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I.

Comment Letters Recieved on the
Preliminary Draft Version
of the Formaldehyde Identification Report, Parts A and B
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Chevron Environmental Heaith Center, Inc.
A Substotarv of Chevron Corzaration

15299 San Pablo Avenue, Richmend, Califormia
May Adoress =0 Box 4054, Richmang. A 34804.0054

March 26, 1991

Comments on the Prcposed Listing
of Formaldehyde as a California
Toxic Air Contaminant

Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Staticnary Source Divisicn

Air Resources Board

Attn: Formaldehyde

P.0. Box 2815 .

Sacramento, California 35812

Dear Ms. Shiroma:

We have the following comments on the preliminary draft report, "Proposed
Identification of Formaldehyde as a Toxic Air Contaminant”. As requested, we
have tried to limit our discussion to the portions of the report that discuss
the toxicity of formaldehyde and whether or not there is a threshold concen-
tration below which no significant adverse health impacts are anticipated.

1)

2)

The Bir Resources Board (ARB) should consider extending the comment period

on future drafts of this document.

It is unfortunate that only 30 days are allowed for outside reviewers to
comment on this formidable document. Because formaldehyde has been the
focus of intense <research and debate in the field of risk assessment,
there is voluminous literature to be reviewed and assimilated.

ARB should ask DHS <o update their cancer risk assessment to compare the
most_recent EPA anaivsis (1990) with their own.

The Health Assessment section of the document was written by the Depart-
ment of Health Services (DHS) primarily to estimate the unit risk associ-
ated with exposure -9 airborne formaldehyde. ARB should be aware that the
Environmental Proteczion Agency (EPA) is currently revising their estimate
of unit risk for <formaldehyde’s carcinogenic potency. The.EPA’s "best
estimate™ is approximately two orders of magnitude lower than DHS's "best
estimate”. This appears to be because the EPA used dosimetry data devel-
oped in the monkey while DHS used dosimetry data developed in the rat.
Since DHS often referred to the 1987 EPA Risk Assessment of Formaldehyde
as a reference poin: for their assessment, an analysis of the two draft
risk assessments would be extremely informative. Why do the experts dis-

agree?
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3)

4)

5

Shiroma -2 - “March 26, 1941

ARB should have DHS update their amalvsis of the relationship between
predicted and observed human cancer rates (pages 2-19 to 2-22).

The Health Assessment section utilizes epidemiology data to evaluate the
unit risk estimates developed from data in rats. The assessment relies on
the lung cancer incidence observed in industrial formaldehyde workers in
one study (Blair et al. 1986). Since DHS wrote their draft report, Blair
has published a meta-analysis of over 30 epidemiology studies (Blair et
al., Scand J Work Environ Health (1990) 16:381-393). Blair et al. (19%0)
concluded that, "Inconsistencies among and within studies impede assigning
formaldehyde a convincing causal role for the excesses of lung cancer
found among industrial workers.® In addition, "The excess risk was small
among industrial workers (CRR 1.1) and was not seen consistently in all
the plants studied. In some plants there were deficits. No such excess
for lung cancer occurred among the embalmers.”

The review of Toxicity and Carcinogenicitv of Formaldehvde (page 2-2
through 2-5) should be revised to reflect the weak epidemiology link

between formaldehyde exposure and human cancer.

In addition to the lung, other potential sites of fommaldehyde-induced
cancer were reviewed by Blair et al. {1990). The authors state that, "...
a causal association between formaldehyde exposure and cancer of the naso-
pharynx seems credible and likely. As with nasal cancer, small numbers,
inconsistency among studies, and a possible independent role for particu-
lates preclude definitively labeling formaldehyde as a nasopharyngeal
carcinogen.” Blair et al. (1990) also noted that, "The excesses of leu~-
kemia and brain and colon cancer found among professionals may not be
related to formaldehyde exposure, since similar excesses were not observed
among industrial workers."

ARB should ask DHS to reconsider their decision that no threshold exits
for the carcinogenic risk of airborne formaldeh .

As an endogenous and essential metabolite, formaldehyde is constantly
being formed within most tissues. There are homeostatic mechanisms to
control free formaldehyde concentrations within each cell. There must be
a concentration of airborme formaldehyde that would not. overwhelm the
homeostatic controls and change the intracellular concentration. This
implies that there is a “practical®™ threshold for the carcinogenic effects
of airborne formaldehyde. _

We hope these comments will help ARB improve the formaldehyde risk assessment
before it is finalized. We realize that most of our recommendations are very
general but the 30 day comment period provides little opportunity to develop
alternative proposals in any detail. If ARB staff would like to discuss these
comments, I can be reached at (415) 231-6027.

Covrert . il

R. D. White, Ph.D.
Toxicologist

RDW:tempS-co/0391-058
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S==7%,  Harawooa Plywood Manutacturers Assn. National Panticleboarc Association
{(hpma)i 1825 Micnael Faraday Drive 18928 Premiere Cour
/# Reston. Virginia 22020 Gaitherspura, Maryiand 2087¢
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March 26, 1991

Ms. Genevieve Shiroma, Chief

Toxic Air Ccntaminant Identification Branch
Stationary Source Division

Air Resources Board

Attn: Formaldehyde

P.0. Box 2815

1219 K Street

Sacramento, CA 95812

SUBJECT: Comments On Proposed Identification Of Formaldehyde
As A Toxic Air Contaminant Part A — Exposure
Assessment and Executive Summarv

A e e o it e A ————

Dear Ms. Shiroma:

We have reviewed the February 1991 preliminary draft of the

Part A - Exposure Assessment report on formaldehyde prepared by
the California Air Resources Board (CARB). These comments should
be considered preliminary with primary focus on the general
approach used by CARB in developing the formaldehyde exposure
assessment. A thorough analysis of the report would require
obtaining references not immediately available to us and
reviewing these references in context with the CARB report.
Moreover, indoor formaldehyde exposures involve a number of
complexities including the relationship of outside ambient levels
and indoor home background levels, source strengths and changes
in source strengths, the ability of home age analysis to
appropriately portray decay rates from products, and the effects
of infiltration rates on home levels. The time for response to
the report has not allowed us to undertake this type of thorough
analysis. Nevertheless, we have several major concerns with the

exposure assessment draft report.
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- In-Home Exposures Are Likely Overstated Relatiwve +2 Outdoor

Exposures
The "out-of-home" exposures displayed in the Executive

Summary (Page 8) of the CARB report are based on relatively new
information, whereas the data for the "in-home" exposures are
from older data. The result is that exposures for the in-home

' 62% time segment (14.9 hours) are overstated relative to the
out—-of-home (outdoor) 38% time segment (9.1 hours) of the 24-
hour day.

A. Out-of-Home Exposure Concentrations
The out-of-home average statewide formaldehyde exposure
of 4.4 ppbv, weighted by population, are derived from a summary
of data collected during September 1988 - Augqust 1989 as
summarized on Table IV-4 (pages A-34 and A-35) of the CARB draft
Exposure Assessment report. These data are significantly lower
than that reported by various other investigators for urban

areas.

Data shown on Table IV-3 of the CARB report and data referenced
in reports prepared during the 1970s and early 19805 for various
agencies are summarized below.

T o oa

. P A - F re Assessment draf report
" Table IV-3 (Page A-32) -of the CARB report llsts
Callforn-a ambient alr values from ¢.5 ppbv to 70
ppbv with the average point value or mid-range
value at 32 ppbv (19 data sets). Dates of the
measurements cited in this table were from 1980 to
1986 witk most in 1980. .
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Tnvestigation of Selected Potential Snvironmental
Contaminants: Formaldehyde (1976). One section
of this report, prepared for EPA in August 1976,

reviews atmosphere monitoring studies (See Appendix
A for copies of appropriate sections of this
report). The report references a study by
Altshullen and McPherscon (1963) that states that
formaldehyde concentrations of the Los Angeles
atmosphere averaged approximately 0.04 ppm

{40 ppbv).

Formaldehyde and Other Aldehvdes (1981). This
review report prepared by the National Research
Council summarizes data from urban areas including
Huntington Park, CA; El Monte, CA; Riverside,
CA;and Newark, NJ (see Appendix B for copies of
the section on urban atmospheres). In this
report, the NRC concludes:

"From these data and the more extensive data
from urban centers in 26 states and
Washington, D.C., it appears that the 24-h
average concentration of total aldehydes is
frequently above 0.1 ppm (12 ug/m’) in many
urban areas, but with wide variaticns; hourly
daytime averages may be near 0.05 ppm (60
ug/m’ and infrequently above 0.1 ppm (120
ug/m’) . "

Formaldehvde: A Survey of Airborne Concentrations

and Sources by Science Applications, Inc. (SAI) was
prepared for the California Air Resources Board in
1984. Ambient and commuter exposures values are
summarized as follows:
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"Hourly average formaldehyde concentrations at
the Lennox and Pico-Rivera monitoring stations
ranged from 7.3 to 18.2 ppb and 4.3 to 33.3
ppb, respectively, during the January 1883
sampling. Commuter exposures during this time
varied from 10.7 to 91.5 ppb.

“In the May-June 1983 sampling, cencentrations
at Pico-Rivera and Azusa were 2.0 to 17.0 ppb
and 5.6 to 23.3 ppb, respectively. Commuter
exposures in the summer sampling ranged from
11.3 to 22.5 ppb." '

While the state of California relied heavily on the Science
Applications, Inc. 1984 study for conventional home exposures,
there was little or no considerétion by CARB of outdoor levels of
formaldehyde reported by SAI as being particularly relevant in
the 1991 exposures assessment document.

The outside concentrations for urban atmospheres listed in the
four reports cited above differ significantly (by a factor of
about 2 to 12) from outdoor formaldehyde concentrations actually
used in the draft 1991 CARB exposure assessment. It is not
likely that the large magnitude difference can be explained only
by differences in sampling times, the time of day that samples
are taken, and changes having occurred in recent years to reduce
outside levels of formaldehyde. Other factors of importance.
could include differences due to different methods of analysis of
air samples, and the weighting and extension procedures used by
CARB in 1991 in making exposure assessments.

B. In-Home Exposure Concentrations

In contrast with the out-of-home CARB exposure

estimates, which relied on 1988 — 1989 data, the in-home exposure
assessment relied almost entirely on older data. 1If there have

4
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seen significant reductions in out-of-home formaldehyde exposures
during the past 5 to 7 years, it is likely that there also has
been significant reductions for in-home formaldehyde exposures.
There has been a great deal of emphasis in reducing building
oroduct formaldehyde emissions from federal agencies such as HUD,
CPSC and EEA, and states such as Minnesota in recent years.
Voluntary product standards were established during 1986 and 1987
for the three most important urea-formaldehyde (UF) bonded wood
products (particleboard, hardwood plywood and medium density
fiberboard) used in the interior of buildings. Records of the
Hardwood Plywood Manufacturers Association and the National
Particleboard Association indicate that emissions from these wood

products have declined 75 to 90% since the 1979-1981 period.

1) Pickrell Emission Rate Table

In respect to older data, the publication by CARB of
the 1983 table from Pickrell (Page A-40, Table IV-5 - Typical
Emission Rates of Continuous Indoor Sources of Formaldehyde) is
misleading, vastly out-of-date, and irrelevant ih respect to
current pressed wood products. Particleboard and hardwood
plywood complying with product emission standards established by
the U.S. Department ¢f Housing and Urban Development represent
prdducts with much lower emission rates than were available in
the early 1980s as shown in CARB Table IV-5. Formaldehyde
emission rates have also decreased for other listed products such
as textiles and paper products. Urea formaldehyde foam
insulation (UFFI) has virtually disappeared as a product although
some clder homes still contain UFFI. UFFI has no real relevance

for new manufactured or conventional home construction.

2} Manufactured {mobile) Homes

The California Department of Health Sciences work

5
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reported by Sexton et al. (Page A-45) is the primary basis for

the exposures of 1,000,000 manufactured (mobile homes) occupants
in California. The field data for this study was collected in
the summer of 1984 and in February of 1985 and included z_total
population of mobile homes (manufactured homes) built prior to
the February 1985 effective date of the U.S. Department of
Housing and Urban Development for formaldehvyde emission

requirements for garticleboard and plywood used in manufactured
homes. '

3) Conventional Homes
The 1984 Science Applications, Inc. (SAI) report by

Rogozen et _al. (Pages A-45 and A-48), describing formaldehyde
concentrations in 64 conventional (non—-mobile) homes, was
apparently used by CARB as the primary basis for determining the
50 ppbv average exposure of 29,000,000 (~97% of population)
Californians in conventional homes for 14.9 hours a day. The
field data for this study is older than the manufactured (mobile)
home data reported by Sexton et _al.

The SAI study in conventional homes showed that new homes (0 to 4
years old) had significantly higher formaldehyde concentrations
than homes in other age groups. Homes where cigarettes were
smoked, and homes with both gas cooking and cigarette smoking
alsc had higher formaldehyde levels. Group means for different
levels of smoking, however, were not sighificantly different.

Some unusual findings from the SAI study are described below:

. Mean formaldehyde concentration values summarized
on pages 5-22 through 5-24 of the SAI study show

concentrations higher in electric fuel homes at

6
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65.1 ppb (11 homes) than in gas fuel homes at 47.4
ppb (50 homes). Everything else being equal (air
exchange rates, nature of fprmaldehyde emission
sources), it would be expected that gas (a
combustion source) fuel homes would have higher
formaldehyde levels than electric fuel homes.

. Homes with UF foam would be expected to have
higher formaldehyde concentrations than homes
without UF foam. Four UF foam homes had an
average formaldehyde concentration of 49.3 ppb
while 60 homes without UFFI had an average
concentration of 49.9 ppb.

. Thirteen energy efficient homes (usually such
homes have significantly lower ventilation rates)
had a mean concentration of 50.7 ppb, only about 1
ppb higher than formaldehyde levels in 51 homes
not characterized as energy efficient.

*  Perhaps most unusual is that the 35 homes where
windows were open had a mean formaldehyde
concentration of 30.2 ppb, as compared with 29
homes with closed windows with a mean
concentration of 48.6 ppb. The similarity of data
between the 35 homes with open windows as compared
with the 29 homes with unopened windows indicates,
for the homes in this data set, that outdoor

concentrations may not have differed greatly from

indoor concentrations.

No doubt some of the data anomalies in this report are due to the

T
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'small number of homes in some of the comparison categories. The

lntroductory paragraph of the Statistical Evalua n of Results

(Page 1-14) section of the SAI report is as follows:

"Before discussing our findings, two limitations on the
results must be mentioned. First, project resources
were insufficient to permit a sample size large enough
to detect small differences among subgroups of the
residential sample. In addition, infiltration rates,
which can be critical in determining indoor air
pollutant concentrations, were not measured.”

It is unlikely that Rogozen and co-authors (SAI) would be
comfortable with the exposure assessment of 29,000,000
Californians being based on a 64 home study in view of the first

recommendation appearing in the report (Page 1-19}) .

II.

"Since indoor exposure comprises most of the total
exposure of the general public to formaldehyde, and
since exposures at the upper end of predicted ranges
can produce deleterious health effects, we recommend a
comprehensive field measurement program by the
appropriate agency to determine the causes of high
(e.g. greater than 100 ppb) indoor concentrations. Our
preliminary estimates indicate the need to sample a
minimum of S00 homes, using a stratified sampling
design.” o

Flawed 24-h' r osSUr ' att ifornia Citizens

While there is good basis for separating an average person’s

24-hour time into home (62%) and out—of-nome (38%), exposures
have been overstateg_for,the in-home segment and understated for
the out-of—-home segment. - Moreover, the assumption that out-cf-

home exposures are the same as outdoor exposures is incorrect.
Most out-of-home exposures would be in office buildings,

factories, schools, etc. and not outdoors. The fact that there

is limited formaldehyde concentration iniormation and,1imited

8
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information on the number and exposure patterns of people in such
buildings is no reason to oversimplify and use outdoor exposures
for 38% of the 24-hour period. It is very unlikely that

"averszge exposure in environments other than residences
is abcot the same as the outdoor population-weighted
exposuszz" (Executive Summary, Page 7).

Even assuming that outdoor fdfmaldehyde exposures can be used as
an adequate surrogate for out-of-home exposures there is
significant data which indicates that the 9.1 hours (38% of time)
that people spend‘out of the home would roughly ceoincide with the
highest outdoor formaldehyde levels. This would be the daylight
hours, the peak periods for photochemical oxidation formed
formaldehyde, and formaldehydé from motor vehicles. These are
the two most important sources of atmospheric formaldehyde. The
fbllowing figures in Appendix A and Appendix B show patterns of
higher levels of formaldehyde and aldehydes in the daylight
hours.

1) Appendix A
. Figure 11 (Page 97) - Formaldehyde concentrations
in urban atmosphere in Huntington Park, California
on October 22 and October 23, 1968.

2) Appendix B :
. Figure 5-2 (Page 39) - Hourly aldehyde
concentrations at Huntington Park and E1 Monte,

California in October 1968.

. Figure 5-3 (Page 40)- Concentrations of
formaldehyde and formic acid measured in Riverside,
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California at various times on October 14, 1877.

. Figure 5-4 (Page 41) Diurnal variation of
formaldehyde concentrations measured at Newark, New
Jersey in the summer of 1972, 1973 and 1974.

The absolute magnitude of atmospheric formaldehyde may have
decreased in recent years. It is unlikely, however, that the
pattern of higher relative formaldehyde atmospheric levels in the
daylight hours has changed.

Formaldehyde emissions from building products and various other
indoor sources are highly dependent on temperature. In general,
temperatures in homes are higher in the late morning and
afternocon hours than at night. Thus, the daylight hours from ~9
A.M. to ~6 P.M. (9 hour period) would include the times of
higher anticipated formaldehyde levels in homes. During these
hours, fewer people would be home; most would be at work, at
school, shopping or engaging in other activities.

Diurnal variations in formaldehyde formation and formaldehyde
release must be appropriately overlayed on movement patterns of
people over the 24-hour period. Since this was not apparently
done in the CARB exposure assessment, formaldehyde exposures have
been overstated for the 62% of the time people spent in the home
and understated for the 38% of the time people spend outside the

home.

III. Importance of UF-bonded Wood Products as a Formaldehyde

Emission Source is Qverstated
In the Introduction of Part A - Exposure Assessment

10
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(page A-1), the following statement appears in the last

paragraph:

"By far the largest source of formaldehyde indoors is
pressed wood products made with urea-formaldehyde resins"

In the first paragraph under section E. Indoor Exposure To
Formaldehyde (Page A-38) is the statement:

*Formaldehyde concentrations are generally much higher
indoors than outdoors due to the abundance of building
materials and consumer products in buildings that emit
formaldehyde."

On page A-38, in the last paragraph:

nBuilding materials (especially pressed wood products and
urea-formaldehyde foam insulation), because they emit
relatively large amounts of formaldehyde and are present in
large quantities, make the most significant contributicn to
indoor formaldehyde concentrations."

"In general, building materials tend to be the highest
emitters, followed by combustion sources, paper products,
new clothes, draperies and other fabrics."

The primary studies used by CARB in making their exposure
assessment (Sexton et al. for manufactured homes and Rogozen et

al. for conventional homes) contain little or no specific
information about formaldehyde emissions from UF-bonded building
materials. These two studies neither attempted to quantify the
amount of these building materials in California homes nor

provided emission characteristics for such products.

11
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The CARB investigation of source strengths and in-home exposures
rely on out-dated information from. the early 1980s. The primary
basis for statements regarding wood building products appears to
be the 1983 Pickrell paper (CARB Table IV-5). There have been
significant reductions in emissions from particleboard and
hardwood plywood since 1985 when the United States Department of
Housing and Urban Development and the state of Minnesota moved
forward with product emission requlrements for these products.
Moreover, since 1985 UF-bonded pressed wood products are used to
a lesser extent as building materials. This is particularly true
of manufactured (mobile) homes. "Particleboard," "interior
plywood®™ and "paneling® are the only products on the Pickrell
list for which there are mandatory emission standards. Thus,
UF-bonded wood products have likely become relatively less
important than those other products on this list and other indoor
formaldehyde sources not identified by Pickrell.

Another distortion created by the use of ocutdated data is that
the emission rates listed are essentially initial emissions and
do not account for "emission decay"™ (the change in emission rate
over time) from UF-bonded wood panels. For example, data from
four laboratories have been combined in a study that indicate
that initial emission leveis from particleboard decrease by half
in one year or less (see Attachment C: 2Zinn, Cline, and Lehmann,
"Long-Term Study of Formaldehyde Emission Decay from
Partiscleboard, " Forest Products Journal, June 1990) After about
a year, emission decay from a product contznues at a more
moderate rate until the product reaches equlllbrzum with the
indoor ambient concentration of formaldehyde.

Because of emission decay, UF-bonded wood bﬁilding products
prcbably contribute little to formaldehyde levels in homes built

12
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before March, 1980. California’s housing stock built before
March, 1980 is reported as 8.9 million or 80% of the total stock

(as of September, 1990) of about 11.1 million. This would also

represent about 80% of the household population of California.

IV; Conglusions

1)

2)

3)

The in-home levels of formaldehyde are very likely
overstated by CARB because the data (early and mid
1980s) used in making these assessment predates the
effective date of HUD and Minnesota standards for
formaldehyde emissions from urea-formaldehyde bonded
wood products. Reduction in emissions have occurred
from these building products and from many other
potential indoor emitters, such as textiles, over the

past 5 to 7 years.

outdoor formaldehyde concentrations are not an adequate
surrogate for out-of-home concentrations. Most people
spend most of the time out of the home in commercial,
institutional, or workplace buildings. Many of the same
inside sources of formaldehyde in homes (inside cooking
and heating; cigarette smoking; emissions from building
materials, furnishings, and other indoor emitters) are

also present in these buildings.

While atmospheric (outdoor) concentrations of
formaldehyde have likely decreased during the past 5 to
20 years, it is unclear that such reductions as
suggested by CARB (2 to 12 fold reductions) can be fully
explained by the 24-hour sampling period used by CARB as
compared with earlier sampling practices, reduction in

the number of point sources, and decreased formaldehyde

i3
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emissions from outside sources. Moreover, the daylight
hours, when most people are out of homes; coincide with
both outdoor and indoor peak exposures. Thus exposures
are overstated for the 14.9 hours (62%) that people are
in their homes and are understated for the 9.1 hours

(38%) that people are generally out of the home.

4) The importance of UF-bonded-wood building materials is
over emphasized as a source of formaldehyde;
particularly in the older housing stock in California:
In older housing, continual and episodic sources such as
gas cooking, unvented heating devices, cigarette smoking
and outside ambient air; and new furnishings and other
items later brought intc the home are much more
important than the building materials originally used in

constructing the home.

Sincerely, )

) Uetlonne S P in s
Wbl . Gk
William J. Groah ‘ William H. McCredie
Technical Director Executive Vice President
Hardwood Plywood Manufacturers National Particleboard

Association Association

Attachments {3)

14
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Environmental Activiies Staff

— Generai Motors Corporation
Co General Motors Technical Center

30400 Mound Road

Box 8015

Warren, Michigan 48030-9015

SM-2063
March 27, 1981

Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources Board

Attn: Formaldehyde

P.0O. Box 2815

Sacramento, CA 95812

Dear Ms. Shiroma:

Please find attached General Motors comments on the California Air
Resources Board preliminary draft report titled Proposed

Identification of Formaldehvde as a Toxic Aix Contaminant, dated

February 1991. General Motors comments focus on the following
points:
. The report significantly overstates the risk from outdoor

~ formaldehyde exposure due to motor vehicles, and does not
properly inform the reader that the risk from motor vehicle
formaldehyde emissions has been reduced dramatically over the
past 20 years and will continue to decrease substantially due
to CARB’s regulatory program for controlling criteria
pollutants; '

. The report fails to recognize the high level of uncertainty
introduced by extrapolating the effect of excessive
formaldehyde concentrations to low ambient levels; and

. The report disregards the potential existence of no~effect
threshold levels indicated by laboratory investigations.

If you have any questions concerning these comments, please
contact either J. M. Heuss or J. J. Vostal of my staff at 313-
947-1787 or 313-947-1637, respectively.

Singerely,

5/&«4//”

S. A. Leonard, Director
_Automotive Emission Control

000017
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GENERAL MOTORS COMMENTS ON
PROPOSED IDENTIFICATION OF FORMALDEHYDE AS A
POXIC AIR CONTAMINANT BY THE STATE OF CALIFORNIA

General Motors (GM) has reviewed the preliminary draft prepared by
the Staffs of the Air Resources Board and the Department of Health
Services and offers the following comments. While the document
indicates that formaldehyde may cause OI contribute to an increase
in mortality and illness, thereby posing a potential hazard to
human health, GM is concerned that the risk from present and future
ambient concentrations of formaldehyde is not put into the proper
perspective in the preliminary draft. In particular, the
preliminary draft fails to inform the reader that the risk from
outdoor exposures attributed to formaldehyde emissions from mobile
sources, while only a small portion of the total risk in
california, is significantly overstated in the preliminary draft.
In addition, the risk from both direct formaldehyde emissions and
indirect formaldehyde formation in the atmosphere as a result of
the use of motor vehicles has been reduced dramatically over the
past 20 years and will continue to decrease substantially due to
CARB’s regulatory program for controlling criteria pollutants.
Finally, part B, Health Assessment of Formaldehyde, while
introducing pharmacokinetic principles into the risk assessment
methodology, fails to recognize the high level of uncertainty
caused by extrapolating the effect of excessive formaldehyde
concentrations to low ambient levels and disregards the potential
existence of no-effect threshold levels described by recent
laboratory investigations..

Comments on Executive Summary

The discussion of the direct emission of formaldehyde and the
formation of formaldehyde from photochemical oxidation of
hydrocarbons includes estimates in "tons per year" but the
estimates are not referenced to a given year. The impression given
the reader is that these estimates have not varied in the past and
will not vary in the future. In contrast, the CARB regulatory
program for hydrocarbons has been reducing the emissions of both
direct formaldehyde emissions and formaldehyde precursors for many
years. The document should clearly indicate this very important
fact.

For example, the emission estimates for passenger cars in Appendix
I-B of Part A Exposure Assessment, when combined with the vehicle
miles traveled (VMT) estimates (February 1991 1, 3-butadiene
Exposure Assessment Dby CARB'), demonstrate that the formaldehyde
emissions from catalyst equipped vehicles have been reduced 88 or
89 percent compared to non-catalyst vehicles. The average emission
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rate of non-catalyst vehicles is estimated at 120 mg/mi, while that
of catalyst cars is about 14 mg/mi. Based on the inventory in
Appendix I-B, non-catalyst passenger vehicles contribute 12 percent
of the VMT but emit 52 percent of the direct formaldehyde emissions
and 38 percent of the Total Organic Gases (TOG) from passenger
cars.

Another way “o calculate the overall statewide average emission
rate of formaldehyde from the on-road vehicle fleet can be based
on the total VMT estimate in California (Reference 1: 6.1 x 10°
VMT/day) and the total emissions estimate in Appendix I-B (9386
tons/year). The average fleet-wide emission rate is 38.2 mg/mi.
This compares favorably with the average formaldehyde emission rate
in the 1987 SCAQS tunnel study of 42.1 mg/mi.?

Not only is the favorable comparison between emission estimates and
on-road measurements reassuring, but it gives us assurance that the
continued attrition of older, high-emitting non-catalyst vehicles
together with the addition of low-emitting catalyst vehicles will
continue to reduce ambient formaldehyde concentrations and any
associated risk. For example, CARB should use the significant data
from the Auto/0il Air Quality Improvement Research Program to
estimate future TOG and formaldehyde emissions from motor vehicles.

GM is also concerned that the Table of "Excess Potential Cancer -
Cases For California Exposure" on page 8 of the Executive Summary
overstates the risk from outdoor exposure to formaldehyde. The use
of the "out of home" category together with the assumption that the
out of home exposure is about the same as outdoor exposure will
leave the misleading implication that the "out of home" cancer risk
is associated with outdoor sources of formaldehyde. GM recommends
that the out of home category be broken down into three separate
sub-categories: offices and public buildings; outdoor exposures
in urban areas; and outdoor exposures in rural and remote areas.
These sub-categories have distinctly different exposures and risks
associated with them. Introducing additional exposure categories
will permit a better comparison of the specific risk contributions
from these exposures and can Dbe helpful in defining the most
effective risk reduction strategies. Table 1 illustrates that when
the outdoor and indoor fractions of the "out-of-home™ exposures are
separated, the overall contribution of motor vehicle emissions
represents a minimal fraction of the total exposure and public
health risk. This is important information since it shows that
the sources of personal exposures are producing a completely
different result than would be expected from the inventories of
outdoor formaldehyde emissions in California (Figures III-1 and
III-2, page A-13-14: 78% of the inventory is from mobile source vs.
1.4% contribution of mobile sources to personal exposures. This
corresponds to an estimated excess of six cancer cases per year.)
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Table 1. Exposure Contributions to Estimated Excess Cancer Cases from Caiffornia Exposure

Persons Conc.  Air Vol Dose Rate  Cancers Overall Risk
] Contribution
(mition)  (upm3) (mdday) (ug/day) (thousands) %)

in home

Conventional homes 29 61 kX ] 570 19.8 67.0
{50 ppbv)

Mobile homes 1 92 9.3 860 10 33
(75 ppbv)

of home - indoors

Office & public bidg. 30 3 7.43 230 83 28.1
{25 ppbv)

Qut of home - outdoors

Urban aress 20 54 3.27 177 04 14
{4.4 pplv) .

Rural arcas 10 15 327 49 0.06 02
(1.2 ppbv)® ‘

Total 3 _ 206 1000

* Rural concentraion used in U.S EPA'OMS assessment (Adier and Carey, 1989)
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Part A: Exposure Assessment of Formaldehyde

part A of the draft (Exposure Assessment) indicates that the
average formaldehyde inside offices and public buildings ranges
petween 2C and 60 ppbv (page A-47), significantly higher than the
4.4 ppbv =z:sumed in the Executive Summary. GM is particularly
concerned ..t the risk from smoking in offices and public
buildings - a.though briefly mentioned in the document - may be a
much more impeortant source of exposure than the outdoor
environment. Lofroth et al. (1989)° measured formaldehyde in
environmental tobacco smoke not only in experimental chambers but
also analyzed the air in a tavern during normal smoking conditions.
mhe formaldehyde concentrations were as high as 104 and 89 ug/m3
in two separate studies. Because people spend a significant
fraction of their "out-of-home”" time in these microenvironments,
this exposure and risk should not be ignored. Since the time spent
in public places represents a non-veluntary exposure, this
microenvironment may be particularly amenable to cost-effective
risk reduction strategies.

Concerning the outdoor exposures, the population in urban areas
(noted on page 3 as 20 million) should be used in assessing the
risk of urban environment. The fraction of time spent outdoors and
the volume of air inhaled per day should be adjusted taking into
account new literature data on human activity and behavioral
patterns (Ott, 1988)*. For example, people routinely spend about 15
percent of their time outdoors. Similarly, the balance of the
California population should be used, together with appropriate
concentrations and fractions of time spent outdoors, also for
outdoor exposures in rural and remote areas {(Table 1). The U.S.EPA
office of Mobile Sources estimated an average formaldehyde
concentration of 1.5 ug/m3 (1.2 ppbv) as the representative level
for the ambient concentrations in these areas’.

Part B: Health Assessment of Formaldehyde

The DHS Staff’s update of the health effects of formaldehyde is a
significant step forward in the evaluation of public health impacts
of air peollutants because it recognizes the importance of
pharmacokinetic principles in risk assessment methodology and
introduces a new concept of the tissue dose rate instead of the
administered dose into the risk estimation process.

In general, GM scientists agree with the document’s conclusion that
there is sufficient evidence that high concentrations of
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formaldehyde produce tumors in experimental animals. There is,
however, a considerable uncertainty whether or not the
documentation is sufficient to show that formaldehyde "should not
be considered to have a carcinogenic threshold" (Summary, page 1-
5).

The document acknowledges that “the mechanisms by which
formaldehyde causes cancer in experimental animals have not been
fully elucidated™. (page 2-5). The text also recognizes that the
main evidence of formaldehyde genotoxicity comes from in vitro
tests whose predictive significance has beer guestioned by many
scientists. There are many unresolved issues in the assumed
chemical carcinogenicity of formaldehyde, such as the need for
unwinding of the double helix molecule (cell replication) before
the interaction with formaldehyde can occur (Singer and Kusmierek,
1982)° and the apparent cell-cycle specificity of the chemical
(Swenberg et al., 1983)°. The exact mechanism responsible for
 formaldehyde carcinogenicity 1is obviocusly <complex and the
uncertainty of purely genotoxic action of formaldehyde is indicated
by the fact that neither the animal studies nor the experience in
humans have demonstrated any teratogenic or reproductive outcomes
of formaldehyde exposures, : '

Using a correct explanation of the carcinogenic action of
formaldehyde is important in the assessment of its public health
risks because of the uncertainties in extrapolating the effects of
high doses to low ambient concentrations. Considering existing
scientific views on the role of non-genotoxic factors in animal
testing (see Ames and Gold, 1990 et al.)®, the automotive industry
pelieves that the DHS Staff’s conclusion that formaldehyde “is
genotoxic and should not be considered to have a carcinogenic
threshold." (page 1-5) is an overly conservative conclusion because
the possibility of non-genotoxic mechanisms in formaldehyde
tumorigenesis has never been adequately excluded. Butterworth and-
Slaga (1991)° and Cohen and Ellwein, (1990)!° have demonstrated the
potential for chemically induced cell proliferation in animal
tumors, and the National Academy of Sciences is reviewing the
existing guidelines for chemical carcinogenicity testing under
similar concerns. Moreover, the scientific community at large
points out that under the current methodology, society can spend
"hundred of billions of dollars on programs that will have little
impact on human health" (Abelson, 1950) . ' ' '

The solely genotoxic character of formaldehyde is gquestionable
because of many experimental observations. First, the non-linearity
of formaldehyde response 'is well known and the formaldehyde-
induced tumors exhibit an extremely sharp dosc_a/response curve and
prominent species differences (Swenberg, 1983) . It is particularly
important to note that all animal experiments producing
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formaldehyde-induced tumors used levels that are orders of
magnitude higher than any monitored formaldehyde concentration in
ambient air. Second, data used in the document to estimate the
tissue dose reassure that "multiple naturally-occurring defense
mechanisms limit the amount of inhaled formaldehyde reaching the
DNA" (page 1-2, 2-7, 2-9). This suggest that the tissue dose must

exceed a discrete level "needed to exert an effect."”

Third, inhaiation of formaldehyde has been shown to form DNA-
protein crosslinks in nasal respiratory mucosa only when
concentrations were egqual to orx higher than 2 ppm and the formation
of crosslinks is interpreted in terms of a "provisional"
pharmacokinetic model incorporating oxidation of inhaled
formaldehyde as a primary defense mechanism (Casanova et al.,
1989)2, While the crosslinks document an interaction of
formaldehyde with DNA and offer a good index of tissue dose, the
authors explicitly warn that "since such a calculation involves
an extrapolation beyond the observable range, the results should
be regarded with caution. The data do not exclude the possibility
that at sufficiently low concentrations {(<0.1 ppm), all of the

inhaled formaldehvde is trapped in the mucous laver, and none is
absorbed into the cell" (Casanova et al., 1989) . The DHS document

R e e e e e e et

confirms on page 2-9 that"at Jow concentrations of formaldehyde

a detoxification takes place more efficiently than at higher
concentrations” and that only Mat sufficiently high exposure
concentrations the detoxification mechanisms become overwhelmed."”

These findings show more than anything else a well-established no-
effect level in the action of formaldehyde because not every
inhaled molecule of formaldehyde would reach the target tissue and
result in tumors. The cobservation of measurable crosslinks after
0.3 ppm exposures (Casanova et al., 1989)'* does not exclude the
presence of a threshold since this exposure level still exceeds the
ambient exposures by more than two orders of magnitude and the
threshold may be below this level.

In fact, all of these data gquestion preceeding statements in the
DHS document (page 1-3) that "using molecular dosimetry to
calculate the gquantity of formaldehyde reaching the site of action

provides a _non-threshold explanation ... ...describing the cancer
bioassay in rats."” If the DHS Staff accepts the molecular dosimetry
data as an index of "a more accurate dose.. ... providing a _more
accurate risk assessment", it should also pragmatically recognize

the possibility of a discrete threshold for the tumor producing
action of formaldehyde exposures. Or at least, the high level of
uncertainty in our understanding of the tumorigenic response and
in the extrapolation of high doses to low ambient concentrations
should be explicitly discussed in the document..
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General Motors believes strongly, that by referring to the
Casanova-Heck studies and accepting the molecular dosimetry
approach, DHS staff should no longer insist on "having not found
evidence of a carcinogenic threshold of formaldehyde (page 1-3).
Because of the presence of defense systems and the non-linear
response, the DHS assumption of DNA-crosslinking mechanisms as an
index of the tissue dose requires that the statement in the Summary
be changed and the "provisional"” risk extrapolation models modified
so that the possibility of a no-effect level is recognized.

'In addition, General Motors feels that the risk assessment should
include discussion on the alternative possibility that the tumors
may be product of epigenetic mechanisms (such as an increased cell
proliferation) because of the following observations:

(1) No respiratory tumor was reported in CIIT studies when
exposures were lower than or equal to 2 ppm and the response was
minimal (1/119) even at concentrations as high as 5.6 ppm,
indicating a non-linear carcinogenic effect with a documented no-
effect level in rats (Kerns 1983)Y. It should be noted that these
concentrations still exceed average ambient exposures by three
orders of magnitude; :

(2) An 18-fold increase in epithelial cell proliferation occurs in
nasal passages of rhesus monkeys after exposure to formaldehyde (6
ppm - Monticello et al., 1989)", documenting the non-specific
irritating action of high formaldehyde concentrations as a
plausible explanation of animal tumors; .
(3) Much higher levels of DNA crosslinking occur in rats compared
with rhesus monkeys when exposed to high concentrations = of
formaldehyde. This is explained by accelerated elimination of the
inhaled chemical or by a more effective DNA repair in subhuman
primates (Heck, 1989)%. Again, saturation kinetics of the defense
mechanisms that must be overwhelmed by excessive exposures
corroborates the non-genotoxic character of tumors and reaffirms
the existence of an observable threshold at low exposures.

(4) The high tolerance of rats to perorally administered doses of
formaldehyde (25 mg/kg/day) without - carcinogenic .effects
contradicts the systemic action of formaldehyde as a genotoxic
agent and confirms the predominantly local action of inhaled high
concentrations on the sensitive nasal epithelial cells (Til et al.,
1989)'; ‘ S —— ]
(5) Numerous epidemiological studies on occupationally  exposed
workers have failed to produce convincing evidence of a higher
cancer incidence in these populations in spite of elevated
formaldehyde exposures documented by metaplastic alterations on
nasal epithelium (Holstrom, 19897, Boysen, 1990%)
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TIMBER ASSOCIATION

OF CALIFORNIA

April 4, 1991
File No. 8115 (form.)

Ms. Genevieve Shiroma, Chief
Toxic Air Contaminant Branch
Stationary Source Division
P.0. Box 2815

Sacramento, CA 95814

RE: Proposed Listing of Formaldehvde as a TAC

Dear Ms. Shiroma:

The Timber Association of California would like to offer some comments on the draft
staff report for the proposed listing of formaldehyde as a toxic air contaminant. We
were observers during the April 3 workshop, but these comments did not seem
appropriate within the context of the more technical discussions that occurred there.

We fully support the comments of the representatives from the Formaldehyde
Institute, so did not provide technical comments of our own. However, we also have
some concerns with the treatment of "wood processing facilities” in the report.

Both in the staff report and during the workshop, it was suggested that there are
expected to be “hot spots" near “wood processing facilities”. We are unclear exactly
what a "wood processing facility” is, but in the context of this report it appears that
what is meant are fadlities producing reconstituted wood products (SIC 2493) and
plywood (SICs 2435 and 2436). The term "wood processing facilities", however, gives
the impression that all facilities handling wood, such as sawmills, remanufacturing
mills. etc., are potential "hot spot” sources. We request that this be clarified in the
report and that appropriate terminology be adopted.

Besides this general point, we are also concerned about the basis for such statements.
The ARB air toxics monitoring network is entirely oriented to urban exposure
monitoring. Consequently, only two of the sites (Stockton and Fresno) are even in
the same city or town as a wood products facility, and none are near a reconstituted
wood products facility. Thus, statements about potential wood products "hot spots”
are entirely conjectural and have no supporting basis.

Further, the one piece of data cited, the 1987 SARA Title Il reports, is clearly
erroneous. We believe that we know which two facilities are being referred to and
know that the data reported as 1987 emissions are incorrect. The emissions testing
at one of these facilities was riddled with errors and recent testing has shown actual
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emissions to be some 10 times lower. This correcton changed the estimated
emissions from 111 TPY (almost all of the amount reported in the staff report) to 12
TPY. The facility in question proposed to report these changes to the EPA database,
but were told that it wouldn’t be changed, so why bother! At any rate, it appears
that actual emissions from the two facilities are in the range of 10-15 TPY each. One
other facility that we recently acquired data on has emissions of only 1.5 TPY.

Of course, ARB staff could not be aware of these problems, so cannot be blamed for
such errors. However, we think that it is in the best interest of public policy to
ensure that accurate data is used. We are currently collecting information on the
formaldehyde emissions from the reconstituted wood products facilities that we know
of. We are only aware of 6 or 7 in the state (and 3 plywood plants), so should be -
able to collect this data very quickly. We will then provide this information to staff

for incorporation into the report.

We hope that these comments will help to ensure 2 clearer and more accurate final
document. Please contact our office if you should have any questions or wish to
discuss the data collection project.

Sincerely, . _
STEVEN PETRIN

Director
Environmental Affairs
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COMMENTS REGARDING DRAFT DOCUMENT ON
PROPOSED IDENTIFICATION OF FORMALDEHYDE
AS A TOXIC ATR CONTAMINANT

The Formaldehyde Institute, Inc. (the "Institute®)
appreciates the opportunity to‘comnent on the Preliminary Draft
Document of the California Air Resources Board on the "Proposed
Identification of Formaldehyde as a Toxic Air Contaminant®™ (Feb.
1991) (hereinafter referred to as "Draft Document”).

The Institute is a not-for-profit corporation whose
membership consists of firms and trade association#rrepresenting
all phases of the formaldehféé industry, including formaldehyde
manufacturers, resin and adhesive producers, textile and apparel
producers, plastics manufacturers, and wood product producers.

The Institute has among its charter purposes
sponsorship of research on safe use of formaldehyde and
presentation to government agencies of information relating to
formaldehyde so as to encourage responsible regulation of
formaldehyde and formaldehyde products. The Institute has
sponsored over $2 million in research on formaldehyde toxicology
and epidemiology, and significant further research has been
sponsored by member companies. The Institute has made extensive

prior submissions to California on formaldehyde issues.
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I. EXECUTIVE SUMMARX

The governing statute requires careful evaluation of
all data to support identification of a substance as a toxic air
contaminani. The governing statute defines "“toxic air
contaminant" as:

an air pellutant which may cause or contribute to an
increase in mortality or an increase in serious
jillness, or which may pose a present or potential
hazard to human health. '

cal. Health & Safety Code § 39655. 1In making a listing
determination, the agency is required to conduct a careful review
of all available data:

In conducting this evaluation, the State Department of
Health Services shall consider all available scientific
data . . .+

The evaluation shall assess the availability and
quality of data on health effects, including potency,
mode of action, and other relevant biological factors,
of the substances.

cal. Health & Safety Code § 39660(b), (c).
As currently formulated, the Draft Document does not
reflect such review:

(1) Although the praft Document has the worthy goal of
seeking to update EPA’s 1987 risk assessment, it does
not properly incorporate all of the relevant ,
mechanistic information regarding formaldehyde. EPA
recently has issued a revision to its risk assessment
yielding a prediction of risk much lower -- by a factor
of 10 to 100 -- than that provided in the Draft
Document. Further, cell proliferation data are
available; incorporation of that data would further
reduce the prediction of risk by over one order of
magnitude. The Draft Document should be revised to
reflect EPA‘’s updated analysis and the other available
data. : '

(2) The risk assessment uses an interspecies scaling factor
which significantly overestimates the true risk of

2
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formaldehyde exposure.

(3) The Draft Document does not provide a balanced
discussion of the formaldehyde epidemiology data. 1In
particular, the epidemiology data regarding lung cancer
do not show excess risk attributable to formaldehyde.

(4) The Draft Document improperly concludes that
formaldehyde is genotoxic in_vivo.

(5) The Draft Document relies upon poorly-conducted studies
in deriving a conclusion that formaldehyde is likely to
be carcinogenic by the oral route.

(6) The Draft Document incorrectly suggests that benign
tumors are meaningful in assessing cancer risk of
formaldehyde.

(7} The Draft Document gives undue weight to a few poorly-
controlled studies finding hyperplasia in exposed
workers. .

(8) The Draft Document’s exposure analysis is flawed.
Revision of the Draft Document would provide a sound“scientific
basis for a determination whethér listing formaldehyde as a toxic
air contaminant is appropriate.

It is especially significant that EPA has issued a
draft revised risk assessment and currently is in the final
stages of its process to issue its revised formaldehyde risk
assessment in final form. EPA expects to have the revised risk
assessment undergo final peer review in the next few months. A
brief delay in finalizing the Draft Document would enable
california’s risk assessment to reflect the expert analysis by

EPA and its outside reviewers and would aveid the confusion and

uncertainty that would result”from inconsistent approaches.
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II. THE DRAFT DOCUMENT DRASTICALLY OVERESTIMATES

A. The Evidence Shows that Formaldehyde
Is Not Genotoxic In Vivo

“he Draft Document’s discussion of genotoxicity is one-

sided, ignoring relevant evidence that formaldehyde is not
genotoxic in vivo. While formaldehyde has been shown to be
weakly genotoxic in vitro, it does not have the same effect in
the intact, healthy, live animal. The Brusick study' showed
formaldéhyde is not mutagenic at levels up to 25 ppm in live
animals repeatedly exposed through inhalation. In live animals,
the presence of various defense mechanisms (such as metabolic
deactivation of inhaled formaldehyde, celluiar repair processes,
and the protective action of mucus) affect the action of
formaldehyde.

A panel of scientists which reviewed the literature on
genotoxicity in a report for the Canadian government concluded:

The genetic toxicity of formaldehyde has been studies
extensively in both ip vitro and in vivo test systems.

The results of in vivo studies of genetic toxicity are
equivocal and postive results, when obtained, were
generally marginal and occurred only at very high
exposure rates (25 ppm) No consistent positive results
have been reported in dominant lethal studies in rats
and formaldehyde failed to induce micronuclei or
chromosome abberations in vivo.

While formaldehyde has been shown to be weakly
genotoxic in several test systems in vitro, there is no
substantial evidence that it is mutagenic in mammalian
systems in vive. The nasal mucosal epithelium has not

'Brusick, et al., "Genetic and Transforming Activity of
Formaldehyde," (April 1980).
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been studied in this regard. This lack of clear
evidence of genotoxicity in vivo may be explained by
the rapid metabolism of formaldehyde in intact animals.
I. Munro, E. Farber & L. Golberg, "Review of the Available
Information on the Health Effects of Formaldehyde on Behalf of
the Ontario Ministry of Labour" (Mar. 1985) (attached hereto as
Ex. 1). Genotoxicity studies are, of course, of less relevance
given the extensive data base on animal carcinogenicity and
mechanism research.
B. The Draft Document’s Risk Asseggment Overestimates Risk
The Draft Document recognizes the importance of taking
into account the extensive mechanistic data regarding
formaldehyde, and it attempts to incorporate some of that data
into its risk assessment. However, the Draft Document does not
properly incorporate all of the relevant and well-recognized
mechanistic data. The Draft Docﬁment cbmpounds its error by
applying a scaling factor for interspecies extrapolation from
rats to humans based on theoretical projeétions concluding that
humans are five times more sensitive than rats to formaldehyde
exposure. In fact, the rhesus monkey experiments recently
conducted by ciIT.provide a basis for a fisk asséssmenﬁ that does
not rely on a theoretical aﬁd_byer1y4cohseivative scaling factor.
The brﬁf%inscﬁﬁént réiieé eifeﬁéiéély_on the 1987
formaldehyde risk assessment document prepared by the U.S.
Environmental Protéctioh;Ageﬁcy. .Howeﬁér;.the Draft Document
fails to recognize that, in September 1990, EPA issued a draft

revision to its risk assessment document that properly

5
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incorporated the mechanistic data for formaldehyde -- DNA cross-
linking data in the rat and monkey =-- that had become available
during the intervening three years.? The difference between the
Draft Doc: =nt’s approach and EPA’s approach is stark. When both
the mechanis.ic data and the scaling factor are taken into
zccount, EPA’s 1990 unit estimate of incremental risk is 10 to
100 times less than thﬁt presented in the Draft Document.

EPA’s revised risk assessment was unanimously endorsed
upon peer review by the expert Science Advisory Board at its
meeting on October 25, 1990.7 EPA is expected to issue the risk
assessment in final form in the next few months.

The Draft Document relies upon EPA’s 1987 analysis as
the starting point for its risk assessment. The-1987 EPA
analysis is now out of date, and EPA is in the process of
revising its risk assessment. Instead of the 1987 analysis, the
Draft Document should be reﬁised to felyrupon the EPA revision
which has been publicly issued, endorsed by the experts, and is

soon to be finalized.

2rpA Office of Toxic Substances, "Formaldehyde Risk Assessment
Update - External Review Draft" (Sept. 24, 1990), Ex. 2.

3see "EPA Science Advisers Approve Use of New Dosimeter, Use
of Biological Data," BNA Chemical Regulation Reporter 1125-26 (Nov.
2, 1990); "Formaldehyde Seen as 25-Fold Less Risky in New
Assessment,® Pesticide & Toxic Chemical News 20~21 (Oct. 31, 1990}
(provided in Ex. 3). The members of the Science Advisory Board’s
Environmental Health Committee, which peer-reviewed EPA’s revised
risk assessment, included Warner North of Decision Focus, Mel
Anderson of CIIT, Bernard Weiss of the University of Rochester
School of Medicine, Richard Monson of the Harvard School of Public
Health, Ronald Wyzga of the Electric Power Research Institute, and
Fred Miller of Duke University Medical Center.

6
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1. \ L B i \ panistic Dat

As the Draft Document notes, there is strong evidence
that the cancer observed in rats at high doses is related to the
"cytotoxic® effects of those high doses, thus indicating that
cancer will not occur at low doses. CIIT research showed that a
10 to 20-fold increase in cell replication occurs when rats are
exposed to 6 or 15 ppm. In addition, at doses that do not
increase cell proliferation, biological protective mechanisms
(e.qg., cell repair, detoxification, mucus secretion and mucus
reactions with formaldehyde, and immunologic, tumor-associated
rejection mechanisms) prevent or mitigate carcinogenic effects of
formaldehyde.* As Dr. Swenberg concluded:

The overloading of protective mechanisms such as .

rucociliary clearance, metabolic detoxification and DNA

repair, and the stimulation of the proliferative
response by tissue injury are likely to be responsible
for the observed non-linearity in tumor response versus
administered dose. It thus appears that the ratio of

delivered to administered formaldehyde dose may be much
larger at high ambient air concentrations than it is at

‘For example, the nasal mucus acts as a protective barrier
against 1low concentrations of formaldehyde, but it Dbecomes
saturated and permits formaldehyde to reach the epithelial cells at
high concentrations. The Carcinogenicity Panel at the workshop on
formaldehyde sponsored by the National Center for Toxicological
Reseach ("NCTR") stated:: e 5

[I)ncreasing the exposure concentration of formaldehyde
from 6 to 14 ppm, less than a three-fold increase,
resulted .in a. 50-fold. increase in squamous cell
carcinomas in rats. Possible mechanisms for this include
impairment of mucociliary clearance, detoxification, and
DNA repair leading to greater effective target site
doses. ‘

Report of the NCTR Consensus Workshop on Formaldehyde, 58 Envt’l
Health Persp. 323, 341 (1984). X

7
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low concentrations.?

However, the Draft Document does not adequately account
for all of the recent mechanistic data. 1In 1990, Drs. Heck,
Casanova-Schmitz and Starr of CIIT published a comprehensive
article® based on ongoing primate studies following on their
previous experiments wlth rodents. The new research confirms
earlier CIIT findings that formaldehyde dose response is highly
non-linear; cell-proliferation caused by exposure to high
cytotoxic doses appears to represent the mechanism of
formaldehyde carcinogenicity. CIIT concludes that the new data
demonstrates that the toxic effects induced by formaldehyde
depend non-~linearly on concentration and are highly tissue-and
species-specific. The "Conclusions®” section of CIIT’s article
summarizes the major advances that have been made in recent years
on the implications of mechanistic data:

(1) Concentrations that are demonstrably‘
carcinogenic are also cytotoxic and increase cell
proliferation in the nose. Increased cell turnover is
an extremely important, and possibly essential,
component of the carcinogenic mechanism of
formaldehyde. The rate of cell proliferation in the
nasal mucosa of rats exposed to a constant total dose
of formaldehyde increased with 1ncrea51ng

concentrations.

(2} Increased turnover resulting from a single

‘swenberg, et al., "Non-Linear Biological Responses to
Formaldehyde and Their Implications for .Carcinogenic Risk
Assessment," cCarcinogenesis 4:945, 950 (1983) (emphasis in
original). On the significance of non-linearity generally, see
Hoel, et al., "Implication of Nonlinear Kinetics on Risk Estimation
in Ccarcinogenesis," 219 Science 1032 (Mar. 4, 1983).

‘Heck, Casanova-Schmitz & Starr, "Formaldehyde Toxicity -- New
Understanding," Crjt. Rev. Toxicol. 20:397-426 (1990).
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infliction of severe tissue damage was insufficient by
itself or when coupled with exposure to a low
concentration of formaldehyde (< 1.0 ppm) to induce
nasal cancer in rats. A statistically signlficant
tumor incidence was observed only when tissue damage
took place in conjunction with exposure to a very high
concentration (e.g., 10, 15, or 20 ppm). The
concentration of formaldehyde delivered to cells of the
nasal mucosa increases nonlinearly with the airborne
concentration, with rapid increases occurring at
concentrations above 2 to 3 ppm. . . -

* * * L

(4) The nonlinear concentration dependence of
DNA~-protein cross-link formation and the predominant
role of concentration in determining cell turnover and
mutagenic efficiency strongly suggest that the
intracellular concentration of formaldehyde is
modulated by saturable defense mechanisms. . . .

(5) Lesions induced in the rate nose (squamous
metaplasia and epithelial hyperplasia) by a subchronic
exposure to 10 ppm of formaldehyde were reversible if
exposure was discontinued before 8 weeks. Irreversible
lesions were induced by exposures for longer times or
to higher concentrations.

' (6) Formaldehyde-induced lesions in the -
respiratory tract of monkeys exposed to 6 ppm for

6 weeks were similar in nature to those observed in
rats. However, the lesions were more widespread in
monkeys than in rats exposed under the same condxtxons,
while the concentration of DNA-protein cross-links in
the turbinates and anterior nose following a single
exposure to ["“C]) formaldehyde was significantly lower
in monkeys than in rats. Cross-links were also
detected in more distal regions of the respiratory
tract of some monkeys exposed to 2 or 6 ppm, but not to

ol? ppm.

(7) Formaldehyde failed to induce hepatotoxicity,
immunotoxicity, or DNA-protein cross-linking at sites
remote from the site of deposition following inhalation
exposures, it failed to induce hepatotoxicity followlng
oral exposures, and it failed to induce tumors in rats
. when administered at high concentrations in the
drinking water. Formaldehyde concentrations in the
blood of rats, monkeys, and humans were not
significantly increased by inhalation exposure.
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reduction

Id. at 41

(8) Inhaled formaldehyde does not impair
pulmonary function and does not induce airway
hyperreactivity in humans at airborne concentrations as
high as 3 ppm. In Rhesus monkeys, absorption occurs
primarily in the nasal cavity, and very little
penetrates to the lung, especially at low
~oncentrations. The concentration of DNA-protein

-oss-links in nasal cavity tissues of Rhesus monkeys
wi.s about an order-of-magnitude lower than in the nasal
mrcosa of rats.

CIIT concluded that the primate data should result in a
in the cancer risk estimates for formaldehyde:

By utilizing DNA-protein cross-links as an internal
dosimeter, the Rhesus monkey is predicted to be at much
lower risk of nasal cancer than the rat. [Citations
omitted] Thus, assuming that the monkey is susceptible
to formaldehyde~induced carcinogenesis, the upper bound
estimate of risk to the nasal turbinates and anterior
nasal mucosa is 13 to 20 times smaller between 1.0 and
0.1 ppm than that predicted for the rat based on the
administered concentration (column 5; "DPC/Monkey").
The maximum~likelihood estimate of risk for the monkey
is between four and five orders-of- magnitude lower
than that predicted for the rat over the sane
concentration range.

In Rhesus monkeys, absorption occurs primarily in the
nasal cavity, and very little penetrates to the lung,
especially at low concentrations. The concentration of
DNA~protein cross-links in nasal cavity tissues of
Rhesus monkeys was about an order-of-magnitude lower
than in the nasal mucosa of rats.

, 43.7

'similarly, a recent summary of the data by Dr. Starr, formerly

of CIIT,

concluded:

An impressive array of data points to significantly

nonl

inear relationships between rodent tumor incidence

and administered dose, and between target tissue dose and

admi
monk
inha
cova
low

nistered dose (the latter for both rodents and Rhesus
eys) following exposure to formaldehyde by
lation. Disproportionately less formaldehyde binds
lently to the DNA of nasal respiratory epithelium at
than at high airborne concentrations. Use of this

internal measure of delivered dose in analyses of rodent
bicassay nasal tumor response yields multistage model

10 ,
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A report by V. Feron and R. Woutersen, "Role of Tissue
Damage in Nasal Carcinogenesis“ {TNO-CIVO) (presented to
Toxicology and Nutrition Institute, Zeist, The Netherlands)
(Sept. 1988) (the "Feron Report"), concluded from the CIIT data
that human exposure to non-cytotoxic levels of formaldehyde
represents a negligible cancer risk. Feron fqund that malignant
tumors occurred in rats exposed to 10 ppm, concentrations that
were observed to cause severe tissue damage. The Feron Report
provided examples of human cancers which develop in chronically
injured tissue, such as skin cancer and colon cancer, and noted
that "([clytotoxic effects and epithelial hyperproliferation
appear to play an almost essential role in the development of
nasal tumors in rats exposed to formaldehyde. "

With respect to the Feron study and a more recent study

by Woutersen,® CIIT recently stated:

: t t i a issu
damage and cancer can occur in rats exposed
subchronically to formaldehyde, but that the induction

T - L eicne
The jimportant studies of Woutersen et a). indicate

estimates of low-dose risk, both point and upper bound,

that are lower than equivalent estimates based upon

airborne formaldehyde concentration. In addition, risk

estimates obtained for Rhesus monkeys appear at least
10-fold lower  than corresponding -~ estimates = for

jidentically exposed Fischer-—344 rats.

Starr, mguantitative Cancer Risk Estimation:for;Formaldehyde,“
10 Risk Analysis 85 (1990). - :

Woutersen, et al., "Nasal Tumors in Rats After Severe Injury
to the Nasal Mucosa and Prolonged Exposure to 10 pph Formaldehyde,"

J. Appl. Toxicol. 9:39 (1989).
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t i d c toxici e t A4
induction of nasal cancer by formaldehyde. Two major
effects of an increased rate of cell turnover are an
increase in the number of cells that are at potential
risk of suffering a heritable mutation, and an increase
‘n the probability that a mutated cell may redivide and
~haps experience further DNA damage, ultimately
¢ .-aerating a transformed cell population. The
experiments of Woutersen, et al., [footnote onitted)
suggest that increased cell replication due to a single
tissue injury is probably insufficient in itself or
when coupled with a chronic exposure to a low
concentration (< 1.0 ppm) of formaldehyde to generate a
population of fully transformed cells. A significant
increase in the incidence of nasal cancer was only
observed when the increase in cell turnover took place
in conjunction with a chronic or a subchronic exposure
to a very high concentration of formaldehyde, i.e., 10,
15, or 20 ppm. ({footnotes omitted)

CIIT, supra at 15-16.

CanTox, Inc. has conducted a comprehensive literature
review of all formaldehyde health effects studies, including
laboratory animal and human epidemiology studies. CanTox
prepared a biological risk assessment utilizing data on
respiration rate, respiratory tract physiology, mucoéiliary
clearance mechanisms, cytotoxidity, and DNA repair. CanTox,
Inc., "Biological Risk Assessment of the Potential Carcinogenesis
from Exposure to Airborne Formaldehyde," (Oct. 27, 1988}, Ex. 4.
canTox reached the following conclusion:

the data demonstrate that the no effect level for

carcinogenicity of formaldehyde is 1 ppm and an

assessment of biological relevance of available

formaldehyde data indicates that an exposure level of 1

ppm or less would eliminate the risk of developing

cancer in humans.
Ig. at wviii.

CanTox reached the feollowing findings with respect to

12
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specific aspects of the biological-data:

Protective Mechanisms. The average human adult
produces about 51 grams per day of formaldehydé as a metabolite
for use in building essential body chemicals and in breaking down
qther chemicals. In contrast, a person continuously exposed to
1 ppm of formaldehyde for 24 hours would take in 24.6 milligrams,
over 2,000 times less than that produced in the body. CanTox
concluded that "{t]he addition of such a tiny fraction tc¢ the
body pool would not be expected to add significantly to the risk
of developing formaldehyde-induced systemic effects" and that
"[a]t diminished delivered doses [less than 2 ppm], it is
reasonable to expect that normal cellular metabolism and DNA
repair would adequately protect cellular systems from adverse
effects of formaldehyde. These mechanisms exist to protect
against adverse effects from normal endogenous
formaldehyde. . . .*°

Cell Proliferation and DNA repajr. CanTox reached the
following conclusidnsrregarding the biological data that indicate
a non-linear respohse to formaldehyde -- in bther words, that the

cancer observed in laboratory rats at 14.3 ppm results from-

ScanTox referred to studies by CIIT using rhesus monkeys that
showed no significant increase in blood formaldehyde concentration
following exposure to 6 ppm for four weeks .and finding that, at an
exposure of 6 ppm for one and six weeks, only effects on the nasal
cavity, larynx, trachea and upper bronchi, and not in the lung or
other organs, were observed. JId. at 31-32, 74 {citing Casanova-
Schmitz, et al., "Formaldehyde (HCHO)} Concentrations in the Blood
of Rhesus Monkeys Exposed to HCHO by Inhalation" (1989);
Monticello, et al., "Effects of Formaldehyde Gas on the Respiratory
Tract of Rhesus Monkeys" (1988)).

13
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persistent cytotoxicity at high doses and would not be expected
to occur at lower levels:

[AjJbove 2 ppm . . .{n]Jormal metabolism and repair
functions would begin to become saturated and there
‘rould be a greater chance of formation of DNA-protein
wross~links from formaldehyde. Increased cellular
injury would produce a hyperproliferative response and
the resulting increased cellular turnover would further
increase the DNA-protein cross-linking with
formaldehyde.!?

Id. at wvii.

Interspecies varjation. CanTox noted that "[t]he
occurrence of high local concentrations of formaldehyde in the
rodent, as influenced by the unique geometry of the rat nasal
cavity, leads to hyperproliferative responses that are critical
to the development of cancer in that species." Applying the
recent CIIT data, CanTox also concluded that there are
substantial species differences which make humans less
susceptible to the effects of formaldehyde than rats:

The respiratory tract of humans more closely resembles

that of the monkey than the rat. Therefore, based on

species differences in breathing patterns, respiratory
tract physiology and doses of formaldehyde delivered to
nasal tissues, the linear extrapolation of formaldehyde

data from rodents to humans would result in an
overestimation of expected cancer incidence.

YcanTox also described the recent results of an improved
analytical method developed by CIIT to determine the extent of
binding of formaidehyde to mucosal DNA. The data based on rats
exposed to 0.3, 0.7, 2, 6 and 10 ppm formaldehyde confirmed the
non-linearity of covalent binding: " (1) at the limit of inhaled
formaldehyde concentration approximately 12% of absorbed
formaldehyde is bound to DNA (88% is detoxified; (2) the
detoxification pathway is half-saturated at an airborne
concentration of 2.6 ppm; and (3) the limiting slope of the
concentration-response curve for DNA-protein cross-linking at high
concentrations." JId. at 86 (citing Casanova-Schmitz, et al.,

sugra).
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Id. at vii-viii.
Based on review of these data, CanTox concluded:
Assessment of the factors that affect tumor
development, respiratory patterns, respiratory tract
physiology, mucociliary clearance, rate of cell
turnover, detoxification metabolism, DNA-binding and
DNA repair, and lower delivered doses of formaldehyde
to nasal tissues of primates compared with rats leads
to the conclusion that at 1 ppm the operation of
protective mechanisms would eliminate the risk of
developing formaldehyde—-induced cancer of the upper
respiratory system.

Id, at 195,

2., The Revised EPA Risk Assessment Properly Reflects
=Avajlab echanisti a

Although the Draft Document recognizes that use of
mechanistic data can improve formaldehyde risk assessment, it
does not reflect all of the available information including EPA‘s
recent revision to its risk assessment and further data regarding
cell proliferation. 1In addition to the discussion beloﬁ, these
issues are addressed in detail in the attached comments of-Dr.
James A. Swenberg (Att#chment A) and of Dr. Thomas B. Starr
(Attachment B).

EPA has revised its 1987 risk assessment tprincorpofate
much of the currently-available mechanistic data -- the DNA
cross-linking data in rats and rhesus monkeys developed by CIIT.
EPA carefully éonside:ed'the'appropriaté,usgs;of the bNA cross-—
linking data. EPA sﬁecifically determineq that the Dﬁh cross~
linking data was a proximate measure of dose more repfesentative
of exposufe than airborne levels and that analytical improvements

since 1987 supported the use of the cross-linking data as the
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measure of dose. See EPA 1990 Risk Assessment, Ex. 2, at 10-19.

Although the Draft Document recognizes the utility of
the DNA cross-linking data, it does not fully reflect the
available cdata in its risk assessment;

EPA constructed a linear interpolation model for the

‘data and was able to use a "two stage"™ multistage model fit. See

EPA 1990 Risk Assessment at 56-58, 65-70.

EPA considered in detail whether the monkey DNA cross-
linking data or the rat DNA cross-linking data is the best
measure of internal dose. Although EPA stited that-the rat data
are more conservative, EPA noted that the monkey data are
significant in view of the similarity of the species and
breathing patterns and the comparable toxic response between rats
and monkeys. EPA 1990 Risk Assessment, Ex. 2, at 5, 61. EPA
noted that the Heck (1990) study had found more widespread DNA
cross-linking in the respiratory tract of monkeys than in rats.
However, EPA concluded that ﬁhis effect occurred only at high
exposures where biological protective mechanisms would be
overwhelmed, and therefore would not be expected to occur at the
ljow levels to which humans are expésed. At such levels, the
effects in monkeys were confined to anterior portions of the
upper respiraﬁory tract. See EPA 19390 Risk Assessment at 58-60.

Use of the DNA cross-linking data siénificantly lowers
the risk estimate compared to EPA’s 1987 risk assessment. EPA’S

1990 prediction of incremental unit risk at exposure levels less

than 0.3 ppm is 3 x 10%/ppm for continuous daily exposures using
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the rat DNA cross-linking data' and 3 x 10*/ppn for continuous
daily exposures using the monkey DNA cross-linking data. These
are factors of two and 20 less than the Draft Document’s unit
risk of 6 x 10°/ppm, prior to application of the scaling factor
used in the Draft Document, and are factors of 10 and 100 less
than the Draft Document’s final prediction of risk using the
scaling factor.
As EPA stated, the predicted risk level using the rat
DNA cross-linking data is believed to overestimate true risk, for
three reasons. First, EPA reiterated that the data showing lower
DNA cross-linking in monkeys are more significant to the likely
effects in humans:
As stated before, nonlinear dose responsés for nasal
tumors in rats and {DNA cross link] formation as well
as mucociliary clearance, cell proliferation,
cytotoxicity, and nonneoplastic pathology in rats and
monkeys argue for the true risk being well below that
predicted by the upper bound. . . .
Rat-based estimates may be too high at a given exposure
concentration, due to differences in breathing
patterns.
EPA 1990 Risk Assessment, Ex. 2, at 4, 70. Second, EPA noted
that airborne concentration ié a ﬁore important exposure
parameter than total dose:
The combined results of several toxicologic studies
further support the importance of airborne formaldehyde
concentration in the induction of toxic effects.
inhalation exposure to a low level of formaldehyde for

a long duration of daily exposure {1 ppm for 22 hours)
over the course of 6 months does not cause lesions in

ifor six-hour exposures using the rat data, the risk
prediction was 7 x 10%/ppm.

17
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the rat nose. In contrast, subchronic or chronic
inhalation exposure to higher formaldehyde
concentrations (2-4 ppm) but with a shorter duration of
daily exposure (6 hours) produces varying degree of
nasal damage in rats. . . .
All these findings demonstrate that airborne
“ormaldehyde concentration is an important exposure
parameter and imply that the utilization of lifetime
average daily concentrations for risk quantification
purposes may overestimate risk potential by arbitrarily
lowering the dose at which adverse effects are -
observed.
EPA Formaldehyde Risk Assessment Update -- Preliminary Analysis
Discussion of Evidence, Sept. 28, 1990, EX. 5, at 4; see Comments
of Dr. James A. Swenberg, Mar. 25, 1991, at 4; Comments of Dr.
Thomas B. Starr, Mar. 26, 1991, Attachment B, at 6. Third,
recent data also show the importance of cytotoxicity and cell
proliferation in carcinogenesis. Further data regarding cell
proliferation currently is being developed, and EPA deferred
consideration of that data pending further work. Further data is
now available, and incorporation of that data would further
reduce the prediction of risk by over an order of magnitude. See
comments of Dr. James A. Swenberg, Mar. 25, 1991, Attachment A;
comments of Dr. Thomas B. Starr, Mar. 26, 1991, Attachment B, at
2, 6-7; Comments of CIIT to EPA, Oct. 25, 1990, Ex. 6; Comments
of Dr. James A. Swenberg to EPA, Oct. 19, 1990, Ex. 7.
The Draft Document has relied upon and endorsed EPA’s
1987 risk assessment analysis. That analysis has nbw"been

recognized by EPA to be out-of-date. The Draft Document should

be revised to reflect EPA’s most current analysis.
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3. The Risk Assessment Uses
an Improper Scaling Factor

There is no basis for the Draft Document’s use of a
theoretical scaling factor adopting ﬁhe position that humans are
more susceptible to formaldehyde than the rat. In the case of
formaldehyde, extensive available data show that humans are less
susceptible to the effects of formaldehyde. These data include
the fact that humans, unlike the rat, are not obligatory nose
breathers and the recent data showing that monkeys had lower
levels of DNA cross-linking than did rats.??

As discussed in detail in the Comments of Dr. Thomas B.
Starr, Mar. 26, 1991, Attachment B at 3-6, the availability of
the monkey DNA cross-linking data, which is uniquely available in
the case of formaldehyde, confirms the inappropriateness of the
scaling factor. EPA conducted the following analysis:

In the absence of detailed pharmacokinetic or
mechanistic data, one of EPA’s default positions with
respect to equivalence of dose across species has been
that inhalation exposures expressed as continuous
lifetime average concentrations are assumed to pose
equivalent carcinogenic risks across species. This
follows from a consideration of the allometry of
inhaled doses. A larger animal has a lower surface-to-
volume ratio, so that there is less surface to react
with inhaled formaldehyde per unit volume of air. A
larger animal would be expected to have a higher
concentration of DPX, all else being equal. Since some
formaldehyde is known to be breathed back out and some
is absorbed into the systemic circulation, the critical
issue in determining relative rates of DPX formation is
in understanding the rates of the various other
processes removing formaldehyde from the lumen of the
nasal passages. There is no particular reason to

ZppA 1990 Risk Assessment, Ex. 2, at 14, 16, 64; CanTox
Report, discussed at pages 13-14, supra; Discussion of DNA cross-
linkg data at pages 16-17, supra. :
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expect differences across species in the ratios of
these rates, so the amount of DPX per mg of DNA would
be expected to be about equal.

. . . The EPA assumed that carcinogenic risk is
proportional to the DPX level. The assumption implicit
in this approach is that humans would experience the
same risk as monkeys at a give ambient formaldehyde
concentration, because their covalently bound DNA
concentrations, and their breathing and deposition
patterns, would be similar. This approach acknowledges
the differences between rodent and primate respiratory -
anatomy and dynamics.

EPA 1990 Risk Assessment, Ex. 2, at 61.

Based on the extensive available data, EPA specifically
rejected use of a scaling factor that would increase the
predicted risk to humans. EPA stated:

Since the DPX were lower in the monkey nasal mucosa,

use of the rat-based estimates, without adjustment for

monkey DPX formation, possible overestimates the
probability of nasal tumors in primates. On the other
hand, the monkey-based estimates may be too low,
because the DPX levels measured in the nasopharynx of
monkeys, corresponding to a site having strong
association of tumor incidence in humans, are not

considered in the derivation of risk estimates. . . .

The lifetime risks to humans could be expected to be

somewhere between the monkey- and rat-based risk

estimates.
EPA 1990 Risk Assessment, Ex. 2, at 70-72.

Accordingly, the presence of mechanistic data in the
rat and monkey render inappropriate the use of a theoretical
interspecies scaling factor in the case of formaldehyde. The
data demonstrate that the rat-based estimates overestimate risk.
At a mihimum, the Draft Document should be revised to use the
highly-conservative approach adopted by EPA -- use of the DNA
cross-linking data without further application of a scaling

factor.
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c. The Discussion of the Epidemiology Data is One-Sided
and Does Not Appropriately.neference the Findings
[»)

The Draft Document’s discussion of ﬁhe human cancer
data is one-sided and does not provide an overview of the
extensive epidemiology data base. The Draft Document -- implying
that many sites are in excess (ignoring that sporadic excess may
be due to chance and other factors), asserting that formaldehyde
may cause cancer at remote sites, and contending that very low
formaldehyde levels elevate cancer risk -- differs from the
positions taken by consensus panels and from a review of the
epidemiclogy data taken as a.whole. In the discussion of lung
and pharyngeal cancer, the Draft Document cites Blair, Vaughan.
and Acheson without giving full weight to the published
conclusions of each of tﬁese well-credentialed investigators.®”

1. Overview of the Formaldehyde
Epidemiology Data Base

'Aithdﬁgﬁ.fbfi;ldéhyde has been widely used in the
workplacé.for no;é-fgan ﬁinefj years; at levels substantially
higher than current occupational exposures or levels attributable
to to:naldehyde products, epideniologié studies covering
thousands of workers show no overall excess cancer risk among
formaldehyde workers. The numerous epidemiology studies reported
to date wheﬁ viewe& coliectively do not deménsfrate that

formaldehydé enhancéé-or increases background incidence of

Byn addition to the discussion below, an overview of the
epidemiology data is provided in the Comments to EPA by Dr. John
Higginson of Georgetown University Medical Center, Oct. 22, 1990,
Exl 8. ’
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cancer. Individual studies may cover too small a sample to be

dispesitive, but it is important to note the aggregate size of

the variou

s individual study cohorts is substantial. The

epidemiolecgic evidence is especially significant because past

workplace

exposures were much higher than those observed today,

and yet no association has been shown. While sporadic excesses

may have occurred and would have been expected, there is a lack

of a consistent pattern of excesses at specific sites."

The Draft Document differs from NCTR, OSHA and EPA in

finding remote sites (beyond the upper respiratory tract) in

excess. There are, however, recognized tests for evaluating an

epidemiologic study to provide evidence that a suspected factor

is a cause of a disease: strength of the association,

consistency between studies, dose-response relationships,

4p 1985 Canadian government panel concluded with respect to
the epidemiologic evidence:

Munro, et

Certain patterns appear to be evident to date. One
obvious pattern is the absence of any indication that
individuals exposed to formaldehyde (as well as other
chemicals simultaneously) have shown an increased risk of
developing any neoplasms of the wupper or lower
respiratory tract including the nasal mucosa and bronchi.
This pattern was seen in all studies reported. This
negative trend seems also to be present for chronic
respiratory disease, especially emphysema.

Another pattern that emerges is the absence of a
reproducible increase in incidence of any single type of
cancer in all the groups exposed to formaldehyde
occupationally. Although some individual studies do show
increased standardized mortality ratios for one or more
types of cancers or other chronic diseases, the patterns
are not reproducible from study to study.

al., Ex. 1, at 8.
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specificity, biological plausibility, and coherence. Absent
assessing the epidemiology evidence against these criteria,
chance and confounding factors cannot be eliminated.

Recently a distinguished panel of scientists headed by
pr. John Higginson, the former chairman of the International
Agency for Research on Cancer (IARC}, issued a feport based on
review of all of the human epidemiologic studies, including the
recent NCI data. The Ad Hoc Panel on Health Aspects of
Formaldehyde, convened under the auspices of Universities
Associated for Research and Education in Pathology ("UAREP"),
concluded that there is no convincing evidence of human cancer
risk:

Two conclusions from this review that would have

widespread agreement among epidemiologists are: (1)

for no malignancy in man is there convincing evidence

of a relationship with formaldehyde exposure; and (2)

furthermore, that if a relationship does exist, the

excess risk, in absolute terms, must be small.

UAREP, "Epidemiology of Chronic Occupational Exposure to

Formaldehyde,™ Tox. Ind. Health 4:77 (1988)."

lRespecting specific sites for cancer, UAREP found:

o mn[Njeither the presence nor the absence of an
association between formaldehyde exposure and
sinonasal cancer can be sajid to be firmly
established. It should be noted that even a
doubling of this rare form of cancer represents a
very small absolute risk." :

* Regarding npasopharvngeal cancer, "These shortcomings
. and inconsistencies [of the epidemiologic studies)
jndicate that the association of nasopharyngeal
cancer with formaldehyde exposure must be regarded
as weak. However, it is to be noted that despite
extensive studies no definite evidence exists in
humans that nasopharyngeal cancer can be produced by
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The epidemiologic studies are discussed below, looking
at particular cancer sites: upper respiratory (nasal and
pharyngeal and buccal cavity), lung, and rehote sites such as the
brain.

2. Upper Respiratory cancer

If formaldehyde were to ﬁose a cancer risk to man, it
is likely that it would be a risk of upper respiratory cancer
(i.e., nasal or nasopharyngeal/buccal cavity), for two reasons.
First, for known carcinogens, cancer in humans usually occurs at
the same site where it is observed in the experimental animals;
only nasal cancer was observed in the CIIT tests.. Second,
formaldehyde is rapidly metabolized by the human bedy. It is
highly unlikely that it would travel to points in the body beyond
the site of contact. As the NCTR Consensus Panel stated, "[t]he
data now available lead the Risk Estimation Panel to believe that
the target sites of formaldehyde are not primarily distant from
the site of exposure."'®* Based on knowledge of the mechanisms of
toxicity, metabolism, detoxification, repair and carcinogenicity

of formaldehyde in animals, it is unlikely that formaldehyde

inhaled carcinogens."

° "More ‘data are available about lung cancer and
formaldehyde than for any other topical site . . . .
Overall, the evidence is not indicative of an
association between formaldehyde exposure and lung
cancer risk."

Id. at 81-83.

¥NCTR Report at 355.
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would have an effect other than at its point of contact.'

The epidemiologic studies are examined below with
respect to upper respiratory cancer, first for nasal cancer, then
for nasophafyngeal/buccal cavity cancer.

a. Nasal Cancer

Given the likelihood that nasal cancer would be the
observed effect if formaldehyde were carcinogenic to humans, it
is reassuring to note that nasal cancer is extremely rare,
despite the ubiquity of formaldehyde exposure in daily life.
Moreover, in two dozen retrospective cohort mortality studies to
date, there has been no excess nasal cancer.

The National Cancer Institute ("NCI") study by Blair,
et al., observed'no excess nasal cancer overall among 26,511
workers employed in various plants from 1938-1968 with a total
follow~up of 600,000 person-years. (Two nasal cancers were

observed; 2.2 would be expected).!

NIOSH cited formaldehyde’s rapid metabolism in concluding
that excesses of various cancers detected in its study of garment
workers were probably not attributable to formaldehyde. See
Stayner, et al. (1985) Experimental data show that inhaled
formaldehyde does not increase the level of formaldehyde in the
blood stream. This evidence, along with data on covalent binding
of formaldehyde with DNA, "strongly suggest(s]," according to CIIT
scientists, "that the toxicity induced by inhalation of HCHO gas is
confined to tissues at the initial site of contact." Starr, et
al., "Estimating Human Cancer Risk," at 28. See also the CPSC
briefing package on formaldehyde in textiles, in which CPSC
examined the question whether formaldehyde, applied dermally,
penetrates the skin. and can cause carcinogenesis at a site remote
from the site of contact. CPSC found that it would not. Cohn,
"Dermal Application of Formaldehyde and Carcznogene51s" (Nov, 10,
1983).

“"Hortallty.hmong Industr1a1 Workers Exposed‘to Formaldehyde "
;, Nat’]l Cancer Inst. 76:1071 (June 1986).
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The NIOSH study by Stayner, observed no excess nasal
cancer (and no excess cancer overall) in a cohort of 11}030
female garment workers. (0 nasal cancers observed; 0.6 nasal
cancers expected).”

A study of 2,490 formaldehyde workers by Dr. Gary Marsh
of the University of Pittsburgh found no nasal cancer and né
dose-responsé relationship between formaldehyde exposure and
respiratory or other cancer.® similarly, a study of 2,026
formaldehyde workers by Dr. Wong found no nasal cancer mortality,
no excess upper respiratory cancer mortality, and no excess lung
mortality.? Two studies of morticians by Doctors Walrath and
Fraumeni of the National Cancer Institute (1,132 from New York

state? and 1,109 from California®) also disclosed no nasal

“Stayner, et al., "Retrospective Cohort Mortality Study of
Workers Exposed to Formaldehyde in the Garment Industry.,™ Am. J.
Ind. Med. 13:667-81 (1988). The study follows a prior
proportionate mortality study by Stayner, et al.,

7:229-40 (1985).

YMarsh, G., "Proportional Mortality Among Chemical Workers
Exposed to Formaldehyde," Brit. J. Ind. Med. 39:313 (1983). A
follow-up study examined the same cohort for one overlapping year
(1976) and four years forward. Liebling, T., et al., Amexr. J. Ind.
Med. 5:485 (1984). '

2jong, O., "An Epidemiologic Mortality Study of a Cohort of
Chemical Workers Potentially Exposed to Formaldehyde, with a

Discussion on SMR and PMR," reprinted in Formaldehvde Toxicity
(Gibson, ed.) at 256-72. A follow-up study of the Wong cohort was
conducted with 58 additional cohort members. See Tabershaw
Associates, "Historical Prospective Mortality Study" (1982).

Zyalrath, et al., "Mortality Patterns Among Embalmers," Int’l
J. _cancer 31: 407 (1983). '

Brevine, et al., "Mortality of Ontario Undertakers," J. Occu
Med. 26:740 (1980).
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cancer mortality or unusual level of respiratory cancer

m rtality. Dr. Levine’s study of 1,477 morticians licensed. over
a 20-year period showed no deaths from nasal cancer, and upper
respiratory cancer was less than expected.

Professor Acheson reported on a large-scale study of
-formaldehyde workers conducted by the British Medical Research
Council’s Environmental Epidemiology Unit.* Records on 7,716
workers who entered the workforce before 1965 were traced through
1981. Exposure levels in the early years were high. Yet, there
were fewer cancers than expected. There were NI nasal cancer
deaths, although one such death would have been expected.

Acheson concluded that "t;]he findings of this study do not

support the hypothesis that formaldehyde is a human carcinogen.™
| The case-control studies also show a generally negative

pattern with respect to formaldehyde and upper respiratory

cancer. Case~control studies by Fayerweather,® Hernberg,® and

#pcheson, "Formaldehyde in the British Chemical Industry,"
Lancet 611~16 (Mar. 17, 1984). The workforce experience did not
show a significant increase in mortality from lung cancer at any of
these factories when compared with the local male population.
(There was an increase at one of the six factories studied when
compared to the male population of England and Wales as a whole.)
No excesses for other cancer sites (e.g., skin, kidney, pancreas,
brain) were found.

”Fayerweather, ‘et al.,"Case-Control Study of Cancer Deaths in
Du Pont Workers with Potential Exposure to Formaldehyde", reprinted

in Formaldehyde: Toxicology, Epidemicologv, Mechanisms (Clary, et
al., eds.) at 47-125. Fayerweather examined exposure to

formaldehyde for 481 cancer deaths and an egual number of controls.
There was no excess mortality among exposed workers and no excess
nasal cancer. '
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partanen” show no association between nasal cancer and
formaldehyde. Olsen’s study shows an elevated risk from
formaldehyde exposure in the European furniture industry,? and
one of the two exposure assessments in Hayes’ study of sinonasal
cases in the Netherlands® shows a statistically significant
association between sinonasal cancer and formaldehyde exposure.
However, the accuracy of the exposure assessments in the Olsen
and HaYes studies is questionable, a problem characteristic of
case-control studies, and wood dust may be a confounding
exposure.

A recent article has compared the results of EPA’s 1987

¥Hernberg, "Nasal Cancer and Occupational Exposures," Scand.
W ’ 9:208 (1983). Hernberg examined nasal and
sinonasal cancer using Finnish and Swedish national cancer
registries and Danish hospital data. Occupations where
formaldehyde exposure may have occurred showed no association with
nasal cancer. There were significant associations between nasal
and sinonasal cancer and exposure to softwood dusts. Welding,
flame-cutting, soldering and chromium exposure were significantly
associated with nasal cancer.

Tpartanen, et al., "Formaldehyde Exposure and Respiratory and
Related Cancers: A Case Referent Study Among Finnish Woodworkers,"
Scand. J. Work. Envt’l Health, 11:409-415 (1985). Partanen and
conducted a case-referent study among Finnish woodworkers to
investigate the asscociations Dbetween formaldehyde exposure and
respiratory and related cancers. There were no statistically
significant excesses. No exposure-response relation was observed
for the 1level, duration, or dose (ppm-years) of formaldehyde
exposure. '

Boisen, et al., "Formaldehyde and the risk of squamous cell
carcinoma of the sincnasal cavities," Brit. J. Ind. Med. 43:769
(1986) ; "Occupational Formaldehyde Exposure and Increased Nasal
Cancer Risk in Man," Int‘’] J. Cancer 34:639 (1984). A critique of
the Olsen study is provided as Ex. 9.

PHayes, et al., Cancer of the Nasal Cavity and Paranasal
sinuses, and Formaldehyde Exposure," Int’l J. Cancer 37:487-94
(1986) .
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risk assessment using the animal data to actual levels of nasal
cancer observed in human populations.* That report concludes:

It is EPA policy for guantitative risk assessment of
formaldehyde to use the data on rat nasal squamous cell
carcinomas and linearized multistage extrapolation
modeling for calculating low dose cancer risk. When
this is taken a step further to predict across species
to man, it happens that quite ludicrous estimates
result. . . . Squamous cell carcinomas are very rare
in humans, the rate for Europe and the United States
being S in a million populous for females, and 10 in a
million populous for males. . . . [Based on EPA’s risk
assessment], one could expect the background incidence
of nasal tumors to be 500 in a million for females and
10,000 in a million for males. These rates would
certainly have been detected in epidemiology studies,
if such a formaldehyde-induced carcinogenic response
occurred in man.

Id. at 199.%

¥prown, "Do Rats Comply with EPA Policy on Cancer Risk

Assessment for Formaldehyde?," 10 Reg. Toxjcol. Pharmacol. 196
(1989}. .

3irn addition to the above-described studies, Brinton, et al.,
conducted two . case-control studies relating to cancer of the nasal
cavities and sinuses. Brinton, et al., Am. J. Epid., 119:896-906
(1984); Brit. J. Ind. Med. 42:469-474 (1985). In the first study,
with respect to occupational formaldehyde exposure the odds ratio
was below 1.0. A follow-up study reported that formaldehyde
exposure in the textile industry not only did not elevate the risk
of nasal cancer but "was actually associated with a non-significant
decrease in risk." - S o A
Tola conducted a case-control study for cancer of the nose and
nasal sinuses. Occupational risk was not elevated but leisure time
xnitting and sewing and chronic nasal disease was more common among
female cases than among controls. No association with formaldehyde

exposure was reported. Int’l Arch. Occup. Envt’) Health, 46:79
(1980) . - : : L . ,
A review conducted at ﬁgg_xg;g;yniggzgi;xishrveYed‘ndSal"and’oral

cancer rates in Los Angeles, San Francisco, and the United States
as a whole. Los Angeles, with its severe smog, actually had lower
nasal and oral cancer rates than San Francisco and the same nasal
and oral cancer rates as the United States overall. Demopoulos, et
al., "An Academic Review of the Possible Adverse Health Effects of
Formaldehyde™ (1981). ' ’
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b. Pharvngeal and buccal cancer

No overall excessrin the category "pharynx and buccal
cavity cancers"® emerges from.the retrospecﬁive cohort mortality
studies of industrial workers. 1In three 1986 studies -- Stayner,
et al. at NJOSH, the National Cancer Institute (NCI) Study
(Blair), and Vaughan® -- excesses were seen in certain
anatomical sites (nasopharyngeal in the NCI and Vaughan studies,
buccal cavity in the Stayner study), based on small numbers of
cases. Careful review demonstrates that claims of an association
between formaldehyde exposure and nasopharyngeal cancer based on
the NCI and Stayner cohort mortality studies and the Vaughan case
control study are unsupported.

RCI Study

The National Cancer Institute study is the largest
study ever done on persons exposed to formaldehyde. This study
concluded that "these data provide little evidence that mortality
from cancer is associated with formaldehyde exposure at levels
experienced by workers in this study."

The NCI study shows a statistically significant
increase in nasopha:yngeal cancer ("NPC") based on a small number
of cases (seven). Four of the cases were clustered at a single

plant. NPC levels for the other nine plants in the study are

21n view of diagnostic difficulties, it is appropriate to
combine the nasopharynx and buccal cavity subsites in the
epidemiology analysis. See Letter from Bernard Wagner, M.D. to
OSHA, June 30, 1986, Ex. 10.

Byaughan, et al., "Formaldehyde and Cancers of the Pharynx,
sinus and Nasal Cavity, Int’l J. Cancer 38:677-88 (1986). '
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about as expected. Absent the "cluster effect" at the American
Cyanamid plant, there would have been no excess of nasopharyngeal
deaths in the NCI study. No nasopharyngeal cancer deaths were
observed in the large cohort mortality studies by Acheson and
Stayner.

There are a number of reasons why, on the basis of
current evidence, the excess observed in the NCI study should not
be attributed to formaldehyde exposure: |

(1) According to American Cyanamid, two of the four
nasopharyngeal cases at the cluster plant (and three of the
seven total cases) were in workers who had been employed
only for a few months. It is most unlikely that the two
short-term cases could be due to formaldehyde. American
Cyanamid notes that "[w]ere short term workers not included
in the study, NPC levels are not significantly elevated."
(2) Three of the four cases had worked in metal plants in
the area. Increased risks have been associated with

exposure to metal manufacturing fumes, chemicals, and a
variety of dusts.

(3) The local cancer rate for New Haven County, Connecticut
-- where the "cluster" plant is located -- shows an excess
over the national rate, indicating that other local causes
may account for the cluster cases.

American Cyanamid has recently completed a study to
reexamine the NCI data and to supplement these data with
additional data from its Wallingford, Connecticut plant.* The
NCI data as reanalyzed by American Cyanamid do not support the

hypothesis of an association between nasopharyngeal cancer and -

combined exposure to formaldehyde and particulates:

M¥american Cyanamid’s analysis and subsegquent review have been

published. J, Nat‘] Cancer Inst. 78:192 (Jan. 1987); Collins, et
al.. "Formaldehyde Exposure and Nasopharyngeal Cancer:
Reexamination of the NCI Study and an Update of One Plant" J. Nat’l

Cancer Inst. 80:376-77 (Jan. 1988).
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° If NPC were associated with combined exposure
formaldehyde and particulates, one would expect to find
a consistent pattern of NPC excesses in other plants
having similar exposures. Only a single plant of the
ten plants in the study had an excess of NPC, although
a2 number of other plants had particulate exposure.

° “he four NPC cases in the American Cyanamid plant did
not occur among persons known to have had the highest
exposure to formaldehyde and particulates.

° The NCI analysis ignores entirely duration of exposure
to formaldehyde and particulates. If a person were
exposed to formaldehyde and particulates for a single
day, the person’s lifetime cumulative exposure to
formaldehyde would be included in the analysis as if
that person were exposed to particulates and
formaldehyde for an entire career.

° Absent the cluster plant, there is no observed
formaldehyde/particulate and NPC association.

American Cyanamid‘s analysis concludes that "({i)n the absence of
more definitive data at this time, it is highly speculative to
infer any association between NPC and formaldehyde/particulate
exposure. . . . [Flormaldehyde is an unlikely cause because of
the clustering of the deaths."

Stavper Study

The Stayner study of apparel workers reported "a
statistically éignificant excess in mortality from cancers of the
buccal cavity {(SMR=343)." An excess of buccal cavity cancer was
found based in 6 cases (2 parotid gland, 1 oral mucosa, 1 floor
of mouth, and 2 tonsils). The study cautions that "these
findings are based on relatively small numbers and that
confounding factors may still exist."

Moreover, the buccal cavity excess found in the Stayner

study results from use of unconventional statistical analysis.
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The excess disappears if conventional probabilify analysis is
utilized. Stayner found a slight excess of buccal cavity cancer
based on an unconventional "one-sided" statistical analysis which
was predisposed to yield a positive result.’® As Professor
Philip Cole of the University of Alabama testified at the May
1986 OSHA hearings, the excess found by Stayner disappears if
conventional statistical analysis (two-sided, p value = .05} is
used.

Dr. Sidney Shindell of the Medical College of Wisconsin
has also evaluated Stayner’s study.¥ Dr. Shindell evaluated the
study against the seven recognized tests for evaluating an
epidemiologic study to provide evidence that a suspected factor
is a cause of a disease: strength of the aséociatiop,
consistency, dose-response relationship, chronological
relationship, spécificity,rbiological plausibility, and
coherence.” Dr. Shindell concludes that the Stayner study fails
to meet any criteria for evaluating epidemiologic evidence.

Vaughan Study

The Vaughan case-control study of 13 counties in the
'State of Washington included both residential and occupational

exposures; it is essentially negative, and the so-called positive

Byse of unconventional statistical analyses are designed to
increase the 1likelihood of finding statistically significant
excess. See Dr. Cole’s letter to OSHA, Ex. 11. _

%pr. Shindell’s critique is prbvided as Ex. 1l2.

¥see National Research Council, National Academy of Sciences,
Epidemiology and Air Pollution (1986)
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findings are subject to serious questions.

Vaughan examined whether gccupational formaldehyde
exposure was related to cancer of the oro- and hypopharynx
(OHPC), nasopharynx (NPC), or sinonasal (SNC) cavities. The
study concludes that "no significant associations were found
between occupational formaldehyde exposure and any of the cancer .
sites under study." Relative risks were élevated for OHPC and
NPC accounting for an induction peried.

The authors acknowledge limitations inherent in the
case-control study methodology, including incomplete information
on exposures and the small number of cases. A large number of
cases are from workers in the shipbuilding industry with exposure
to metal fumes, known to be associated with the types of cancer
involved in this study. The categorization of jobs is very
general. There is no estimate of exposure levels to
formaldehyde, or estimates of exposures to other chemicals or
materials. h

The Vaughan residential] study examined 9 scenarios: 3
cancer sites and 3 residential exposures -- conventional homes
with particleboard/plywood, UFFI homes, and "mobile homes."
vVaughan found "no association" with respect to conventional homes
or UFFI homes and any of the three cancer sites. For mobile
homes, there was no association with OHPC. There was a
significant decrease for SNC and mobile homes, and there was a
significant.increase for NPC and mobile homes. This study should

not be characterized as a "positive" formaldehyde study.
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The Vaughan study showed a singlé statistically
significant increase in the exposure scenarios studied, related
to residence in mobile homes for more than ten years and NPC.
The authors cited "a strong association between a history of
having lived in a manufactured home and NPC." However, there is
the significant caveat that "[t]he association found with living
in a mobile home must be interpreted with caution since it is
based on a small number of cases and may be due to factors other
than formaldehyde."™ The authors recommend additional studies of
indoor air pollutants.

There are a number of additional gquestion marks
concerning an association between mobile home residence and
nasopharyngeal cancer:

° The claimed association between living in a mobile home
and increased risk of NPC is based on only 4 cases.
Chance cannot be excluded. If one case is
misclassified, the excess is no longer significant.

° It is hard to distinguish diagnostically between
‘pharyngeal cancers. If NPC and OHPC are combined,
there is virtually no difference in the number of cases
in mobile homes and in. controls.

° The 4 cases involving more than 10 years exposure were
all pre-1965 mobile homes where formaldehyde exposure
is not likely to be different than controls. Indeed,
in 2 of the 4 homes, which were pre-1950 homes,
formaldehyde may not have been the resin used in the
products in the home.

° The method of selecting controls may understate mobile
homes residences among controls, thus biasing the
outcome to more mobile home residents among NPC cases.

@ Socioeconomic factors, such as drinking, smoking and

respiratory disease, may account for observed excesses
of NPC among residents of mobile homes if there is a
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real excess.”® The study controlled for these factors
for other sites, but not for NPC. .

¢ There is also no correction for age or sex in the
vVaughan studies for NPC -~ a potentially serious source
of error.
See Comments on the Vaughan study provided in Ex. 13.

In conclusion, the spot excesses which Vaughan finds
are in no way inconsistent with chance. Vaughan studied at least
nine scenarios of residential exposuré; it would not be unusual
for one of nine truly null relationships to appear to be
statistically significant by chance alone. 1Indeed, there was one
statistically significant decrease (association with SNC and
residence in a mobile home). As the authors theméelves caution
that "the association found with living in a mobile home may not
be due to formaldehyde.™

3. Lung Cancer

The Draft Document improperly attempts to compare the
results of animal-based risk assessment to claimed excesses of
lung cancer in the'epidemiology studies. In fact, there is no
overall excess of lung cancer in the epidemiologic studies that
can properly be attributed to formaldehyde. The Draft Document’s
discussion on this issue has no validity and should be deleted.

Overall lung cancer was not elevated in the NCI study.

¥NPC has been related to respiratory infections and smoking.
E.q., U. Prasard, "Nasopharyngeal Carcinoma in Man,®" Nasal Tumors

in Animals and Man 1:158-164 (Reznik & Stinson eds.) Socioeconomic
bias has been related to NPC. Occupational Mortalitv (Registrar

General’s Decennial Supplement for England and Wales) at 46-48.
Occupational factors also need to be considered in cases based on
residential exposure.
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