



and 13-14% as urinary methionine, serine, .and a cysteine
adduct. At lower doses, only radiolabelled methionine .was
formed. The author postﬁlated that C02 was derived from serine
(formed from glycine and N°,N10 methylene tetrahydrofolate) by
deamination to pyruvate and oxidation in the Krebs cycle. 1In a
study by Mashford et al. (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), 76% was exhaled as CO, 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 2 small amount in DNA.

The formation of methionine from l4c-HCcHO and homocysteine
nad previously been demonstrated by Berg (1951). Fo?mation of
methionine would also account for the labelled choline observed
by Duvigneaud et al. (1950) via methylation of phosphatidyl
ethanolamine. More recent work by Pruett et al:. (1980) has
demonstrated the incorporation of 14c.HCHO into the nucleic acid
and protein fractions of WI 38 human diploid fibroblasts. Most
@g} the fadi6labe1 was‘found in RNA &ith lesser amounts in DNA and
protein. The purine bases of both DNA and RNA were most heaviiy
~labelled. Besides being converted rapidly to CO, and formate,

and being incorporated into other chemicals, HCHO can alkylate
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macromolecules such as amino acids, proteins, nucleotides, and
DNA (Ulsamer et al., 1984). Casanova-Schmitz et al. (1984) have
determined that DNA-protein cross-links are the.only important
reaction products of HCHO with DNA, but this assertion has been
questioned by Cohn et al. (1985).

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. sSimplified reaction sequence from drug
N-demethylation (cytochrome-P-450-dependent monooxygenase)
to HCHO, formate, and CO, production (from Waydhas et al.,
1978). Reactions are: a, HCHO dehydrogenase (GSH):

1b, aldehyde dehydroyenase; lc, catalase (peroxidatic
mode); 2a, l0-formyltetrahydrofolate synthetase; 2b,
10-formyltetrahydrofolate dehydrogenase; 2c, catalase
(peroxidatic mode).



Waydhas et al. (1978), McMartin et al. (1977);“;ﬁ$‘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 tetranydrofolic 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
10-formyltetrahydrofolate dehydrogenase reaction (Figure 4-4) is
the only reaction of importance for CO, production in this

pathway.
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4.5.2.3. Endogenous HCHO

Endogenous HCHO is primarily produced from the degradation
of serine with some contribution from the deyradation of other
amino acids. Oxidative demethylation of N,N~dimethylglycine
(from choline degradation) also contributes significantly to
endogenous HCHO. Cytochrome P-450-dependent N-demethylation of
drugs can contribute additional HCHO. The rate of HCHO oxidation
to formate exceeded the rate of HCHO production in perfused rat
liver by a factor of 12 when aminopyrine Qas used as the
substrate for the demethylation'reaction. 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,N;o-methylene-tetrahydrofolate This reaction produces
alkaloids from biogenic amines or drugs in vitro and probably i

vivo.

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 CO, at more than twice the rate
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 denydfogenase 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 conQert formate té Co2 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, endogenous HCHO that
is produced may be reasonably presumed to be metabolized rapidly
to formate or to enter the one-carbon pool. When exogenous -
exposure does occur, HCHO is likewise rapidly metabolized to
formate and excreted, converted to Co2 and/or incorporated into
other molecules. The same pathways seem to occur in all
mammalian species examined to date, but reaction rates differ
amony various species and tissues. Neither the ratio of
metabolic deactivation to binding (to tissue or small moiecules)
nor the effect of route of exposure on this ratio is known at
this time. Thus, although Egle's work (1972) suggests that the
respiratory tract tissues would receive the greatest dose, other
body sites cannot be ruled out.

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

(adopted from Kitchens et al., 1976):

Nuclelc Acids Ladbile methyl groups
'“;:31:‘::1:: < azd one carbon metadolise
!otaal:l;ydc-—-—-—————————-—————————_—‘———“—:jiaic Acid ' COz

Urtac as Sodium Salt

Figures 4-6. Overall metabolism of HCHO (from Kitchens
et al., 1276)0 ’
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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 acid (or other) adduct (EPA,
1981).

4.8. Structure-Activity Relationshig

HCHO is structurally similar to other aldehydes such as
acetaldehyde, malondialdehyde and glycidaldehyde. These
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
the nose in rats, when administered by inhalation, and
glycidaldehyde has produced skin tumors in micé 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 oncogeﬁic
potential will be described.

Acetaldehyde was not mutagenic in the standard Ames test

using Salmonella typhimurium (Commoner, 1976) and Escherichia

coli WP2uvra (Hemminki'et‘aii; 1986).‘ It had weak mhiagéhic

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 exchangés
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). Male hamsters
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. 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.

Exposure 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 tumors (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 amonyg the different

treatment groups.




In a separate experiment, 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
aqimals/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
bronchioalveolar region of the respiratory tract; however, only
one case of pulmonary adenoma was found out of 134 animals
treated with acetaldehyde alone. This is not considered to be an
indication of carcinogenié activity of acetaldehyde. DeSpite the
high degree and freguency of peribronchiolar adenomatoid lesions
found following intratracheal instillation of acetaldehyde, the
neoplastic response of the bronchioalveolar tissues was clearly
lower in animals treated with BP plus acetaldehyde than in those
given BP alone. Thus, acetaldehyde did not influence the
carcinogenic 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 10-20; .2000 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
served as controls. At the end of the exposure period (week 52),
3 animals per sex were taken from groups 1 and 2 for autopsy.

All remaining animals were sacrificed after 81 weeks.

At the end of the exposure period, (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 found in
hamsters killed immediately at the end of the exposure period.

Acetaldenyde-exposed animals which were found dead or
sacrificed at week 81 exhibited inflammatory, hyperplastic, and
metaplastic changes in the nose and 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-sguamous 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 laryﬁgeal

tumors in hamsters exposed to acetaldehyde and treated with



either BP cor DEN was similar to that fcun

(L

in hamsters expocsed to
acetaldehyde alone. Carcinomas in situ and squamous cell
carcinomas of the larynyges were found after combined treagment,
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 stronyg ‘promoting’'
{cocarcinoyenic} sctivity® {sic).

‘Finally, in a study by Woulersen et al. (1984) 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 up to 27
months., There was significant nonneoplastic lesions of the
olfactory epithelium at each exposure level. 1In contrast,
siénificant nonneoplastic lesions were seen in the respiratory
epithelium only at the highest dose. Statistically significant
numbers of adenocarcinomas were observed at each dose levél in
males and females. Squamous cell carcinomas 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.

4.7. Bpidemiologic Studies

| Since 1981, findings from fourteen new studies have been
made public, with another five studies forthcoming. The five as
yet ongoing studies, are: a case-control study of nasal cancers

by CDC, EPA's case-control study of nasal and pharyngeal cancers,
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Table 4-12.
INAALATION CARCINOGENICITY OF ACETALDEHYDE
IN RATS -- Summary of Nasal Tumors+

Incidence of Tumx's

Males Females
0 750 1500 3000 0 750 1500 3000
Nurber of Rats 55 (49) 54 (52) 55 (53) 53 (49) 54 (50) S5 (48) 55 (53) 55 (53)
Papillama 0 0 0 0 0 1 0 0
Early adenocarcinama 0 2 7* 2 0 0 2 2
Adenocarcinama 0 14* 23** 18%* 0 6 26** 20**
Metastasizing 0 0 1 1 0 0 0 1
adenocarcinama
Carcinama-in-situ 0 0 0 1 0 0 3 5
Farly.squams cell 0 0 "1 3 0 0 0 3
carcinama . .
Squamous cell carcinoma 1 ] 9* 11%+ 0 0 5 14**
Metastasizing squamous 0 0 0 1 0 0 0 0

cell carcinama

4+Table taken from Feron, 1984.

Figures in brackets represent the number of animals fram which this
tissue was examined microscopically.
In this table, a benign tumor is ignored if a malignant tumor of the same histogenetic
origin is also present in the same tissues.
The sbsence of a mumeral indicates that the lesion specified was not identified

Significance of differences in a pairwigse (Fisher's) test between each treatment and control
incidences *P<0.05, **p<0.01.



an SMR study of HCHO-exposed workers by NCI and the Formeldehyde
Institute, a prospective study by Partanen of industrial workers
in éinland,-and a cohort study of garment workers by NIOSH.

The new studies released since 1981 have broadened our
knowledge regarding the botential carcinogenicity of HCHO. The
new epidemiologic studies have contributed}stronger evidence and
have supported previous studies which suggested HCHO may be a
human carcinogen. In particular, the Epidemiology Panel of the
Consensus Workshop on Forﬁaldehyde (1984) and the EPA (19é4b)
examined a group of studies and concluded that a group of -
professionals (anatomists, patholoyists, 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
remained when other professional or like socioeconomic groups
were used as referents (Consensus Workshop on Formaldehyde,
1984). 1In addition, epidemiologic information in the form of one
study and one abstract report increased nasal cancer risks with
BHCHO exposure.

Although all thé studies are of cohort or case-control
design, designs essential for judging causality, many of the
studies suffer from limitations that influence their
conclusions. Major drawbacks are: (1) the inability to separate
the contributions of HCHO from the contributions of other
6céupationa1 or personal exposures; (2) small sample sizes for
the cohort s;u&ies; (3) insufficient follow-up; and (4) low
statistical power.
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One outcome of the design limitations has been low power in
each study to detect small relative risks for rare forms of
cancer.”™ The ability of a well-conducted study to detect an
increased risk depends upon sample size, years of follow-up,
magnitude of the increase, background incidence of the disease,
desired statistical significance, and type of analysis.

The following text describes the current pool of
epidemiologic data with study designs and findings highlighted.
Taple 4-13 identifies these studies. Tablés 4-14 through 4-16
present selected power calculations for several of the studies
shown in Table 4-13.

4.7.1 Review of Studies

Twenty-three studies of populations who may have been
exposed to HCHO report findings of excess cancers. These studies
are either cohort or case-control designed. Results are
expressed as Standardized Mortality Ratios** or as odds

ratios***, All findings are nonsignificant unless noted

*The power of a study is the ability to detect true association
of the exposure and disease. 1If a study is likely to claim that
the exposure is not associated with a disease, when in fact an
association existed, it has a low power for detecting that
_association.

t*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 odds ratio, 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. 1If
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. 1In 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.
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colon 29 20.3 *143 170 180

Walrath (1013) 1050 resviratory 43 46,0 L ) 140 150

“Callfornia lvmohatic and 19 15.5 123 170 190
anbalmers hamatovoietic

leukeamia/aleukenia 12 6.9 * 175 210 250

vrostatic 23 130 * 176 180 200

brain L] &7 * 193 270 N0

buccal esvity 8 6.1 131 220 260
and pharvnx

skin 2 3.4 % 300 %0

ftsvner et al. 256 respiratory 1 12.2 o0 180 200 .
RErTRNT lvephatic and n 6.1 163 220
wwrkers hescovoietic ‘

) leukeania/aleukenia 4 2.4 168 330
hrain 1 2.1 LR 3RO &L0
buccal cavitv 3 0.4 * 780 13a2n
skin 2 1.1 17¢ SO0 600
bil{zrv passages and 4 1.3 * 313 L20 510
liver

Delzell o Ll2 luw 106 117.8 oC 1.2 1.3

trul fernen lvmphoooietic 3 64.2 ¢ 1R8 1.3 1.4
textile leukenis A 372.5 120 1.4 1.8
workers brain 17 18.9 90 1.7 1.8

hucesl esvity and 18 18.0 100 1.7 1.8
mm‘ - - - - - — - - _ R N - N el _ n —
* Sh,005

8 Qoniitisnal en the cteerved munber of dsaths since Aistritution of Ky and K, wight not have a Poisson distritution
p Qtetting and Warg, 1981).
¢ These nmbers were obtained using Molina's tadles of Poisson's Brponential Binamial Limit (olina, 1942).

Includes onlv workers with ) one month exposure to fornaldehyde. ,
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Table 4-16
Power Calculations for Case-Control Studies?®

least Relative Odds to

: Odds detect with powery,
Study Size Cancer Type rxpogure Patio = p_  Ratio 80% 90
Fayerweather ‘et al. (1982) 48] cases/ lung, bronchus, formaldehyde:
cancer deaths 481 controls and trachea males workers (2N%) 0,74 2.0 2.2
in chemical (1:1 match) lvmphopoietic 0n.72 3.5 4.1
workers prostate 3.20 4.4 5.5
brain 0.45 11.6 16.8
Rrinton et al. (1983) 160 cases/ nasal cavitv textile werkers:
nasal and paranasal 290 controls and simises females (17.49) 1.8 2.5 2.8
sinus cases in NC and VA (1:2 match) : ’
Olsen et al. (1984) 839 cases/  nasal cavity formaldehyde:
nasal cancer 2465 controls and sinuses females (0.1%) 2.9 15.0 1.0
cases in males (4.2%) 2.8 2.1 2.3
Nenmark (1:3 match) textile dust:
femaleg (2.5%) 1.3 2.8 3.2
males (1.9%) 0.7 2.4 2.7
Nayes et al. (1984) 144 cases/ nasal cavity formaldehyde:
nasal and nasal 353 controls and sinuses males not exposed to
sinus cases in (1:2 match) wood dust (6.2%) 2.1 1.4 3.7
the Netherlands males exposed to
wood dust (50%) 1.0 5.2 A.5

2 power calculations for Tola et al. (1980) and Hernbera et al. (1983) could not be calculated duve to the unl'nown
exposure ratio (D ) among the controls.

h Obtained from the studv by Faverweather et al. (1982) or was calculated using the method in Rothman and Roice -
(1982) for the studies bv Rrinton et al. {1983), Olsen et al. (1984), and Hayes et al. (1984),



otherwise. Ten studies are of chemical or industrial workers and
seven studies of medically-related professions. The medically-
related professions represent formalin exposures such as those
encountered by morticians, embalmers, anatomists, and
pathologists. This group has other chemical exposures, but by

" nature of their professions, formalin is an integral component
and represents the exposure of concern. Lastly, six other case-
control studies examine an occupational etiology of nasal cavity
and sinus cancers, These studies examine the relationship
between nasal cavity and sinus cancer and HCHO exposure or
‘between these cancers and particular occupational groups where
HCHO has been known to occur,

1. Matanoski (1980) of John Hopkins University examined
mortality patterns of male pathologists in two
professional societies. she observed a 62% excess risk
for multiple myeloma and a 42% excess risk for other
lymphomas for members of the American Association of
Pathologists and Bacteriologists (1900-1929) when
compared to radiologists. When compared to U.S. white
malés, Mafaﬁ&gkiiobéérvéd érsignifiéanéhinéfeaéé in‘“_w
deaths when she combined the two cancer categories.
Matanoski continued following this cohort until 1974 and
reported a 3-fold significant excess of lymphatic and
multiple myeloma tumors and a 2-fold excess of braiﬁ.
cancérs when compared to age-specific rates for U.s;

white males. Matanoski observed the same pattern of



significant increases for lymphomas and multiple
myelomas in a second cohort of pathologists belonging to
the Association of Experimental Pathologists. Combining
the two groups without overlap, about 2200 individuals,
Matanoski reported increased mortality from lymphatic
(3-fold excess, p<0.001) and from brain cancer (p<0.05).
Harrington and Shannon (1975) of the London School of
Hygiene and Tropical Medicine conducted an SMR analysis
of 2,079 pathologists who were members of the Royal
College of Pathologists or the Pathological Society of
Great Britain during 1955 to 1973. 1In the period, 156
deaths occurred. The authors reported a significant
excess in mortality from lymphopoietic system cancers
(SMR=200, 8 observed, p<0.05), particularly from
lymphatic and hematopoietic diseases not due to
Hodgkin's disease or leukemia (SMR=353, 6 observed,
p<0.01). Additionally, a nonsignificant increase in
mortality was obsérved from Hodgkin's disease (SMR=167,
1 observed) for male pathologists in England and Wales.
Harrington and Oakes (1982) more recently followed the
Royal College of Pathologists' cohort from 1974 to 1980
and performed an SMR analysis of 2,720 members (2,307
males and 413 females), in which 126 total deaths (110
males, 16 females) occurred. Harrington and Oakes
observed increased mortality in males from cancers of

the brain (SMR=331, 4 observed, p<0.05) and bladder



S.

(SMR=107, 2 observed), from accidents (SMR=170, 13
observed, p<0.05), and from suicides (SMR=353, 7
observed, p<0.01). Increased mortality from lymphatic
and hematopoietic neoplasms was not reported for male
pathologists (only 2 observed deaths) but was reported
for female pathologists (SMR=370, only 1 observed
death).

All the malignant brain tumors were of the
astrocytoma/glioma cell type. This finding supports a
hypothesis of a common etiologic agent within this
study.

Levine et al. (1984) of CIIT in an SMR analysis found
excess mortality among Ontario morticians, relative to
U.S. white males, from lymphopoietic cancer (SMR=125, 9
observed), particularly, leukemias/aleukemias (SMR=175,
S observed), and brain cancers (SMR=118, 3 observed).
None of these malignancies was significantly elevated.
Only cirrhosis of the liver showed a significant excess
(SMR=171, 18 observed). In analyses for latency, Leviﬁe
observed increaSing SMR's with increasing time since
first exposed for cancers of the brain, lymphopoietic
system, and leukemia/aleukemia.

Stroup et al. (1984) has noted excesses, when compared
to U.S. white males, in mortality due to brain cancers
(SMR=271, 10 observed, p<0.01) and leukemias (SMR=148,

10 observed) in anatomists in her yet-to-be-published
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SMR study. Stroup et al. noted excesses of the cell
types astrocytoma/glioblastoma (all ten brain tumors)
and myeloid leukemias. Stroup et al. also used
psychiatrists as a comparison group. In this
comparison, Stroup et al. observed a significant excess
in mortality from both leukemia (SMR=212, p<0.05) and
brain cancer (SMR=571, p<0.0l). 1In an additional
comparison using the records of Olmsted County, MN as
the referent, the excess mortality from brain cancer
remained.

Ascertainment bias is not thought to be present in
Stroup's study due to the significant excesses in the
comparison with psychiatrists and to the observation of
a specific cell type with the brain tumors.

Wong (1983) observed among 2,026 workers employed in a
HCHO manufacturing plant nonsignificant excesses in
mortality for all cancers (SMR=101) when compared to
U.S. males. Among the cancers, nonsignificantly
increased mortality was observed for skin (SMR=109, 1
observed), bone (SMR=430, 1 observed), prostate
(SMR=305, 4 observed), bladder (SMR=122, 1 observed),
kidney (SMR=102, 1 observed), brain (SMR=186, 3
observed), and lymphopoietic system (SMR=136, 6
observed), including Hodgkin's disease (SMR=240, 2
observed) and leukemia/aleukemia (SMR=118, 2

observed). Accounting for a latency of 20 years, Wong



opserved significantly increased mortality from cancer
of the prostate (SMR=431, 4 observed, p<0.05) .and
nonsignificantly increased mortality from lymphopoietic
system (SMR=231, 4 observed), including Hodgkin's
disease (SMR=582, 1 observed) and leukemia/aleukemia
(SMRéBOG, 2 observed), cancers., -

¥ong's study is limited by a small echort size, lack of
work histories, and lack of control for such confounding
variables as smoking and multiple exposures., Besides |
HCHO, this cohort had potential exposures to other
oxygenated hydrocarbons, benzene, asbestos, and
inorganic and organic pigments, Exposure to benzene is
partiéularly important since the literature reports a
causal association between leukemia and benzene exposure
(Heath, 1982).

Tabershaw Associates (1982) studied the same cohort as

Wong, with 58 men added who had incorrectly been

~ eXcluded and with the HCHOU-exposed workers identified.

An SMR analysis of the exposed and unexposed cohorts and
a case-control analysis using randomly-selected controls
among'the non-cancer cases were condﬁcted.l In the SMR
analysis of 867 HCHO-exposed workers, nonsignificantly
increased mortality from prostatic (SMR=364, 2
observed), brain/CNS (SMR=135, 1 observed), and
lymphopoietic (SMR=152, 3 observed) cancers and from all

accidents (SMR=103, 11 observed) was reported.
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Interestingly, Tabershaw Associates base the brain/CNS
conclusion on one observed death, yet the text describes
twé observed deaths among men who had 6.7 years and 6.9
years of exposure.

In the case-control analysis, nonsignificantly incréased
odds ratios for cancers of the prostate (OR=2.67) and
lymphopoietic system (OR=3.0), and for all neoplasms
(OR=1.2) with 5 to 10 years of HCHO exposure were
reported. No increasing risks were observed with
increasing years of exposure., Tabershaw Associates did
not use an unexposed group as a comparison, but compared
the exposed employees to those with less than 5 years of

exposure.

-Friedlander et al. (1983) of Eastman Kodak conducted a

mortality and inéidence study of 464 photo processors in
Eastman Kodak's Color Print and Procgssing

laboratories. These workers had been exposed to HCHO,
along with other photographic chemicals. 1In the
mortality study, Friedlander et al. compared the death
rates in this cohort to aye-sex-specific death rates in
two other Kodak manufacturing plants. Friedlander et
al. observed excess mortality from cancers of the brain
and CNS (2 observed, Plant 1 comparison - SMR=286; Plant
2 comparison - SMR=667, p<0.05) and digestive organslﬁnd
peritoneum (5 observed, SMR=128, for each comparison

group). Nonsignificant excess mortality from cancer of



the buccal cavity and pharynx was also observed (1
observed, Plant 1 comparison - 0.2 expected, Plant 2
comparison - 0.l-expected). From the incidence
analysis, Friedlander et al. also reported the incidence
of brain and CNS cancers increased (2 observed, 0.4
expected, p<0.05).among this group when compared to the
population incidence for upstate New York.

Limitations in the study of Friedlander et al. include
small cohort size, no separation of work exposures,
insufficient length of fpllow-up, insufficient follow-up
of retired and terminated employees, and no control for
smoking. ‘
Acheson (1984a) of MRC Environmental Epidemiology Unit,
Southampton General Hospital, in an ongoing study of six
plants which use or manufacture HCHO, has observed
significant increases in overall mortality (SMR=124, 456
observed) and nonsignificant increases from pharyngeal
(SMR=121, 5 observed), esophageal (SMR=103, 13
obserQed), respiratory (SMR=102, 236 observed), and lung
(SMR=105,720570bserved) cancers. Additionally, Acheson
found a significant excess of bone cancer agd ;7V7 -
significant dose-response relationship for lung cancer
in one plant (BIP), the cohort with the highest
exposure. In a comparison with local controls, the
dose-response relationship, although nonsignificant, was

sti;l'observed. Acheson lacks smoking histories for the
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entire conort, and the BIP plant is located in the West
Midlands area, an industrially polluted area with high
referent lunyg cancer rates. The use of a local
comparison may have overestimated the number of expected
lung cancer deaths. 1In a subseqguent analysis of the
mortality data for lung cancer among individuals
employed at this plant, Acheson et al. (1984b) observed
that the risks for lung cancer did not increase with
duration of exposure, length of follow-up, or cumulative
doses.

Marsh (1983) of the University of Pittsburgh conducted
an SMR analysis and a case-control study nested within
the cohort of a Monsanto chemical plant. This plant
produced plastics and workers had potential exposures to
HCHO, vinyl chloride, styrene, and cellulose acetate.
Marsh compared the mortality experience of all workers
to the white male populations of the U.S., of
Massachusetts, and of Hampden County, the county from
which the workforce was drawn. In the SMR study, the
cohort consisted of 2,490 male workers with a minimum of
one year employment. Among the 2,490 workers, 591
deaths were identified by the compﬁny or by death
certificate searches. Marsh reported nonsignificantly
increased mortality due to all neoplasms (SMR=107, 127
observed). Among all neoplasms, excess mortality was

observed from cancer of the buccal cavity and pharynx
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(SMR=155, 6 observed), digestive organs and peritoneum
(SMR=126, 44 observed), prostate (SMR=178, 14 observed),
bladder (SMR=135, 5 observed ), genitourinary tract
(SMR=169, 26 observed, p<0.05), Hodgkin's disease
(SMR=118, 2 observed), and all other lymphopoietic
tissue (SMR=153, 4 observed). No relationship was
observed between yJyenitourinary system neoplasms and
length of employmgnt.

In the matched case-control study based on the cancer
deaths, Marsh presented odds ratios for digestive
system, rectal, genitourinary, and prostatic cancers and
21 occupational exposure categories. Two of the 21
cateyories had pertinent exposure to HCHO either as a
chemical (resin production) or in a product (resins
processing). Marsh observed nonsignificantly increased
odds ratios for digestive system cancer in the resins
processing category (OR=1.83) and for rectal cancer in
both cateyories (resins production, OR=3.75; resins

processing, OR=2.00). All cases in the occupational

__categories had from 1 month to S5 years exposure and  _

increasing risk was not observed with increasing
duration of exposure.

Fayerweather et al. (1982) of DuPont showed elevated
odds ratios, after a 15 year latency, for cancers ofzﬁhe
_prostate (OR=4.8, 8 cases), lymphopoietic system

(OR=1,91, 6 cases), bone (OR=l.25, 3 cases), and bladder
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(OR=7.0, 6 cases) among workers eligible for pension who
were expoéed to HCHO five or more years. Additionally,
these elevations were not significant upon adjusting for
a variety of concommitant variables, Fayerweather et
al. did not follow those employees ineligible for
pension or those who had transferred, potentially
comprising 15 to 20% of the work group. Thus, these
analyses were performed on an incomplete cohort and the
results may be biased.

Brinton et al. (1984a) of NCI conducted a case-control
study for cancer of the nasal cavity and sinuses. They
observed nonsignificantly increased odds ratics among
males employed in the leather or shoe, chemical
manufacturing, and éarpentry industries and for
exposures to chromium/chromates, nickel, and
insecticides/pesticides/herbicides. Among females,
increased odds ratios were observed with employment in
the textile/clothing/hosiery and paper/pulp mill
industries and for exposures to mineral oils and other
mineral/chemical gases. None of the increased odds
ratios was significant in the presence of control for
confounding variables. Brinton et al. additionally
assessed reported occupational HCHO exposure and found
an odds ratio less than 1.0. This ratio was unstgblé,

based on only one male and one female.
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To examine the relationship between employment in the
textile and apparel industries with the risk of nasal
cancer, Brinton et al. (1984b) further analyzed the
data from their previously published case-control study
(1984a). The industries included textile and cotton
mills, apparel manufacturing, and hosiery. Brinton et
al. found an elevated risk of nasal cancers associated
with employment in the textile or apparel industries,
but the increased relative risk was found only among
female workers. When histologic types of nasal cancer
were evaluated, both males and females were found to be
at increased risk of nasal adenocarcinoma, with further
enhancement of risks for those experiencing dusty work
conditions. The authors stated that this study provides
further evidence of an association between employment in
the textile industry and risk of nasal cancer.

Tola et al. (1980) of the Institute of Occupational
Health, Finlénd, conducted a case-control study for
cancer of the nose and paranasal sinuses, Forty-five

cases were collected from the Finnish Cancer Registry

between 1970 and 19?3 and were age~-sex matched to non-
respiratory cancer controls. '

Analyses examining an occupational etiology showed no
single occupation being more common among the cases tﬁan
among the controls, but leisure time knitting and seQing

was significantly more common among female cases than
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among female controls (OR=4.8, 19 cases). Other factors
significantly associated with the cases were histories
of serious nasal trauma, chronic rhinitis, and
sinusitis. &moking was not significantly associated
with nasal cavity and sinus cancer,

14, Hernberyg et al. (1983) of the Institute of Occupational
Health, Pinland, conducted, with participation from
Denmark and Swedeg, a collaborative case-control study
of nasal and sinonasal cancer and its possible
occupational etiology. One hundred seventy cases
diagnosed between 1977 and 1980 and reported to the
prospective cancer registries were selected. Each case
was sex-country-age at diagnosis matched with colorectal
cancer controls.

Elevated odds ratios were observed among cabinetmakers
(OR=9.0) and mechanical engineering shop workers
(OR=2.13). Analysis for exposures showed elevated risk
with hardwood dust (OR=1.7)%*, softwood dust (OR=3.4,
p<0.05)* hardwood and softwood dust (OR=6.7, p<0.05)*,
welding-flame cutting-soldering (OR=2.0, 17:6,
p<0.05)**, chromium (OR=2.7, 16:6, p<0.05)**, nickel
(OR=2.4, 12:5)**, electroplating (OR=1.5, 9:6)**, and
paint-lacquer (OR=3.0, 18 cases). HCHO exposures may
occur in this last category. However, wood dust

exposure is common and confounds the observed elevation.

*Adjusted £or smoking. . '
**0dds ratio based on discordant pairs, discordant paris noted.
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Stayner et al. (1984) of N10SH conducted a PMR stuay of
256 deaths among garment workers. Stayner et al,
identified these deaths from a death benefit fund. 1In
this cohort, which represented three plants in two
different states, Stayner et al. observed significantly
elevated mortality from buccal cavity (PMR=750, 3
observed), biliary passages and liver (PMR=313, 4
observed), and other lymphatic and hematopoietic site
(PMR=400, 4 observed) cancers. 1In analyses examining
only the cancer deaths, buccal bavity (PCMR=682) and
other lymphatic and hematopoietic site (PCMR=342)
cancers remained significantly elevated. Additionally,
those workers with both latency and duration of exposure
of 10 years or greater showed significantly elevated
mortality from all malignancies (PMR=137, 51 observed),
buccal cavity (PMR=925, 2 observed), btiliary passages
and liver (PMR=467, 3 observed), and all lymphatic/
hematopoietic sites (PMR=283,8 observed), particularly

other lymphatic and hematopoietic (PMR=761, 4 observed)

T CANCers. - - - e oo s s o e e

Nonsignificant elevations in mortality were reported for
liver not specified (PMR=426, 2 observed), skin
(PMR=179, 2 observed), and all lymphatic and
hematopoietic sites (PMR=163, 10 observed), includin§

leukemia (PMR=400, 4 observed).
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Walrath and Fraumeni (1983) of NCI conducted a PMR study
of 1,132 funeral directors or embalmers licensed in New
York. 1In this cohort, Walrath and Fraumeni observed
significantly elevated mortality from skin (PMR=221, 8
observed) and colon (PMR=143, 29 observed) neoplasms.
Nonsignificant elevations were observed for cancer of
the buccal cavity and pharynx (PMR=113, 8 observed),
digestive system (PMR=104, 68 observed), particularly
liver (PMR=106, 5 observed) and pancreas (SMR=105, 13
observed), respiratory system (PMR=105, 74 observed),
brain/CNs (PMR=156, 9 observed), kidney (PMR=150, 8
observed), and lymphatic/hematopoietic system (PMR=121,
25 observed). Among those licensed as embalmers only,
Walrath and Fraumeni observed increases in mortality
from buccal cavity and pharyngeal (PMR=201, 7 observed),
skin (PMR=326, 5 observed, p<0.05), kidney (PMR=247, 6
observed, p<0.05) and.brain/CNs (PMR=234, 6 observed,
p<0.05) cancers. In the analysis for latency, Walrath
and Fraumeni observed, for the entire cohort, increasing
PMRs for skin (significantly so) and brain/CNS neoplasms
for increasing time since fifst exposed.

ﬁalrath (1983) conducted another PMR analysis of 1050
embalmers in California and reported similar findings as
those in the N.Y. cohort. Walrath observed
significantly increased mortality from neoplasms of the

brain (PMR=193, 9 observed), leukemia (PMR=175, 12
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observed), and prostate (PMR=176, -23 observed),
Nonsignificant increases were reported for
lymphatic/hematopoietic system (PMR=123, 19 observed)
and buccal cavity and pharyngeal (PMR=131, 8 observed)
cancers.

Marsh (1983) of the ﬁniversity of Pittsburgh conducted a
PMR analysis of HCHO-exposed workers at the Monsanto
plant described previously. Marsh found 136 death among
male workers with exposure of one month or greater in a
“formaldehyde related plant area". Marsh compared their
mortality experience to U.S. male, age-race adjusted,
proportional mortality data.

In the HCHO-exposed white males, Marsh observed
increased (not statistically significant) mortality from
cancers of the genitourinary system (PMR=121, 3
observed), including the bladder (PMR=330, 2 observed)
and of the digestive organs and peritoneum (PMR=127, 8
observed), particularly the pancreas (PMR=160, 2

observed). In the non-white exposed workers, Marsh does

not report any increases in neoplastic deaths, but

observed increases amongréhe hon-deOplastié,dééth§;
particularly diseases of thé circulatory system
(PMR=102, 7 observed), digestive system (PMR=158, 2
observed), and accidents (PMR=106, 2 observed). In the
unexposed group, white males exhibited increased |

mortality from genitourinary tract cancers (PMR=192, 22
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observed) and digestive organs ani peritoneel cancers
(PMR=130, 33 observed). Non-white unexposed males
exhibited increased mortality from all malignant
neoplasms (PMR=251, 5 observed), particularly in the
categories "all other malignant neoplasms” (PMR=882, 3
observed, p<0.0l1), diseases of the nervous system
(PMR=155, 2 observed), and circulatory disease (not
1ndludihg arteriosclerotic heart disease) (PMR=207, 3
observed).

Since Marsh published this study, Peter Infante of OSHA
has found one cancer of the nasal sinus and one
nasopharyngeal cancer. Both men died three years after
Marsh's follow-up period. The worker who later died of
cancer of the nasopharynx was a member of Marsh's
cohort, but had been counted as living since he had not
died at that time.

An overlapping study was conducted by Liebling et al.
(1984) (as reported by OSHA, 1984). Liebling et al.
identified 24 male workers who died between January 1,
1976 and December 31, 1980 through union records,
reports of former coworkers, and a systematic review of
obituaries in local newspapers. Work histories were
obtained from seniority lists,

Proportionate mortality ratios were calculated to
examine cause-specific mortality using the age, sex,

race and cause-specific mortality proportions of the
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U.S. and county in which the plant is located. To
adjust for the healthy worker effect, age, sex, and
race—;tandardized PCMRs based on county comparisons were
also calculated. Deaths among eighteeﬁ white and six
black males with known HCHO exposure were identified.
Race~age-sex adjusted PMRs were significantly elevated
for cancer of the colon based on U.S., county, and
county cancer mortality proportioné (PMR = 702, 424,
333, p< 0.05), as were PMRs for the cateogry buccal and
pharyngeal cancer (PMR = 870, 952, 833, p < 0.05).
Liebling et al. stated that the occurrence of a
significant increase in proportionate mortality frdm
buccal and pharyngeal cancer in this investigation is in
accord with the type of cancer found in HCHO-exposed
rodents. Furthermore, the authors postulated that
besides nasopharyngeal cancer, an association between
HCHO exposure and cancer of the buccal cavity and
pharynx in humans is biologically feasible since humans

breathe through both the nose and mouth, while rats and

- mice are obligatory nose-breathers. Like many other

studies, this study is limited by the inability to
completely separéte ﬁCHo exposure from exposure to other
chemicals. -

Olsen et al. (1984) of the Danish Cancer Registry
conducted a case-cohort study of nasal cancers. This

stud§ examined 839 cancer reyistry cases (560 males, 279

4-88



21.

females), diagnosed between the years 1970—1962} who
were matched with 2,467 controls with cancer of the
colon, rectum, prostate, and breast on age-sex-year of
diagnosis. The researchers used a nationwide data
linkage system which has linked cancer cases and
previous employment. Occupational histories came from
the National Supplementary Pension fund, established in
1964, and the Central Population Registry. Use of these
national data sets eliminated the potential for recall
bias since cases and controls were not interviewed,

In this case-control study, Olsen et al. tested for
associations between HCHO, wood dust, paint-laguer-glue,
and metal exposure and sino-nasal cancers.

Significantly increased risks were found for nasal
cavity cancer for exposure to HCHO (OR=2.8), wood dust
(OR=2.5), and paint-lacqguer-glue (0R=2.1). Exposure to
both wood dust and HCHO can occur simultaneously, and
Olsen et al. performed a stratified analysis which
controlled for wood dust exposure. In this analysis,
the elevated risk with HCHO exposure was reduced to 1.6
and became nonsignificant. 1In this stratified analysis,
both HCHO and wood dust exposure together resulted in an
additive risk (OR=4.1, p<0.05).

Hayes et al. (1984) of the Erasmus University of
Rotterdam presented findings of a case-control study of

nose and nasal sinuses tumors at the 3rd International
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Conference on Epidemiology and Occupational Health in
bublin, Ireland. The Hayes et al. study identified
factors associated with 144 cases of nasal and sino-
nasal neoplasms diagnosed between 1978 and 1981. Living
and deceased population controls were used as the
comparison group, but Hayes et al. did not identify the

criteria for control selection. Bayes et al. observed

‘associations between male adenccarcinoma cases and work

in furniture making (OR=132) and joinery (OR=21). 1In

~addition, Hayes et al. noted significantly increased

risks between nonadenocarcinomas and paint (OR=4.1),
benzene (OR=2.3), and HCHO (OR-2.4) exposure.
In analyses which controlled for simultaneous wood-dust

and HCHO exposures, Hayes et al. observed a

: nonsignificantly elevated risk for exposure to only HCHO

(OR=2.8). Hayes et al. did not show, however, an
addition of risk for both HCHO and wood-dust exposures
like‘olsgn et al. reported.

Bertazzi et al. (1984) of the Institute of Occupational

Health, University of Milan presented at the above

7 conf;féﬁééhfiﬁdings of a cohort study of HCHO resin

ﬁanufacturing workers. The mortality experience of
1,332 male employees who had worked six (6) months or
more between 1959 and 1980 was compared to the expectéd
number of deaths using national and local rates.

Bertazzi et al. noted that ambient monitoring of many
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work areas were above the Threshold Limit Value (value
not given), but the researchers do not identify when
these samples were obtained or where the monitors were
located.

For the entire cohort, Bertazzi et al. observed
significantly increased mortality for lung cancer when
both national (18 observed, 7.6 expected) and local (9.7
exéected) rates were used as the referent. Mortality
from digestive neoplasms and lymphopoeitic neoplasms was
nonsignificantly elevated.

Bertazzi et al. compared the mortality of HCHO exposed
workers to non-exposed workers. In this analysis, the
increased mortality from lymphatic and hematopoietic
system and from digestive neoplasms was observed only
among the HCHO exposed. Elevated mortality was observed
in both the HCHO exposed and nonexposed groups.

Delzell and Grufferman (1983) of Duke University
examined the mortality experience of 4,462 deaths
between 1976-1979 of white female textile workes.

Deaths and occupation as recorded on the death
certificates were identified from state computer

files. In this study, textile worker occupational code
included workers in industries that manufactured textile
mill products, apparel, or other fabricated textile
products. Delzell et al. observed significant excesses

in mortality from cancer of the larynx (PMR=280, S
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opserved), connective tissue (PMR = 260, 10 observed),
cervix (PMR=210, 59 observed), other unspecified genital
organs (PMR=270, 16 observed), and non-Hodgkin's
lymphoma (PMR=170, 51 observed), and all lymphopoietic
sites (ICDA 200-207) (PMR=188, 121 observed), mortality
from Hodgkin's disease (PMR= 111, 8 observed) and
leukemia (?aasizo, 45 observed). The elevated mortality
from all lymphopoietic sites and from specific
lymphopoietic sites are particularly interesting since
HCHO, along with other chemicals, may comprise exposures
in textile mills. EPA used an exposure level of 0.10
ppm (personal sample) and 0.42 ppm (area sample) in its
Quantitative Risk Assessment for Formaldehyde (EPA,
1984). Since this study was unable to identify
individual exposures, we do not kiow if any or all
deaths may have had previous HCHO exposure.

4.7.2. éonclusion

The epidemiologic literature report, for the first time, a
significant association between nasal cancer and HCHO. This
~observa£ion was confounded due to wood dust exposures, but when.
the analyses controlled for wood dust, the risk remained elevated
{(nonsignificantly). The association between nasal cancer and
HCHO may be further supported by the report of Hayes et al.
(1984). A critical review of the Hayes et al. study needs to be
done and EPA epidemiologists have requested, but have not |

received, a copy of the paper. 1In addition, the significant
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excesses in leukemia ané brain cancer mortality among anatomists,
pathologists, and embalmers are also important. These observed
excesses can not be explained by diagnostic bias or socioeconomic
factors.

Low power is a characteristic of several studies (Tables
4-14 through 4-16). Selecting lymphatic and hematopoietic cancer
as an example, Table 4-14 shows that Levine et al. (1983) could
detéct, with 80% power, a relative risk of 2.2 or greater and
with 90% power, a relative risk of 2.5 or greater. Insufficient
follow-up and small sample sizes contribute doubly to low power
through insufficient person-years and t